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BBEJEHHS

3anponoHOBaHUN 30IpHUK TECTOBUX 3aBAaHb 3 MOSCHCHHSMH 3 JUCHHUILIIHU
«biojoriyna XiMmisg» MICTUTh BIApeAaroBaHWii Ta JOOINpAIlbOBAHUN TEpeKIal
tectoBux 3aBnanb USMLE step 1.

VY 30ipHUKY MOJaHO OpUTriHAJIBHI TECTOB1 3aBJaHHS AaHTIINCHKOIO MOBOIO 1
BIIMOBIAHUYN M MEpeKyIaj] YKPaiHChKOIO Ta POCIHCHKOI0 MOBaMU, a TAKOXX MOSICHEHHS
0 TECTIB 1 TJiocapid, SKI aJanToBaHl IS CTYJICHTIB cHeriagibHOCTed 222
«Memuumaay 1 228 «llemiatpissy. CryneHTaM peKOMEHAYEThCI OOOB'SI3KOBO
OMpaIbOBYyBaTHU 3MICT TECTIB aHTJIMCHKOI0 MOBOIO, TOMY 110 3a BuMoramu EJIKI im
HEOOX1THO 3HATH aHTJIIMCHKY TEPMIHOJIOTIIO0 OY/Ib SIKO1 JUCHUUILIIHY, KA BXOJIUTH 10
ICIIUTY.

Asmopu

BBEJAEHHUE

[TpennoxeHHbI COOPHUK TECTOBBIX 3aJaHUM C MOSACHEHUSIMU IO JUCIUILINHE
«buonornyeckas XuMus» SIBIIICTCS PEAAKTUPOBAHHBIM U I0PaOOTaHHBIM MEPEBOIOM
tectoBbIX 3amanuit USMLE step 1.

B cOopHuKe NaHBl OpUTHHAJIBHBIE TECTOBBIC 3a/IaHUS HA AHTJIMHCKOM SI3BIKE H
COOTBETCTBYIOIIIMIA UM IE€PEBOJ, HAa YKPAMHCKOM M PYCCKOM f3bIKaxX, a TaKke
MOSACHEHUs] K TecTaM U TIJIOCCapuid, KOTOpPhIC aJalTHUPOBAHbI [JIs CTYJICHTOB
creunanbHocTer 222 «Meaununa» u 228 «llequatpus» CtygeHTaM peKOMEHIYeTCs
00s13aTeNIbHO MPOpadaThIBaTh COJICPKAHNE TECTOB HA aHTJIMHCKOM SI3BIKE, TaK KakK 10
TpeOOBaHUSAM WM HEOOXOJAMMO 3HATh AHTJMKWCKYI0 TEPMHUHOJOTHIO JIFOOOM
JTUCLUIUIMHUA, KOTOpasi BXOJUT B IK3aMEH.

Asmopui



Chapter 1
AMINO ACIDS, PROTEINS, ENZYMES, AND
VITAMINS

Po3mun 1
AMIHOKHUCJ/IOTHU, BIJIKA, PEPMEHTU 1
BITAMIHUAU

['maBsa 1
AMMHOKUCJ/IOTHI, BEJIKA, PEPMEHTHI 1
BUTAMMUHDBI



1.1

The peptide ala-arg-his-gly-glu is treated with peptidases to release all of the amino
acids. The solution is adjusted to pH 7, and electrophoresis is performed. In the
electrophoretogram depicted below, the amino acid indicated by the arrow is most
likely to be:

2
*-— A.  Glycine
B.  Arginine
o C.  Glutamate
pd D.  Histidine
E. Alanine
®
The answer: Arginine is the most basic of the amino acids
@  (pl~11) and would have the largest positive charge at pH 7.

[lentun ama-apr-ric-rai-ray 0oOpoONAIOTH TENTHAA3aMU IS OTPUMAHHS BUIBHHX
aMmiHOkucinoT. Po3zumH poBomste nmo pH 7 1 mpoBomsaTs emekrpodope3. Ha
enexktpodoperpami, 300pakeHid HIKYe, HAHOUIBII HMOBIPHO, IO aMIHOKHCIIOTA,
MMO3HAYCHA CTPIJIKOIO, 11¢:

e
o — A. [minua
B.  Aprinin
C. TI'myramar
- . — D. FiCTI/IHI/IH
O E. Aunanin
@ Bi : . . :
IpHa BIJINOB1b: APriHIH € OCHOBHOIO aMIHOKUCIOTOIO (pl
~ 11) 3 BUpa3HUM NO3UTHUBHUM 3apsiaoM 3a pH 7, Tomy BoHa
®  OmmK4e ychOoro JI0 KaTtoay (3apsij HeraTUBHUM).

[lentun ana-apr-ruc-rau-Tay  oOpabaThIBalOT —MENTUAA3aMH I MOJy4YeHUs
CBOOOJIHBIX aMUHOKHUCIIOT. PacTBOp noBoasaT mo pH 7 u mpoBoasT anekrtpodopes. Ha
anexTpodoperpamme, MOKa3aHHOW HUKE, aMUHOKHUCIIOTA yKa3aHa CTPEJIKOH - 3TO:

=]
*-— A. T'muuun
B.  Aprunun
o C. TI'myramar
o D. l'uctunun
o E. Ananun
, 1IDaBWIIBHBIH  OTBET: ApruHMH  ABJSIETCS  OCHOBHOM

amuHokucyioto (pH ~ 11) ¢ BbIpake€HHBIM MOJOXKUTEIbHBIM
3apsanom npu pH 7, mosToMy oHa OJMKe BCEro K KaToay (3apsii OTpULIATEIbHBIN ).



1.2

The reaction catalyzed by hepatic phosphofructokinase-1 has a AGg value of -3,5
kcal/mol. This value indicates that under standard conditions this reaction:

Is reversible

Occurs very slowly

Produces an activator of pyruvate kinase

Is inhibited by AMP

Has a low energy of activation

Will decrease in rate as the pH decreases

Cannot be used for gluconeogenesis

Shows cooperative substrate binding

Is indirectly inhibited by glucagon

Is stimulated by fructose 1,6-bisphosphate

The answer: The negative AGo value indicates the reaction is thermodynamically
favorable (irreversible), requiring a different bypass reaction for conversion of F-1,6-
BP to F-6-P in the gluconeogenesis.

ST IOMMmMOOw>

Peakuiis, mo katamizyeTbcs mNediHKOBOIO (GochodpykTokinazoro-1, Mae 3HaYCHHS
AGop=-3,5 kxan/monb. Lle 3HaUeHHS BKa3ye, 110 B CTAHAAPTHUX YMOBAaX ISl pEaKIlis:

€ o06opoTHOIO

[lepebirae gy»e NOBUIBHO

Bupob6:sie aktuBaTOp nipyBaTKiHA3H

[aridyerscss AM®

Mae HU3BKY €HEPTi0 aKTUBAIIil

Mae manty IBUAKICT IpU 3HIKEHHT pH

He Moxe Oyt BUKopucTaHa AJisl TIIIOKOHEOTEHE3Y

[Toka3zye y3rojiskeHe 3B'sI3yBaHHS CyOCTparTy

He3BopoTHO 1HI10y€ThCS TIIFOKArOHOM

CtumymroeTsest GpykTo30-1,6-mudocharom

B1pHa BiamoBink: Heratupae 3HaueHHs AGo 03HaYae, 0 peaKilisa € TePMOJIHHAMIYHO
CIPUSTINBOIO (HEOOOPOTHOIO), 10 BUMAarae OOXIIHOTO NUISXY JJISI MEPETBOPEHHS
bpykT0o30-1,6-mudochary y hppykro3o-6-dhocdar B rimrokoHeoTCHE3I.

ST IOMmMoODOm>

Peaknus, xartanuzupyemasi nedeHouyHou (ochodpykTokrHazoi-1, uMeeT 3HauYCHUE
AGp=-3,5 kkas/Moib. DTO 3HAUEHUE YKa3bIBA€T, YTO B CTAHAAPTHBIX YCIOBHSIX
peakuus:

ABnsercsa oOpaTuMoit

[Iporekaer oyeHb MEATIEHHO

[Ipou3BOIUT aKTUBATOP MUPYBATKUHA3BI

Nurubupyercs ATD

NMeeT HU3KYIO SHEPIUIO0 AKTUBAIUU

NmeeT HU3KYIO0 CKOPOCTH Npu cCHUXeHUU pH

He MoxeT ObITh UCIIOJIB30BAaHA J1JIs TJIIOKOHEOTeHEe3a

[Toka3bIBaeT coriacoBaHHOE CBSI3bIBAHUE C CyOCTpaToM

Heobpatumo mHruobupyercs riroKkaroHom

Ctumynupyetcst GpykTo30-2,6-mudocharom

©® C-TIETMMUO®D>



[TpaBunbHblid oTBeT: OTpunarenbHoe 3HaueHne AGo yKa3bIBA€T HA TO, YTO pEaKIIUs
SABJISIETCS TEPMOJMHAMUYECKH BBITOAHOW (HE0OpaTtumoii), 4to TpedyeT 00XOAHOTO
MyTH JUTs peBparieHus Gppykro30-1,6-mudocdara B rmokoHeoreHe3e Bo GpyKTo30-
6-ocdar.

1.3
The activity of an enzyme is measured at several different substrate concentrations,
and the data are shown in the table below.

[S] (mmol / L) Vo (mmol / L-s)
0,010 2,0

0,050 91

0,100 17

0,500 50

1,00 67

5,00 91

10,0 95

50,0 99

100,0 100

Km for this enzyme is approximately
A. 50,0

B. 10,0

C. 50

D. 10

E 0,5

The answer: Because the apparent Vmax is near 100 mmol/L s, Vmax/2 equals 50
mmol/Ls. The substrate concentration giving this rate is 0,50 mM.

byna BumipsHa akTHBHICTE (QEPMEHTY TpH JACKUTBKOX PI3HUX KOHIICHTPAIIIX
cyOctpaty. JlaHi mpeacTaBieHi HUXKYE:

[S] (mmoub/) Vo (MMoutb / 1:C)
0,010 2.0

0,050 91

0,100 17

0,500 50

1,00 67

5,00 91

10,0 95

50,0 99

100,0 100

Km nnst uporo ¢pepmMeHTy CTaHOBUTH MPUOTIU3ZHO!
A. 50,0

B. 10,0

C. 50

D. 10

E. 05



Bipna BiamoBins: Ockinbku Vmax gopiBHioe 100 MMoutb /i1-¢, To VMax/2 nopiBHioe
50 mmoib / 11-c. KoHneHTparis cyocTpary, 10 BiJOBIIA€ Iili IBHIKOCTI, CTAHOBUTH
0,5 MMOJIB/T, IO BiANIOBIZAE 3HAYEHHIO - 0,5 MMOJIB/JI.

brita u3mepena akTHBHOCTH (hepMEHTA IIPU HECKOJBKUX PA3TUYHBIX KOHIICHTPAITUIX
cyocTtpata. /laHHbIE TIpeICTaBICHBI B TAOJIHIIE HUKE!

[S] (Mmmob/m) Vo (MMoutb / 1:€)
0,010 2,0

0,050 91

0,100 17

0,500 50

1,00 67

5,00 91

10,0 95

50,0 99

100,0 100

Km st sToro pepmenTa npubIU3uTEILHO paBHA:
A. 50,0

B. 10,0

C. 50

D. 10

E. 05

[TpaBunbHbId oTBeT: [lockosbky VMmax paBHa mpumepHo 100 mmonbs / m-c, ToO
Vmax/2 cootBerctByer 50 mmonbs / n-c. Konmentpamus cyOcrtpara, KoTopas
COOTBETCTBYET JTOH CKOpOCTH, cocTaBiser 0,5 MMOJb/JI, YTO COOTBETCTBYET
3HaueHuro 0,5 MMOJIB/JI.

1.4
Which of the diagrams illustrated below (A, B, C, D, E) best represents the effect of
ATP on hepatic phosphofructokinase-1 (HPFK-1)?

+ATP
= = = = =
% % % +ATP % HATP % +ATP
+ATP
A Fructose 6-P B Fructose 6-P C  Fructose 6-P D Fructose 6-P E Fructose 6-P

The answer: Sigmoidal control curve with ATP inhibiting and shifting curve to the
right is needed, because the accumulation of ATP is found as feed-back inhibitor of
this enzyme.

Ska 3 HaBenenux Hrokue giarpam (A, B, C, D, E) naiikpaie Binoopakae e AT®
Ha nieuinkoBy pochodpykrokinazy-1 ([IODK-1)?

10



+ATP

= = = = =

% % % +ATP % +ATP % +ATR
+ATP

A Fructose 6-P B Fructose 6-P C  Fructose 6-P D Fructose 6-P E Fructose 6-P

Bipna Bignosins: B. Ilpu BmnuBi Ha mneuiHkoBy ¢ochodpykTokinazy-1 ATO
CUTMOBHUJIHA KpHBa 3CYyBa€ThCSl BIPABO, TOMY 110 HakomuueHa kKoHieHTpanis AT
BUKJIMKA€E 1HT10yBaHHS (DEpMEHTY 3a MPUHIIUIIOM 3BOPOTHOTO 3B’ SA3KY.

Kakas w3 npuBeneHusix Hike auarpamm (A, B, C, D, E) nyume Bcero mokassiBaet
BiusiHie AT® Ha nmeyeHounyo pochodppykroknnasy-1 (IODK-1)?

+ATP

= = = = =

% % % +ATP % FATP % HATE
+ATP

A Fructose 6-P B Fructose 6-P C Fructose 6-P D Fructose 6-P E Fructose 6-P

[IpaBunbHBIA OTBET: MPU BIUAHUM Ha MEe4YeHOUHYI (pochodpykrokunazy-1 AT
CUTMOBHU/IHAS KPUBasl CABUTAETCS BIPABO, TOTOMY UTO HAKOIUICHHAsT KOHIIEHTpAIUsI
AT® BbI3bIBaET UHTHOMPOBaHKUE (PEPMEHTA MO MPUHILIUITY OOPATHOM CBS3H.

1.5
Several complexes in the mitochondrial electron transport chain contain non-heme
iron. The iron in these complexes is bound tightly to the thiol group of which amino

A.  Glutamine
B. Methionine
C Cysteine

D.  Tyrosine

E Serine

The answer: Cysteine has a sulfhydryl group in its side radical. Although methionine
has a sulfur in its side radical, a methyl group is attached to it, and it prevents the
likage with non-heme iron.

JlesKi KOMIUIEKCH B MITOXOHJIPIAIbHOMY TPAHCIIOPTHOMY JIAHITIOTY TIEPEHOCY
€JIEKTPOHIB MICTATHh HETEMOBE 3aJ1i30. 3 TiOJOBOO TPYIOIO STKOi aMIHOKHCIIOTH TiICHO
MOB'SI3aHO 3aJT130 B IIUX KOMITJIEKCax?

A.  T'myraminy

B MerioHiny

C.  Hucreiny

D Tupo3uny

11



Bipna BianoBinge: [uctein mae cynpdriipuiabHy rpyny B O14HOMY pajukaii. Xoya
MeTioHiH Mae Cynbyp B O14HOMY pajuKai, 10 HbOTO MpHU€EIHAHA METHIIbHA TPyIa,
sKa HE JI03BOJISIE MPUETHYBATA HETEMOBE 3aJ1130.

Hekoropeie KOMIUIEKCHI B MHUTOXOHIPHUAIBHOM TPAaHCHOPTHOM ILEMHA MEPEHOCA
AJEKTPOHOB  COJEpKaT HeremoBoe kene3o. (€ THONOBOM TpyNIod Kakowu
AMHHOKHCIIOTBI TECHO CBA3aHO JKEJIE30 B 3TUX KOMILIEKCAX?

A. I'myramun

B. Metuonun

C. LHucreun

D. Tupo3un

E. Cepun
[IpaBunbHbIid oTBET: LlucTenH nMeeT CynbPruapuibHy0 rpynny B OOKOBOU Iiemu.
Xotst MeTHOHMH W uMeeT atoM Cepbl B OOKOBOW IIENH, K HEMY IPHUCOCIUHEHA
METWJIbHAA IPYIINA, KOTOpPas HE MO3BOJISIET MPUCOECAUHATH HETEMOBOE HKENE3O.

1.6
Consider a reaction that can be catalyzed by one of two enzymes, A and B, with the
following kinetics.

Km (M) Vmax (mmol/ L-min)
A. 5x10° 20
B. 5x10% 30

At a concentration of 5x10® M substrate, the velocity of the reaction catalyzed by
enzyme A will be

A 10
B. 15
C. 20
D. 25
E. 30

The answer: At a concentration of 5x10° mol/L, the enzyme A works on the half of
its Vmax, since the concentration is equal to Km for the substrate. Thus, half 20
mmol / L-min is 10 mmol / L-min.

PosrnstHemo peakuito, IKy MOYKHa KaTali3yBaTH OJHUM 3 ABOX (epMeHTIB, A Ta B, 3
HACTYITHOIO KIHETUKOIO:

Km (moub/m) Vmax (Mmmods / J1-XB)
A.5x10° 20
B. 5x10% 30

IIpu konuenTpanii cyberpary 5x10° mons/n mBuakicTs peakiii, mo karamizyeTbes
dbepmentom A, 6yne (MMoub / 1-XB):

A 10
B. 15
C. 20
D. 25
E. 30



Bipua Binnosiae: [Ipu konnentpanii 5x10° Mons/n pepmenT A nparroe Ha 0JI0BUHI
cBO€i VMax, OCKUIbKU KOHIIEHTpallisi JopiBHIOE KM miis cyocTpaty. OTxe, MOJIOBUHA
20 MMoJIb/ J1'XB cTaHOBUTH 10 MMOJIB / 11 XB.

PaccmoTpuM  peaknnio, KOTOPYHO MOXKHO KaTaJau3UpOBaTh OJHMM M3 JBYX
(depmenToB, A u B, co ciaenyromeil KHHETHKOM:

Km (motb/m) Vmax (MMoJIb / J1*MHH)
A.5x10° 20
B. 5x10% 30

IIpu xonueHTtpamuu cyocrpata 5x10° Monb/n ckopocTs peakiuy, KaTaau3upyemoi
dbepmenToM A, OyaerT:

A 10
B. 15
C. 20
D. 25
E. 30

ITpaBunbublii oteet: Ilpu konuentpamuu 5x10° mons/n gepment A paGoraer Ha
MOJIOBHHE cBOell VMaX, Tak Kak IOCKOJIbKY KOHIIEHTpalus paBHseTcss Km ms
cyocrpaTa. CrnenoBareiabHo, monoBuHa 20 Mmoib / n-MuH cocTtaBiseT 10 mmonp /
JI*MUH.

1.7
Consider a reaction that can be catalyzed by one of two enzymes, A and B, with the
following kinetics.

Km (M) Vmax (mmol / L-min)
A.5x10° 20
B. 5x10% 30

At a concentration of 5x10* M substrate, the velocity of the reaction catalyzed by
enzyme B will be

A 10
B. 15
C. 20
D. 25
E. 30

The answer: At the concentration of 5x10 M, enzyme B is working at one-half of its
Vmax because the concentration is equal to the Km for the substrate. Therefore, one-
half of 30 mmol/min is 15 mmol/min.

PozrnstHemo peakiuito, Ky MOYKHa KaTali3yBaTH OJHUM 3 ABOX (epMeHTIB, A Ta B, 3
HACTYMHOO KIHETUKOIO.

Km (mob/m) Vmax (MmmoJs / J1-XB)
A. 5x10° 20
B. 5x10% 30

IIpu xoHUEeHTpauii cybcrpaty 5x10 MOMB/NI IBUAKICTE peakilii, Mo KaTali3yeTbes
dhepmentoMm B, Oyne:
A 10

13



B. 15
C. 20
D. 25
E. 30

Bipna Bignosins: [Ipu konuentpanii 5%10™* mons/n pepment B npaloe Ha MONOBUHI
cBo€i VMax, OCKUIbKU KOHIIEHTpaIlisl JopiBHIOE Km niisa cyocTpaty. OTxe, HOJIOBUHA
30 MMoJb / J1'XB CTAHOBHUTH 15 MMOJIB / J1°XB.

PaccmorpuM  peaknuio, KOTOPYHO MOXKHO KaTaJau3UpOBaTh OJHMM M3 JBYX
(depmenToB, A u B, co ciaenyromeil KHHETHKOM:

Km (motb/m) Vmax (MMOJIb / J1*MHH)
A. 5x10° 20
B. 5x10% 30

IIpu koHueHtpanuu cybecrpata 5x10% ckopocTh peakuuM, KaTalu3HPyeMOit
dbepmentom B, Oyner:

A 10
B. 15
C. 20
D. 25
E. 30

ITpaBunbubii oteT: Ilpu koHnentpamuu 5x10° monn/n pepment B paGoraer Ha
MOJIOBHMHE CBOeW VMax, MOCKOJIBKY KOHIIEHTpalus paBHseTcs Km mis cydcTpara.
CnenoBarenbHo, monoBrHa 30 MMOIb / JI'MUH cocTaBiasgeT 15 MMouts / J1'MUH.

1.8

Consider a reaction that can be catalyzed by one of two enzymes, A and B, with the
following kinetics.

Km (M) Vmax (mmol / L-min)
A. 5x10° 20
B. 5x10% 30

At a concentration of 5x10* M substrate, the velocity of the reaction catalyzed by
enzyme A will be

A 10
B. 15
C. 20
D. 25
E. 30

The answer: At concentration 5x10* mol/L, this concentration of substrate is 100
times greater than Km, the enzyme A works on its Vmax, which is 20 mmol / L-min.

PozrnstHemo peakuito, Iky MOYKHa KaTali3yBaTH OJHHUM 3 ABOX (epMeHTIB, A Ta B, 3
HACTYMHO KIHETUKOIO.

Km (moutb/m) Vmax (Mmmods / J1-XB)
A. 5x10° 20
B. 5x10% 30

IIpu xoHueHTpauii cyberpary 5x10% Monb IIBMAKICTH peakiiii, MIO KaTali3yeThCs
dbepmentoMm A, Oyne:
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A 10
B. 15
C. 20
D. 25
E. 30

Bipra Bignosine: Ilpu xonnentpauii 5x10* mMoms/n, ng KoHHeHTpauis cybcrpary B
100 pasziB mepepuirye Km, ¢epment A mparroe Ha voro VMmax, mo cranoButh 20
MMOJIb / JI'XB.

PaccmoTpuM  peaknmnio, KOTOPYHO MOXKHO KaTaJau3UpOBaTh OJHMM M3 JBYX
(depmenToB, A u B, co ciaeayromeil KHHETHKOM:

Km (Motb/m) Vmax (MMOJIb / J1*MHH)
A. 5x10° 20
B. 5x10% 30

IIpu xoHueHnTpamuu cyoerpara 5x10 MONIB/I CKOPOCTH PEaKIMHU, KATAIU3HPyeMOii
dbepmenToM A, OyaeT

A 10
B. 15
C. 20
D. 25
E. 30

[IpaBunbHeli oreer: Ilpu koHneHTpauuu 5x10* monn/in, 3Ta kKoHmeHTpamus B 100
pa3 mpeBsimaeT Km, ¢epment A paboraer Ha Vmax, kotopas cocrtaiasier 20
MMOJIb / JT°MUH.

1.9

A worldwide pandemic of influenza caused by human-adapted strains of avian
influenza or bird flu is a serious health concern. One drug for treatment of influenza,
Tamiflu (oseltamivir), is an inhibitor of the influenza viral neuraminidase required for
release of the mature virus particle from the cell surface. Recent reports have raised
concerns regarding viral resistance of Tamiflu compelling the search for alternative
inhibitors. Another drug, Relenza (zanamavir), is already FDA approved for use in a
prophylactic nasal spray form. The graph below shows kinetic data obtained for viral
neuraminidase activity (measured as the release of sialic acid from a model substrate)
as a function of substrate concentration in the presence and absence of Relenza and
Tamiflu.

— + Relenza

+ Tamiflu

i 3

(umoles/min)
“— No inhibitor

T T T T T T 1
10 20 30 40

1[S] (uM)

A.  Based on the kinetic data, which of the following statements is correct?
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Both drugs are competitive inhibitors of the viral neuraminidase.

Both drugs are noncompetitive inhibitors of the viral neuraminidase.

Tamiflu increases the Km value for the substrate compared to Relenza

Relenza increases the Vmax value for the substrate compared to Tamiflu.
Relenza is not an inhibitor of neuraminidase, but inhibits another viral enzyme.
The answer: Based on the graph, when the substrate is present, Tamiflu results in the
same Vmax and higher Km compared to the line when no inhibitor added. These are
hallmarks of competitive inhibitors of enzymes, which Tamiflu is. Noncompetitive
inhibitors result in decreased Vmax and the same Km with no inhibitor added, which
is shown by the Relenza line in the graph.

TMOO®

VY BCcbOMY CBITI MaHAEMis TPUIy, CIPUUUHEHA aJalTOBAHUMHU JI0 JIIOAUHU IITaMaMHU
NTAIMHOTO TPUILY € cepilo3Hor0 TpobieMoro. OauH 3 mpenapariB sl JIKyBaHHS
rpuny Tamiio (ocenbTamiBip) € IHT10ITOPOM BIpYCHOI HelpamiHila3u, HEOOX1THOT
JUIsl BUBUTBHEHHS 3pLIOTO BIPYCY 3 MOBEpXHI KIiTUHU. HenaBH1 1OMOBIA1 BUKIUKAIN
3aHEMOKOEHHSI MI0JI0 BIPYCHOI PE3UCTEHTHOCTI 10 TaMiuito, IO CIOHYKa€E 0
MONIYKY allbTepHATHUBHUX 1HTI0ITOPIB. [HIIMI mpenapar, peneH3a (3aHaMaBip), BKe
CXBaJICHUN JJisl BUKOPUCTAHHS 3 NPO(PUIAKTUYHOIO METOH B (OpMiI HA3aJIbHOIO
cupero. ['padik, HaBeneHU! HUXKYE, MOKA3y€e KIHETHYHI JaH1 aKTUBHOCTI BIPYCHOT
HelipaMiHiga3u (BUMIPSHOI $IK IIBUJKICTh BHUBUIBHEHHSI ClaJOBO1 KHUCIOTH 3
MOJIEIBHOTO CYOCTpaTy) BiJl KOHIIEHTpaIlli cyOCcTpaTy B MPUCYTHOCTI Ta BIACYTHOCTI
penen3a 1 Tami(Io.

— + Relenza

+ Tamiflu

v 3

(umoles/min)
“— No inhibitor

T
10 20 30 40

A1S] (uM)
Buxonsiun 3 KIHETMYHMX JI@HUX BH3HAUTe, $SKE€ 3 HACTYIHUX TBEPIKEHb €
MPaBUJILHAM ?

A. OOuBa npenapatu € KOHKYPEHTHUMH 1HT101TOpaMu BIpyCHOT HEMpaMiHina3u
B. O6unBa mpenapaTd €  HEKOHKYPEHTHUMH  1HTIOITOpaMH  BIpYyCHOI
HelipaMiHiga3u

C. Tamidmro 301bH1y€e 3HaAUeHHST KM 1151 cyOcTpaTy B OPIBHSAHHI 3 PEIEH3010
D. Penen3a 30unb1ye 3HaueHHs: VMaX 1uist cyOCTpary B MOPIBHAHHI 3 TaMi(uito
E. Penenza He € 1HriOiTOpoM HeipamiHia3u, aje 1HTIOye IHIIUNA BIpyCHUU
dbepmeHT

Bipna BignmoBinb: 3rinHo rpadiky, Opu AoaaBaHHI Tamipiao VMax 3aauliaeThes
Takow X, a Km 30uiblyeTbCs B MOPIBHSAHHI 3 JHIEO 0e3 iHrioiTopa. Lle o3Haku
KOHKYPEHTHHUX 1HT101TOpiB (pepMeHTIB, ikuM € Tamidito. HekoHKypeHTH1 1HT10iTOpU
MPU3BOIATE A0 3HIKEHHS VMaX, a Km Taka, sk 1 6e3 momaBaHHsS 1HT10iTOpa, IO
MOKa3aHo JIHIEIO 3 pesieH3a Ha rpadiky.
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['moGanpHas maHgeMusi TpUIIa BO BCEM MHUPE, BBbI3BAHHAS aJaNTHUPOBAHHBIMU K
YeJOBeKYy IITaMMaMW NOTUYBErO TpUIINa, SBISETCS CEPbEe3HON MpobsiemMoit
3npaBooxpaHeHusi. OJuH U3 MpenapaToB, HUCIOJB3YEMbIH IS JICYCHHUs TpUrmna
TaMu(Io (OCeNbTaMUBUP), SIBISAETCS WHTUOUTOPOM BHPYCHOW HEWpaMHUHHUAA3HI,
HEOOXOIUMOM ISl BBICBOOOXKJIEHHUSI 3pEJIOro BHpPyCa C IMOBEPXHOCTU KIIETKHU.
HenaBuue  nmoknanbl  BbI3BaM  OECHOKONCTBO ~ OTHOCUTENBHO  BUPYCHOM
PE3UCTEHTHOCTU TaMU(IIIO, YTO 3aCTaBIISIET UCKATh albTEPHATUBHBIE MHTHOUTOPHI.
Hpyroil mpenapat, pejeHla (3aHaMmaBUp), YykKe OAOOpPEH [Jii HUCIOJb30BAHUS C
npopuiIakTHuecKkoil 1enblo B ¢opme HazanbHOro cmpes. ['paduk, npuBeneHHBIN
HUXKE, MOKa3bIBa€T KUHETUUYECKUE JJAHHbIE aKTUBHOCTH BUPYCHOM HEHpaMUHMIA3bI
(M3MEpEeHHON KaK BRICBOOOK/ICHHE CUATIOBOM KUCIIOTHI U3 MOJIETILHOTO cyOCcTpaTa) OT
KOHIIEHTpAIlMU cyOcTpaTa B MPUCYTCTBUU M OTCYTCTBHM pelieHna u Tamudiro. Ha
OCHOBaHUU KUHETUUYECKUX JIAHHBIX, KAKHE U3 CIAEAYIONINX YTBEPKICHUI BEPHBI?

— + Relenza

+ Tamiflu

~— No inhibitor

T T T T T T T 1
10 20 30 40

18] (M)

A. O06a mpenapata SBISIOTCS KOHKYPEHTHBIMM WHTHOUTOpPaMU BUPYCHOMU
HEVPAMUHHIA3bI

B. OO6a mnpenaparta SBISIOTCS HEKOHKYPEHTHBIMH HMHTHOUTOPAMHU BUPYCHOMU
HEWPAMUHHIA3bI

C. Tamudmo yenmumBaeT 3Hauenne Km mis cybcTtpata mo CpaBHEHHIO C
perneHna

D. Penenuna yBenuuuBaeT 3Ha4YeHUsT Vmax sl cyOcTpara MO CpPaBHEHHUIO C
TaMudITEo

E. Penenza He sBnseTCs] HHTHOUTOPOM HEHWpaMHUHHW/IA3bl, HO UHTHOUPYET APyroi
BUPYCHBIN (pepMEHT

[TpaBunbHbIi 0TBEeT: CornacHo rpaduky, npu godasieHnu Tamudiro Vmax ocraercs
Takou ke, a Km yBenuuuBaeTcsi Mo CpaBHEHUIO C JIMHUEH Oe3 MHruouropa. ITo
MPU3HAKA KOHKYPEHTHBIX MHTUOUTOPOB (PEPMEHTOB, KOTOPHIM SIBJIETCS TaMUDIIIO.
HekoHkypeHTHbIE HHTHOUTOPHI PUBOJAT K CHIKEHUI0O Vmax, Km Takas, kak u 06e3
n00aBJICHUS HHTHOUTOPA, YTO MOKa3aHOo JMHUEH C pesieHIla Ha rpaduke.

1.10

Retinitis pigmentosa (RP) is a genetically heterogeneous disease characterized by
progressive photoreceptor degeneration and ultimately blindness. Mutations in more
than 20 different genes have been identified in clinically affected patients. Recent
studies have mapped an RP locus to the chromosomal location of a new candidate
gene at 5931. One might expect this gene to encode a polypeptide required for the
activity of a(n)...:
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Receptor tyrosine kinase

cGMP phosphodiesterase

Phospholipase C

Adenyl cyclase

Protein kinase C

The answer: Only phosphodiesterase participates as a signaling molecule in the visual
cycle of photoreceptor cells.

mo o

[lirmentauit  petunit (IIP) - TreHETHYHO TeTEPOreHHE 3aXBOPIOBAHHS, SIKE
XapaKTEPU3YEThCSI MPOTPECUBHOIO JEreHepalliero (GpoTopenentopiB i, B KIHIIEBOMY
paxyHky, ciinotoro. Mytanii B Outbin Hixk 20 pi3HUX TeHax OyiM BHSBIEHI Y
KIIHIYHO ypakeHuX mnauieHtiB. HepaBHi nocnimkenHs BigHecnau Jokyc [P go
XpPOMOCOMHOI'0 pO3TallyBaHHS HOBOIo TeHa-kanauaara B 5q31. MoxxHa o4ikyBaTy,
110 1IeH TeH KOY€E MOINENTHI, HEOOX1THUM /1JIsT aKTUBHOCTI:

PenienTopHOi THPO3UHKIHA3U

ul' M®-docdoniectepazu

®ocdoninazu C

AJleHITaTIUKIA31

[Ipoteinkinazu C

B1pHa BianoBias: Tutbku gocdomaiecTepaza 6epe ydacTh SIK CUTHaJbHA MOJIEKYyJa y
BI3yaJIbHOMY IUKJI1 KJIITUH ()OTOPELIEITOPIB.

Mmoo wp

[lurMeHTHBIA ~ PETUHUT - T€HETUYECKH  TeTEePOTeHHOE 3a0oseBaHue,
XapaKTepU3yIoIleecs MPOrpecCUBHON ereHepaiueil GoTopenenTopoB U B KOHEUHOM
cyete cienoroid. Myranuu B 6ojiee yeM 20 pa3inu4HbIX TeHax ObLIM OOHAPYKEHBI Y
KIIMHUYECKU TMOpaX€HHbIX mnanueHToB. HenaBHue ucclieloBaHMs OTHECIH JIOKYC
PETHUHUTA K XPOMOCOMHOMY PacMoJIOKEHUIO HOBOTO TeHa-kanauaara B 5q31. MoxHo
0KHMJIaTh, YTO 3TOT I'€H KOJUPYET MOJUNEITU ], HEOOXOAUMBIHN ISl aKTUBHOCTH:
PenientopHOM TUPO3UHKUHAZBI

ul'M®-pochonuscrepass

®docdonumazer C

AleHMIaTIINKIIa3bI

[Tporennkunassl C

HpaBI/IJIBHBII/I otBeT: Tonbko ¢ochoaudcTepasa yyacTByeT B KAUECTBE CUTHAIBHOM
MOJIEKYJIbI B 3pUTEIBHOM LIUKJIE ()OTOPELIENTOPHBIX KIETOK.

moow»

1.11

A 27-year-old woman with epilepsy has been taking phenytoin to control her
seizures. She is now pregnant, and her physician is considering changing her
medication to prevent potential bleeding episodes in the infant. What biochemical
activity might be deficient in the infant if her medication is continued?

Hydroxylation of proline

Glucuronidation of bilirubin

Reduction of glutathione

y-Carboxylation of glutamate

Oxidation of lysine

moowp

 —
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The answer: Phenyl hydantoins decrease the activity of vitamin K, which is required
for the y-carboxylation of coagulation factors (11, VII, 1X, X), as well as proteins C
and S.

2/-pidHa K1HKa 3 enuIenciero npuiiMana QeHiToiH, o0 KOHTPOIIOBATH CBO1 HAIAIH.
Bona 3aBaritHina 1 ii Jikap po3TJisAla€ MOXKIMBICT 3aMIHM Mpenapary, oo
3ano0IrT MOTEHIIMHUM KpOBOTE€YaM y HEMOBIATU. fka Ol0XiMIYHA aKTUBHICTH
MOXk€e OyTHU HEIOCTaTHHOI Y HEMOBJIS, KO MPOJOBKUTH JT1KYBaHHS KIHKHU?
INapokcuintoBaHHs NPOIIHY

['mokyponiganis Outipyoiny

CkopoYeHHS rIyTaTIOHY

v-KapOokcuntoBanHs riiyramaTy

OkucieHHs J13UHY

B1pHa BiAnoBiAb: DEHUINIaHTOTHH 3HWXKYIOTh AaKTUBHICTb (EpMEHTYy Y-
KapOOKCWIIOBaHHS TiyTamary B cTpykTypi (akropiB sroptanus (II, VII, 1X, X), a
takox OuTkiB C 1 S 3a ywactio Bitaminy K.

Mo oOw>

27-meTHSAS OSKCHIIWHA, CTPaJarolias »>NWICTNCHel, npuHuMana (EHUTOWH IS
KOHTpoJisi Haa cyaoporamu. OHa 3a0epeMeHena U Bpad-(PU3HOJIOT paccMaTpUBaeT
BO3MOXKHOCTh ~3aMEHbl IMpernapara JJsi OpeAOTBpAllleHUsT MOTEHIUATBHOTO
KpOBOM3NIMSHUA y MiajneHna. Kakas Oumoxumudeckas aKTUBHOCTb MOXKET OBITh
HEJIOCTAaTOYHOU Y MIIAJICHIIA, €CTTU TPOJOJDKHUTH JICUCHUE )KCHIITUHEI ?
[M'uapokcunrpoBanue npojruHa

I'mroxkyponuaanus ounupyouna

CokpanieHue TiryTaTuoHa

v-KapOokcunupoBanue riryramara

OkucneHue nu3nHa

HpaBI/IJILHLII/I orBeT: {DEHWUITUJAAHTOMHBI CHIKAIOT AaKTUBHOCTh BUTamHuHa K,
KOTOPBIM HE0OX0ouM ISl Y-KapOokcumupoBanus (akrtopos koarymsuuu (11, VII, IX,
X), a Takxke OenkoB C u S.

moow>

1.12

A 75-year-old woman is seen in the emergency room with a fractured arm. Physical
examination revealed multiple bruises and perifollicular hemorrhages, periodontitis,
and painful gums. Her diet consists predominately of weak coffee, bouillon, rolls, and
plain pasta. Lab results indicated mild microcytic anemia. Which of the following
enzymes should be less active than normal in this patient?

A.  Homocysteine methyltransferase

B.  y-Glutamyl carboxylase

C.  Dihydrofolate reductase

D. ALA synthase

E.  Prolyl hydroxylase

The answer: The patient has many signs of scurvy from a vitamin C deficiency. The
diet, which contains no fruits or vegetables, provides little vitamin C. Prolyl
hydroxylase requires vitamin C, and in the absence of hydroxylation, the collagen a-
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chains do not form stable, mature collagen. The anemia may be due to poor iron
absorption in the absence of ascorbate.

/5-piyHa XIHKAa MOCTyNWIA Yy BIIAUIEHHS HEBIAKIAIHOI JOMOMOTH 3 IEPEIOMOM
pyku. IlepBuHHE OOCTEXKEHHSI BHUSBWIO MHOXWHHI CHHII 1 NepUPOIIKYISIPHI
KPOBOTEUi, NEepiOMOHTHUT i 00MI0Ui scHA. [i XapuyBaHHsS CKJIaJa€ThCs MEPEBAKHO 31
cnabkoi KaBu, OylbilOHY, poJUliB, macTu. Pe3ynbraTu 1abOpaTOpHUX HOCHIIKEHD
MOKa3ajdu JIETKy MIKpPOIIUTApHY aHeMilo. AKTHUBHICTH SIKOTO (DEpMEHTY 3HUKEHA Yy
narieHTa’?

A. I'omorucreinmeTunTpancdepazu
B. y-I'mytaminkapOokcunazu

C. Juriapodonatpeaykrasu

D. AnaHIHCUHTAa3U

E. [Iponinrigpokcuinasu

BipHa BiANOBiAB: Y mMaii€eHTa € YUCENbHI O3HAKM LMHIH, L0 PO3BUHYJACH 4Yepe3
nedinut Bitaminy C. [lieta, sxa He MICTUTH (PpyKTiB ab0 OBOUIB, 3abe3neuye
HeBenukuid BMicT Bitaminy C B opradizmi. [lpominrigpokcunaza st BUKOHAHHS
¢ynkuii norpedye BitaMiny C, TOMy IpH BiJICYTHOCTI TIIPOKCHUIIIOBAHHS 3aJIMILKIB
IIPOJIIHY Ta JII3UHY B JIAHLIOTaX MPO-KOJIAr€HY BUHUKAIOTh MTOPYLIEHHS B MOJIEKYJIaX
3putoro kojareHy. Kpim 1poro, anemiss Moxe OyTH OOyMOBJI€Ha TMOTaHOIO
abcopO11i€ero 3a1i3a yepe3 BIICYTHICTh acCKOpOaTy.

75-1eTHSS JKEHIWHA MOCTYMIIA B OTACICHUE CKOPOH MOMOIIU C MEePEIOMOM PYKH.
[lepBuuHoe  oOciemoBaHWE  BBIABWJIIO  MHOXECTBEHHBIE  KPOBOMOATEKH |
nepuONUKYISIPHbIE KPOBOTCUYCHHsSI, IMEPUOJAOHTUT W OOJNe3HEHHBIE MecHBl. Ee
pallMOH MUTAaHMSI COCTOUT MPEUMYIIECTBEHHO U3 cllaboro kode, OylboHA, POJUIOB,
nmacTel.  Pe3ynmbrarThl  JTa0OpaTOpPHBIX ~ HWCCICAOBAHWNA  TMOKAa3alW  JIETKYIO
MUKPOITUTAPHYIO aHEMHI0. AKTUBHOCTh KaKOTO (DepMEHTa CHIMKEHA y TTalieHTa?

A.  T'omonucrenHmMeTmiITpaHchepasbl
B. y-I'myramunkapOokcumasbl

C.  HurunpodomaTpemnyKrasbl

D.  AnaHMHCUHTa3bl

E.  Ilponmnruapoxcuiiassl

[IpaBunbHBIA OTBET: Y MAMEHTKA HUMEIOTCS MPU3HAKHU LIUHTH, KOTOpas pa3BUIACh
u3-3a neduuura ButamuHa C. Jluera, He coxepkamas (PYKTOB WIM OBOIIEH,
oOecnieunBaeT HeOomblIoe coaepxkanue ButamuuHa C. [lpomunruapoxcunasza ais
BBITIOJIHEHUS CBOMX (yHKUMA Hyxkjgaercss B BuramuHe C, TOTOMY 4YTO HIpH
OTCYTCTBHM THIPOKCUIMPOBAHUS OCTAaTKOB MPOJWHA W JIM3WHA B LENAX MPO-
KOJIJITAT€HA BO3HUKAIOT HAPYLIEHUS B MOJIEKYJIaX 3PEJIOrO KOJUIareHa. AHEMUSI MOXKET
ObITh 00yCNIOBICHA IUIOXOW aOcopOIMer kene3a, CBSI3aHHOW C OTCYTCTBHEM
ackopOar
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Glossary
Proteins are high-molecular organic compounds whose biopolymers, the monomer
of which are amino acid residues linked together by peptide bonds.
Amino acids are organic acids containing one or more amino groups. Crystalline
colorless substances, soluble in water.
Amphoteric amino acids - the ability of amino acids to exhibit both acidic and basic
properties. The acidic properties are determined by the carboxyl group —-COOH, and
the basic properties by the amino group —NH..
Essential amino acids are amino acids that are not synthesized in the human body
and must come from food. These include eight absolutely essential (threonine,
leucine, isoleucine, valine, lysine, methionine, tryptophan, phenylalanine) and two
partially essential amino acids (histidine, arginine).
Peptide bond is a covalent bond (-NH-CO-). It is formed by the interaction of the
carboxyl group (-COOH) of one amino acid with the amino group (-NHy) of another
amino acid.
Proteins are simple if their molecules are formed only by amino acid residues. For
example, albumin, globulins, histones, etc.
Proteins are complex if their molecules consist of a protein portion built from amino
acids and a non-protein portion represented by carbohydrates, lipids, nucleic acids, or
other compounds. For example, phosphoproteins contain residues of phosphoric acid,
in the nucleoproteins the non-protein portion is represented by nucleic acids, etc.
A prosthetic group — a non-protein portion that is firmly associated with the protein
component of a complex protein molecule — can be represented by metal ions, some
organic molecules of low or high molecular weight. Complex proteins are classified
according to the nature of the prosthetic group.
Chromoproteins - contain a colored substance as a prosthetic group. Divided into
three groups: a) hemoproteins (iron porphyrins) - hemoglobin, myoglobin,
cytochromes, catalase, peroxidase, b) magnesium porphyrins - chlorophyll, c)
flavoproteins - FAD and FMN, which are part of oxidoreductases.
Nucleoproteins are complex proteins in which nucleic acids act as non-protein parts.
Lipoproteins are complex proteins containing neutral fats, free fatty acids,
phospholipids, cholesterides as a prosthetic group.
Phosphoproteins are complex proteins containing, as a prothetic group, phosphoric
acid attached by an ester bond to the hydroxyl radicals of serine and threonine.
Glycoproteins are complex proteins, which, in addition to protein, contain prosthetic
group carbohydrates and their derivatives, strongly associated with the protein part of
the molecule.
Proteoglycans - are the main substance of the intercellular matrix of connective
tissue, they are also called glycosaminoglycans, mucopolysaccharides; consist of long
carbohydrate chains (95%) associated with a small amount of protein (5%).
Metalloproteins are complex proteins, which, in addition to protein, contain ions of
one or more metals as a prosthetic group. These include proteins containing non-
hemeinic iron, as well as proteins coordinated to metal atoms in complex enzyme
proteins.
Fibrous proteins are filamentary proteins (muscle protein myosin, collagen tendon
protein, etc.).
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Globular proteins are protein molecules that are round elliptical in shape.

The primary structure of a protein is a structure determined by the qualitative,
quantitative composition and sequence of amino acid residues in the polypeptide
chain of a protein molecule.

The secondary structure of the protein is the spatial packing (spiral or folded form)
of individual sections of the polypeptide chain, which is determined by the closest
order of amino acids in the chain. It is stabilized by hydrogen bonds between peptide
fragments.

The tertiary structure of a protein is the spatial folding of a polypeptide chain into
a compact body - a globule. The stability of the tertiary structure is provided by
hydrogen, disulfide, electrostatic or ionic bonds between side-chain radicals.

The quaternary structure of a protein is the spatial arrangement of several
polypeptide chains, each of which has its own primary, secondary and tertiary levels,
and together they represent a single molecular formation in structural and functional
terms.

Histones - low molecular weight major proteins, are involved in the packaging of
DNA cells, are very conservative proteins, mutations in them are fatal.

Protamines are a group of the simplest low-molecular proteins, have pronounced
basic properties due to the content of 60—85% arginine, are well soluble in water, are
analogues of histones, but pack DNA more closely in vertebrate spermatozoa to avoid
breaks in cell division.

The prolamins are cereal proteins, contain 20-25% glutamic acid and 10-15%
proline, soluble in 60-80% alcohol, while other proteins precipitate in these
conditions. In the prolamins almost no lysine, which significantly reduces the
nutritional value of vegetable proteins.

Glutelins are also proteins of plant origin, make up the bulk of the gluten of cereals.
Albumins - blood proteins, make up more than half of blood proteins, are globular
proteins, soluble in water and weak salt solutions, precipitate in a saturated solution
(NH4)2S0s, isoelectric point - 4.7, have a high negative charge at neutral pH.
Globulins - globular plasma proteins, dissolve only in a weak solution of NaCl, in an
unsaturated solution (NH.).SO, precipitate, so that they can be separated from
albumins.

Scleroproteins are proteins that are insoluble or partially soluble in water, aqueous
solutions of neutral salts, ethanol, and mixtures of ethanol with water. These are
fibrillar proteins (keratins, collagen, fibroin, etc.), they are highly resistant to
chemical reagents, the action of proteolytic enzymes and perform a structural
function in the body.

Protein denaturation is the process of disrupting the spatial structure of proteins,
changing their chemical properties and biological activity under the action of
chemical (alkalis, strong acids, heavy metal salts: Cu, Pb, Ag, Hg), physical (high
temperatures 60-100 °C, ultraviolet radiation and others) factors.

Renaturation of a protein is a reversible process of restoring the original structure,
properties and biological activity of a denatured protein.

Ultracentrifugation is a method of separating a mixture of proteins based on
differences in the molecular masses of proteins. The sedimentation rate of substances
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in the process of rotation in an ultracentrifuge, where centrifugal acceleration reaches
100,000-500,000 g, is proportional to their molecular weight.

Dialysis is a special kind of separation of substances using membranes that are not
capable of passing high molecular weight molecules through their pores. Dialysis is
used to purify high-molecular compounds (proteins, nucleic acids, polysaccharides,
etc.) from low-molecular compounds and in pharmacy to produce drugs, including
protein drugs.

Protein electrophoresis - the method is based on the fact that at a certain pH value
and the ionic strength of a solution, proteins move in an electric field with a speed
proportional to their total charge. Proteins with a total negative charge move to the
anode (+), and positively charged proteins go to the cathode (-).

Chromatography is a method of separating proteins, based on the distribution of
substances between two phases, one of which is mobile and the other immobile.
Chromatographic methods are based on different principles: gel filtration, ion
exchange, adsorption, and biological affinity.

Gel filtration chromatography. The method of separation of proteins using gel
filtration chromatography is based on the fact that substances with different
molecular weights are differently distributed between the stationary and mobile
phases.

Spectrophotometric method for quantitative determination of protein concentration
- based on the ability of protein molecules to absorb the UV rays of the spectrum, due
to the presence of aromatic amino acids and peptide bonds.

The colorimetric method for determining total protein is based on color reactions of
proteins with chromogen-forming reagents or on nonspecific binding of the dye.
Among the colorimetric methods for determining the concentration of total serum
protein, the most common is biuret meth. The method based on the so-called “colored
biuret reaction”, during which proteins react in an alkaline medium with copper
sulfate to form compounds that are colored purple, the color intensity depends on the
concentration of total protein in the serum.

The enzyme is a protein-catalyst. A catalyst is a substance in the presence of which
the rate of a chemical reaction increases.

Apoenzyme - polypeptide chains (proteinaceous part) of a complex protein-enzyme.
Enzyme cofactor is a non-protein part of an enzyme; the term is usually used for the
inorganic components of a complex enzyme: metal cations, anions.

Coenzyme is an organic non-proteinaceous part of a complex enzyme that can easily
dissociate (detach) from the apoenzyme, it exists as an independent molecule in a
biological fluid.

The prosthetic group of the enzyme is an organic non-proteinaceous part of a
complex enzyme that is not capable of dissociating from the apoenzyme, since it is
attached to the apoenzyme by covalent bonds.

The active center of the enzyme is part of the spatial native structure of the enzyme,
to which all the enzyme substrates are attached, and here the products of a chemical
reaction that the enzyme catalyzes are formed.

The catalytic site of the active center of the enzyme is a fragment of the active
center of the enzyme, in which a chemical reaction takes place: the transformation of
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enzyme substrates into reaction products. If a complex enzyme contains a vitamin
cofactor, then its position is clearly fixed in the catalytic site of the active center.

The adapter site of the enzyme active center is a fragment of the enzyme active
center, which serves to attach chemical reaction substrates; this task is mostly
performed by certain amino acid residues of the protein portion of the enzyme, if a
complex enzyme is considered.

The allosteric center of the enzyme (allos in Greek is another) is a segment of the
spatial structure of the protein-enzyme that is capable of contact with factors
regulating its activity, does not coincide in position with the active center.

The key enzyme of the process is an enzyme whose activity limits the rate of flow
of the entire process in which this enzyme participates, usually it is a regulatory
enzyme.

The regulatory enzyme of the process is an enzyme that is regulated by activity by
a number of factors — special substances — inhibitors or activator substances.
Regulatory enzymes are often allosteric enzymes, that is, they contain allosteric
centers.

Physical properties of the enzyme - this concept duplicates the concept of “physical
properties of globular proteins”: this is the diameter of the protein molecule, the
molecular weight, the presence of the total total charge of the molecule (and therefore
the presence of the isoelectric point pl), the ability to diffusion, a certain behavior in
an electric field.

Chemical properties of the enzyme - this concept partially duplicates the concept of
“chemical properties of globular proteins”: the ability to dissolve in a saline solution
with the formation of a colloidal solution, buffering properties, activity in a certain
range of pH and ambient temperature, the ability to denature by chemical and
physical factors , as well as the ability to form specific chemical interactions with
reaction substrates, that is, the specificity of the action, etc.

Enzyme specificity is the property of an enzyme to form specific chemical
interactions only with the substrates of the reaction catalyzed by this enzyme.

The absolute specificity of an enzyme — an enzyme having this type of specificity
— catalyzes the transformation of a single molecule into reaction products; in the
absence of such an enzyme in a living system, its substrate accumulates, since the
action of an enzyme with such specificity cannot be replaced by the action of another
enzyme.

Relative group specificity of the enzyme - an enzyme with this type of specificity,
catalyzes the reaction of chemical transformation of a group of substrates into the
corresponding products. Each substrate has a fragment of the analog structure to what
the other substrate of this group has; the chemical reaction proceeds with a change in
this particular fragment of the structure.

Stereochemical specificity of an enzyme — an enzyme possessing this type of
specificity — catalyzes the reaction of chemical transformation of a specific
stereoisomer, for example, L-alanine and D-alanine are oxidized in the human body,
for example, L-alanine

Thermolability of the enzyme is a property of the enzyme to show its activity in a
certain narrow temperature range. For most enzymes of the human body, the range of
manifestation of the maximum activity of enzymes is within 25-40 ° C.
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Classification of enzymes - the division of all the studied enzymes of biological
systems into classes according to a single principle - the type of catalyzed chemical
reaction. The name of the enzyme is formed from the name of the substrate, the
names of the type of reaction and suffix -az. It is possible to use historically
established trivial names of enzymes, for example, urease (hydrolase destroying
urea), trypsin, etc.

Oxidoreductases - a class of enzymes that catalyze oxidation-reduction reactions,
since there are quite a few subtypes of oxidation reactions, trivial names of
oxidoreductases are introduced that take into account this division: monooxygenase,
hydroxylase, dioxygenase, oxidase, dehydrogenase, cytochrome. Reduction reactions
catalyze reductase.

Transferases is a class of enzymes catalyzing the transfer of transports from a donor
substrate of a structural fragment to an acceptor substrate with the formation of two
corresponding products. The formation of the name of the enzyme goes as follows:
the donor's name is the name of the acceptor — what is transferred — transferase.
Often the name of the acceptor is not indicated. For example: alanine
aminotransferase catalyzes the transfer of an amino group from alanine to alpha
ketoglutarate to form glutamic acid and pyruvate.

Hydrolases are a class of enzymes catalyzing the reaction of breaking a bond with
the addition of fragments from a water molecule (-H and -OH) at the point of break.
All enzymes involved in the digestion of organic food component molecules belong
to this class.

Lyase is a class of enzymes that catalyze a bond breaking reaction without the
participation of water (for example, decarboxylase), either attaching water at a double
bond site (hydratase), or removing a fragment to form water and a double bond from
it (dehydratase).

Isomerases - a class of enzymes catalyzing the reaction of changing the structure of a
substrate without changing its chemical composition, the trivial names of isomerases:
epimerase, mutase, racemase.

Ligases - a class of enzymes that catalyze reactions with the formation of new bonds
in the structure of products, while energy costs occur, which is released when a
macroergic compound, such as ATP, is destroyed. In this case, usually two products
are formed from ATP: ADP and phosphate, or AMP and pyrophosphate. Trivial
name ligase synthetase. Before this word is added the name of the product that is
being synthesized.

The kinetics of the enzymatic reaction is a section of enzymology that studies the
influence of various factors on the rate of the enzymatic reaction: concentrations of
substrates and enzymes, concentrations of reaction products, pH and temperature,
activators and inhibitors.

The Michaelis constant (Km) is the concentration of the substrate at which the rate
of the enzymatic reaction is equal to half the maximum value.

The Michaelis-Menten method is a mathematical method that makes it possible to
calculate Km and Vmax using a graphical dependence of the rate of the enzymatic
reaction on the concentration of the substrate, which satisfies the equation:

V =Vmax * [S] / Km + [S]
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The method of Lineuiver-Burk is a mathematical method that allows to calculate
Km and Vmax, using a graphical dependence of the reciprocal of the enzyme reaction
rate on the reciprocal of the substrate concentration (double reciprocal method); It is
actively used for research on determining the type of inhibition of recently discovered
enzymes, or when studying the effect of drugs with a mechanism of action as enzyme
inhibitors.

Acid-base catalysis is a theory about the mechanism of action of enzymes, in the
active center of which functional groups can be a donor or acceptor of protons, which
increase the rate of formation of reaction products, or contribute to the flow of the
reaction in terms of changes in the pH of the environment.

Covalent catalysis is a theory about the mechanism of action of enzymes, in the
active center of which functional groups are capable of forming covalent bonds with
intermediate products of the enzymatic reaction.

An enzyme inhibitor is a substance that, when bound to an enzyme, decreases the
rate of an enzymatic reaction

An enzyme activator is a substance that, when bound to an enzyme, increases the
rate of an enzymatic reaction. Activators can influence the inactive form of enzymes
(proenzymes), translating them into the active form.

The total activity of the enzyme (TA) can be determined by the rate of decrease in
the substrate concentration, by the rate of formation of reaction products, by the rate
of transition of the oxidized form of the coenzyme into the reduced form (for
oxidoreductases). In modern enzymology, two units of measurement of the total
activity of enzymes are used: the international unit of activity (IU) and katal.

The international unit of activity (IU) is the amount of enzyme required to convert
1 umol of substrate per 1 minute into the reaction product under standard
measurement conditions.

Catal is the amount of enzyme needed to convert 1 mole of substrate per 1 second
into the reaction product under standard measurement conditions.

The specific activity of the enzyme (SA). For scientific studies of the activity of
enzymes in the organs, it is more important to know the specific activity (.) enzyme,
which is calculated by measuring the protein concentration in the test sample:

[C] =[mg/ ml] or[g/I]; then according to the formula: SA=TA. /[C]
Enzymopathy is a disease caused by disorders related to the function of a particular
enzyme in the metabolic pathway.

I'nocapiii

Binku - BUCOKOMOJIEKYJISIpHI OpraHiyHi CIIOJIYKH, 010TIOJIIMEPH, MOHOMEPOM SIKUX €
3aJIMIIKH aMIHOKHUCIIOT, 3'€IHAaH1 MI)K COOO0I0 ITENTHIHUMH 3B'sI3KaMHU.
AMIHOKMCJIOTH - OpTaHiYHI KHCJIOTH, IO MICTATh OJHY a00 KiuIbKa aMiHOTPYIIL.
Kpucrtaniuni 6e30apBHi pe4OBUHH, PO3UYHMHHI Y BOJII.

AMdoTepHICTh aMiHOKHMCJIOT - 37aTHICTh aMIHOKHUCJIOT MPOSIBJISITH SIK KUCIIOTHI, TaK
1 OCHOBHI BJIaCTHBOCTI. KHCIIOTHI BIacTUBOCTI BH3Hauae KapOOKCHJIbHA Tpyma -
COOH, a ocHoBHI BIacTUBOCTI - amiHorpyma -NHo.
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He3aminHi aMiHOKHCJIOTH - aMIHOKHUCIIOTH, SIKI HE CHUHTE3YIOThCS B OpraHi3zMi
JIOAWHU 1 TOBHHHI HAAXOOUTH 3 DKero. Jlo HMX BIZHOCSATHCS BICIM aOCOIIOTHO
He3aMIHHUX (TPEOHIH, JEHIMH, 130JICHIIMH, BajiH, JI13UH, METIOHIH, TPHUNTOdaH,
(eHUIanaHiH) 1 IB1 Y4CTKOBO HE3aMIHH1 aMIHOKHUCJIOTHU (TICTUIUH, apriHiH).
Hentuanuii 3B's30k - koBaneHTHWH 3B's130Kk (-NH-CO-). VTBOproerbcs mpwm
B3aemMozii kapookcuiabHoi rpynu (-COOH) onHi€l aMiHOKUCIOTH 3 aMIHOTPYMO0 (-
NH2) iH11101 aMIHOKHUCTIOTH.

IIporeinm - mpocTi OUIKA, MOJEKYJIM SKHUX YTBOPEHI TUIBKM 3aJIUIIKAMHU
amiHokuciot. Hanpuknaz, anb0yMinu, rao0ysiHU, TICTOHU Ta 1H.

Iporeinm - cknamHi OUIKK, MOJEKYJIH SKHX CKJIaJalOThCS 3 OLIKOBOI YaCTHHH,
1moOy/0BaHO1 3 aMIHOKHUCJIOT, 1 HEO1IKOBOT YaCTUHH, MPEICTABICHOI BYTJICBOJAAMH,
JMilaMy, HYKJICTHOBUMU KHUCJIOTaMH Ta IHIIUMH crnojiykamu. Hanpuknian,
docdomnporeinn MicTITh 3anuiIKd  QochOopHOT KHUCIOTH, B HYKJIEONPOTEimax
HeOLIKOBa YacTHHA MPEACTaBICHA HYKJIETHOBUMH KUCIOTaMU 1 T.1.

®@iopunspHi Olikm - OUIKM, 110 MalOTh HUTKONOAIOHY ¢dopmy (M's30BuUil OUIOK
MI103UH, OUIOK, 1110 MICTUTBCSl Y CYXOXKUJUISIX - KOJIAreH 1 1H.).

I'00yaspHi 0l/IKM - OUTKH, SKI MAIOTh OKPYTITY 200 eminconoiony Gpopmy.
IlepBuHHA cTPYKTYypa OiJiIKa - CTPYKTypa, SKa BU3HAYAETHCA SIKICHUM, KUTBKICHUM
CKJIAJIOM 1 IOCJITOBHICTIO aMIHOKHCJIOTHHX 3QJIMIIKIB y MOJIMECNTHIHOMY JaHII031
MOJICKYJTH O1lIKa.

BropunHa cTpykTypa Oijlka - TpocTOpoBa YyIakoBka (cmipanemnojioHa abo
ckimaguacta (Gopma) OKPEeMHUX IUISTHOK TOJINENTHAHOTO JAHIIOra, ska BU3HAYAE
HalOIMKYe TOPSJKOM aMIHOKUCIOT B JaHmio3l. Crabimi3yeThCss BOJIHEBUMH
3B'SI3KAMU MK TMENTHIHUMH (pparMeHTaMH.

Tperunna cTpykTypa OlIKa - TPOCTOPOBA YKIAIKa TOJIMENTHIHOTO JIAHIIOTA B
KOMIIAaKTHY KoH(popmarito - 1ino0yny. CTidKICTh TPETUHHOI  CTPYKTypHU
3a0e3meuyloTh BOJHEBI, AUCYIbQITHI, EJIEKTPOCTATUYHI a00 10HHI 3B'SI3KM MiX
paauKaaMu aMiHOKUCJIOTHHX 3aJTHIIKIB.

YerBepTHHHA CTPYKTypa Oilka - TMPOCTOPOBE pPO3TAIIYBaHHS JEKUIBKOX
MOJIIMENTUIHUX JIAHITIOT1B, KOXKHA 3 SKMX Ma€ CBOIO BIIACHY MEPBUHHY, BTOPUHHY 1
TPETUHHY CTPYKTYPH, & PA30M BOHH MPEJCTABISAIOTH €IMHE MOJIEKYJISIpHE YTBOPEHHS
B CTPYKTYPHOMY 1 (DYHKI[IOHAJILHOMY BiTHOIICHHI. YETBEPTUHHY CTPYKTYPY MAlOTh
OUIKH, 10 CKIAJAI0THCS 3 IBOX 1 O1IBIIIE TMOMIMENTHAHUX JIAHITIOTIB (CYOOIMHUIIB).
licToHn - HU3BKOMOJICKYJISIPHI OCHOBHI OLTKHM, OepyTh ydacTh B ymakosii JIHK
KJIITUHH, € JIOCUTh KOHCEPBATUBHUMU O1JIKaMH, MyTaIlii B HUX 3T'yOHI.

IIporaminu - rpyna HaAUMPOCTIMINX HU3BKOMOJICKYJIAPHUX OLIKIB, MAIOTh BUPaXKEH1
OCHOBHI BJIACTHBOCTI 3a paxyHOK BMicTy 60-85% aprininy, 7oOpe po34MHHI y BOJII, €
aHajoraM TiICTOHIB, aje Oumpm ImIuThHO yrmakoByioTh JIHK B cmepmartosoimax
XpeOeTHUX, 00 YHUKHYTH PO3PUBIB IiJ] Yac JUICHHS KJIITHH.

IIponaminu - Oinku 3nmakiB, micTaTh 20-25% rmyraminoBoi kuciotu 1 10-15%
npoiiny, po3uuHHi B 60-80% cnupTi, B TOW yac K iHII OUTKM B IUX YMOBax
BUIIQJIAFOTh B Ocajl. Y MPOJIaMiHIB MaiKe IMOBHICTIO BIJICYTHIHM JII3WH, 1O ICTOTHO
3HI)KY€E XapuoOBY IIHHICTh POCITMHHUX OUIKIB.

lmoTeninm - Takox OUTKM POCIMHHOTO TMOXOJ/KEHHS, CKJIaJal0Th OCHOBHY Macy
KJIEHKOBHUHH 3JIaKiB.
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AJIbOYMiHHM - OUTKHM KpOBI, CKJIaJat0Th OUTbIIE MOJOBUHU OUIKIB KPOBI, BITHOCATHCS
70 TTIOOYISIpHUX OUIKIB, PO3UMHHI Yy BOAl 1 CIA0KMX PO3UYMHAX COJIEH, BUIA/IalOTh B
ocayn y HacndeHoMy po3urHi (NHy)2SO4, i30enekTprudna Touka - 4,7, MaroTh BUCOKHI
HeraTUBHUH 3apsa npu pH kposi.

I'no0yainu - ro0ynsipHi OUIKK TUTa3MH KPOBI, PO3UYMHSIIOTHCS TUIBKU B CIa0KOMY
po3unHi NaCl, B HeHacuueHomy po3umHi (NH4)2SO4 BHIamaroTe B 0Ocaj, 3aBISKH
YoMy iX MOHa BIIOKPEMUTH BiJ aIbOYMIHIB.

Crueponporeinn - OUTKM, HEPO3YMHHI a00 YAaCTKOBO PO3YMHHI Yy BOJ1, BOJAHUX
pO3YMHAX HEUTpaTbHUX COJIEH, €TaHOJI1 1 CyMilllax eTaHoay 3 Boaotwo. Lle ¢piopumspHi
Oulku (kepaTuH, kosareH, ¢i0poiH 1 1H.), BOHM BIAPI3HAIOTHCS BHUCOKOIO CTIMKICTIO
70 XIMIYHMX PEAKTHUBIB, N1 MPOTEONITUYHUX (EPMEHTIB 1 BUKOHYIOTH B OpTaHi3Mi
CTPYKTYpPHY (DYHKIIIIO.

Jenatypauis 0iJIKiB - poliec MOPYUIEHHS MPOCTOPOBOI CTPYKTYpHU OUIKIB, 3MIHH X
XIMIYHUX BJIACTUBOCTEH 1 OI10JIOTIYHOI AKTHUBHOCTI T JI€I0 XIMIYHMX (JIYTIB,
CWJIBHUX KHUCIIOT, cojied Baxkkux metaniB: Cu, Pb, Ag, Hg), dizuunux (Bucokux
temmneparyp 60-100 °C, ynpTpadi071€TOBOI0 BUIPOMIHIOBAHHS Ta 1H.) YAHHHKIB.
Penarypaunii 6inika - 00OpOoTHUN mpoliec BITHOBIEHHS MEPBICHOI CTPYKTYpH,
BJIACTUBOCTEH 1 010JIOrYHOT aKTUBHOCTI J€HATYpPOBAHOTO O1IKa.

Cxkaaani Oiikm - OUIKM, SK1 KpIM THOJINENTHIHUX JAHIIOTIB, MICTITh B CBOEMY
CKJIaJll HEOUIKOBOI YacTWHA, NMPUEAHAHY A0 OUIKa cirabkumu a00 KOBaJEHTHUMHU
3B'A3KaMHU.

IIpocTeTuuHa rpyna - HeOUIKOBAa YacTWHA, SKa MIITHO TOB'SI3aHa 3 OLIKOBUM
KOMITOHEHTOM MOJIEKYJIM CKJIagHoro Oinka, Mo)ke OyTH TpeACTaBICHA 1OHAMH
MeTaiiB, OyIb-IKHMHU OpPraHIYHUMHU MOJICKYyJIaMH 3 HHU3BKOIO a00 BHCOKOIO
MOJIEKYJIIpHOIO Macoro. CkitamHi OUTKH KITacu(iKyrOTh 3a XapaKTEPOM MPOCTETUIHOT
Tpymu.

Cknagauii OUIOK, IO CKJIAJAEThCSA 3 OUTKOBOI YacTHHU (AMOMPOTEiH) 1 HEOLTKOBO1
YacTUHU (MPOCTETUYHOI rpymna), Ha3UBaOTh "' Xoa0npoTein".

XpoMonpoTeiHu - MICTATh B SIKOCTI MPOCTETHYHOI IPynu 3a0apBIICHY PEUOBHUHY.
[loninaroTs Ha TpHW TPyHU: a) TEMONpOTeiHW (3anmizomopdipiHu) - TeMOriooiH,
MIOTJI001H, IIUTOXPOMHU, KaTajasa, Mepokcuaasa,0) Maruiiinopdipinu - xiaopodin, B)
dbnaBompoteinu - DAJl i ®MH, 110 BXOIATh 10 CKIaaAy OKCHIOPEAYKTA3.
Hyxkieonporteinu- ckiaaai OUIKH, B SKUX B pOJi HEOIIKOBOI YaCTUHU BUCTYMAIOTh
HYKJIETHOB1 KUCJIOTH.

Jlinonporeinm - ckimagHi OUTKH, MO MICTITh B SKOCTI MPOCTETHUYHOI TPYIH
HEUTpaNbHI KUPH, BUIbHI JKUPHI KHUCIOTH, GOCHOIIIITN, XOIECTEPUIH.
dochonporeinn - ckiIagHI OUTKH, IO MICTATh B SKOCTI HMPOCTETUYHOI TPYIH
docdharn, 3’e¢aHaHi CcKIagHOCHIPHUM 3B'SI3KOM 3 TIAPOKCHIBHUMH DPaJUKaIaMH
CEepUHY 1 TPEOHIHY.

IaikonpoTeinm - ckiragHi OUIKH, 10 CKIaAy SIKMX KpiM OiJIKa B KOCT1 IPOCTETHYHOT
TPYIA BXOJATH BYTJIEBOAM 1 iX MMOXiAHI, MIIHO TOB'A3aHi 3 OUIKOBOI YaCTUHOIO
MOJIEKYJIH.

IIpoTeoryikaHu - SBJISIOTH COOOK OCHOBHY CYOCTaHI[IF0 MDKKJIIITHHHOTO MaTPUKCY
CITOJTyYHOT TKaHUHHU, ix TaKOXK Ha3UBaIOTh IJ11KO3aMIHOIIIKaHAMMU,
MYKOITOJTicCaxapuIaMu; CKIIAIAl0ThCS 3 JOBTHX BYIVIEBOAHEBHX JaHIIOTIB (95%),
MOB'SI3aHMUX 3 HEBEJIMKOIO KUTBKICTIO 011K (5%).
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Merajonporeinm - CKJIagHI OUIKM, A0 CKIaay SKUX KpiM OUIKa B SKOCTI
MPOCTETUYHOI IPYNH BXOASATH 10HH SIKOTO-HEOYIb OTHOTO 200 EeKUIbKOX MeTaniB. Jlo
HUX BIJHOCATBCSA OUIKM, IO MICTITh HEreMOBaHE 3ajli30, a TaKoX OUIKH,
KOOPAMHAIIMHO MOB'sI3aH1 3 aTOMaMH METANIB B CKJIa/1 CKIIaJHUX OUTKIB-()EPMEHTIB.
YabrpanenTpudyryBaHHsi - METOJ MOAUTY cyMimli OUIKIB, 3acHOBaHUM Ha
BIIMIHHOCTI B MOJICKYJISIpHUX Macax OuikiB. IIIBUIKICTH ceauMeHTallii peuoBUH B
npoiieci 00epTaHHS B yIbTpalleHTpU(PYTryBaHHsS, J€ BIALIEHTPOBE MPUCKOPEHHS
nocsirae 100 000-500 000 g, mponopiriitHe iX MOJICKYJISIpHIN Maci.

Hianiz - 11e ocoOJUBUN PI3HOBUJI MOJUTY PEYOBHMH 3 BUKOPUCTAHHSIM MeMOpaH,
HE3IaTHUX TMPOMYyCKAaTh 4Yepe3 CBOi MOPU BUCOKOMOJEKYJSApHI Mosekynu. [liami3
BUKOPUCTOBYIOTh  JIJI1  OYHUIIEHHA BHUCOKOMOJEKYJISPHUX  CHOAYyK  (OLIKIB,
HYKJIETHOBUX KHUCIIOT, MOJIiCAaXapyaiB 1 T.J.) BiJl HU3bKOMOJICKYJISIDHUX 1 B (papmarii
JUIsl OTPUMAaHHS JIIKAPChKUX MPEnapaTiB, B TOMY YKCII 1 OLTKOBUX.

Enexrpodope3 OUIKiB - METO 3aCHOBaHUN HA TOMY, 110 MIPU NIEBHOMY 3HaueHH1 pH
1 10HHOI CWJIM PO34YMHY OUIKH PYXarOThCA B EJIEKTPUYHOMY IO 31 MIBHJKICTIO,
MPOIOPLIINHOK iX CyMapHOMY 3apsny. buiku, siki MarOTh CyMAapHHUA HEraTUBHUM
3apsij, pyxaroThCs J0 aHoja (+), a TO3UTUBHO 3apsKeH] OUTKH - 10 KaToja (-).
Xpomarorpadist - MeTo po3AUICHHS OUIKIB, 3aCHOBAaHUMN Ha PO3MOALI1 PEUOBHH MIXK
nBoma (¢aszamMu, OJHa 3 SAKMX pyXxoma, a IHIa HepyxoMa. B  ocHOBY
xpoMatorpadiyHUX METOMAIB MOKIAJACHO PI3HI MPUHLMIM: reidb-QiIbTpallii, I0HHOTO
oOMiHy, aficopO11ii, 610JIOTTYHOTO CIIOPIAHEHOCTI.

Ieab-pinbTpaniiina xpomartorpadgisa. Merton noauty OUIKIB 32 JONOMOTOIO T'elb-
duipTpamiinoi  xpomartorpadii, 3acHOBaHMMW Ha TOMY, [0 PEYOBUHH, IO
BIIPIBHSIIOTBECA ~ MOJIEKYJIIPHOKO ~ Macolo, MO-PI3HOMY  PO3MOJUISIOTBECA — MIXK
HEPYXOMOIO 1 pyxXoMoto (hazamu.

CnekTpodoroMeTpMYHU METO KiJIbKICHOI0 BU3HAYEHHS KOHUEHTpaulii OiIKy
- 0a3yeThCsl Ha 3JaTHOCTI OLIKOBHX MOJIEKYJ MorivHatu Y @-npomeHi CleKTpy, 110
00YMOBJIEHO HasIBHICTIO apOMaTUYHUX aMIHOKHCIIOT 1 MENTHUIHUX 3B'SI3KIB.
Konopumerpuunuii MeTO] BU3HAYEHHS 3arajibHOTO OUTKa 3aCHOBaHI Ha KOJbOPOBUX
peakilisix OUIKIB 3 XPOMOIEH-yTBOPIOIOTH peakTUBaMH abo Ha HecneuuraHuin
3B'i3yBaHH1  OapBHHMKA. Cepell  KOJOPUMETPUUECKHUX  METOAIB  BHU3HAYCHHS
KOHIICHTpAIlli 3arajJbHOro Ol7Ka CHPOBATKM HAWMOUIBII MOUIMPEHUM BBAKAETHCS
OlypeToBa peakilisi, 3aCHOBaHU Ha TaK 3BaHIN «KOJIHOPOBOi OMYypPETOBOU peakilii», B
XO/I1 SIKO1 OLIKM pearyroTh B JIY)KHOMY CEpeJOBHII 3 CyIb(})AaTOM Mijli 3 YTBOPEHHSIM
CIIOJIYK, 3a0apBlieHUX y (HioJeTOBUM KOMIp, IHTEHCUBHICTH 3a0apBICHHS 3aJI€KUTh
B1Jl KOHIIEHTpAIlii 3araJIbHOTO OIKa B CUPOBATIIL.

®epMeHT - Oulok-KatanmizaTop. Kartamizatop - pedyoBHHA, B HPHUCYTHOCTI SIKOTO
IIBUJIKICTh XIMIYHO1 peakIii 30 IbIIY€eThCS.

AnodepMeHT - TMOJINENTUAHI JaHIIOrK (OUIKOBA YacTWHA) CKJIAJHOro Olka-
dbepmenTa.

Kodakrop depmenty - HeOUIKOBa dYacTuHa (EpPMEHTY, TEpMIH MPUNHATO
BUKOPHMCTOBYBAaTH 3ACOLIBIIOTO JJIS HEOPTraHIYHUX KOMIIOHEHTIB CKJIaJHOTO
dbepMeHTy: KaTIOHIB METaJIIB, aHIOHIB.

KodepmenT - opraniuyna HeOUIKOBa YacTHUHA CKJIQJAHOTO (DEpMEHTY, 3/JaTHa JIETKO
nuconioBaTt (Bia'eqHyBaTHCs) BiJ anoepMEHTY, ICHYE Yy BHIJIS1I CaMOCTIMHOT
MOJIEKYJIU B 010JIOTTYHOI PIAUHHU.

29



IIpocternuna rpyna ¢epMeHTy - OpraHiyHa HEOLIKOBa 4YacTHHA CKJIAIHOTO
dbepMeHTy, He 37aTHa 10 AucolMallii Bil anmoepMEeHTy, TaK SIK MPUEAHYETHCS 0
ano)epMEeHTY KOBaJICHTHUMU 3B'SI3KaMHU.

AKTUBHHI LeHTP {epMeHTy - YacTHHAa NIPOCTOPOBOI HATHUBHOI CTPYKTYpH
(dbepMeHTy, 10 SIKOi NPUENHYIOThCA BCl cyOCTpaTH (hepMEHTY, TYyT Ke BIIOYBAETHCS
YTBOPEHHS MPOAYKTIB XIMIYHOT peaKilii, sIKy Karaizye (epMeHT.

KaragiTnuna niisiHka aKTHUBHOTO HEHTPY ¢epmeHTy - (parMeHT aKTUBHOIO
HeHTpy ¢GepMeHTy, B SKOMY iiie XIMIYHA peakiisi: NEepeTBOPEHHsA CyOCTpaTiB
dbepMeHTy B TIPOAYKTH peakilii. SKmo ckiagHuii GepMeHT MICTUTh BITaMIHHHUH
Ko(akTop, TO MOro MOJOXKEHHA YITKO (PIKCYETbCS B KaTadITUYHOMY JUISHIIL
aKTUBHOTO IICHTY.

AanTopHa IUISHKA AKTUBHOTO LIeHTPY (epMeHTy - GparMeHT aKTUBHOTO IIEHTPY
dbepMeHTy, ICHYe IJsi TpUEAHAHHA CYOCTpaTiB XIMIYHOI peakili, e 3aBAaHHs
BUKOHYIOTh MEPEBAKHO MEBHI aMIHOKHUCIIOTHI 3aJIUIIKN OUIKOBOT YaCTUHU (DEPMEHTY,
SIKIIIO MOBa e Mpo CKIagHui (epMEHT.

AJdocTtepuuHuii neHTp ¢epmMeHTy (arr0Cc B TEpeKiali 3 T'PEUbKOro - IHINWN) -
TUISTHKA TTPOCTOPOBOI CTPYKTYpH OiTka-hepMeHTy, 31aTHa 10 KOHTAKTY 3 (pakTopammu
PETYISIIii HOTO aKTUBHOCTI, 3a MOJOKEHHSIM HE 301ra€ThCsl 3 aKTUBHUM IIEHTPOM.
KiarouoBuii ¢pepmenT npouecy - e GpepMeHT, aKTUBHICTh SIKOTO JIMITY€E TMIBUAKICTH
MPOTIKaHHS BCHOTO MPOIIECY, B AKOMY Oepe ydacTh JaHui (epMeHT, 3a3BHYal I11€
perynsTopHuii hepMeHT.

Perynsitopuuii ¢pepmeHT npouecy - GepMEHT, SIKUHA PETYIIOETHCS 332 aKTUBHICTIO
HU3KOI0 (PaKTOPIB - CHEMiaIbHUMH PEYOBUHAMU - 1HTIOITOpaMH, a00 PEeUOBUHAMH-
aKTUBaTOpamMu. PeryisTopHi pepMEHTH 4acTo € allOCTEpUUYHUMH PepMEHTaMH, TOOTO
MICTSITh QJTOCTEPUYHI IICHTPH.

@i3uyHi BJACTHBOCTI (pepMeHTY - 1€ TMOHATTA JyOntoe TOHATTA «(i3uuHi
BJIACTUBOCTI TTOOYJSPHUX OUIKIBY»: II€ JiaMeTp OLTKOBOI MOJICKYJH, MOJEKYJISpHA
Maca, HasBHICTh 3arajJbHOTO CYMapHOTO 3apsay MOJIEKYTu (a TOMY 1 HasBHICTb
130enexkTpuaHoi Touku PI), 3maTHicTh 10 qudy3ii, IeBHA MOBEAIHKA B €JICKTPUIHOMY
TOJTI.

XimiuHi BJacTUBOCTI epMeHTY - II¢ MOHSITTS YaCTKOBO JTYOJIFO€ TIOHITTS «XIMI4HI
BJIACTUBOCTI II0OYIApHUX OUIKIB»: 3MaTHICTh O PO3UYUHEHHS B COJILOBOMY PO3UHHI
3 YTBOPCHHSAM KOJOIMHOTO pO34nHY, Oy(depHi BIACTUBOCTI, MPOSIB aKTHUBHOCTI B
NeBHOMY Jiana3oHi pH 1 TeMmepaTypu HaBKOJHITHBOTO CEPEIOBHUINA, 3aTHICTH 0O
neHatyparii mo miero XiMiuHHX 1 (i3myHMX (QakTopiB , a TaKOX 3AATHICTH IO
YTBOPEHHS Ccrenu(iyHUX XIMIYHUX B3a€EMOJIId 3 cyOcTpaTaMu peakilii, TOOTO
crienuigHICTH ii Ta iH.

Cnenudiunicts ¢epmMeHTy - BIACTUBICTh (PEpMEHTY YTBOPIOBATH CHEHHU(IUHI
XIMI4H1 B3a€MOJIIi TUTbKHU 3 CyOCTpaTaMH Ti€l peakilii, SKy Karaji3ye TaHuil (hepMeHT.
AdconoTHa cnenudiyHicTh (epMeHTY - (QepMEeHT, SKUH Mae TaKWi THIT
crieniuGi9HOCTI, KaTalli3ye MepEeTBOPEHHS €IMHOI MOJICKYJIM B MMPOAYKTH PEaKIlii, mpu
BIJICYTHOCTI Takoro (pepMEeHTY B JKHMBiM CHUCTEMi BiOYBa€ThCS HAKOIMMUYECHHS HOTO
cybcTpary, ToMy o Aif0 (EepMEHTY 3 TaKOK CIENU(IYHICTIO HEMOXKIUBO 3aMIHUTH
Ji€r0 1HIIOTo (hePMEHTY.

BinnocHo rpymoBa cnemudiuHicTh ¢epmMeHTy - (QepMEHT, IO BOJOIIE TAKUM
TUTIOM  CIIENM(IYHOCTI, KaTalli3ye peakililo XIMIYHOTO TIEPETBOPEHHS TPy
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cyOcTpatiB 10 BiANOBIAHUX NpoayKTiB. KoxeH cyOcTpatr mae parMeHT CTPYKTypH
aHAJIOTTYHUIA TOMY, 1110 € B 1HILIOTO CYOCTpaTy L€l Ipynu, XIMIYHA peakiis MpoTiKae
31 3MIHOIO CaM€ B IaHOMY (PparMeHTi CTPYKTYpPHU.

Crepeoximiuna cneuudivynicts pepmMeHTy - PepMeHT, 110 BOJOJIE TAKUM THUIIOM
cneuu(iyHOCTl,  KaTaldi3ye peaklild  XIMIYHOTO  TEPETBOPEHHS  OKPEMOIO
cTepeoizomMepa, HampHuKIIaa, iICHye B opraHizMmi mioauHu L-okcuaasza 1 D-okcumasa,
SIK1 371aTHI1 10 OKUCJIEHHS BiANOBIAHO L-amaniny 1 D-amaniny.

TepMosabinbHicTh (epMeHTY - 1€ BIACTUBICTH (PEPMEHTY MPOSBIATH CBOIO
aKTUBHICTh B MIEBHOMY BY3bKOMY Jiana3oHi temnepatyp. s Ouibiiocti GepMeHTIB
OpraHi3My JIOJIMHU J1alla30H IPOSBY MaKCUMAJIbHOI aKTUBHOCTI (DEPMEHTIB B MeXax
25-40 °C.

Kaacudikauis ¢epmeHTIB - poO3MOAUT BCIX BUBUCHHX (PEPMEHTIB O10JIOMTYHUX
CUCTEM Ha KJIacH 3a €IMHUM MPUHLUIIOM - TUN KaTaJdi3yr4oi XIMIYHOI peakiii.
HaiimenyBanust pepmeHTy QopMyeTbest 3 iIMEHI CyOCTpary, Ha3BU THUIY peakiii 1
cydikca -aza. MoxiI1MBe BUKOPUCTAHHS ICTOPUYHO C(HOPMOBAHUX TPUBIAIIBHUX HA3B
(dbepMeHTiB, HANIPUKJIIA] ypea3a (Tiaposasa, pydHye CEHOBUHY), TPUIICUH Ta 1H.
Oxkcugopenykra3u - kinac (GEpMEHTIB, IO KaTaTi3ylOTh peakilii OKHCICHHS-
BIIHOBJICHHS, TaK SK IIATUIIB pEakIiii OKWUCISHHS JOCUTh Oarato, BBEJICHI
TpHUBIaJdbHI  HA3BH  OKCHJIOPENYKTa3, IO BpPaXOBYIOTh JAHWUA  PO3MOILT:
MOHOOKCHUTE€HA3a, TIApOKCWIa3a, JAUOKCUTEHas3a, OKCHAa3a, Jeri[poreHasa,
IUTOXpOoMH. Peakirii BiTHOBIEHHS KaTaai3ylOTh PEIyKTa3H.

Tpancdepasu - knac GpepMeHTiB, IO KaTATI3yIOTh PeakIlii mepeHocy Bif cyOcTpary-
JIOHOpa CTPYKTYpHOTO (parmMeHTa 10 cyOcTpaTy-akienTopa 3 YTBOPEHHSM JIBOX
BIMOBIAHUX TIPOAYKTIB. DOopMyBaHHS Ha3BU (PEPMEHTY iJle HACTYITHUM YHMHOM: 1M's
JIOHOpA - IM'sl aKIenTopa-110 MepeHOCUThCS - TpaHcdepasza. Yacto iM's akienTopa He
BKa3yloThb.  Hampukinazn:  ana"iHamiHOTpaHcdepasa  KaTali3ye  IepEeHECEHHS
aMIHOTPYNH BiJ ajaHiHy Ha anb(da-KeTorayTapaT 3 YTBOPEHHSM TJIyTaMiHOBOI
KHUCIIOTH 1 MIpyBaTy.

ligposiazu - kimac ¢epMeHTIB, IO KaTali3ylOTh peakilii po3puBY 3B'SI3KY 3
MpUETHAHHAM 3a MiclleM po3puBy (parmeHtiB Big Monekynu Boau (H 1 OH). Bcei
dbepMeHTH OepyTh y4acTh y NEPETPaBIIOBaHHI OPraHIYHUX MOJIEKYJ-KOMIIOHEHTIB
MPOAYKTIB XapuyBaHHS BIIHOCSTHCA /10 JAHOTO KJIacy.

Jlia3m - knac pepmeHTIB, 0 KaTali3ylOTh peakiiii po3puBYy 3B'sI3Ky 0€3 ydacTi BOJH,
(Hanpuknajn, aekapOokcuiiazu), abo MPUETHYIOTH BOAY 3a MICHEM NOJABIHHOIO
3B'13Ky (TigpaTasu), abo mpulOuparoTh (PparMeHT 3 YTBOPEHHSIM 3 HBOTO BOJU 1
MOJIBIMHOTO 3B'SI3KY (IeTizparasmn).

I3omepa3sm - kac pepMeHTIB, 10 KaTali3ylOTh peakii 3MIHU CTPYKTypHU cyOcTpaTy
0e3 3MIHM MOro XIMIYHOTO CKJIaay, TPUBIaJdbHI Ha3BU 130Mepa3: emiMepasu, MyTasH,
panemMasu.

Jlira3m - xnac (epMeHTIB, 110 KaTadi3ylOTh PEaKilii 3 yTBOPEHHAM HOBHUX 3B'SI3KIB B
CTPYKTYp1 OPOJAYKTIB, TPH 1IbOMY B110YBAaIOThCSI BUTPATU €HEPIii, sIka BUBLILHSIETHCS
IpU pyilHYBaHH1 MakpoeprigyHoro 3'eqHanHs, Hanpukiag AT®. [Ipu ubomy 3 ATO
YTBOPIO€ThCs 3a3Buuail aBa npoayktu: AJlD 1 dochar, abo AMD 1 mipodocdar.
TpuBianbHa Ha3Ba Jirasu - cuHTeraza. llepeq UM CIOBOM JOJA€ThCS Ha3Ba
MPOAYKTY, IKUW CUHTE3YEThCH.
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KineTuka ¢epmMeHTATHBHOI peakuii - po3Jil €H3UMOJIOrii BUBYAE BIUIMB PI3HUX
YUHHUKIB Ha MIBUAKICTh (EPMEHTATHBHOI peakilii: KOHIIEHTpalid cyOcTpaTiB 1
(dbepMeHTy, KOHLEHTpallli MpOAyKTIB peakuii, pH 1 Temmepatypu, akTUBATOpIB 1
1HT101TOPIB.

KouncranTa Mixaeaica (Km) - nie koHueHTpaiisi cyocTpary, npH siKiil MIBUAKICTh
dbepMEeHTATUBHOI peaKilii JOPIBHIOE TTOJOBUHI MAKCUMAIbLHOT'O 3HAYCHHS.

Meton Mixaesica-MeHTeH - MaTeMaTUYHUNA METOJ, IO JO3BOJISIE PO3PAXOBYBATH
Km 1 Vmax, 3 BukopuctanHsiM rpadiqHoi 3a1eXHOCT1 BUJIKOCTI (pepMEHTATUBHOT
peakIlii Bil KOHIIEHTpaIii CyOCcTpaTy, sika 3aJ0BOJIbHSIE PIBHAHHSL:

V =Vmax * [S]/ Km + [S]

Merton JlaiinyiBepa-bepka - MateMatuyHuil METOX, IO JO3BOJISIE PO3PAXOBYBATH
Km 1 Vmax, 3 BuKOpUCTaHHSM TpadIiuyHOi 3aJIeKHOCTI 3BOPOTHOI BEIMYUHU
MIBUAKOCTI (EepMEHTATUBHOI peakilii BiJl 3BOPOTHOI BEIUYUHU KOHIICHTpAIlll
cyOcTpaty (MeToJ MOABIMHUX 3BOPOTHUX BEIUYMH); AKTUBHO BUKOPUCTOBYETHCS JJISI
JOCJIIJIP)KEHb BU3HAYEHHS TUITY 1HT1OyBaHHS HEUIOJAaBHO BIAKPUTUX (PEepMEHTIB, abo
IIpY BUBYEHHI BIUIMBY JIIKAPCHKUX MpenapaTiB 3 MEXaHI3MOM 1i B AKOCTI 1HT101TOpPIB
dbepmeHTiB.

KucioTrHo-ocHOBHMIA KaTadi3 - Teopis Mpo MeXaHi3M Aii (epMEHTIB, B aKTHBHOMY
IeHTpl SAKuX (YHKIIOHAIBHI TPyNHW 3AaTHI OyTH JOHOpPOM, ab0 aKIEeNTOPOM
NPOTOHIB, AKI 30UTBIIYIOTh MIBUAKICTh YTBOPEHHS MPOMYKTIB peakilii, abo crnpusitu
NPOTIKAHHIO PEaKIlii B yMoBax 3MiHA pH HaBKOJUIIHBOTO CepeIOBUIIA.
KoBanenTHmii kaTaJji3 - Teopis Npo MexXaHI3M il (epMEHTIB, B aKTUBHOMY LIEHTPI1
AKX (YHKI[IOHATBHI TPYNH 3J]aTHI YTBOPIOBATH KOBAJIEHTHI 3B'A3KU 3 MPOMIKHUMU
npoayKTamMu (hepMEHTATUBHOI PEaAKIIii.

Iuriditop ¢epmenty - peuoBHMHa, sika TpPHU 3B'A3yBaHHI 3 (PEPMEHTOM 3HUNKYE
IIBUJIKICTh (DEPMEHTATUBHOI peaKilii

AKTHUBATOP (pepMEHTY - PEUYOBHMHA, KA MPHU 3B'A3yBaHHI 3 (PepMEHTOM 30UIbIIYE
IIBUJIKICTh (DEPMEHTATUBHOI peakilii. AKTUBATOPU MOXKYTh BIUIMBATH HA HEAKTUBHY
dbopmy pepmenTiB (MpodhepMEeHTH), IEPEBOASYH X B aKTUBHY (POpMY.

3aranbHa axkTHUBHicTh (epmenty (3.A.) MoOXe BHU3HAYaTHUCS 3a MIBUAKICTIO
3MEHIIEHHS KOHIIEHTpallii cyOcTpaTy, 3a IIBUJIKICTIO YTBOPEHHS MPOJYKTIB peakiiii,
3a MIBUJAKICTIO IEPEX0y OKUCIeHOi (hopMu KoPepMeHTY B BiIHOBIEHY hopMy (aJist
OKCHAOpenykTa3). Y CydacHIM €H3UMOJIOTIi BHKOPHUCTOBYIOTHCA JIBI OIWHHMIII
BUMIPIOBaHHS 3arajbHOi aKTUBHOCTI ()EPMEHTIB: MDKHAPOJHA OJUHUIISI aKTUBHOCTI
(ME) 1 xaTazn.

MixxknapoaHa onununs akTuBHOCTI (ME) - xinbkicTs pepmeHTy, sika HEOOXigHA
JUIsl TIepeTBOpeHHsT 1 MKMOJb cyOcTpaTy 3a 1 XBWIMHY B HPOJIYKT peakuii mpu
CTaHJAPTHUX YMOBaX BUMIPIOBAHHS.

Karaua - ku1bkicTh pepMenTy, sika HeoOX1aHa JJisl IepeTBOpeHHs: 1 moist cyOcTpaTty
3a 1 cexyHay B MPOAYKT peakilii Mpu CTaHJAPTHUX YMOBaX BUMIPIOBAHHS.

IIurtoma akTuBHicTh ¢pepmenty (ILA.). {18 HayKOBUX AOCIHII)KEHb AKTUBHOCTI
(dbepMeHTIB B opraHax BaKjuBille 3HaTH NuTomMy akTuBHICTH (II.A.) dpepmenty, sky
PO3paxoBYyIOTh, IMOMEPEHHO BUMIPSABIIM KOHIIEHTpaIlif0 OuIKa B JOCIHIKYBaHI
npo0i: [C] = [mr / mn] abo [r / 1]; motiM 3a opmyinoro: [LA. =3.A ./ [C]
Enzumonariss - 3axBoproBaHHs, OOYMOBJIEHE TMOPYIICHHSMH, TMOB'SI3AHUMU 3
(GyHKIII€IO IEBHOTO (PEPMEHTY B META0OITYHOMY LIJISAXY.
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I'noccapuii
Beaknm — BBICOKOMOJEKYJSIPHbIE OpPraHUYECKUE COEJUHEHHUs, OHOMOIUMEPHI,
MOHOMEPOM KOTOPBIX SIBIIIFOTCS OCTATKA aMUHOKHCIIOT, COEIMHEHHBIE MEXKTy 000t
MENTUTHBIMU CBSI3SIMU.
AMMHOKHCJIOTBI — OPraHMYEeCKHUE KHUCIOTHI, COJAEpKalllie OJHY WU HECKOJIbKO
amunorpym. Kpucranindeckue OecliBETHbIE BELIECTBA, pACTBOPUMBIE B BOJIE.
AMGOTEpHOCTL AMHUHOKHMCJIOT — CIOCOOHOCTh AaMHHOKUCIOT MPOSIBISATH Kak
KUCJIOTHBIE, TaK W OCHOBHbIE CBOMCTBa. KHCIOTHBIE CBOMCTBA OIPEAEISET
kapOokcuibHas rpynna —COOH, a ocHoBHBIE cBoiicTBa — amuHorpymnmna —NHa.
He3ameHuMble aMUHOKHMCJIOTBI — aMHUHOKHUCIIOTHI, KOTOPhIE HE CUHTE3UPYIOTCS B
OpraHuM3MeE 4YeJIOBeKa W JOJDKHBI MOCTynaTh ¢ nuiled. K HUM OTHOCSTCS BOCEMb
a0COJIIOTHO HE3aMEHUMBIX (TPEOHUH, JICUIINH, U30JEHIINH, BaJIUH, JTU3UH, METHOHHH,
tpuntodad, ¢GeHWIaJTaHWH) U JBE YaCTUYHO HE3aMEHHUMbIE aMUHOKHUCIIOTHI
(TUCTUIMH, APTUHUH).
IentuaHass cBs3b — koBaeHTHas cBa3b (—NH-CO-). OO0pasyercs npu
B3auMojieiicTBuM KapOokcuibHOM rpynnbl (-COOH) onHON aMHHOKHCIOTHI C
amunorpynmnoi (—NH) apyroit aMuHOKHUCIOTHI.
IIporennnbl — mpocThie OEJKU, MOJEKYJbl KOTOPBIX 00pa30BaHbl TOJBKO OCTaTKaMH
amuHokucioT. Hanpumep, anb0yMuHsbl, T100YIMHBI, TUCTOHBI U JIP.
IIporenanbl — cinoxHble OENKH, MOJEKYJbl KOTOPBIX COCTOSIT M3 OEJIKOBOM 4YacTH,
MMOCTPOECHHOW U3 aMHUHOKHCIIOT, MU HEOEJTKOBOM YacTH, MPEACTABICHHON YIIeBOIaMU,
JUMWJAMH, HYKJICHMHOBBIMM KHCIOTaMU W JAPYrUMU coeauHeHusimu. Hampumep,
dbochomnporenasl comepkar octatkud (ochOpPHON KHUCIOTH, B HYKIEOMPOTEUAAX
HeOeNKOoBas 4YacTh MPEJACTaBICHA HYKJIIEMHOBBIMU KUCIOTAMHU U T.]I.
OudpusIspHble 0eJIKu — OCNKW, UMEIOUME HUTEBUAHYIO (opMy (MBIIICUHBIHA
0€JI0K MHO3UH, OCJIOK CYXOKWJIMI KOJIJIareH | JIp. ).
I'no0yasipubie OeJiknm — O€IKHU, KOTOPbIE MUMEIOT OKPYIIYIO WJIM 3JUTUICOBUIHYIO
dhopmy.
IlepBuuHass cTpykTypa Oe€ika — CTPYKTypa, oOIpeieisieMas KaueCTBEHHBIM,
KOJIMYECTBEHHBIM COCTABOM U MOCIIEI0BATEIbHOCThIO aMUHOKUCIOTHBIX OCTATKOB B
MOJIMIENTUHOMN e MOJIEKYJIbI OelKa.
BropuuHas cTpykTypa 0e/jika — MpOCTPAHCTBEHHAs YIIAKOBKA (COUpPAJICBUIHAS WU
ckiagyatasi (opma) OTIENbHBIX YYacTKOB MOJUIEONTUAHON LenH, KOTopas
omnpenensercss OMMKaWlIuM MOPSAIKOM aMHUHOKUCIOT B Henu. Crabuimusupyercs
BOJIOPOJHBIMU CBS3SIMM MEXKJly aTOMaMu BOJAOpojaa W kuciopoja. OOpasyercss Ha
OCHOBE NIEPBUYHOMN CTPYKTYpPHI O€TKa.
TpernuHas cTpyKTypa 0ejika — MPOCTPAHCTBEHHAS YKIIa/IKa MOJUIECTITUIHON LENnH
B KOMITAKTHOE TEJIO - II100yiy. Y CTOMYMBOCTh TPETUUHOM CTPYKTYPhI 00€CIIEUNBAIOT
BOJIOPOJHBIE, NUCYIbPUIHBIE, JIIEKTPOCTATUYECKUE UII UOHHBIE CBSI3U.
YerBepTHUHAS CTPYKTYPa 0€JIKa — MPOCTPAHCTBEHHOE PACIIOJIOKEHHE HECKOIbKUX
MOJIMIENTUIHBIX 1IeTIeH, KaXK/1asi U3 KOTOPBIX UMEET CBOI0 COOCTBEHHYIO MEPBUUHYIO,
BTOPUYHYI0O M TPETUYHYIO CTPYKTYpPhl, a BMECTE€ OHH MPEJCTABIAIOT €IUHOE
MOJIEKYJISIpHOE 00pa3oBaHHWE B CTPYKTYPHOM M (YHKIIMOHAIBHOM OTHOIICHUHU.
UeTBEepTUUHYIO CTPYKTYpY HMEIOT O€NKH, COCTosIMe H3 JByX U 0Oojee
MOJIMIENTUIHBIX 1eTnel (CyObeIUHHUIT).
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I'mcToHBI — HU3KOMOJEKYISIPHBIE OCHOBHBIE Oenku, y4acTBYIOT B ymakoBke JIHK
KJIETKH, SIBJIIIOTCS BEChMa KOHCEPBATUBHBIMU O€IKaMH, MyTallMi B HUX THOEIIbHBI.
IIporamuHbl — Tpymnmna OPOCTEHIINX HUZKOMOJEKYJSPHBIX O€IKOB, 00JagaloT
BBIPQKCHHBIMA OCHOBHBIMU CBOWCTBaMH 3a CYET conepxkanua 60-85% aprunuHa,
XOpOIIO PacTBOPUMBI B BOJE, SIBISIOTCS aHAJIOraMH TMCTOHOB, HO 0oJiee IIOTHO
ynakoBbiBatoT JIHK B cmepmaro3onmgax mo3BOHOYHBIX, YTOOBI M30€kKaTh pa3phbIBOB
MIPY JEJICHUU KIIETOK.

Iponamunbl — Oenku 3makoB, cogepxar 20-25% riayraMuHOBOM KUCHOTHI U 10—
15% mnponuna, pactBopuMbl B 60—80% crnupTe, B TO BpeMs KaK OCTaIbHbIE OCIKH B
ATUX YCIJIOBUSX BBINAJIAIOT B OCAJ0K. B mpojlaMmHax mo4Tu NOJHOCTHIO OTCYTCTBYET
JIM3HH, YTO CYIIIECTBEHHO CHIKAET MUILEBYIO LIEHHOCTh PACTUTEIBHBIX OEIIKOB.

ImoTreanHbl — Takke OEJIKM PACTUTENIBHOTO MPOUCXOXKACHUS, COCTaBISIOT
OCHOBHYIO MacCy KJIIEKOBHHBI 3JIaKOB.
AnbOyMHHBI — O€IKH KpPOBH, COCTaBJISIIOT OOJIbIIIE MOJIOBUHBI OEJIKOB KpOBH,

OTHOCSTCS K TJIOOYJISIpHBIM O€JikaM, paCTBOPUMBI B BOJIE U CIA0BIX pacTBOpax COJei,
BBIMAIAIOT B 0CaJ0K B HachIieHHOM pactBope (NHa)2SOa4, n3031eKkTpriueckas Touka
— 4,7, IMEIOT BBICOKUI OTPULIATENbHBIN 3apsaa npu pH kpoBu.

I'no0yaunbl — T1100yNIgpHBIE OCNIKH MI1a3Mbl KPOBU, PACTBOPSIIOTCS TOJIBKO B C1a00M
pactBope NaCl, B HenacbimenHoMm pactBope (NHi)2SOs BbImamaroT B 0OcCajok,
Oyarogapsi 4emy X MOXKHO OTJIENIUTh OT aJTbOYMUHOB.

Crueponporenabl — O€IKH, HEPACTBOPUMBIE WM OrPAaHUYEHHO PACTBOPUMBIE B
BOJIE, BOJHBIX PAacCTBOpax HEUTpalbHBIX COJIEH, ITAHOJIE U CMECSX 3TaHOJA C BOJOM.
Ot1o ubpuisipHbie Oenku (KepaThHbl, KoulareH, GUuOpOUH U JIp.), OHU OTIUYAIOTCS
BBICOKOM YCTOMYHMBOCTHIO K XMMUUYECKUM PEaKTUBaM, JEUCTBHUIO MPOTEOJUTHUUECCKUX
(hepMEHTOB U BBIMOJIHSIOT B OPraHU3ME CTPYKTYPHYIO () YHKITHIO.

Jlenatypauusi 0e€JIKOB — TMpPOLECC HAPYUIEHUS MPOCTPAHCTBEHHOW CTPYKTYPHI
O€JIKOB, U3MEHEHUS WX XUMHUYECKHX CBOMCTB M OMOJOTMYECKOW aKTHUBHOCTH O]
JEUCTBUEM XUMUUYECKHX (IeJI0Ue, CHUIbHBIX KUCJIOT, COJIeH TsKeIbIX MeTamioB: Cu,
Pb, Ag, Hg), dusnueckux (Boicokux temmeparyp 60-100°C, ynbrpaduosieTroBoro
U3IIy4EeHUs U JIp.) GaKTOPOB.

Penarypauus 0enka — oOpaTUMBbIN MPOIECC BOCCTAHOBJICHUS IMEPBOHAYAIBHOU
CTPYKTYpbI, CBOMCTB U OMOJIOTMYECKOM aKTUBHOCTHU JICHATYPUPOBAHHOIO O€JKa.
Caoxuble 0eJKH - O€IKHA, KOTOpPbIE KpOME MOJMIENTUIHBIX LENe, COAepKaT B
CBOEM COCTaBe HEOENKOBYIO YacTh, MPUCOCAUMHEHHYIO K O€JIKy CilIaObIMH WIH
KOBQJICHTHBIMU CBA3SMH.

IIpocTreTnueckass rpymnma - HeOEIKoBas YacTh, KOTOpas IMPOYHO CBS3aHA C
OEJIKOBHIM KOMITOHEHTOM MOJIEKYJIBI CIIOKHOTO OeJKa, MOXKET OBITh MpEe/ICTaBICHA
MOHAMH METAJUIOB, KaKUMHU-INOO OPTaHMYECKUMHU MOJICKYJIaMUd C HU3KOW WIH
BBICOKOW MOJIEKYJISIpHON Maccoil. CloKHbIe OCNKH KIACCHPUITUPYIOT 1O XapaKTepy
MPOCTETUYECKOU IPYIIIIBI.

CrnoxxHbpIfl O€NOK, COCTOSIIMI U3 OeTKOBOW 4acTH (amompoTeMH) U HEOETKOBOU
4yacTu (MpocTeTHYecKas rpynmna), Ha3bIBaloT "'XOJOMPOTENH .

XpoMOnpoTenHbI — COAEPKAT B KAYECTBE MPOCTETUYECKOW TPYIIBI OKPAIIEHHOE
BEILIECTBO. [lenaT Ha TpU IPYIIIBL:

a) TeMOIPOTEHHBbI (HKeNe30MmOpPUPHUHBI) — TEMOIJIOOWH, MHUOTIOOWH, HUTOXPOMBI,
KaTajia3a, epoKcuasa,
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0) MarHuinopPupUHbI — XJI0POGUILI,

B) (hnaBonporennsl — ®AJ[ u ®MH, Bxoasue B cOCTaB OKCUAOPETYKTA3.
HyxkJiieonporeunbl — CloXHBIE O€IKH, B KOTOPHIX B POJIM HEOETKOBOW YaCTH
BBICTYNAIOT HYKJIECUHOBBIC KUCIOTHI.

JlunonporenHsl — CIOXHBIE OEJNKH, COJAEpXKAIIUE B KAYECTBE MHPOCTETUUYECKOU
TPYIIbl HEUTpalIbHBIE JKHUPBI, CBOOOJHBIC KUPHBIE KHUCIOTHI, (HOCHOTUTUIBI,
XOJIECTEPU/IBI.

®ochonporenHbl — CIOXHbIE OEIKH, COJAEpKalllie B KA4yeCTBE MPOTCETUUYECKOU
rpynmbl  GochHOpPHYIO KHUCIOTY, HNPUCOCIUHEHHYIO CIOXHOI(UPHOU CBA3BIO K
TUAPOKCUIBHBIM paJiiKajiaM CEepUHA U TPEOHUHA.

I'TukonpoTenHbI — CIOXKHbBIE OEIKH, B COCTaB KOTOPBIX MTOMUMO O€JKa B KauecTBe
MIPOCTETUYECKON IPYMIbI BXOJSAT YIJIEBOABI U UX MPOU3BOJIHBIE, TPOUYHO CBSI3aHHBIE C
OEJIKOBOM YaCThIO MOJIEKYJIBI.

IIpoTeoriukaHbl — IPEACTABISIOT U3 CE0Sl OCHOBHYIO CYOCTaHIIMIO MEKKJIETOUYHOTO
MaTpUKCca COCIMHUTENILHON TKAaHHU, UX TAKXKE HA3bIBAIOT TJIMKO3aMUHOTIIMKAHAMM,
MYKOIOJIUCaXapuaaMu; COCTOST U3 JJIMHHBIX YIJIeBOAHBIX 1eneit (95%), cBI3aHHbBIX
¢ HEeOOIBIIMM KOTH4IecTBOM Oeika (5%).

MeTanionporeMHbl — CIOXHBbIE OE€JIKH, B COCTaB KOTOPBIX MNOMHUMO Oenka B
KaueCTBE MPOCTETUYECKOW TPYIIbl BXOASAT HOHBI KAaKOro-iubO OJHOTO WIH
HECKOJIbKMX MeTasioB. K HUM OTHOCSTCS O€JIKH, Co/iepKalllie HETeMUHOBOE 5KeJe30,
a Takxke O€JIKM, KOOPAMHAIMOHHO CBSI3aHHbIE C aTOMaMM METANIOB B COCTaBe
CJIOHBIX OEJIKOB-(PEPMEHTOB.

YabTpaneHTpuyrupoBaHue - METO]l pa3JeIieHUs] cMeCcH OEIKOB, OCHOBAHHBIM Ha
pa3iuuuyd B MOJIEKYJISIpHBIX Maccax OenkoB. CKOpOCTh CEAMMEHTAIMHM BEIIECTB B
MIPOLIECCE BpaIllEHHs B YAbTpalUEeHTpUdyre, rae HeHTPOOEKHOE YCKOPEHUE JOCTUTAET
100 000-500 000 g, mponopliOHATBHO UX MOJICKYJISIPHOM Macce.

uanu3 — 370 ocobasg pa3HOBUAHOCTH Pa3[EICHUSI BEUIECTB C HCIOJIb30BAHHEM
MeMOpaH, HEe CIOCOOHBIX MPOIMYCKAaTh 4YEpe3 CBOU IMOPHI BBHICOKOMOJIEKYISPHBIC
MOJEKYIbl. /hamu3 Ucnoyib3yroT IJIsi OYUCTKH BBICOKOMOJIEKYJISIPHBIX COEAUHEHHI
(OenkoB, HYKJIIGMHOBBIX KHCIIOT, MOJMCAXapUI0B U T.J.) OT HU3KOMOJICKYJISIPHBIX U B
dbapmaruu 11 MOTyYeHHS JIEKapCTBEHHBIX MPENapaToB, B TOM YHCIIE U OCIKOBBIX.
JuiekTpodope3 0eJIKOB - METOJl OCHOBAH Ha TOM, UTO MPHU ONPEICTEHHOM 3HAYEHUH
pH u uwoHHOW cuibl pacTBOpa OE€JIKM JBUTAIOTCA B DJICKTPUYECKOM TIOJIE CO
CKOPOCTBIO, TPONOPIUOHAIBHON WX CyMMapHOMy 3apsay. benku, wumeromue
CYMMAapHbIil OTpUIATENbHBIN 3apsiji, ABUTAlOTCA K aHoAay (+), a MOJOXHUTEIbHO
3apsDKEHHBIC OCIIKH - K KaToxay (-).

XpomaTtorpadgusi — METOJ paslelicHus OCIKOB, OCHOBAaHHBIM Ha pacIpeacICHUH
BEIIECTB MEXIy JIByMs ¢azamMu, OJHA U3 KOTOPHIX TOJBIIKHAs, a Japyras
HemoJBIKHasg. B oCHOBY XpomaTorpaduyecKux METOJOB IOJOKEHbI pa3HbIe
OPUHITUIIBL Telb-QUIbBTPAllUd, HOHHOTO OOMEHa, ajAcopOInH, OHOJIOTHYECKOTrO
CpOJICTBA.

Meton pa3gencHuss OEIKOB C TOMOIIBIO Telb-(QOHIBTPAIIMOHHOW XpoMaTorpaduu
OCHOBAH Ha TOM, YTO BEIIECTBA, OTIMYAIOIINECS MOJIEKYJISIPHON Maccoi, o-pa3HOMY
pacrpenessoTCs MeXy HETIOABUKHON U TTOABHUKHOM (a3aMu.
CnektpodoroMeTpudecKuii MeTO KOJITUYECTBEHHOTO ONPEAEICHUS KOHIEHTPAUH
Oenka — Oasupyercs Ha CIMOCOOHOCTH OEIKOBBIX MOJEKyN morjiomars Yd-myuu
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CIEKTpa, YTO OOYCJOBJICHO HAIMYUEM apOMATUUYECKUX aMUHOKHUCIOT W MENTUIHBIX
CBSI3€EH.

Konopumerpuueckuii MeToj omnpeaeneHusi o0uiero 0eaka OCHOBaHbI HA I[BETHBIX
peakiusix  OEJIKOB €  XpPOMOTE€H-OOpa3yloIMMH  peakTHUBaAaMU  WIM  Ha
HecnenupUuuecKkoM CBA3bIBaHMM Kpacutens. Cpeln KOJIOPUMETPUUYECKUX METOJ/IOB
ONpEICIICHUS KOHIICHTpaIuU o011ero Oenka CBIBOPOTKH HanboJee
paclpOCTpaHEHHBIM  CUUTAeTCs OWYpPETOBBIM METOJl, OCHOBaHHBIM Ha TakK
Ha3bIBAEMOM «I[BETHOM OMYpETOBOM peakIum», B XOA€ KOTOPOH OCIKH pearupyroT B
1IEJI0YHOM cpefie ¢ cyiab(haroM Meau ¢ 00pa30BaHUEM COEAUHEHUM, OKPAIICHHBIX B
(UONETOBBIM 1LIBET, HHTEHCUBHOCTh OKPACKU 3aBHUCUT OT KOHLEHTpALMH OOIIETo
Oeska B CHIBOPOTKE.

depMeHT — O€JIOK-KaTaau3aTop.

KaraauszaTrop — Bemecrso, B MNPUCYTCTBUM KOTOPOTO CKOPOCTh XUMHUUYECKOM
peaKIuu yBEIUYUBACTCS.

AnogepMeHT — TOJIUNENTHUIIHbIE Lenu (OelaKoBas YacTh) CJIOXKHOTO OelKka-
(dbepMeHTa.

Kopaktop d¢epmenta — HeOenkoBas dYacTh (PEpMEHTa, TEPMHH TPHHSITO
WCIIOJIB30BaTh OOJBIIEH YacThIO JUISI HEOPTaHWYECKUX KOMIIOHEHTOB CIIOKHOTO
dbepMeHTa: KAaTHOHOB METAJIJIOB, aHMOHOB.

KodepmenT — opranmueckass HeOCIKOBas 4acTh CIOXKHOTO (epMeHTa, criocoOHas
JIETKO JTUCCOIMUPOBATH (OTCOCMUHATHCS) OT amodepMeHTa, CYIIECTBYET B BHIIC
CaMOCTOSITeILHOM MOJICKYJIbI B OMOJIOTMYECKON KUIKOCTH.

IIpocTeTnueckasi rpynna pepMeHTa — OpraHuyeckasi HeOeJIKOBas YacTh CJIOKHOTO
dbepmenTa, He crocoOHA K AHMCCONAlMU OT anodepMeHTa, Tak Kak MPCOCIUHACTCS K
anoepMEeHTY KOBaJICHTHBIMU CBSI3SIMHU.

AKTHUBHBIH HeHTP (epMeHTAa — 4YAaCTh NPOCTPAHCTBEHHON HATUBHOW CTPYKTYPBI
dbepMeHTa, K KOTOPOM MPUCOEAUHSIOTCS BCe CyOCTparhl (epMeHTa, 311eCh Ke
MPOUCXOIUT 00pa30BaHKE MPOAYKTOB XUMHUECKON PEaKIINU, KOTOPYIO KaTaIU3UPyeT
dbepmeHnT.

KataanuTuyeckuil y4acToK aKTHBHOIO LeHTpa pepMeHTAa — PparMeHT aKTUBHOTO
IeHTpa pepMeHTa, B KOTOPOM HJIET XUMHUUYECKasl Peakiys: IpeBpalieHne cyocTpaToB
dbepMeHTa B MPOAYKTHI peakiuu. Eciu cIoKHBIH QepMEHT COASPKUT BUTAMUHHBIA
KO(aKTOp, TO €ro MOJIOKEHUE YEeTKO (PUKCHUPYeTCS B KATaTUTHYECKOM YYacTKe
AKTHUBHOTO LIEHTPA.

AaNTOPHBIN Y4YaCcTOK AKTHBHOIo LeHTpa d¢epMeHTa — (PparMeHT aKTUBHOTO
neHTpa ¢GepMeHTa, CIOyXKaluil [jIs TPUCOCAMHEHHsS] CyOCTpaTOB XUMHUYECKOU
peakuuu, 3Ty  3aJady  BBIMIOJHSIOT  OOJBIIEH  4YacThiO  OMNpENETICHHBIC
AMUHOKHUCJIOTHBI OCTaTKM O€NKOBOW dYacTh (EepMeHTa, €CIM paccMaTpUBaACTCA
CIIOKHBIN (DEpPMEHT.

AJutocTepuyeckuii HeHTp ¢epmenta (awioc B IEpEeBOIE C IPEUECKOIO - APYroi) —
y4acTOK MPOCTPAHCTBEHHON CTPYKTYpPHI Oenka-pepmeHTa, CrIoCOOHBIM K KOHTAKTY C
dakTopamMu peryssiud €ro akTUBHOCTH, 1O TMOJIOKEHUIO HE COBMAJACT C aKTUBHBIM
LHEHTPOM.

KiarwueBoii ¢pepmeHT nmpouecca — 370 pepMeHT, aKTUBHOCTh KOTOPOT'O JTUMUTUPYET
CKOPOCTb T€YEHUS BCETO MPOIecca, B KOTOPOM YYacTBYET JHaHHbIN (DepMeHT, 0OBIYHO
ATO PETYISATOPHBIN (PEPMEHT.
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Peryasitopubiii  ¢gepmeHT mnpomecca — QepmMeHTa, KOTOPBIA pEryaupyeTcs IO
AKTUBHOCTH PAJIOM (PAKTOPOB — CHEIUATbHBIMU BEIIECTBAMHU — HHTUOUTOPAMU, JTUO0
BellleCTBAMU-aKTUBAaTOpaMu.  PerynstopHbie  (EepMEHTBl  4acTO  SIBISIOTCS
aJNIOCTEPUYECKUMU (DEpMEHTAMU, TO €CTh COAEPKAT ATIOCTEPUUECKUE LICHTPHI.
duznyeckue CcBoiicTBa (epMeHTa — JaHHOE TIOHATHE AyOJUpYyeT IIOHSITHE
«(pusndeckrue CBOMCTBA IIOOYISIPHBIX OEIKOBY»: 3TO JUaMETp OEIKOBON MOJEKYJIbI,
MOJIEKYJsIpHasl Macca, HaIM4Khe OO0IIEero CyMMapHOTO 3apsijia MOJIEKYJIbI (2 MOTOMY U
HaJIMYUE H303JICKTPUUECKOM TOUkH pl), cmocoOHOCTh K auddy3uu, ompeacieHHoe
MOBEJICHUE B DJIEKTPUUYECKOM TOJIE.

Xumuuyeckue cBoiicTBa (pepMeHTa — JAHHOE IMIOHATHE YAaCTUYHO AyOJIHMpyeT
MOHSATUE «XUMHUYECKHE CBOICTBA TIJIOOYISIPHBIX OEIKOB»: CIOCOOHOCTH K
pPacTBOPEHUIO B COJICBOM pacTBOpe C O0Opa30BaHHEM KOJUIOMJHOTO pacTBOpa,
OydepHbie CBOMCTBa, MPOSIBICHUE AKTUBHOCTU B OMNpelleIeHHOM auanazone pH u
TEMIIEpaTypbl OKPY’KAIOMIEH Cpeibl, CIOCOOHOCTh K JEHAaTypalud MO JIeHCTBUEM
XUMUYECKUX U (PU3NYEeCKUX (PAKTOPOB, a TaKKE CIOCOOHOCTh K OOpPa30BAHUIO
crenuPuUUYecKkux XUMHUUYECKUX B3aUMOJAECHCTBHIM C cyOcTparamMH peakluHh, TO €CTh
cnenuuIHOCTh ICUCTBUS U JIP.

CnenuduyHocth pepMeHTAa — CBOWCTBO (pepMeHTAa 00Pa30BBIBATH CIICTIU(PUICCKIE
XUMUYECKHE B3aUMOJIEUCTBUS TOJBKO C CyOCTpaTaMU TOW peaklUUuHh, KOTOPYIO
KaTaJIM3UPYET JaHHBIN ()epMEHT.

AOcosoTHasE cnenqu(PUIHOCTH (epMeHTa — (EpMEHT, WMEIOIMIUNA TaKOW THIT
CneUU(PUYHOCTH, KaTalu3UpyeT TMPEBpAlllCHUE E€IUHCTBEHHOM MOJIEKYJbl B
MPOAYKTHl pEaKIMH, TPH OTCYTCTBHM TaKOro (EepMEeHTa B KUBOM cHCTEME
MIPOUCXOJUT HAKOIUIEHHE €ero cyOcTpaTa, TaK Kak JAeicTBUe (epMeHTa C Takoi
cnenupUIHOCTHIO HEBO3MOKHO 3aMEHUTD JEHCTBUEM JIPYroro epMeHra.
OTHocHUTEJbHO IpynnoBas cnenupuuHocTs pepMenTa — pepMeHT, 00IaTaAI0MINN
TaKUM TUIIOM CHENU(DUYHOCTH, KATAIU3UPYET PEAKIMI0 XUMUUECKOTO IIPEBPAICHUS
Tpynmnbel CyOCTpPaToB B COOTBETCTBYIOIIHME NPOAYKThL. Kaxknmpiii cyOcTtpaT umeer
(bparMeHT CTPYKTyphl aHAJIOTOBBIA TOMY, YTO €CTh y JPYyroro cyocrpata 3TOH
IPYIIbl, XUMHUYECKas peakiusi NPOTEKAaeT ¢ HU3MEHEHWEM HMEHHO B JaHHOM
(dbparMeHTe CTPyKTYPBHI.

Crepeoxumuyeckasi cneuu(puyHoOCTH pepMenTa — hepMeHT, 00TaMAOIINI TAKUM
TUTIOM CHEIU(PUIHOCTH, KaTAIU3UPYET PEaKIHMI0 XUMHYECKOTO TPEeBpaICHUS
ONPENICICHHOTO0 CTEPEOU30MEPA, HAIPUMEP CYIIECTBYET B OpraHu3Me uejoBeka L-
oxkcuaasa u D-okcumasa, criocoOHbBIE K OKHCIEHUIO COOTBETCTBEHHO L-amannna u D-
ajaHuHa

TepMosadbuiabHOCTL (epMeHTa — OTO CBOWCTBO (epMeHTa MPOSBISATH CBOIO
aKTUBHOCTh B ONPENEICHHOM Y3KOM JaMamna3zoHe Temmeparyp. s OGoibIIMHCTBA
(dbepMEeHTOB OpraHM3Ma YeJOBeKa IMara3oH MPOsBICHUS MAaKCUMAJIbHONW aKTUBHOCTHU
dbepmenToB B nipejaenax 25-40°C.

Knaccupuxkanusi ¢epmMeHTOB — JeJ€HHE BCEX HU3YUYCHHBIX (EPMEHTOB
OMOJIOTUYECKUX CHUCTEM Ha KJIACChl MO €IWHOMY MPHUHIMIY — TUI KaTalIUu3UpyeMOn
XUMHYEeCKOW peaknuu. HaumeHoBanue Qepmenta ¢GopMHupyeTcsl H3 HMEHHU
cyOcTparta, Ha3BaHMsl TUIA peakiuu u cyddukca -aza. Bo3sMOXHO HMCMOJBb30BaHUE
MCTOPUYECKU CIIOKUBIIUXCS TPUBUAIBHBIX HAa3BaHUM (EPMEHTOB, HAIpUMEp ypeasa
(ruaponasza, pazpyuaroiias MOYeBUHY), TPUIICUH U JIp.
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Oxcuaopeaykrasbl — ki1acc (EpMEHTOB, KaTaTU3UPYIOMIUX PEAKIIUU OKUCICHHUS-
BOCCTAHOBJICHHMSI TaK KaK TMOATUIIOB PEaKIMi OKUCIEHUS JOCTaTOYHO MHOTO,
BBE/ICHBI TPUBUAJIbHBIC HA3BAHUSI OKCUAOPEIYKTa3, YUUTHIBAIOIINX JAHHOE JICJICHHE!
MOHOOKCUT€HAa3a, THUJIPOKCUIIa3a, JHOKCUIEHAa3a, OKCHUasza, JeruaporeHasa,
UTOXPOMBI. Peakiinu BOCCTAaHOBJIEHUS KaTATU3UPYIOT PETYKTA3hI.

Tpancdepasbl — kinacc (QepMeHTOB, KaTaNIM3UPYIOMIMX pPEAKIUU IMpeHoca OT
cyOcTpata-1oHOpa  CTPYKTypHOro  ¢parMeHTa K  cyOcTpaTy-akLenTopy C
oOpa3oBaHUEM JIByX COOTBECTBYIOIIMX MpOAykTOB. dopMupoBaHue Ha3BaHUS
dbepMeHTa wuAET creAyromMM 00pa3oM: UMs JIOHOpa-uMs  aklenTopa-yTo
nepeHocutcsa-tpancepasza. Yacto umsa akientopa He ykasbiBaroT. Hanpumep:
ajlaHMHAMHUHOTpaHc(epaza KaTalu3upyeT MEepPeHOC aMUHOTPYMNIbI OT ajllaHWHa Ha
anb(a-KeTorayTrapaT ¢ o00pa3oBaHUEM ITyTAMUHOBOM KHUCIIOTHI M TUPYBaTa.
I'mapona3el — kiacc (QEepMEHTOB, KATAIM3UPYIOMIMX PEAKIUU pa3pbiBa CBSI3U C
MPUCOEANHEHUEM TI0 MECTY pa3pbiBa (PparMeHTOB OT MoJjeKyibsl Boasl (-H u -OH).
Bce (¢epmeHThl yuacTBylolmMe B IEpeBapUBAaHUM OPraHUYECKUX MOJEKYJI-
KOMIIOHEHTOB MIPOJYKTOB MUTAHUS OTHOCATCS K JTAHHOMY KJIaccy.

JInaza — kiacc pepMeHTOB, KaTaIM3UPYIOLIUX PEaKIUU pa3pbiBa CBA3U 0€3 y4acTHs
BOJIbI, (Hampumep, JeKapOOKCuiasbl), JUOO TMPUCOETUHSIONIME BOJIY IO MECTY
JBOMHOMW CBsI3u (TUApaTas3bl), MO0 youparomue pparmMeHT ¢ o0pa3oBaHUEM U3 HETO
BOJIbI ¥ JIBOMHOM CBSI3M (JI€THApATa3bl).

N3omepa3bl — k1acc PEepMEHTOB, KaTATU3UPYIOIINX PEAKIUA U3MEHEHUS! CTPYKTYPHI
cyOctpata 0e3 HM3MEHEHUs €ro XHWMHYECKOrO0 COCTaBa, TPUBHUAIbHBIE HA3BaHUS
M30Mepa3: AMUMEepPas3bl, MyTa3bl, paleMasbl.

Jlurassl — xinacc QPepMEeHTOB, KaTATU3UPYIOIIUX PEAKIUU C 00pa30BaHWEM HOBBIX
CBA3€H B CTPYKTypE HPOJYKTOB, IIPU 3TOM IMPOUCXOAAT 3aTpaThl SHEPIUU, KOTOpas
BBICBOOOXK/IAETCS MPU PA3pyLICHUU MaKpPOIPTUUYECKOTO COEIUHEHHS, HAMpUMED
ATO®. IIpu stom u3z AT® obpazyetcs 06b1uHO 1Ba ipoaykTa: AJID u dhocdar, mbo
AM® u mupodocdar. TpuBnampHOe Ha3BaHHME JUTa3bl cuUHTETasza. llepem sTuMm
CJIOBOM J100aBIIsI€TCA Ha3BaHUE MPOYKTa, KOTOPBIN CHHTE3UPYETCS.

Kuneruka d¢epMeHTATUBHON PpeakuuM — pas3ded HSH3UMOJOTUM H3YYaroun
BIUSHUE PA3THYHBIX (PAKTOPOB HA CKOpPOCTh (DEpPMEHTATUBHOW PEaKIUu:
KOHIIEHTpaIii cyocTpaToB U (hepMeHTa, KOHIIEHTPAIIUU POAYKTOB peakuuu, pH u
TEeMIIepaTyphl, aAKTUBATOPOB U HHTHOUTOPOB.

Koncranta Mmuxasauca (Km) — 370 KOHICHTpammsi cyOCTpara, IpH KOTOPOW
CKOPOCTh (DepMEHTATUBHON PEeaKIluy paBHA MOJIOBUHE MAKCUMAIBHOTO 3HAYCHUSI.
Meronq Muxariauca-MeHTeH - MaTeMaTHYECKMH  METOJi,  II03BOJISIONIMMI
paccunthiBath KM u VmMax, ¢ HCHoab30BaHUEM TpaQUUecKol 3aBUCUMOCTH
CKOpoCTH (DEepMEHTATHBHOW peakuuu OT KOHIEHTpaluu cyoOcTpaTa, KOoTopas
ynoBieTBopseT ypaBHeHHi0: V=Vmax*[S]/Km+[S]

Meton  JlaiinyuBepa-bepka - MaTreMaTHYecKHl  METOJ,  ITO3BOJISIOLIUHI
paccunthiBath KM u VmMmaxX, ¢ #cnoib30BaHUEM T'paQUUYECKO 3aBUCUMOCTH
00paTHON BEJIWYMHBI CKOPOCTH (DEPMEHTATUBHOM PEaKIMU OT OOpaTHON BEITUYHHBI
KOHIIEHTpaluu cybctpata (METOA JBOMHBIX OOpAaTHBIX BEJIMYHMH), aAKTUBHO
UCIIOJIb3YeTCS [IJISl MCCIICIOBAaHUN OINpeJeeHUs] THUIIA WHTUOMPOBAHUS HEABHO
OTKPBITHIX ()EPMEHTOB, JIMOO MPU U3YUYCHUH BIUSHUS JIEKAPCTBEHHBIX MPENapaToB C
MEXaHU3MOM JICHCTBUS B KaU€CTBE MHTUOUTOPOB (DEPMEHTOB.
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Kuc10THO-0CHOBHOI KaTajlu3 — TEopus O MEXaHU3ME JeUCTBUS (PEPMEHTOB, B
AKTUBHOM IIEHTPE KOTOPBIX ()YHKIIMOHAIBHBIE TPYIIBl CIOCOOHBI OBITH JIOHOPOM,
au00 aKIENTOPOM MPOTOHOB, KOTOPBIE YBEIWYUBAIOT CKOPOCTh OOpa30BaHUS
MPOJYKTOB pEaKINH, JIUOO CIOCOOCTBOATh TEUEHUIO PEAKIIMH B YCIOBUSAX U3MEHEHUS
pH okpyxkaroiieit cpeasbl.

KoBasieHTHBII KaTaJN3 — TEOpHsI O MEXaHU3ME JIEUCTBUSL (DEPMEHTOB, B aKTUBHOM
LEHTPE KOTOPBIX (DYHKIMOHAIBHBIEC TPYIIbI CIIOCOOHBI 00Pa30BbIBATh KOBAJICHTHBIC
CBSI3U C MPOMEKYTOUYHBIMU NMPOAYKTAMH (PEPMEHTATUBHOMN pEaKIIHUH.

Nurudéurop ¢epMeHTa — BEUIECTBO, KOTOPOE MpPHU CBSI3bIBAHUU C (HEpPMEHTOM
CHUXAET CKOPOCTh (PEpMEHTATUBHOM peakuu

AKTHUBaTOp ¢epMeHTa — BEUIECTBO, KOTOPOE MPHU CBSI3bIBAHUU C (PepMEeHTOM
YBEIIMYUBAET CKOPOCTh (DEPMEHTATHUBHOM peaKiuu. AKTHBATOPbl MOTYT OKa3bIBaTh
BIIMSHHE HAa HEAKTUBHYIO ¢Gopmy QepmeHTOB (mpodepMeHThI), MEPEBOAs UX B
aKTUBHYIO (hopMYy.

O0mass akTuBHoCTh (Pepmenta (0O.A.) MOXET ONPEACTATHCS MO CKOPOCTH
YMEHBIIIEHUS] KOHLEHTpalMu cyOcTpaTta, MO CKOPOCTH OOpa3oBaHUS MPOIYKTOB
peaknud, TIO0 CKOPOCTH Tepexoja OKHCICHHOW ¢opMbl KopepMmMeHTa B
BOCCTaHOBJICHHYI0 (opMmy (JUIsI OKCHUIOpeaykTa3). B COBpeMEHHOW SH3MMOJIOTHUU
UCIIONB3YIOTCS JIB€ €AUHUIBI U3MEPEHUss OoOuied aKTUBHOCTU (PEPMEHTOB:
MeXyHapoiHas equHuia aktusHoct (ME) u katan.

Mexkaynapoanasi eauHuna aktuBHoctd (ME) - kommuectBo  (epMeHTa,
HeoOXxoauMoe [ mpeBpamieHuss 1 mxmons cyOcrpata 3a 1 MUHYTY B HPOAYKT
pEeaKIuu IpU CTaHAAPTHBIX YCIOBUSAX U3MEPEHUSI.

Karan — xonuuectBo ¢pepmMeHTa HEOOX0AMMOE TSl TipeBpatienust 1 Momst cydocTpara
3a 1 cekyHay B MPOAYKT PEAKIMU IPU CTAaHAAPTHBIX YCIOBUSAX U3MEPECHUSL.
YaenbHass aKTUBHOCTH (epmenta (Y.A.). [lnd HayuyHBIX MCCIEIOBAHUU
aKTUBHOCTH (DEPMEHTOB B OpraHax Ba)KHEE 3HATh YNEJIbHYI0 aKTUBHOCTH (Y.A.)
dbepmMeHTa, KOTOPYIO PACCUMTHIBAIOT, MPEIBAPUTEIHHO H3MEPHUB KOHIIEHTPAIUIO
Oenka B ucciemyeMoi pobe : [Cl=[mr/mi] wiu [r/1]; 3aTem 1o dopmyiie:
YV.A=0.A/[C]

Yucao odooporoB (pepmenta (N) — KOJIMYSCTBO MOJIEKYJ cyOcTpaTa, KOTOPBIC
MPEeBPAIIAIOTCS B MPOAYKT PEAKIUH OIHOW MOJEKyJNod ¢(epMeHTa B EIUHHILY
BPEMEHU MIPHU CTAHAAPTHBIX YCIOBUSAX U3MEPEHUSI.

JH3uMonaTusi — 3a0oieBaHue, OOYCIOBIEHHOE HAPYIICHUSMHU, CBSI3aHHBIMU C
byHKIMEH onpeeIeHHOro (epMEeHTa B METa00IMYECKOM Ty TH.
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Chapter 2
INTRODUCTION INTO METABOLISM AND
BIOENERGETICS

Po3min 2
BBEJIEHHSA Y METABOJII3M TA
BIOEHEPI'ETUKA

['1aBa 2
BBEJIEHUE B METABOJIU3M U
BUODHEPI'ETUKA



2.1

In a prolonged state of starvation, which of the following is the major source of
energy for muscles?

A.  Fatty acids

B.  Glucose

C.  Glycogen

D. Ketones

Answer - Fatty acids are the major source of energy for muscles.

[Ilo 6y/1e OCHOBHHMM J>KEpesIOM €Heprii Jyisl M’ s31B PU TPUBAJIOMY T'OJIOBYBaHH1?

A.  XKupHi kucnoru

B. I'mokoza

C.  TI'mixoren

D. Keronu

[Ipu TpuBasioMy TrO0JIOJyBaHHI O€Ta-OKUCICHHS JKUPHUX KHUCIOT YaCTKOBO
3a/10BOJIbHSIE €EHEPTreTUYHI NOTPEeOU M SI31B.

Urto OyaeT OCHOBHBIM HWCTOYHHUKOM DSHEPTrUHM JUIS MBI MPUA JTUTSIHHOM
roJioJaHuu’?

A.  JKupHble KHCIOTbI

B. I'mroxo3a

C. I'mnkoren

D. Ketonnl

[Ipy gnuTeNnbHOM TOJOAAHWUM OETa-OKHCICHHE JKUPHBIX KHCIOT YaCTHIHO
YIOBJIETBOPSICT DHEPTETUUCCKHE MMOTPEOHOCTH MBIIIIII.

2.2

Two weeks after an episode of the flu, an 8-year-old boy with IDDM is brought to the
emergency room in a coma. His breathing is rapid and deep, and his breath has a
fruity odor. His blood glucose is 36.5 mM (normal: 4-6 mM [70-110 mg/dL]). The
physician administers IV fluids, insulin, and potassium chloride. A rapid effect of
insulin in this situation is to stimulate...:

A.  gluconeogenesis in the liver

B fatty acid release from adipose

C.  glucose transport in muscle

D ketone utilization in the brain

E glycogenolysis in the liver

Answer: - glucose transport in muscle. Insulin increases glucose transport in only two
tissues, adipose and muscle. The major site of glucose uptake is muscle, which
decreases hyperglycemia. Glucose and ketone transport and metabolism are insulin
independent in the brain. Insulin would slow gluconeogenesis and fatty acid release
from adipocytes. Insulin would inhibit glycogenolysis in the liver.

UYepe3 aBa TWKHI TICAS TEPEHECEHOTO0 TPUIY 8-MH PIYHUM XJIOMYUK B KOMi 3
IIyKPOBUM J11ab€TOM Tepiioro TNy OYB JOCTAaBJICHUN y BIIJUICHHS HEBIIKIATHOT
nomoMorH. JluXaHHS IIBUAKE Ta TJIMOOKe, TPHUCYTHIH (QPYKTOBUH 3amax.
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KonnenTpariss riawoko3n B KpoBi 36,5 mmonw/n (Hopma: 4-6 mmonw/a [70-110
mr/aemumtp]). Jlikap 3acTocyBaB BHYTPINIHBOBEHHI PO3YMHHU I1HCYJIIHY Ta KaJlii
xsopuny. HHIBuakuii epexr 1HCyIiHY B L1 CUTYyalli CTAMYIIIOE. ..

TJIIOKOHEOT'€HES B MEYIHIII

BUBUJILHEHHS )KUPHUX KUCJIOT 3 )KUPOBOIT TKAHUHU

TPAHCHOPT TIIFOKO3U B M’ 513U

YTUII32a1110 KETOHIB B MO3KY

[JIIKOT€HOJI13 B MEY1HII1

B1pHa BIIMOBIAL - TPAHCHOPT TIUVIIOKO3UW B M’si3U. [HCYyNIH 30UIbIIyE TPaHCHOPT
[JIFOKO3W TUIBKHU y JIBI TKAHUHU — KUPOBY Ta M’s130BY. ['0JIOBHE Miclie MOTJIMHAHHS
[JIFOKO3W — M’$SI3M, 1€ 3MEHIIIY€ TinepriikeMito. TpaHcnopT Ta MeTabo13M TIIIOKO3U
Ta KETOHIB B FOJIOBHOMY MO3KY IHCYJIH-He3aJexkHUM. [HCymiH Oyae CrOBUIbHIOBATH
TJIFOKOHEOT'€HE3 Ta BUBUIBHEHHS KUPHUX KHUCIOT 3 )KHUPOBOi TKaHUHU. [HCymiH Oyne
1HTr10yBaTH IIIKOT'€HOJII3 B MEY1HII.

mMooOw»

Uepe3 2 Hemenu Mocjie MEePpeHECEHHOrO Tpulna 8-MH JIETHUM MallbiuK B KOME C
caxapHbIM Jra0eTOM TEpPBOTO THUMA OBUT JOCTABICH B OTIEICHUE HEOTIOXKHOU
nomomy. J[pixaHwe wdactoe u TIyOOKOe, TPHUCYTCTBYET (PYKTOBBIN 3amax.
Konnientparust roko3sl B KpoBu 36,5 mmonb/n (Hopma: 4-6 mmouns/n [70-110
mr/penunutp]). Bpau mpumeHun BHYTpUBEHHBIC PACTBOPHI MHCYJIMHA M XJIOpHIIA
kanusi. beicTphrit 3¢ (HeKT HHCYIMHA B 9TOW CUTYaIlUU CTUMYJIHPYET:

[JIFOKOHEOT'€HE3 B IEYEHU

BBICBOOOK/ICHHE JKUPHBIX KHCIIOT U3 KUPOBOW TKAHH

TPAHCIOPT TIIFOKO3bI B MBIIIIIBI

YTHJIM3ALUI0 KETOHOB B MO3TY

TJIMKOT€HOJINU3 B NIEYEHH

[IpaBuiibHBI OTBET — TPAHCHOPT TJIFOKO3bl B MBIl WHCYIHH yBEIUYUBAET
TPAHCIOPT TJIIOKO3bl TOJBKO B JIBE TKAHM — >KUPOBYIO M MblIlIeuHYI0. OCHOBHOE
MECTO TIOTJIOIIEHUSI TJIFOKO3bl — MBIIIIbI, YTO YMEHBIIAET THUIEPrIUKEMUIO.
Tpancmopr u MeTabonW3M TJIFOKO3bI W KETOHOB B  TOJOBHOM  MO3T€
WHCYJIMHHE3aBUCUMBIM.  WHcynmuH  OyJeTr  3aMemsiaiTh  TJIFOKOHEOT€HE3 U
BBICBOOOK/ICHHE OJKUPHBIX KHUCIOT W3 OKUpPOBOW Tkanu. WHcymuH Oyner
UHTHOUPOBATH TTIUKOTEHOJIN3 B TICUCHH.

moow»

2.3

An alcoholic has been on a 2-week drinking binge during which time she has eaten
little and has become severely hypoglycemic. Which additional condition may
develop in response to chronic, severe hypoglycemia?

Glycogen accumulation in the liver with cirrhosis

Thiamine deficiency

Ketoacidosis

Folate deficiency

Hyperuricemia

Answer — Ketoacidosis. Severe hypoglycemia lowers the level of insulin secretion
and increases glucagon secretion. This would favor fatty acid release from the
adipose and ketogenesis in the liver.
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[lin yac OBOTHXKHEBOI MUSTHUKHU y KIHKU-AJKOTOJiKa, sIka Majo ija, pO3BUHYJACh
3Ha4Ha TInoriikeMis. SIki JOoJaTKOBI CTaHU MOXYTh PO3BHBATHCS Y BIANOBIAL Ha
XPOHIYHY, BayKKY T'IOTIIKEMII0?

A.  HaxonuyeHHs IJIIKOT€HY B MEYIHII 3 IIUPO30M
B. HenocraTtHicTh TiaMiHy

C. Keroanumos

D. HenocraTtHicth (hosi€BOT KUCIOTH

E. Tinepypikemis

Bipna BinmoBins — keroanuao3. Baxka rimoriikemis 3HUXKYE pPIBEHb CCEKperii
IHCYJIIHY 1 30UTbIIY€E pIBEHBb CeKpellli Tiokarony. lle Oyne cnpusiti BUBUIBHEHHIO
KUPHUX KUCIOT 3 )KUPOBOI TKAHUHU Ta CTUMYJIIOBATU KETOTE€HE3 B MEUIHIII.

Bo Bpemsi ABYXHENENBHOTO 3amoOsl y KEHIIUHBI-AJIKOTOJIMKA, KOTOpas Majo ela,
pa3BWIACH 3HAUYMTENbHAS TUIOTIUKEMUS. Kakue TOMOJHUTEIbHBIE COCTOSIHASI MOTYT
Pa3BUBATHCS B OTBET HA XPOHUUECKYIO, TSIKEIIYIO THIOTJIMKEMUIO?

A.  HakormieHue riukoresa B e4eHu ¢ [MUPPO30M
B. HenocraToyHocTs THAaMHHA

C. Keroannmos

D. HenocTaTodHOCTh POIMEBOI KUCIOTHI

E. Tunepypuxemus

[IpaBWIBHBIA OTBET — KETOAUMAO03. TshKeJash TUIOTJIUKEMUS TOHHXAECT YPOBCHb
WHCYJIMHA W yBEJIWYMBACT YPOBEHb TJIIOKaroHa. ITO OyIeT CTHMYJIHPOBATH
BBICBOOOJKICHHUE >KUPHBIX KHCJIOT U3 YKUPOBOW TKAHU M KETOTCHE3 B IMICUCHM.

2.4

After a routine physical exam and blood work, a woman with a normal weight for her
height was advised that her lipid profile showed an elevation of blood triglycerides.
The doctor advises the patient to lower fat consumption which disappoints her since
she avidly consumes whole milk. The woman consults a nutritionist, who states that
whole milk is 3.5% fat, which corresponds to approximately 11 g of fat in an 8 ounce
serving. If she switches to drinking skim milk (nonfat), approximately how many
additional grams of carbohydrates should she consume to make up for the loss of fat
in the 8 ounce serving?

A. 5grams

B. 11 grams
C. 15grams
D. 25grams
E. 35grams

Answer - 25 grams. You are expected to know that carbohydrates have 4 kcal/gram,
proteins have 4 kcal/gram, fat has 9 kcal/gram, and alcohol has 7 kcal/gram. In this
question, 11 grams of fat times 9 kcal/gram = 99 kcal which is rounded to 100 kcal.
Dividing 100 kcal by 4 kcal/gram of carbohydrate is 25 grams.

[Ticns 3BUYaiiHOTO MEIUYHOTO OOCTEXKEHHS Ta MPOBEICHHS aHai3a KpPOBi, XKIHII 3
HOPMAaJIbHOIO Barow s il pocTy MOBIMOMMIIM, IO ii JIMIAHUNA TpodiTh MOKa3aB
MIJBUINCHHS TPUTIIIEPHUAIB KpoBi. Jlikap mopaauB MaIli€eHTIl 3HU3UTU CTIOKHBAHHS
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KUPIB, 110 PO3UYAPOBYE 11, OCKUIBKMA BOHA Ka/110HO CTIOKHUBAE IUILHE MOJIOKO. JKiHKa
MIPOKOHCYJIBTYBANACh 3 JIETOJIOIOM, SKUM CTBEPJIKYE, IO B IIUTLHOMY MOJIOII BMICT
KUPY CTAaHOBUTH 3,5%, 110 BiAnmoBigae npudnu3no 11 r xupy B nopuii 8 yHuin (227
r). SIKmo BOHAa NEPEXOJUTh HA 3HEXKHUPEHE MOJOKO, TO CKUIbKM HNpUOIU3HO
JOIATKOBUX TpaMmiB BYIJIEBO/AIB BOHA IMOBUHHA CIOXXHBAaTH, L[00 KOMIIEHCYBAaTH
BTpATy KUPY B MOPLIi 8 yHIIIA?

A. 5 rpamiB

B. 11 rpamiB
C. 15 rpamiB
D. 25 rpamiB
E 35 rpamiB

Bipna BignoBinp — 25 rpamiB. KanopiiiHicTs ByrieBoaiB — 4 kkain/r, OuikiB — 4
KKaJ/T, KUP1B — 9 KKaJ/T Ta aJIKOroito — 7 KKaj/r. 11 rpamiB xxupy MicTaTh 99 kkad,
110 NpuOJIM3HO BIANOBIA€E 25 rpaMaM BYTJIEBO/IIB.

[locne OOBIKHOBEHHOTO MEIMIIMHCKOIO OCMOTpPa M aHajiu3a KPOBH, >KCHIIMHE C
HOpMaJbHON Maccoil Tena Uil €€ pocTa COOOLIMIW, YTO JUNUIHBIA NPOodUIb
MOKa3aJl MOBBIIICHUE TPUTIIUILIEPUIOB KPOBU. Bpau mocoBeTOBa I MAallUEHTY CHU3UTD
MOTpeOJICHNE KUPOB, UYTO Pa304YapOBHIBAET €€, IOCKOJIBKY OHAa C amMeTHTOM
yIoTpeosiseT 1enbHoe MOJIOKO. JKeHIMHAa TPOKOHCYJIBTUPOBANIACH C JHETOJIOTOM,
KOTOPBIM yTBEPKAAET, YTO B LIEIBHOM MOJIOKE COJEpKaHue kupa cocTtaBisier 3,5 %,
YTO COOTBETCTBYET NMpuOImM3uTenbHo 11 1 xupa B mopimu 8 yanwmii (227 r). Eciam ona
MEePEeXOAUT HAa  OOE3KUPEHHOE  MOJIOKO, TO  MPUONHM3UTEIBHO  CKOJBKO
JNOTOJIHUTENIbHBIX TPaMMOB  YIJIEBOJIOB OHa JOJDKHAa  yNOTPeOdsATh, YTOOBI
KOMIIEHCUPOBATH MOTEPIO KUPA B MOPLUUH & YHIIUN?

A. 5 rpammoB

B. 11 rpammoB
C. 15 rpammos
D. 25 rpammos
E. 35 rpammos

[IpaBunbHBI 0TBET — 25 rpamMoB. KanopuitHocTs yrieBoioB — 4 kkan/r, 6e1koB — 4
KKaJI/T, )KUPOB — 9 KKaN/T U ankoroiisi — 7 kkay/r. 11 rpammoB xupa copepxkat 99
KKaJI, YTO MPUOJIU3UTENHHO COOTBETCTBYET 25 rpaMMaM yTiIeBOJIOB.

2.5
Which of the following substrates is used in heme synthesis?
A. Citrate

B.  Fumarate

C.  Succinate

D.  Succinyl-CoA

Answer - Succinyl-CoA. At the first stage of the heme biosynthesis there is
condensation of succinyl-CoA with glycine followed decarboxylation, which forms
5-amino-levulinic acid (ALA)

SAxwuii 3 HaBeICHUX CyOCTpaTiB BUKOPHUCTOBYETHCS B O10CUHTE31 TemMy?

A.  Tlutpar
B. ®ywmapar
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C.  CykmunHat

D. Cyxuunui-KoA

Bipna BinnoBias — cykuuHin-KoA. Ha nepuriit ctaii 6i0cuHTe3y reMy Bil0yBa€ThCs
KOHJIeHcallisl CyKIUHUI-KOA 3 TIIMHOM 3 HACTyIHUM JEKapOOKCUIIOBAHHSAM, IO
YTBOPIOE 5-aMIHOJIEBYIEHOBY KUCIOTY (AJIA).

Kakoit n3 npuBeieHHbIX CyOCTPAaTOB UCTIONIb3yETCsl B OMOCHUHTE3€ rema’?

A. Ilutpar

B. ®ymapar

C.  CykmunHat

D. Cyxuuami-KoA

[IpaBunbHbId OTBeT — cykuuHWI-KoA. Ha mnepBoit ctaguum OuocuHTE3a Tema
MPOUCXOJUT KOHAEHCAlMsl CYKIUMHUI-KOA ¢ T[IMIMHOM C  MOCIEIYIOIUM
JNeKapOOKCHIMPOBAHUEM, C 00pa30BaHUEM S-aMUHOJIEBYIMHOBOU KUCIOTHI (AJIK).

2.6

During a myocardial infarction, the oxygen supply to an area of the heart is
dramatically reduced, forcing the cardiac myocytes to switch to anaerobic
metabolism. Under these conditions, which of the following enzymes would be
activated by increasing intracellular AMP?

Succinate dehydrogenase

Phosphofructokinase-1

Glucokinase

Pyruvate dehydrogenase

Lactate dehydrogenase

Answer - Phosphofructokinase-1. Both PFK-1 and LDH participate in extrahepatic
anaerobic glycolysis, but only PFK-1 is regulated by allosteric effectors.

moowp

[Tin wac iHdapkTy MioKapia HAAXOMKEHHS KHUCHIO J0 00JacTi cepus pi3Ko
3MEHIIYETHCS, 3MYIIYIOYM CEpIEBl MIOIMUTH TEPEXOJUTH Ha aHAEpPOOHUU
MeTabomi3M. SIkuif 3 HacTymHUX (EPMEHTIB 32 IIMX YMOB aKTUBYETHCS 3a PaxXyHOK
30UIBIICHHS BHYTPITHBOKIITHHHOTO AM®D?

A. CyknuHaTAeriAporeHasa

B. ®ochodpykrokinaza-1 (ODK-1)
C. TI'moxokiHaza

D. [IlipyBataerimporeHasa

E.

Jlakratnerigporenasa (JIJII")

Bipna BinnoBine — dochodpykrokinaza-1. Obunsa depmentu — ODOK-1 ta JIAT
MIPUHMAIOTh yYacTh B MO3aNICYIHKOBOMY aHAepOOHOMY TJIiKoJi3i, ane Tiabku ODK-1
PETYIIOETHCS aJTOCTEPUYUHO.

Bo Bpems mH(papkTa MHOKap/a MOCTYIICHHE KUCIOpoAa B 00JacTh cepilla Pe3Ko
YMEHBIIIACTCS, 3aCTaB/IsAs CEpJACYHbIE MHOILMUTHI TEPEXOJUTh HA aHAIPOOHBIN
Metabonu3m. Kakoit u3 cieayromux pepMeHTOB IPH ITUX YCIOBUSX aKTHBUPYETHCS
3a CUET yBEJIUUYEHUS BHYTPUKIECTOUYHOTO AM®D?

A. CykuuHaTAeruaporeHasa
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dochodpykroxknnaza-1 (GDOK-1)

I'moxoknnasa

[IupyBataerunporenasa

Jlaktatnerunporenasa (JIJII')

HpaBI/IJIBHBII/I orBeT — Dochodpykrokunaza-1. O6a dbepmenta — ODK-1 Ta JIAT
NPUHUMAIOT y4acTHE B BHEIEUEHOYHOM aHa’pOoOHOM riuKonu3e, HO Tojlbko ODK-1
pEryIupyeTcs alllIoCTePUUECKHU.

mo o

2.7

A 40-year-old African American man is seen in the emergency room for a severe
headache. His blood pressure is 180/110 mm Hg, and he has evidence of retinal
hemorrhage. An infusion of nitroprusside is given. Which of the following enzymes
Is affected most directly by the active metabolite of this drug?

Phospholipase A2

Cyclic AMP phosphodiesterase

Guanylate cyclase

Cyclic GMP phosphodiesterase

Phospholipase C

Answer - Guanylate cyclase. Nitroprusside is metabolized to produce nitric oxide.
NO, normally produced by the vascular endothelium, stimulates the cyclase in
vascular smooth muscle to increase cGMP, activate protein kinase G, and cause
relaxation.

moow»

40-piunuii adpoamepuKaHellb 3 CHJIBHHM TOJOBHHM OonemM OyB OTJSIHYTHH B
BiUIIEHHI HEBinKIaaHOT HomoMoru. Koro apTepiaibHUN THCK cTaHOBUTH 180/110
MM PT. CT. i BiH Mae 03HaKM remMoparii ciTkiBky oka. Flomy Gyna mpoBeeHa iHpy3is
HiTporipycunoM. Ha sikuii 3 HaBepeHWX (PEpMEHTIB aKTUBHUNA METa0ONIT IHOTO
JKapchKOro 3aco0y 0e3mocepeIHhO BIUTHBAE HAOUTbIIIE?

A.  ®ocdomninaza A2

B. 1nAM®-dochoniectepasa
C. ['yaninarnukiasa

D. ul'M®-dochoniecrepasa
E. ®ocdoninaza C

Bipna Bignosins — 'yaninatuuknaza. Hitponpycug Meta0oni3yeTbest 3 YTBOPEHHSIM
okcuay azoty (NO), sikuii 3a3BU4ail IPOJYKY€EThCSI €HAOTENIEM CYIUH Ta CTUMYIIOE
IryaHUIATIUKIA3y B THAIKUX M'A3ax CcyauH s 30uibiieHHs 1l M®, akTuBarii
npoteiHkiHazu G 1 BUKIIMKAE peaKcalliio.

40-netHuii adpoaMepuKaHeNl C CHUIBLHOW TOJOBHON OOJBI0O OBUI OCMOTpPEH B
OTJIeJICHUH HEOTJIOKHOM nmomolu. Ero aprepuansHoe napienue coctasisio 180/110
MM PT.CT. U Y HEro €CTh MNPU3HAKKM TEeMOpparuu ceTdyatku riaza. EmMy ObLIO
npoBefeHa UHQY3us HuTpompyccuaa. Ha koTopwlii U3 NpUBEACHHBIX (PEPMEHTOB
AKTUBHBIN META0OJIUT 3TOrO JIEKAPCTBEHHOTO JACHCTBYET CUIIbHEE BCETO?

A.  ®ochonunaza A2

B. utAM®-dpochoauscrepasa

C. ['yanunatumkiasa
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D. uaI'M®-dochoauscrepasa

E. ®ochonunaza C

[IpaBunbHblid oTBeT — ['yanunatuwmknaza. Hutpompyccun merabonusupyercs c
oOpazoBanueM okcuaa azora (NO), KOTOPBIM 0OBIYHO TPOAYLUPYETCS IHAOTEIUEM
COCYIOB M CTUMYJIMPYET LMKJIA3y B IIaJKUX MBIIIIAX COCYAOB JJISI yBEIWYCHUS
ul' M@, aktuBauy NpoTenHKUHA3bl G U BBI3BIBAET PEIIAKCAIIHIO.

2.8

A 40-year-old African American man is seen in the emergency room for a severe
headache. His blood pressure is 180/110 mm Hg, and he has evidence of retinal
hemorrhage. An infusion of nitroprusside is given. When nitroprusside is given in
higher than usual doses, it may be accompanied by the administration of thiosulfate
to reduce potential toxic side effects. Which complex associated with electron
transport or oxidative phosphorylation is most sensitive to the toxic byproduct that
may accumulate with high doses of nitroprusside?

A.  NADH dehydrogenase
B.  Succinate dehydrogenase
C.  Cytochrome b/cl

D.  Cytochrome a/a3

E. FoF1 ATP synthase

Answer - Cytochrome a/a3. In addition to NO, metabolism of nitroprusside also
releases small quantities of cyanide, a potent and potentially lethal inhibitor of cyt
a/a3 (complex IV). Thiosulfate is a common antidote for cyanide poisoning.

40-piuamii adpoamMepuKaHelb 3 CWJIBHHM TOJOBHHM OoieM OyB OTJSHYTHH Yy
BiUIUIEHH] HEBIAKIAAHOI JOMOMOrH. Moro apTepiadbHUN THUCK cTaHOBUTH 180/110
MM PT. CT. i BiH Ma€e 03HaKM remMoparii ciTkiBku oka. Momy Gina nposenena indysis
HiTponpycuaoM. Konu HUTponpycua Ja€Thes y OUTBII BUCOKUX, HIXK 3BUYAITHI 032X,
1€ MOKE CYMPOBOJI)KYBATUCS BBEJCHHSM TI1OCYJIb(aTy JJIsl 3MEHILICHHS MOTEHIIMHUX
TOKCUYHMX MOOIYHUX eQeKTiB. SKkuil KOMIUIEKC, MOB'A3aHUM 3 EJIEKTPOHHUM
TPAHCIIOPTOM a00 OKHCIIOBAIBHUM (PochHOPHIIOBAHHAM, HAWUOUIBII YYTIUBUN 10
TOKCHUYHOT'O MOOIYHOIO MPOAYKTY, SKUA MOXE HAKOMMYYBATHUCS MPU BUCOKHUX J03aX

HITpOnpycuny?

A.  HAJIH-nperigporenasza
B. Cykuunarnerigporenasa
C. Huroxpom b/cl

D. Huroxpom a/a3

E. FoF1 - AT®-cunraza

Bipna BiamoBins - [utoxpom a/a3. Kpim NO, B xo1i MeTab0JIi3My HITPOIIPYCUIY
TAKOX BHUBUIBHAETbCSA HEBEJIMKI KUIBKOCTI IaHiAy, MOTYXXHOTO 1 HOTEHIINHHO
JeTanpHOro iHridiTopa cyt a/a3 (komrmieke 1V). Tiocynbhar € 3aralbHUM aHTHIOTOM
MIpU OTPYEHHI I1aHITAMH.

40-netHrii adpoaMepuKaHeNl C CHUIBLHOW TOJIOBHOW OOJBI0O OBUT OCMOTpPEH B
OTJIeJICHUH HEOTJIOKHOM nmomolu. Ero aprepuansHoe nasienue coctasisio 180/110
MM PT.CT. U Y HEro €cCTh MNPU3HAKKM TEeMOpparuu ceTdyatku riaza. EmMy ObLIO
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npoBefeHa wuHGYy3uss Hutpomnpyccuaa. Korma nHutpompyccua pgaercs B Oosee
BBICOKHX, YeM OOBIYHBIE [103aX, O3TO MOXET COIPOBOXKIATHCSA BBEICHHEM
THOCYNb(AaTa JJisi YMEHBIICHUS MOTEHIIMATBHBIX TOKCHUECKUX MOOOYHBIX 3PHEKTOB.
Kakoil komIiekc, CBSI3aHHBIA C 3JIEKTPOHHBIM TPAHCIIOPTOM HJIM OKHCIHUTEIHHBIM
dbochopunupoBanreM, HaubOoOJIee YYBCTBUTEIBbHBI K TOKCHYHOMY ITOOOYHOMY
MPOAYKTY, KOTOPBI MOKET HaKaIlJIMBAThCS MPH BBICOKUX J103aX HUTpoIpyccuaa?

A HAJIH-nernaporenasa

B CykuuHaTaeruaporesasa

C. Huroxpom b/cl

D Hutoxpowm a/a3

E FoF1 -AT®d-cunTaza

[IpaBunbubiii  oTBeT - Ilutoxpom a/a3. Kpome NO, B xome Mertabonuszma
HUTpOMpPYCCHIA Takke 00pa3yroTcs HEeOOJbIINE KOJUYECTBA LIUAHUAA, CHIIBHOTO U
MOTEHIIMANIbHO JieTadbHOro uHruodutropa cyt a/a3 (kommiekc IV). Tuocynbdar
SIBJISIETCSI OCHOBHBIM aHTHI0TOM TIpH oTpaBiieHuu CN.

2.9

A patient has been exposed to a toxic compound that increases the permeability of
mitochondrial membranes for protons. Which of the following events in liver cells
would you expect to occur?

Increased ATP levels

Increased FoF1 ATP synthase activity

Increased oxygen utilization

Decreased malate-aspartate shuttle activity

Decreased pyruvate dehydrogenase activity

Answer - The toxic agent (example, 2,4-dinitrophenol) would uncouple tissue
respiration and oxidative phosphorylation, leading to a fall in ATP levels, increased
rate of respiration, and increased oxygen utilization.

moow>

[lamieHT OYyB OTpYy€EHUH TOKCHUYHOIO CIOJYKOIO, SIKa TIJBUINY€E MPOHUKHICTh
MITOXOHJIpIaJIbHUX MeMOpaH sl MPOTOHIB. fIKI 3 HACTYNHUX NOAINM y KIITHHAX
MEYiHKHA BU OYIKy€eTE?

30ubmuThHes piBeHb ATO

30UTbIIUTBCS aKTUBHICTh FoF1 AT®-cunTazn

30UTBIINTHCS YTUIII3AL[is] KUCHIO

3MEHIIUTHCA AKTUBHICTh MaJlaT-aclapTaTHOTO IIyHTa

3MEHIIUTHCSA AKTUBHICTD MIPYBaTIETiIPOTreHa3n

B1pHa BIJIMOBI/Ib - 30UTBIIUTHCS YTHIII3allisl KUCHIO. TOKCHYHA crojyKa (HalpUKIa,
2,4-nmuHiTpoeHOIT) PO3'eMHYE OKUCIECHHS METa0OIITIB Ta OKUCHE (HOCHOPHUITIOBAHHS,
110 MPU3BOAUTH 10 3HMXKEHHA piBHA AT®, ane migBuilye IMIBUIKICTh TKAHUHHOTO
JTUXaHHS 1 301TBIIIEHHS] BUKOPUCTAHHS KHUCHIO.

[laupenT ObUT  OTpaBIEH TOKCHYHBIM  COCJAMHEHUEM, KOTOPOE MOBBIIIAET
MPOHUIIAEMOCTh MHUTOXOHJPHAIbHON MeMmOpanbl st mpoToHoB. Kakoe u3
CIEAYIOIINX COOBITUH B KJIIETKaX MEYEHHU Bbl OxKugaeTe?
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YBennunrces ypoBeHb ATO

VYBenuuutcst aktuBHOCTh FoF1 -AT®-cunTassl

VYBenuuurcs yTunu3zanus Kuciaopoaa

CHU3UTCS aKTUBHOCThH MajlaT-aClapTaTHOIO IIyHTa

CHM3UTCS aKTUBHOCTh UPYBATAETUAPOTEHA3BI

HpaBI/IJIBHBII/I OTBET — YBEJIUYUTCS yTUIU3AIUsl KUCiIopoaa. TOKCUYHOE COeIMHEHNE
(manpumep, 2,4-auHUTPOPEHON) pa3o0UIaeT OKHUCIUTENIbHOE (QochOopHiInpOBaHUE,
YTO MPUBOJUT K CHIDKEHUIO YpOBHSI AT®, MOBBIINIEHHOTO ABIXaHUS U YBEIWYECHUS
UCIIOIB30BaHUs CyOCTpaTa.

mo o>

2.10

Required for cholesterol and fatty acid synthesis in hepatocytes:

Citrate shuttle

Glycerolphosphate shuttle

Malate-aspartate shuttle

Carnitine shuttle

Adenine nucleotide shuttle

Answer - Both fatty acids and cholesterol are synthesized from acetylCoA in the
cytoplasm. Acetyl-CoA, which is produced in the mitochondria, is delivered to these
pathways using the citrate shulttle.

Jiist 610CUHTE3Y XOJIECTEPOITY Ta )KHPHUX KUCIIOT B TeMaTOIUTaX HEOOXI1THI:
[{uTpaTHUI1 YOBHUKOBHI MEXaHI3M

['minepondocharanii HOBHUKOBHIT MEXaHI13M

Manat-acapTaTHUN YOBHUKOBUN MEXaHI3M

KapHiTnHOBUY YOBHUKOBHI MEXaH13M

AI[GHIHHYKJIGOTI/II[HI/II/I YOBHUKOBUU MeXaH13M

B1pHa BiZITIOBIb [uTpaTHUii 4YOBHUKOBHM MexaHi3M. [ >KupHI KHCITOTH 1
XOJIECTEpUH  CHHTE3YIOThCAa 3 aneTwi-KoA B nuromnasmi.  Anetmi-KoA
IPOJIYKYETHCSI B MITOXOHAPIAX, JOCTABISAEThCSA HA 3a3HAYCHI METAOOJIUHI IMUISXH 3
BUKOPpHUCTAHHAM OUTPATHOI'O YOBHUKOBOI'O MeXaHiSMy.

moow>

Mo oOwP

Jliist GuocuHTE3a XOJIECTEPOa U JKUPHBIX KUCIIOT B TEMATOIUTAaX HEOOXOIUMBI:
[luTpaTHUA YEITHOYHBIA MEXaHU3M

I'munepondocdaTHbIN YeTHOYHBIN MEXaHU3M

Manar-acnapTaTHbIA Y€JIHOYHBIA MEXaHU3M

KapHUTHHOBBIN YEITTHOYHBIA MEXAHU3M

AJICHUHHYKJIEOTUIHBIN YEITHOYHBIN MEXAaHU3M

[IpaBwiibHbI OTBET — LluTpaTHBI YEIHOYHBIA MEXaHUu3M. WM KHUpHBIE KUCIOTHI, U
XOJIECCTEpUH CHUHTE3upyroTcss u3 anetuin-KoA B uuromiazme.  Auetuwi-KoA
MIPOU3BOJIUTCA B MUTOXOHIPHSIX, JOCTABIAECTCS K 00O03HAYEHHBIM META0OIUYECKUM
IMyTSM C UCTOJIB30BaHUE HIUTPATHOI'O YETHOYHOIO MEXaHU3Ma.

moowp

2.11

Required for the hepatic conversion of pyruvate to glucose:
A.  Citrate shuttle

B.  Glycerolphosphate shuttle
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C. Malate-aspartate shuttle

D.  Carnitine shuttle

E.  Adenine nucleotide shuttle

Answer - Malate-aspartate shuttle. Oxaloacetate, produced from pyruvate, exits the
mitochondrion after conversion to malate, that must be transported by this shuttle to
cytoplasm where gluconeogenesis occurs.

Jl71s1 nepeTBOpeHb NMIpyBaTy B INIFOKO3Y B MEUIHII HEOOXIIHI:

HuTpaTHHUII YOBHUKOBUM MEXaHI3M

I'miuepondochaTHuit HOBHUKOBUN MEXaHI13M

Manar-acriapTaTHU YOBHUKOBUM MEXaH13M

KapniTHHOBHI YOBHUKOBUI MEXaHI3M

AJICHIHHYKJICOTUHUN YOBHUKOBUN MEXaH13M

B1pHa BIIMOBIAb — ManaTr-acmapTaTHUM YOBHUKOBHM MexaH13M. Okcajoarerar,
YTBOPEHUH 3 MIpyBaTy, BUXOAUTH 3 MITOXOHJIPIi MICIsl IEPETBOPEHHS B MaJlaT, IKUU
TPAHCIOPTY€EThCSI YOBHUKOBOIO CHCTEMOIO Yy IHMTOIUIa3My, A€ MPOJOBKYETHCS
TJTIIOKOHEOT€HE3.

Mmoo w»

JI1s1 mpeBpalnieHus nupyBaTa B TIIOKO3Y B NEYEHU HEOOXOIUMBI:

[uTpaTHWA YEITHOYHBIA MEXAHU3M

['muniepondochaTHbI YeTHOYHBIN MEXaHU3M

MaaT-acniapTaTHbIi YEJTHOYHBIM MEXaHU3M

KapHUTHHOBBIN YETHOYHBIA MEXAHU3M

AJICHUHHYKJICOTHUIHBIN YEITHOYHBI MEXaHU3M

[IpaBunbHBI OTBET — ManaT-acnapTaTHbIN 4EJIHOYHBIN MexaHu3M. OKcanoaleTar,
o0pa3oBaHHBIN W3 TMHPYyBaTa, BBIXOJUT W3 MHUTOXOHJPHUHU IOCIE TPEBPAIICHUS B
MaJar.

moow»
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Glossary
Metabolism— sum total of all the metabolic pathways that may be associated with
considered compound to promote the lifestain of living system.
Catabolism is a set of chemical processes that make brake down of complex
compounds into simpler substances, usually proceeding with the release of energy in
the form of heat and in the form of ATP.
Anabolism - a set of chemical processes that create complex compounds from
simpler one with the use of energy, aimed at the formation of cells and tissues.
Biological oxidation is the process of electrons transfer along the carrier chain from
the substrate to oxygen to form endogenous (metabolic) water or modified
compound.
The tricarboxylic acid cycle (abbr. TAC, Krebs cycle, citric acid cycle,) is the
central part of the general pathway of catabolism, a cyclic biochemical process during
which acetyl residues (CH3CO-) are oxidized to carbon dioxide (COy), and there is
the release of reduced equilents as NADH and FADH..
Macroergic molecules are that which have ability to accumulate and transfer energy
during a reaction, when hydrolysis of one of the bonds is released more than 20 kJ /
mol. By chemical structure, macroergs are most often phosphoric and carboxylic acid
anhydrides, as well as weak acids, such as thiols and enols. The universal macroerg is
ATP.
The respiratory chain is a system of structurally and functionally connected
transmembrane proteins and ubiquinone - electron carriers, which oxidize NADH or
FADH?2 to pass electrons to molecular oxygen. As the result the endogenous water is
formed, and some carriers are as pumps for protons to create proton and charge
gradients. The sum of them is named as electrochemical potential of the inner
membrane of mitochondria.
Oxidative phosphorylation is synthesis of ATP in the inner membrane of
mitochondria due to H*-ATP-synthetase whose activity is coupled with the energy
produced by aerobic oxidation of substrates in a cell.
Tissue respiration is a set of biochemical reactions that take place in cells of living
organisms, to produce reduced forms of coenzymes and prosthetic groups (NADH,
FADH,, NADPH), which are found as donors of electrons to molecular oxygen.
Cytochromes are large membrane proteins (with the exception of the most common
cytochrome c, which is a small globular protein) that contain a covalently bound
heme. Cytochromes are present in all cells of organisms. In eukaryotic cells, they are
localized in the mitochondrial membranes and EPR smooth part. Cytochromes
catalyze red-ox-reactions.
Ubiquinone (coenzyme Q) is related to group of coenzymes - benzoquinones
containing a quinoid group (hence the designation Q) and containing several
isoprenyl groups (for example, 10 in the case of coenzyme Q10). They are very
lipophilic, good acceptors of electrons and protons.
Chemiosmotic theory — P. Mitchell's theory, which states that the electron transfer
chains of mitochondria in eukaryotes, chloroplasts and bacteria are coupled with the
ATP synthesis system through the change of electrochemical potentials (created
mostly due to protons gradient) of the inner membrane of mitochondrias. Electron
transfer and ATP synthesis are coupled with the operation of two different types of
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proton pumps. During the transfer of electrons, a proton gradient is formed, which is
then used to stimulate proton channel function (Fo) and the release of ATP by factor
F1 of ATP-synthetase.
Uncouplers of oxidative phosphorylation - substances capable of reducing the
electrochemical potential of the inner membrane of mitochondria. For the most part,
these substances are very lipophilic and capable of attaching either protons
(protonophores) or Na*, K cations (ionophores).

I'nocapiii
OO0mMin peyoBnHM (MeTad0Ji3M) - CYKYHHICTh BCIX METa0OJIIYHUX LUIAXIB, SKI
MOXYTh OYTH PO3IJISHYTI Il JAHOI PEYOBHHU, 3aBASKM HUM MIITPUMYETHCS
JKUTTEAISIIBHICTD )KUBOT CUCTEMU
Kara6oai3Mm - npoiiec MeTaboIiuHOr0 po3Mnaay, po3KiIagaHHs Ha IPOCTIlIl peYOBUHU
(mudepenuiaiisi) abo OKHUCICHHS OyAb-SKOTO PEYOBUHHU, 3a3BUYAl MPOTIKAE 3
BUBUJILHEHHSIM €HEprii y BUIJISAL Tera 1y Bursial ATO.
AHa00J1i3M - CYKYIHICTh XIMIYHUX MPOIECIB, SIKI CTBOPIOIOTH CKJIQJHI CIOJYKH 3
OUIBII MPOCTUX 3 BUKOPUCTAHHSIM EHEPrii, COPSIMOBAHOI HAa YTBOPEHHS KJIITHUH 1
TKaHUH..
Biosioriune okmc/ieHHS - 1€ CYKYIMHICTh XIMIYHUX PEaKI[iid, M0 CYNPOBOIKYIOThCS
MIPOLIECOM TIEPEHECEHHs EJIEKTPOHIB BiJl CyOCTpaTIiB 0 MOJIEKYJISIPHOTO KHUCHIO 3
YTBOPEHHSIM €HJOTeHHOI (MeTabosiuHoi) Boau abo Moau(]iKOBaHOI OpraHivyHOI
CIIOJIYKH.
Hukn tpukapoonosBoi kucaoru (abbr. HTK, muka Kpebdca, uukia JMMOHHOI
KHCJI0TH) € TICHTPAJbHOIO YACTHHOIO 3arajlbHOTO MUIIXYy Kartabomizsmy. Ile
MUKIIYHUN OloXiMIYHUN mpolec, mia dac sikoro areTwiabHi 3ammmku (CH3CO-)
OKUCIIOIOThCST 110 auokcuay Byraeno (COz), 1 BinOyBaeTbCs BUBLILHEHHS
BinHOBIeHUX KopepMeHTiB HAJIH 1 npocretnunoi rpynu ®AJIH,, siki € qoHOpaMu
€JIEKTPOHIB JI0 MOJIEKYJISIPHOTO KUCHIO.
Makpoepriudi MoJiekyJm - 1€ Taki, SIKI MaloTh 3/aTHICTh HAKOMUYyBaTHU 1
MEPEHOCUTH EHEPTilo MiJl Yac peakxilii, KOJU B HUX IPH TiApOJIi3l OAHIET 3 3B'SI3KIB
BUBUIbHSAETbCS Ounbiie 20 kJDk/Monb. 3a XIMIYHOIO CTPYKTYpOIO MaKpoepru
HadacTime € anriapugaMu GochopHoi Ta KapOOHOBHX KHUCIIOT, a TaKOX CIA0KUMHU
KHCJIO0TaMHU, TAKUMHU SIK TIOJHU 1 €HOJIM. Y HIBEpcaabHUi Makpoepr — e ATO.
JuXanbHU# JIAHOIOT - CHCTEMa CTPYKTYpHO 1 (YHKIIOHAJIBHO MOB'A3aHUX
TpaHCMEMOpaHHUX OUIKIB 1 yOIXiHOHY - NEpPEHOCHUKIB EJIEKTPOHIB, sIKa 3amacae
eHeprito, mo Buausierbes npu nepenoci Bim HAJIH 1 ®AJIH, enextpoHiB Ha
MOJEKYISIpHUN KuceHb. [Ipu 1poMy BIIOYBA€THCA YTBOPEHHS EIEKTPOXIMIYHOTO
MOTEHI1a]ly HAa BHYTPUIIHIA MEeMOpaHi MITOXOH/IPiid 1 yTBOPEHHS €HAOT€HHOI BOJIH.
OxucaoBaibie ¢ochopunwoBannsa - e cuHre3 ATD y BHyTpimHIA MeMOpaHi
MITOXOH/IpiH 3a paxyHok H'-3anexxnoi ATP-cuHTeTa3n, akTUBHICTh AKOI MOB'sI3aHa 3
€HEPrIE€I0, U0 YTBOPIOETHCS IPH a€pOOHOMY OKHCIIEHH] CyOCTpaTiB y KIIITHHI.
TkaHuHHe JTMXaHHSA - 1€ CYKYOHICTh O10XIMIYHMX pEaKUid, 10 BiIOyBalOThCS B
KJIIITUHAX >KUBUX OPraHi3MiB, I BUPOOJEHHS BITHOBICHUX (POopM KO(DEPMEHTIB 1
npoctetuunux rpyn (HAJIH, ®AJIH,, HAJI®H), sxi € noHopamu €IeKTPOHIB 10
MOJIEKYISIPHOTO KUCHIO.
Huroxpommu - 1ie Benvkd MeMOpaHH1 OUTKH (32 BUHATKOM HAWOLIBII MOIIMPEHOTO
IIUTOXPOMY C, SIKMI € HEBEIUKHUM TIOOYISIpHUM OUIKOM), SIKI MICTSTh KOBAJICHTHO
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3B's13aHUM reM. L{luToxpoMu mpucyTHI y BCIiX KJIITHHAX OpraHi3miB. B eykapioTuuHux
KJIIITUHAX BOHHU JIOKATI3YIOThCA B MITOXOHJpIaIbHUX MeMOpaHax Ta MeMOpaHax
€HJOIIa3MAaTUYHOT0 PEeTHKYJIyMy. LluToXpomMu KaTami3yloTb OKHCHO-BIIHOBHI
peaxiiii.

Yoixinon (kodpepmenT Q) BITHOCUTHCA J0 TPy KOPEPMEHTIB - OCH30X1HOHIB, 110
MICTSATh XuHOMIHYIO Tpymy (Quinolone - 3Bimcu mo3HadeHHs Q) 1 MICTUTH KiJIbKa
130MpeHuIbHUX rpyn (Hanpukiad, 10 y pas3i koeHsumy Qo). Bonu ayxe ninoduibHi,
XOPOIIIl aKIIENTOPU €JIEKTPOHIB 1 TPOTOHIB.

XimiocMoTnuHa Teopis - Teopisa II. MiTuesuia, B sKili BUBHAYAETHCS, 1110 JIAHIIOTH
MEPEHECEHHST EJIEKTPOHIB MITOXOHJIPIA €yKaploTiB, XJIOPOIIACTIB 1 OakTepiit
NOB's13aH1 3 cHUCTeMOI0 cHHTe3y AT® uepe3 3MiHY €IEKTPOXIMIYHUX IMOTEHIIATIB
(CTBOpEHUX MEPEBAKHO 32 PaXYHOK MPOTOHHOTO I'Paji€HTa) BHYTPIIIHHOI MeMOpaHU
MmitoxoHpiil. Tlepenecenns enektponiB 1 cunte3 AT® mos's3ani 3 poOOTOIO JBOX
PI3HUX THUIIB TPOTOHHKUX HacociB. [Ipu nepenecenHi enexkTpoHiB komiuiekcamu I, 111,
IV  nuxanbHMX JIaHIIOTIB  YTBOPIOETHCS TPAJIEHT TMPOTOHIB, SKUH MOTIM
BUKOPHUCTOBYEThCS JJIsl CTUMYINIOBaHHS (yHKuii npoTtoHHoro kanainy (Fo) ATO®
CUHTETa3M 1 BUBUIbHEHHS MoJiekysl AT® ¢daktopom Fi iboro ¢pepmenry.
Po3’ennyBaui oxkucHOro ¢QochopwioBaHHA - PEUOBUHM 3JaTHI 3HUBUTH
€JIEKTPOXIMIYHUHN MOTEHIIa)I BHYTPIIIHEOT MEeMOpaHu MITOXOHAPiH. 31e01IbIIOrO0, 11e
PEYOBUHU JyXe JTINOQPUIbHI 1 31aTHI TPUEIHYBATH a00 IPOTOHHU (MMPOTOHOPOpH), a00
kationu Na*, K™ (iorodopn).

I'noccapui
O0men BemecTB (MeTadOJM3M) - COBOKYIHOCTh BCEX METAa0OJMYECKUX MYTEH,
KOTOpbIE MOTYT OBITh PACCMOTPEHBI [JIsi JIAaHHOTO BEIIECTBa, OJarogapss UM
MOAACPKUBACTCS KU3HEAEATENIbHOCTD JKUBOW CUCTEMBI.
Kartaboau3m - nporecc MeTabOIMYECKOr0 pacmnaja CI0KHOTO BEIeCTBA HA MPOCTHIE
BEIIECTBA WJM  OKHCJICHHE JI000ro  BEHIECTBa, OOBIYHO  MPOTEKAET C
BBICBOOOXK/ICHMEM SHEPTHUH B BUE Teria U B Bujae ATO.
AHa00/M3M - COBOKYIHOCTh XMMHUYECKHUX MPOIECCOB, MPU KOTOPHIX 00pa3yroTcs
CJIOKHBIE COEIMHEHUS U3 00Jiee MPOCTHIX C UCHOIb30BAHUEM SHEPIUHU, HEOOXOIUMBI
JU1s1 00pa30BaHUs U KU3HU KIIETOK ,TKAHEH.
Buonornyeckoe oOKuCIeHHE - O3TO COBOKYNHOCTh XHMHUYECKUX PEaKIHi,
COMPOBOXKJAIOIINXCS  MPOLECCOM TMEpPEeHOCa JJIEKTPOHOB OT CyOCTpaTtoB K
MOJICKYJISIPHOMY KHCIIOPOAY C 0Opa30BaHUEM SHIOTCHHOW (METa0OIUYeCKOM) BOIBI
Wi MOAU(UIIMPOBAHHOTO OPraHUYECKOTO COEIUHEHUS.
Huka Tpukap6onoBbIx KUCJIOT (cokp. LITK, mukn Kpedca, mUTPATHBINA UKIT, IIAKIT
JUMOHHOW  KHCIIOTBI) — IIEHTpajbHas dYacTh OOIIero myTH KaTaboym3Mma,
IUKINYECKUA OMOXMMHUYECKHI Mpolecc, B XOJ€ KOTOPOro aleTHIbHBIE OCTaTKH
(CH3CO") okucisroTest 1o nuokcuaa yriaepoaa (CO2).
Maxkposprudeckue MOJIEKYJIbl — OUOJOTHUYECKUE MOJEKYIbI, KOTOPhIE CIIOCOOHBI
HaKaluIMBaTh M TEpeJaBaTh SHEPruio B xoie peakiuu. [Ipu rugponuze ogHOU U3
cBa3eld BbICBOOOXmaeTcss Oonee 20 kJ/Dx/monb. [lo XuMHuuecKOMYy CTPOECHUIO
MaKpOdpru — yamie Bcero aHruapuabl GochopHOil U KapOOHOBBIX KHUCIOT, a TaKKe
C1a0bIX KUCIIOT, KAKUMH SIBJSIFOTCSI TUOJIBI U €HOJIBI.
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JbIxaTeJibHAS WLeNb — CUCTEMa CTPYKTYPHO M (PYHKIHMOHAIBbHO CBS3aHHBIX
TpAaHCMEMOpPAHHBIX OENKOB W TMEPEHOCUMKOB JJIEKTPOHOB, KOTOpas 3amacaeT
SHEprumo, BeAeNsAomyoca B xoae okuciaenus HAJ['H nu ®AJIH, MonekynspHbIM
KHCJIOpOJOM B (opMe TpaHCMEMOpPAaHHOTO NPOTOHHOIO TOTEHI[MAda 3a CYET
MOCJIEIOBATENIBHOIO MEPEHOCA AJEKTPOHA MO ILEMH, CONPSHKEHHOIO C MEPEKAYKOU
MPOTOHOB uepe3 MeMOpaHy.

Oxucanrensnoe QochopuwiupoBanue — MeTaOOIUYECKUM MyTh, MPU KOTOPOM
AHEprusi, 0Opa3oBaBIIAsICS MPU OKUCICHUU MHUTATENbHBIX BEIIECTB, 3aracaceTcsl B
MUTOXOHAPHUSX KJIETOK B Buje ATO.

TkaHeBoe IbIXaHME — COBOKYMHOCTh OMOXMMHUYECKUX PEaKIUi, MPOTEKAIOIIUX B
KJIETKaX KUBBIX OPraHU3MOB, B XO0JI€ KOTOPBIX MPOUCXOAUT OKHUCJICHUE YTJIEBOIOB,
JUTUAI0B 1 aMUHOKHUCIIOT 10 YTJIEKUCIIOTO ra3a v BOJBbI.

Jernaporenasbl — rpynmna  (pepMeHTOB W3  Kjacca  OKCHAOPEIYKTas,
KaTAIM3UPYIOUUX TEPEHOC MPOTOHOB OT cyOcTpaTa (OPraHMYECKHX BEIIECTB) M
Maphbl 3JIEKTPOHOB — K aKUENTOPY

Huroxpombl — 3TO KpymHble MeMOpaHHbIE O€lKkh (32 HCKIIOYEHHEM HauOoiee
pPacpoCTpaHEHHOTO IUTOXPOMA C, KOTOPBIN SIBISETCA MAJEHBKUM TI00YISPHBIM
OelIKoM), KOTOpBIE CONEpkKaT KOBaJCHTHO CBS3aHHBIM T'eM, PACIHOJOXCHHBIA BO
BHYTPEHHEM KapMaHe, 00pa30BaHHOM aMHUHOKHCJIOTHBIMH OcCTaTKamH. [[uToxpombl
MPUCYTCTBYIOT BO BCEX KJETKaX OpraHu3mMoB. B kieTkax 3ykapuoT OHH
JIOKANIM30BaHBI B MHTOXOHJPHAIBHBIX MeMOpaHax. [[UTOXpoMBI KaTanm3upyroT
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIE PEAKIIHH.

YouxuHoH (kogepment Q) — rpynma KohepMEeHTOB — OCH30XUHOHOB, COACPIKAIITIX
XUHOWAHYIO Tpynny (orcioga oOo3HaueHne Q) W COAEpPKAMUX HECKOJIbKO
W30TPESHWIOBEIX Ipynn (Hampumep, 10 B cirydae kopepmenTa Qo).
XemuocMoTHYeCKAasA Teopusi — Teopus Mwuruena, KoTopas TJacUT, UTO
ANEKTPOHIEPEHOCSIIUE LIS MUTOXOHAPUM, XJIOPOIIACTOB U OAKTEpUN COMPSIKEHBI
¢ cucremon cuHTe3a AT® depe3 pasHOCTb JIEKTPOXMMHUYECKUX ITOTCHIIMATIOB
MIPOTOHOB Ha COMPSTaloUMX MeMOpaHaxX. DNEKTPOXUMUYECKUM MOTEHI[MAT TPOTOHOB
CIIYXXUT TEPMOJAMHAMHYECKON MEpPOl TOro, HACKOJBKO TpPajUeHT MPOTOHOB uepes
MeMOpaHy nanék ot paBHoBecHs. [lepenoc 31aekTpoHoB U cuHTe3 AT® CONpsKEeHbI C
paboTOl IBYX pa3IMUHbIX OOPATUMBIX MPOTOHHBIX MoMil. [Ipu nepeHoce 31eKTpoOHOB
oOpasyeTrcsl pa3HOCTh MOTEHIMANIOB, KOTOpasi 3aTeM HMCIOJIb3yeTCs JIsi oOpalieHust
MPOTOHHOM MOMIIbI, TO €CTh ISl cuHTe3a ATO.

Pa30o0mmTe I OKUCIUTEJbHOTO (ochopwiInpoBaHusA — BeEIIECTBAa CIOCOOHOE
CHU3UTH DJJIEKTPOXMMHUYECKUN MOTEHIHAl BHYTPEHHEW MeMOpaHbl MHUTOXOHJAPHUA.
Bonpiieit yacTeio, 3TO BEIECTBA OYEHb JUMOMDUIbHBIE U CIIOCOOHBIE MTPUCOEAUHSATD
1160 mpoToHbI (TIPpoToHO(MOPHI), 00 KaTHoHBI Na*, K™ (noHOMOpHI).
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Chapter 3
CARBOHYDRATE METABOLISM

[Tiapo3aut 3
OBMIH BYTJIEBO/IIB

['maBa 3
OBMEH YI'JIEBOIOB
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3.1
Which of the following transporters increases its uptake of glucose in response to
insulin?

A, GLUT1
B. GLUT?2
C. GLUTS3
D. GLUT4

The answer is: GLUT 4 is in adipose tissue and muscle, and responds to the glucose
concentration in peripheral blood. The rate of glucose transport in both these tissues
Is increased by insulin, which stimulates the movement of additional GLUT 4
transporters to the membrane by a mechanism involving exocytosis.

Sxuii 3 HACTYTHUX TPAHCIIOPTEPIB 30UIBIIYE CBOE MOTJIMHAHHS TIIOKO3H Y BIJIMOBIAb
Ha IHCYIH?

A. TJIIOT 1
B. TIJIIOT2
C. TJIIOT3
D. TJIIOT4

Bipna Binnosias: ['JIFOT 4 3HaxoauThcsa B KUPOBIM TKaHWHI Ta M's3aX 1 pearye Ha
KOHIICHTPAIIiI0 TJIIOKO3U B nepudepuuniii kposi. [IIBUAKICTE TpaHCTIOPTY TIIFOKO3H B
iX TKaHWHAX MIJBUINYETHCS 1HCYJIHOM, SIKHH CTUMYIIIOE€ MEPEMIIICHHS J0IaTKOBUX
tpancnoptepiB [JIFOT 4 1o memOpaHu 3a TOMOMOT0I0 MEXAaHI3MY €K301IUTO3Y.

Kakoii W3 Huke CleayomuX TPAHCHOPTEPOB YBEIMYMBAET CBOE IIOIVIOLICHUE
[JIFOKO3bI B OTBET HA UHCYJIUH?

A, TJIIOT 1
B. TJIIOT2
C. TJIIOT3
D. TIJIIOT4

ITpaBunenbiid oTBeT: ['JIFOT 4 HaxoAUTCS B KUPOBOW TKAHU U MBIIINAX U PEATUPYET
Ha KOHIEHTpAlLMIO TJIIOKO3bl B mepudepuueckoil kpoBu. CKOpOCTh TpaHCHOPTA
[JIIOKO3bl B 3THUX TKAHAX MOBBIIAECTCS WHCYJIMHOM, KOTOPBIA CTUMYJIUPYET
nepeMelleHre AonoaHuTenbHbix TpancnoprepoB ['JIFOT 4 k MemOpaHe ¢ MOMOIIBIO
MEXaHU3Ma 3K30LHUTO3a.

3.2

A 10-month-old child is being evaluated for the underlying cause of a hemolytic
anemia. In the diagram below, the oxygen dissociation curve for hemoglobin in his
erythrocytes is compared with the curve obtained with normal red cells.
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Maormal

‘H‘"‘“ Patient

% Saturation
L
&
1

T T 1T 1 11T TrT1rTr1

40 80 120
pO, (mm Hg)

A deficiency of which enzyme is most likely to account for the hemolytic anemia in
this patient?:

Glucokinase

Glucose 6-P dehydrogenase

Pyruvate carboxylase

Glutathione reductase

Pyruvate kinase

The answer is: A right-shift in the O, binding curve is indicative of abnormally
elevated 2,3-BPG secondary to a defect in red cell anaerobic glycolysis. Only
pyruvate kinase participates in this pathway.

mo o>

HutrHy 10-MicSIMHOTO BIKY OOCTEXYIOTh JJII BHUSIBICHHS NPUYUMHU TE€MOJITUYHOL
aHemii. Ha pgiarpami Huk4de, KpuBa JucoOLiallli KUCHIO BIJ TIeMOIVIOOIHY B
EpPUTPOLIMTAX LI€] AUTUHU MOPIBHIOETHCA 3 KPHUBOKO, OTPUMAHOK 3 HOPMaJIbHUMU
EpPUTPOLIUTAMM.

Maormal
100 -

S0+ ‘H‘"‘“ Patient

% Saturation

T T 1T 1 11T TrT1rTr1

40 80 120
pO, (mm Hg)

HediunuT sxoro dhepMeHTy, OUIBII 3a BCE MOSICHIOE TEMOJITUYHY aHEMIIO0 y JIaHOTO

narienra?

A.  T'mokokiHazu

B.  I'moko30-6-pocdataerigporenasu
C. IlipyBatkapOokcuia3u

D. TI'myratioHpemykra3u

E. IlipyBatkinazu

Bipna Bigmosias: 3cyB mnpaBoi JiHIT KpuBOi 3B'a3yBaHHs 2 CBIAYUTH PO
HEHOpPMAaJbHO MiABUIIEHY KOHIEHTpauito 2,3-0ihocdormninepary, 110 € BTOPUHHOIO
MPUYMHOIO MO BIIHOILICHHIO 0 Ae(EKTy aHaepoOHOIro TIJIKOJI3y €pUTPOLUTIB. Y
IbOMY HUISIXY O€pe ydacTh TUIbKHU MipyBaTKiHA3a.
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Pebenka 10-mMecsiuHoro Bo3pacta OOCHEOYIOT Il BBISBICHUS  IPUYUHH
reMoJIMTU4YeCKoil anemuu. Ha nuarpamMme Hibke, KpuBasi JUCCOLMALIMM KUCIOPOAA OT
reMorjao0rMHa B pUTPOIUTAX 3TOr0 peOeHKa CPaBHUBAETCSA C KPUBOMW, MOJYYEHHOH C
HOPMAJIbHBIMU PUTPOLIUTAMH.

Maormal
100 -

S0+ ™~ Patient

% Saturation

LI I N D DN A N N BN B B |

40 80 120
pO, (mm Hg)

Hedbuut xakoro gepmenta, 6ojiee BCero, OOBICHSIET T€MOJIUTUUECKYI0 aHEMUIO Y
JAHHOTO TMalueHTa?

A.  I'mokokuHassl

I'mrox030-6-hocdar-neruaporeHasbl

[MupyBaTtkapOOKCHIa3bl

I'myratnonpenykrasbl

: [InpyBaTKMHA3BI

[IpaBunbHbiid 0TBET: CABUT TPABOM JMHUMU KPUBOW CBsI3bIBaHUS O2 CBUAETEIBCTBYET
0 HEHOPMAaJbHO MOBBIIICHHONW KOHIIEHTpaluu 2,3-6udochoraunepara, kKoTopas e€CTb
BTOPUYHOM TPUYMHOM MO OTHOWIEHHIO K JAePEeKTy aHa’poOHOTO TIJIMKOJIU3a
sputpouutoB. Ha 3ToM myTu Oeper ydacTue TOJIbKO MUpYyBaTKUHA3A.

moow

3.3

A breast-fed infant begins to vomit frequently and lose weight. Several days later she
Is jaundiced, her liver is enlarged, and cataracts are noticed in her lenses. These
symptoms are most likely caused by a deficiency of:

A.  Galactose 1-P-uridyltransferase

B. Lactase

C.  Glucose-6-phosphatase

D Galactokinase

E Aldolase B

The answer is: Cataracts + liver disease in a milk-fed infant = classic galactosemia.

HemoBns, sxe mepebyBae Ha TPYJHOMY BUTOJIOBYBaHHI, MOYAJI0 YaCcTO OJIFOBATH Ta
XyaHyTH. Uepes KiTbKa JHIB Y HBOTO 3'SBUJIACH KOBTSHUIIA, TIEYiHKA 30 UTHIIAIACE Y
po3mipi, po3BUHYNAach KartapakTa. [l[i cummTomu, MIBUAIIE 3a BCE, BUKJIMKaHI1

nedimuTom:

A. Tamakro3o 1-pochar-ypuamirpanchepasu
B. Jlakrazu

C. T'moxo30-6-pocdaraszu

D. TanakrokiHasu

E. Anbsnomnazu B

o1
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Bipna BignoBinb: Katapakta + 3axBOprOBaHHSI NMEYIHKM Y HEMOBIIS Ha TPYJHOMY
BUTOJIOBYBaHHI = KJIACMYHA rajJaKTO3EMIsl.

Y HOBOPOXAEHHOr0, KOTOPBIM HAXOJIHUTHCS HA TPYAHOM BCKapMIIMBAHHWM, HAYAIACH
yacrTasi pBoTa M IMoTeps Beca. Uepe3 HECKOJIBKO JHEW Y HEro IMOSBUJIACH JKEIITyXa,
MEYCHb YBEJIMYWIACHh B pa3Mepe, pa3BUiIach KaTapakTa. JTH CHMITOMBI, CKOpee
BCETO0, BbI3BaHbI 1€(PULIUTOM:

A. Tanakrozo-1l-pocdar-ypuaunrpanchepasbl
B.  Jlakra3sel

C. T'moxo30-6-hocdarassr

D. TanakroxkuHa3zbl

E

. Anpsnomnasel B
[IpaBunbnbiii oTBEeT: Katapakra + 3a0osieBaHMEe MeYeHU y peOEHKa Ha TPYIHOM
BCKApPMJIMBAHUU = KJIACCHUYECKas TaJaKTO3EMHSI.

3.4

Following an early-morning run, a 29-year-old man consumes an allAmerican
breakfast consisting of cereal, eggs, bacon, sausage, pancakes with maple syrup,
doughnuts, and coffee with cream and sugar. Which of the following proteins will
most likely be activated in his liver after breakfast?

A.  Cytoplasmic PEP carboxykinase

B.  Plasma membrane GLUT-4 transporter

C.  Cytoplasmic phosphofructokinase-2

D.  Mitochondrial carnitine transporter

E.  Cytoplasmic glycogen phosphorylase

The answer is: Only PFK-2 will be insulin-activated in the postprandial period.

[Ticnst paHKoBOiT MPOOKKY 29-piUHMI YOIOBIK BUPIMIKUB 3’ ICTH «BCEAMEPUKAHCHKUIN
CHIZTAHOK, SIKUW CKJIaJIa€ThCsl 3 3EPHOBUX, S€Ib, OCKOHY, KOBOAcH, MIIMHIIIB 3
KJICHOBUM CHPOTIOM, TMOHYHUKIB 1 KaBU 3 BEpPIIKAMH Ta IYKpoM. SIKi 3 HACTYMHHX
O1/IKiB, OLIBII 32 BCe, OyIyTh aKTUBOBAHI B MEUIHIII MIC/IS CHIJTAHKY ?
[MuromnazmatudHa dochoeHoamipyBaTKapOOKCHKIHA3A

[TrazmoBa memOpana Tpancnoprepa ['JIKOT-4

[MutomnazmatuyHa dhochodpykTokinaza-2

MiTtoxoHipiallbHII KapHITHHOBUHN TPaHCIIOPTEP

[{uTomnazmaTudHa TiikoreHdpochopuiaza

Bipua BignoBiae: Jlume d¢ochodpykrokinaza-2 Oyae aKTHBOBaHA IHCYJIHOM B
nepioJ1 micys mpuioMy K.

moow»

[locne  yrpeHHedt  mpoOexkku  29-JeTHUH ~ MYKYMHA  pelIMI  CheCTh
«BCEAMEPHUKAHCKUI» 3aBTPaK, KOTOPHI COCTOMT U3 3EPHOBBIX, SHI], OEKOHa,
KOJ10achl, OJIMHOB 3 KJIGHOBBIM CHUPOIIOM, TTIOHYMKOB M KO(Pe CO CIIMBKAMU M CaXapoM.
Kakue u3 cnegyromux 0eIKoB, CKOpee BCero, OyIyT aKTUBUPOBAHBI B MIEUYECHU TIOCIIE
3aBTpaka?

A.  Turomnazmartuueckas pochoeHOITUPYBATKAPOOKCUKUHA3A

B. IInasmaruueckass MmemOpana Tpancrnoprepa ['JIFOT-4
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C. [urommazmatudeckas pochodpykroknnaza-2

D. MuroxoHapuanbHbI KAPHUTUHOBBIA TPAHCIIOPTED

E. [urommazmaTtuyeckas riavkoreHdocdopuiasza

[IpaBunbubiii  otBeT: Tonbko QochodpykToknHaza-2 OyaeT akTUBUpPOBaHA
HHCYJIMHOM B IICPpHUO A ITOCJIC IIPpUCMa ITHUIIH.

3.5

55-year-old alcoholic was brought to the emergency department by his friends.
During their usual nightly gathering at the local bar, he had passed out and they had
been unable to revive him. The physician ordered an injection of thiamine followed
by overnight parenteral glucose. The next morning the patient was alert and coherent,
serum thiamine was normal, and blood glucose was 73 mg/dL (4 mM). The IV line
was removed and he was taken home. Which of the following enzymes is thiamine-
dependent and essential for glucose oxidation in the brain?

A.  Transketolase

Transaldolase

Succinyl-CoA thiokinase

Acetyl-CoA carboxylase

. Pyruvate dehydrogenase

The answer is: Most important TPP-dependent enzymes include pyruvate
dehydrogenase, a-ketoglutarate dehydrogenase, and transketolase. Transketolase is in
the HMP shunt and is not strictly essential for glucose oxidation.

moow

55-piuHuii agKoOroJik OyB JOCTABICHHUHA Yy BINJIJICHHS IIBUIKOI JOTIOMOTH JIPY3SMHU.
[Tig gac iX 3BUYaHUX HIYHUX 300piB Y MIiCIIEBOMY Oapi BiH BTPAaTHUB CBIJJOMICTH 1 HE
MPUXOAUB 10 TSIMU. Jlikap MpU3HAYUB 1H'EKINIO TiaMIHy Ta MAPEHTEPAIBHO TIIIOKO3Y
y BIPOJOBXK HOYi. HacTymHOro paHky marieHT OyB HACTOPOXKEHUU 1 KOTEPEHTHHH,
BMICT TiaMiHy B CHPOBATIIi KpoBi OyB y HOpMI, a TJIFOKO3a B KPOBi ckiana 73 mr/mi (4
MM). Ilicns BHYTpIIHROBEHHOT Tepamii WOro BUNHUCAIH J0JA0oMYy. Skuilt 3
nepepaxoBaHuX (PEPMEHTIB € TiaMiH3aJIC)KHHM 1 HEOOXITHUM JUJIi OKHCJICHHS
TJIFOKO3U B MO3KY?

A.  Tpanckeronasa

B. Tpancanbionasa

C. Cykmunin-KoA-Ttiokinaza

D. Awnetmi-KoA-kap6okcuiaza

E. IlipyBatmerimporenasa

Bipua  BigmoBige:  HaliBaxnuBimuMu — TiaMiH3aJeKHUMH  (QEpMEHTAMH €
nipyBaTAeTiIporeHasa, O-KeTOTIyTapaTAerijporeHasa i TpaHCKEToJ1a3a.

Tpanckeronasza mpuiiMae ydyactb B rekco30MOHOGOCHATHOMY IIYHTI 1 HE € CYTTEBO
BaKJIMBOIO JIJISI OKUCJICHHS TIIFOKO3H.

55-71€THUN aJKOTOJIMK OBbUI JIOCTABIICH B OTAEJICHUE CKOPOl MOMOIIM Apy3bsiMu. Bo
BpeMsI UX OOBIYHBIX HOYHBIX BCTPEY B MECTHOM Oape OH MOTepsul CO3HAHUE U HE
npuxoaui B ce0si. Bpau Ha3HauMII MHBEKIIUIO THAMUHA U TTAPEHTEPAIBHO TIIIOKO3Y B
TeueHnd Houw. Ha crenmyromiee yTpo mamueHT ObUT HACTOPOKEH W KOTEPEHTEH,
CHIBOPOTOYHBIN THAaMUH ObUT B HOpME, a TJII0K03a B KpoBU cocTaBuiia 73 mr / ai (4
MM). Ilocine BHYTpUBEHHOM Tepamuu €ro Bbiucaniu JoMoM. Kakoit wu3
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MEPEYUCICHHBIX (EPMEHTOB SIBISETCS THAMHH3aBUCHMBIM W HEOOXOAUM IS
OKHCJICHUS TJFOKO3bI B MO3TE?

TpaHnckeTonasa

Tpancanpnonasa

Cyxkuunmi-KoA-TroknHasa

Auetun-KoA-kapbokcuiasa

[TupyBaTaernaporenasa

HpaBI/IJIBHLII/I oTBeT: BaxueHmMMH THAMHUH3aBUCUMBIMU (DepMEHTaMU SIBIASIOTCS
MUPYBATIETUAPOreHasa, O-KETOTJIyTapaTAETuApOreHasa " TPaHCKETOJIa3a.
TpaHckeTronaza NpPUHUMAET ydacTHE B TE€KCO30MOHO(OCPaTHOMY WIyHTE U HE
SIBJISIETCS )KU3HEHHO Ba)KHBIM JIJIs1 OKHCIICHUS TJIFOKO3BI.

moow»

3.6

A liver biopsy is done on a child with hepatomegaly and mild fasting hypoglycemia.
Hepatocytes show accumulation of glycogen granules with single glucose residues
remaining at the branch points near the periphery of the granule. The most likely
genetic defect is in the gene encoding a(n):

a-1,4 phosphorylase

a-1,4 : a-1,4 transferase

Phosphoglucomutase

a-1,6 glucosidase

Lysosomal a-1,4 glucosidase

The answer is: This activity of the debranching enzyme (a-1,6 glucosidase) a-1,6
glucosidase removes 1,6-linked glucose residues from the branch points during
glycogenolysis.

JIuTuHI 3 TemaToMeraji€l0 1 He3HAYHOIO TIMOTJIIKeMI€I 3poOuiu OI0MCiI0 MEeYiHKH
HaTHIC. FGHaTOI_[I/ITI/I IMIOKa3yYIOTb HAKOIIMYCHHSA I'PAHYII FJ'IiKOFeHy 3 OAUMHUYHUMU
3aJIMITKAMH TJIFOKO3H, 110 3HAXOMIATHCS B TOUYKAX PO3Tally)KeHHS Mo0au3y nepudepii
rpany. HaifOinpIn iMOBIpHUM T€HETUYHUM Je(EeKTOM € nedeKT reHy, o KOIyeE:
a-1,4-dbochopunazy

a-1,4:0-1,4-tpancdepazy

docdormoromyTasy

a-1,6-raroko3uasy

JlizocomanbHy 0-1,4-TIF0KO3UAa3Y

B1pHa BinmoBias: depmenTt a-1,6-rmroko3ugaza € (HEepMEHTOM PO3IICIUICHHS
TIIKOTEeHY 1 BUAajse 1,6-TIOB'sI3aH1 3aJUIIKK TJIIOKO3W B TOYKAX PO3TalyKEHHS ITijT
4ac TIIKOTEHOJII3Y.

moow»

JulcRel-BS

PebGeHky ¢ remaToMerayiiel U He3HAYUTEIBLHON THUIOTIMKEMHEH CaeIalii OUOTICUIO
MEYCHH HATOIIAK. [ emaToIuThl TMOKa3bIBAIOT HAKOIUICHHE TpaHyl TJIUKOreHa C
CIMHUYHBIMU OCTATKAMU TJIFOKO3bI, KOTOPBIE HAXOASATCS B TOUKAX PAa3BETBICHUS IO
nepudepun rpanyi. Hanbonee BepOATHBIM T€HETUUYECKUM JIe(PEKTOM SBISETCS TEH,
KOTOPBIN KOJAUPYET:

A.  o-1,4-bochopunazy

B. «a-1,4:0-1,4-tpancdepasy

C.  ®ochormokomyTasy
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D. a-1,6-rmroko3unasy

E.  Jlusocomanbhyio a-1,4-rmroko3nnazy

[IpaBunbHblA oTBeT: depMeHT 0-1,6-TTI0KO3MmAa3a y4acTBYeT B pacCHICTUICHUH
IVIMKOTE€HAa M yJanseT 1,6-CBsA3aHHBIC OCTATKU IJIIOKO3bl B TOYKAaX PAa3BETBIICHUS BO
BpeMsI TJINKOT€HOJIN3A.

3.7

When fatty acid B-oxidation predominates in the liver, mitochondrial pyruvate is
most likely to be...:

A.  Carboxylated to phosphoenolpyruvate for entry into gluconeogenesis

B.  Oxidatively decarboxylated to acetyl CoA for entry into ketogenesis

C.  Reduced to lactate for entry into gluconeogenesis

D.  Oxidatively decarboxylated to acetyl CoA for oxidation in Krebs cycle

E.  Carboxylated to oxaloacetate for entry into gluconeogenesis

The answer is: Hepatic fatty acid oxidation generates energy in the postabsorptive
period when pyruvate is being converted to oxaloacetate for glucose biosynthesis.

Komun B medinmi mepeBakae [B-OKHCICHHS J>XUPHUX KHUCIIOT, MITOXOHAPIaIbHUM
mipyBarT, MBHIIIE 32 BCe, Oye:

A.  KapOGokcmmoBatucs 10 $ocPoeHOMTIPyBaTy I BCTYITY B TJIFOKOHEOTEHE3

B. OxucmaoBalibHO JAeKapOOKCUIIIoBaTUCA A0 aneTwny-KoA g BBEJACHHS B
KETOTCHE3

C.  IlepeTrBoproBaTucs B JaKTat Jjisl BBEJICHHS B TITIOKOHEOTCHE3

D.  OxucnioBaJIbHO JeKapOOKCWIIOBATUCA M0 aneTwiy-KoA mms oKkucieHHsS B
ki Kpebea

E.  KapOoxkcunroBatucs 10 okcaioaneTaTy Jjisl BCTYITY B TNIFOKOHEOTEHE3

Bipra BigmoBinb: OKHCICHHS XUPHUX KHCIOT B TICUIHIII TEHEPYE CHEPrilo B
nocTadCcoOpOTUBHMIA TIEPi0J], a MITOXOHPIAIbHUIN MipyBaT Oyje MepeTBOPIOBATUCS Ha
OKcaJsioaneTarT A 010CUHTE3Y TIFOKO3H.

Pebenky ¢ remaTomeranuieil ¥ He3HAYMUTEILHON THIOTIMKEMHUEH CAenaM OHUOTICHIO
NEeYEeHU HaTomak. ['enaTonuThl MOKa3bIBAIOT HAKOIUIEHUWE TpaHysl TJIMKOT€HA C
€MHUYHBIMU OCTAaTKaMU IJIIOKO3bl, KOTOPbIE HAXOASATCA B TOUKaX Pa3BETBIECHUS 10
nepudepun rpanyi. Hanbonee BepOSATHBIM T€HETHYECKUM Je(PEKTOM SBISETCS TCH,
KOTOPBIN KOJIUPYET:

a-1,4-pocdoprnazy

a-1,4:0-1,4-tpancdepazy

dochorimokoMyTazy

a-1,6-raroko3unasy

JIuzocomanbhyto o-1,4-raroko3uaasy

[IpaBunbHBI OoTBeT: depmeHT 0-1,6-TIIOKO3M1a3a yYaCTBYET B PACIICTUICHHH
IJIMKOTeHa U ynanseT 1,6-CBsi3aHHbIE OCTATKU TJIIOKO3bl B TOYKaX Pa3BETBICHUS BO
BpEMsI TJIMKOTE€HOIU3A.

moowp
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3.8

44-year-old man from Limpopo Province in South Africa, living in the United States
and receiving antibiotic therapy for a urinary tract infection, has a self-limiting
episode of hemolysis, back pain, and jaundice. The peripheral blood smear reveals a
nonspherocytic, normocytic anemia, and Heinz bodies are seen in some of his
erythrocytes. Which of the following genetic deficiencies is most likely related to his
hemolytic episode?

A.  Homocysteine methyltransferase

B.  Pyruvate kinase

C.  Dihydrofolate reductase

D. Ferrochelatase

E.  Glucose 6-phosphate dehydrogenase

The answer is: Only option Glucose 6-phosphate dehydrogenase is consistent with
the constellation of clinical findings presented. Major clue is the positive Heinz body
preparation.

44-piaamii 4onmoBik pomoMm 3 mpoBiHIi Jlimmomo B IliBgenuin Adpwuri, skuan
npoxuBae B Cmonyuenux Illtatax 1 oTpuMmye aHTHOIOTHKOTEpAIilo 3 JiarHO30M
«IH}peKIis ceYOBUBITHUX IUISIXIB» Ma€ TaKi CHMIITOMH: €130 JUIHUI TeMOJTi3, OLIb B
CIUHI Ta J>KOBTAHHINO. Ma3ok mnepudeprudHoi KpOBI BHUSABISLE HecPEpOIUTApHY,
HOPMOITUTAPHY aHEMIIO, a B JICSIKUX EPUTPOIUTAX CIOCTEPIraloThes Tina XaiHIa.
Slkuii 3 HACTYTHUX TEHETHYHUX Je(DEKTIB, MBUIIIE 32 BCE, MOB'I3aHUN 3 IUM THIIOM

remMouizy?

A. TomommcreinmermiaTpanchepasu
B. IlipyBatkiHasu

C.  HurimpodonaTpemayKra3u

D.  ®eppoxenarazu

E.  I'moko30-6-pocdataerimporenasu

Bipna BimmoBins: Bapiant BipHOT BIAMOBIAIL: TIIIOK030-6-GocdaTaerigporeHasa.
Henocrathicth  rimoko030-6-gocdataerimporeHas  MNPU3BOAUTH 10  3HUIKEHHS
nponyknii HAJI®OH, skuii B epuTpomuTax IEpPEeBOJUTh OKHUCJICHUN TIYyTaTiOH Y
BigHOBNeHU. OcTaHHIA mnonepemkye mnepekucHe okucienHs nimiaiB (ITOJI)
MeMOpaH, 3axuinae Bin okucieHHs SH-rpymu OUIKiB, MIATPUMY€E BIIHOBIEHUN CTaH
3amiza B remorio6iHi. 3HmwkeHHs npoaykmii HAJI®H npusBoauth 10 3HUKEHHS
PIBHI B EpHUTPOIIMTAX BIJHOBJICHOTO TJYTAaTIOHY 1, SK HACIIOK, T'€MOI3y
epUTPOLUTIB. EpUTPOLIUTH SIK1 MICTATh BEIUKY KUTBKICTh KHCHIO CXUJIbHI CTIOHTAaHHO
reHepyBatd akTuBHI ¢Gopmu kucHio (ADK). YV mpucyrnocti ADK remoriolin
yTBOPIOE oOcCaj, SKMA Mae Ha3By Tiurta XailHna. HakonmuyeHHS HIMTOTOKCHYHHUX
nponykrtiB I10JI BUKIMKaE IMOMIKOKEHHS MEMOpaHU EPUTPOIUTIB Ta iX TeMoJIi3.
Po3BHUBa€ETHCS TEMOIIITUYHA aHEMIS.

44-neTHUil My>XYrMHA poaoM U3 npoBuHIMHU Jlummono B OxHoit Adprke, KOTOPBIi
npoxuBaeT B CoennneHnbix llltatax AMepuku u mojiy4aeT aHTUOMOTHKOTEPAIHIO C
muarHo3oM «VMHbekuuss MOYEBBIBOASIIMX TyTEW» MMEET TaKUe CHUMIITOMBI:
AMU30ANYECKUN reMoin3, 00JIb B CIIMHE U JKeNTyXy. Ma3ok nepudepudeckoil KpoBu
MOKa3bIBaeT HEC(HEepOUUTApHYI0, HOPMOIUTAPHYIO aHEMHIO, a B HEKOTOPBIX
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spuTpounTax HabmoparoTcs Tena XaiHia. Kakod M3 crneayromux reHeTHUYeCKUX
nedeKToB, CKopee BCETo, CBSI3aH C 3TUM THUIIOM T'emMoJin3a’?
A.  T'omomucrenHmMeTHITpaHCchEpasbl

B.  IlupyBaTtkuHa3zbl

C.  HurunpodomaTpenyKrasbl

D.  ®eppoxenartasbl

E.  I'moxko3o0-6-docharaerumporenassi

[TpaBunbHbIN OTBET: Bapuant MIPABUJIBHOTO OTBETA: TJTFOK030-6-
docdarneruaporenasa. Henocrarounocts TIII0K030-6-(hocharmernaporenasbt

MPUBOJIUT K CHWKEHUIO nponykuuun HAJIDOH, kOTOpell B 3pUTpOLHUTAX MEPEBOAUT
OKHMCJICHHBIM TJYTaTUOH B BOCCTaHOBJIEHHbIM. [lociennuii mpemynpexaact
nepekucHoe okucienne unuaoB (I1OJI) memOpan, 3amumiaer ot okucieHuss SH-
IpyInbl  OENKOB, TMOMAJIEPKUBAET BOCCTAHOBIEHHOE COCTOSIHUE  JKele3a B
remorniooune. CHwxkenne nponykuun HAJIOH npuBOauT K CHMXKEHUIO YPOBHS B
SPUTPOLUTAX BOCCTAHOBIEHHOI'O TJyTaTHOHA M, KakK CIEACTBUE, TEMOJIU3Y
APUTPOLUTOB. DPUTPOIMUTHL, KOTOPbIE HMEIOT OO0JBbIIOE KOJIUYECTBO KHUCIOPOA,
CKJIOHHBI CIIOHTAaHHO TE€HEpHpOBaTh akTUBHBIE (opmbl kuciopoma (ADPK). B
npucytctBun ADK remormobun obpasyer ocamok, KOTOPHI MMEET Ha3BaHUE Tela
Xaitana. Hakorienue nutotokcuueckux mpoayktoB [TOJI BbI3bIBaET MOBPEkKICHHE
MeMOpaHbI SPUTPOIIMTOB U UX TeMou3. Pa3BuBaeTcs reMonuTryeckasi aHeMusl.

3.9

44-year-old man from Limpopo Province in South Africa, living in the United States
and receiving antibiotic therapy for a urinary tract infection, has a self-limiting
episode of hemolysis, back pain, and jaundice. The peripheral blood smear reveals a
nonspherocytic, normocytic anemia, and Heinz bodies are seen in some of his
erythrocytes. Which of the following sets of lab results would most likely have been
obtained for this patient?

A. Direct Bilirubin Indirect Bilirubin Urinary Bilirubin
B. Increased Increased Absent
C. Increased Increased Present
D. Normal Increased Absent
E. Normal Decreased Present
F. Increased Decreased Present

The answer is: Hemolytic jaundice is associated with increase of the water-insoluble
unconjugated form of bilirubin in the blood, only; direct bilirubin content is normal in
this case. The water-insoluble unconjugated form is not found in the urine. of the
water-insoluble unconjugated form

A4-piyauii 4osoBiK pojoM 3 mpoBiHIi Jlimmono B IliBmeHHin Adpwuin, sSkwii
npoxuBae B Cnomydenux [ltatax 1 oTpuMmye aHTHOIOTHMKOTEpAIilo 3 AlarHO30M
«IH(]exkIris ceyoOBUBITHUX NUISXIB» Ma€ TaKi CHMITTOMHM: €I130JMYHUI TeMOJIi3, O1Th B
CIUHI Ta J>KOBTAHMIO. Ma3ok mnepudepuyHoi KpOBI BHSBISiE HECPEPOLUTAPHY,
HOPMOITMTApPHY aHEMIIO, a B JICSIKUX EPHUTPOIUTAX CIOCTEPIraroThes Tina XaiHIla.
SAxuii 13 HaBeICHUX HUKYE PE3yJIbTaTIB JJA0OPATOPHUX JTOCITIKEHbB, IIBHU/IIIE 32 BCE,
OyB OM OTpUMaHUM y IILOTO MAaIli€HTa?
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A.  Tlpsmwuii 6utipy6in  Henpsamuit 6utipy0in Binipy6in ceut
B. 30UIbIIEHHS 30UIbIIEHHS Biacythii
C.  30uiblIeHHA 30UTbIIIEHHS [TpucyrHii
D. Hopmanbhe 30UIbIIICHHS Bincyrhiit
E. Hopmanbhe 3HUKECHHS [TpucyTHii
F. 30UTbIIICHHS 3HUKECHHS [TpucyTHii

Bipna BianoBige: J[Jis reMONITUYHOT KOBTSHUI[l XapaKTEpPHUN HOPMAJbHUM BMICT
npsiMoro OutipyOiHa Ta 30UIbIIEHHS HempsiMoro OulipyOiHa B KpoBl. OjHak
HAKOIMYEHHS HENPSIMOro OulipyOiHa B KPOB1 HE COMPOBOKYETHCS MOr0 MOSIBOIO B
ceul (buipyOiH B ceui BiACYTHIi).

44-netHuil My>kurMHa poaoM u3 npoBuHimu Jlummnomno B OxHoit Adpuke, KOTOPHIi
npoxxkuBaeT B CoequHeHHbIX [lITaTax AMEpUKH U MOJIy4yaeT aHTUOMOTUKOTEPAIIHIO C
nuarHo3oM «MHdexuuss MOUYEBBIBOASIIMX IMYTEW» HMEET TaKue CHUMITOMBI:
AMU30/IMYECKUIN TeMoJIn3, 00JIb B CIIMHE U XKeNTyXy. Ma3ok nepudepuueckoil KpoBu
MOKA3bIBAET HECPEpPOLUTaAPHYIO, HOPMOILMTAPHYID AaHEMHUIO, a B HEKOTOPBIX
IPUTPOIIMTAX HAOMIOMAIOTCA Tejda XahHma. Kakod W3 TpHBEACHHBIX HIDKE
PE3yIBTATOB JTAOOPATOPHBIX MCCIICIOBAHUN, CKOPEE BCETO, OBLI OB TTOYYEH y 3TOTO
nanueHnra?

A.  Tlpsmoii owmupyobun Hemnpsimoit Oumnmnpyoun  bunmmpyouna moun
B. VYBenuuenue YBenuuenue OtcyTCcTBYET

C.  VBenuueHue YBenuuenue [TpucyrcrByer

D. HopmanbHoe VYBenuueHHE OTcyTCcTBYET

E. Hopmanbaoe CHuxeHue [TpucyrctByer

F. YBenuueHue CHuxeHne [IpucyrcrByer

[IpaBunbpHBIA OTBEeT: [ TeMONMMTHYECKOW IKEITYXH XapaKTepHO HOPMaIbHOE
coJiepKaHUe MPSMOTO OMITMPYOrHA M YBEIUYCHHE HEMPSIMOTO OUIUpyOnHA B KPOBH.
OnHako HaKoOIJIEHHWE HEMPSMOro OWIMpyOMHAa B KPOBHU HE COMPOBOXKIACTCS €ro
nosiBiieHreM B Moue (bunupyOuH B MOYE OTCYTCTBYET).

3.10
Obligate activator of hepatic pyruvate carboxylase in the postabsorptive state is:
A. Malonic acid
B. Acetyl-CoA
C. Pyruvate
D. Oxygen
E. Oxaloacetate
The answer: Acetyl-CoA activates pyruvate carboxylase and gluconeogenesis during
fasting.

VYkaxiTe oOmiratHuil (000B’SI3KIBHI) aKTUBATOP MEUYIHKOBOI MipyBaTKapOOKCHIIa3u B
nocTabCcopOIIfHOMY CTaHi:

A. ManoHoBa KucioTa

B. Auetmin-KoA

C. IlipyBat

D. Kucenp
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E. Okcanoanerar
Bipna BianoBins: Auetuii-KoA akTuBye nipyBaTkapOOKCHIIa3y 1 INIIOKOHEOTEHE3 Mij

9ac roJI0LyBaHHS.

VYkaxure 00JIUraTHBIN (oOs13aTenbHbIN) AKTUBATOP MIEYECHOYHOMN
nUpyBaTKapOOKCUIa3bl B MOCTA0COPOIIMOHHOM COCTOSIHUU:

A. ManoHoBasi KMUCJIOTa

B. Auetmin-KoA

C. IMupysat

D. Kucnopon

E. Oxcanoanerar
[lpaBunbHblii  oTBeT:  AneTwin-KoA — akTuBHpyeT mnHpyBaTkapOOKcuiiazy U
TJIFOKOHEOT'€HE3 BO BPEMS TOJIOJJAHUS.

66



Glossary
Carbohydrates - bioorganic compounds that are polyhydroxy aldehydes,
polyhydroxy ketones, or compounds that can be hydrolyzed to them.
organic compounds, most often carbon, hydrogen, oxygen.
Monosaccharides - are derivatives of polyatomic alcohols containing carbonyl group
- aldehyde or ketone, are colorless, well soluble in water, have a sweet taste.
Oligosaccharides contain from 3 to 10 monosaccharide residues. Well dissolved in
water, have a sweet taste.
Polysaccharides are complex carbohydrates consisting of a large number of
monomers — simple sugars and their derivatives.
Homopolysaccharides - contain only one type of monosaccharide as monomer.
Heteropolysaccharides - molecules consist of two or more types of
monosaccharides as monomers.
Glucose (from ancient Greek yAvkidg sweet) (CsH1206), Or grape sugar, or dextrose, is
found in the juice of many fruits and berries, including grapes, from which the name
of this type of sugar originated. It is a monosaccharide and hexatomic sugar (hexose).
Fructose - monosaccharide, hexose, keto-derivative; residue in sucrose, in free form
found in honey.
Maltose is a natural disaccharide composed of a-D-glucose residues linked by a-1,4-
glycosidic bond.
Lactose (milk sugar) is a carbohydrate of the disaccharide group found in milk and
dairy products. A lactose molecule is made up of residues of glucose and galactose.
Starch (CsH100s) n - polysaccharides of amylose and amylopectin, the monomer of
which is alpha-glucose linked by a-1.4- and a-1.6-glycosidic bonds; found in plants.
Glycogen (CsH100s) n is a polymer consisting of a-glucose residues that are
connected by a -1,4 and o -1,6-glycosidic bonds; found in animals.
Glycolysis, or the path of the Embden-Meyerhof-Parnas (from the Greek. I'Avkog -
sweet and the Greek. Abvong - splitting) - the process of glucose oxidation, in which
two molecules of pyruvic acid are formed from one glucose molecule. Oxygen may
be not required for glycolysis. Under aerobic conditions, pyruvic acid is further
decarboxylated, combines with coenzyme A and is involved in the Krebs cycle, and
under anaerobic conditions or during hypoxia, it undergoes further transformation
into lactate (lactic acid).
Aerobic glucose oxidation - complete oxidation of glucose to CO, and HO,
includes the preparatory stage - the formation of two trioses, glycolytic oxidation
reduction, oxidative decarboxylation of pyruvate and the tricarboxylic acid cycle.
Oxidative decarboxylation of pyruvate involves 5 reactions converting PVC to
acetyl CoA. The pyruvate dehydrogenase complex consists of 3 enzymes and 5
coenzymes.
The malate-aspartate shuttle mechanism for the transfer of protons from cytosol to
mitochondrial matrix. Oxaloacetate is reduced in the cytosol with the use of NADH,
formed during glycolytic oxidation to form malate. Malate enters the mitochondria
due to malate-aspartate shuttle, where it is oxidized to oxaloacetate and NADH is
formed. The oxaloacetate is transaminated to aspartate, which goes into the cytosol
and converts into oxaloacetate. NADH is donor of electrons for electron transport
chain.
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The glycerol phosphate shuttle mechanism for the transfer of protons from cytosol
to mitochondrial matrix. Dihydroxyacetone phosphate is reduced in the cytosol with
the use of NADH, formed during glycolytic oxidation to form glycerol-3-phosphate.
It enters the mitochondrial inner membrane due to glycerol phosphate shuttle, where
it is oxidized to dihydroxyacetone phosphate and FADH; is formed.
Dihydroxyacetone -3-phosphate goes back to cytosol FADH; is donor of electrons for
electron transport chain.
The energy balance of the complete aerobic oxidation of glucose - in the liver,
kidneys and myocardium, where malate-aspartate shuttle system functions, the
complete aerobic oxidation of glucose is accompanied by the formation of 38 ATP
molecules. In the case of the use of glycerol phosphate shuttle system in the oxidation
of the cytosolic NADH, the energy output with full aerobic glucose oxidation
decreases to 36 ATP molecules.
Glycogenesis - glycogen synthesis.
Glycogenolysis - the breakdown of glycogen (may be in the liver upto free glucose;
may be in muscles up to glucose-6-phosphate).

I'nocapiii
Byraesoau - e OloopranivHi CIIOJIYKH, MOJIITIPOKCUATBICT1IH,
MOJIIrJIPOKCUKETOHHU, a00 CIOIYKH, SIKI MOKYTh OyTH T1JIp0JI130BaH1 A0 HUX.
MoHocaxapuau - SBISIOTH COOOI0 MOX1AHI OaraToaTOMHHMX CHHPTIB, IO MICTSITh
KapOOHUIBHY TPYIy - albJerigHy ado KeTOHHY, 0e30apBHI, J0Ope PO3YMHHI y BOII,
MAaIOTh COJIOAKUM CMaK.
Ouairocaxapuau wmictath Big 3 10 10 wMoHocaxapuaHux 3anuiikiB. J{oOpe
PO3UYUHAIOTHCS Y BOJI1, MAIOTh COJIOJIKUN CMaK.
Ionicaxapuam € CKIaJHUMU BYIJIEBOJAMU, IO CKJIANAIOTHCS 3 BEJIUKOI KLIBKOCTI
MOHOMEPIB - MOHOCAXapH/IiB Ta 1X MOXITHUX.
T'omonomnicaxapuam - MICTATh TUIBKUA OJUH TUIl MOHOCAXapuAy sIKk MOHOMEDY.
I'ereponosicaxapuam — iX MOJEKYJIM CKIAJalOThCsA 3 JBOX a00 OLUIbIlIE€ THITIB
MOHOCAaXapHiB IK MOHOMEDIB.
I'moko3a (3 maBHBOTpEnbKOTO YALKVG sweet) (CeH1206), a0 BUHOTpamHMii ITyKOp,
a00 JeKCTpo3a, MICTUTHCSL B COKY 0araTthoX (DpyKTIB 1 Arij, BKIKOYAIOUW BUHOTPA, 3
SAKOTO TOXOAUTh Ha3Ba LBOTO TUMy MoHocaxapuny. llukmiuna dopma anbda-D-
TJTIOKO3HU € MOJIIATOMHUM CITUPTOM (TE€KCO03a).
dpykTo3a - MOHOCAXapUJI, TEKCO3a, KETO-MOX1/IHA; 3aJIUIIOK Y CKJIaJl caxaposu, y
BUIbHII (hOpM1 BUSIBIISIETHCS] B ME/I.
ManbTo3a € NPUPOAHUM OHCAXAPUIIOM, IO CKIATAETHCA 3 ABOX 0O-D-TIIIOKO3HUX
3aJIMIIKIB, TTOB'I3aHKUX 0-1,4-TTTIKO3UIHUM 3B'SI3KOM.
JlakTo3a (MOJOYHUI IIyKOp) - BYIVIEBOJ TPyNU JuUCaxapuiiB, 110 MICTUTHCS B
MOJIOII 1 MOJIOYHUX MpOAyKTaxX. MoJekyna JIaKTO3W CKIIAIa€ThCsl 3 3aJIMIIKIB
TJTFOKO3H 1 TaJIaKTO3H.
Kpoxmaab (CsH1005)n - momicaxapuy aMiIo3H 1 aMiJIONIEKTHHY, MOHOMEPOM SIKUX €
anb(a-D-rmaroko3a, mos'a3ana a-1,4- 1 a-1,6-T1iKO3MAHUME 3B'I3KaMU; 3yCTPIYa€THCS
B POCJIMHAX.
Iaikoren (CgHi10Os)n sBIsie coboro mojiMep, MO CKIamaeTbes 3 o-D-riroxo3nmx
3anmuIKiB, ki 3'eqHaHi o-1,4 1 o-1,6-Tmiko3uaHMMH 3B'A3KaMU; 3yCTPIYAE€THCA Y
TBAapUH.
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Iaikoui3, ad0 muisx Emogena-Meiieproga-Ilapuacy (3 rpeu. I'Avkoc - conoakuii 1
3 rpen. AOong - pO3MUICIUIEHHS) - MPOLEC OKUCICHHS TIIOKO3U, MPU SIKOMY 3 OJIHIET
MOJIEKYJIH TJIFOKO3U YTBOPIOIOTHCS JBI MOJIEKYJIU MIPOBUHOTPAHO1T KUCIOTH. KuceHb
HE OOOB’SI3KOBO MOTPIOEH JUIsi NPOTIKAaHHA TIiikomizy. B aepoOHux ymoBax
MIPOBUHOIPAJHA KUCJIOTA JIalll 1eKapOOKCUITIOEThCS, 3'€IHYEThCA 3 KOPEpPMEHTOM A 1
Oepe ydactb y nukii KpeOca; B aHaepoOHMX ymoBax a00 mix 4ac Trimokcii
IJII0K032 NMEePeTBOPHETHCA B JIAKTAT (MOJI0OYHA KHCJI0TA).
Aepo0OHe OKHCJEHHSI TJKKO3M - TOBHE OKucieHHs Tioko3n g0 CO2 1 HzO,
BKJIIOYAE MIJTOTOBUYUM €Tam - YTBOPEHHS ABOX TP103, TIIKOIITUYHY OKCUIOPEAYKIIIIO,
OKHCHE JIeKapOOKCUITIOBaHHS MIPYBATY 1 LUK TPUKAPOOHOBUX KUCIOT.
OxuciaoBajibHe J1eKapOOKCUJIIOBAHHSI  MipyBaTy  BKJIOYae 5  peakiiid
neperBopeHHs [ IBK B anetnn-KoA.
HipyBaTaerizporeHasHuii KomIJieKe CcKiIagaetecsa 3 3-X ¢depMmeHTiB 1 5-i
KO(pepMeHTIB.
Manar-acnapTaTHa 4Y0BHHUKOBA CHCTEMAa € MEXaHI3MOM NEPEHECEHHsI MPOTOHIB
Bix raikomituyHoi Gopmu HAJIH 3 1MTo30110 B MITOXOHApPIAJbHUI MAaTPHUKC.
Okcamnoarierat  BigHOBIIOEThC  npu  aii HAJIH-3anmexxHoi  1IMUTO30JIbHOT
ManaTJeriiporeHasu a0 Manary. YoBHHKBa cucTeMa BIJINPaBIIsiE MaiaT B MaTPUKC
MITOXOHJIpii B OOMIH Ha acmaprtar, A€ BiH OKHCIoeTbes y uukiai Kpebca no
oKcajoaleTaTty 3 yTBOpeHHsSIM MiToxoHapianbHoi Gopmu HAJIH. Oxkcanoanerat
3aBISIKM TpaHCAMIHYBaHHIO IMEPEXOJUTh B acmapraT 1 MbOTro BYTJELUEBUH CKEIET
noBepTaeTbesa y uuto3oib. HA/IH € 1oHOpOM eleKTpoHIB AJIsl JUXATbHOTO JIAHITIOTY
BHYTPIIIHBOI MEMOPAHU MITOXOHPIH.
Iminepoadgocdarna 4oBHUKOBa cUCTEMA € € MEXaHI3MOM IEPEHECEHHSI MPOTOHIB
Bixm rmikomituaHOoi ¢dopmu HAJIH 3 1UTO3070 B MITOXOHIpIadbHUM MAaTpPHKC.
Juruapokcuarietongocdar BigHoBmoeTbess npu Ali HAJ[H-3anexHoi MTO301bHOT
riinepoin-3-gocdaraerigporeHazu  no riinepon-3-pocdary, AKui TOTparisie B
MITOXOH/pPiaJIbHY BHYTPINTHIO MEMOpPaHy 3aBISKH YOBHUKOBIA CHUCTeMi B OOMIH Ha
nurinpokcuaneronpocdar. MirtoxoHapianpHa — Tainepoi-3-gocdaraerigporenHasa
YTBOPIOE 3 HBOrO aAWrigpokcianeton-3-¢pochar 1 DAJIHy, saxuit € moHOpOM
€JIEKTPOHIB JIJISl TUXAIBHOTO JaHIIOTY BHYTPIIIHBOI MEMOPAHU MITOXOHIPIH.
Eneprernunnii 0ajanc MOBHOr0 aepo0HOr0 OKHMCJEHHS TIJIIOKO3M - B TEYIHII,
HUpKax 1 MioKapii, e (PyHKIIOHye ManaT-acnapTaTHa YOBHUKOBA CUCTEMaA, MOBHE
aepoOHE OKHCIIEHHS TJIIOKO3H CYNPOBOJKYETHCS YTBOpEHHSIM 38 moiniekyn ATO. ¥V
pa3l K BHUKOpPUCTaHHS riieposiPpochaTHOi YOBHUKOBOI CHUCTEMH B OKHCIICHHI
uuro3zoiabHoro HAJIH enepreTuyHuil BUXiJ MpPU MOBHOMY aepoOHOMY OKHCIICHHI
[JIFOKO3U 3HUXKYEThCA 10 36 Monekyn ATO.
I'imikoreHe3 - cuHTE3 TJIKOT€HY 3 BUIBHOI TJIOKO3M B YMOBaxX alliMEHTapHOI
rinepriikeMii.
I'nikorenonis - posmnan riaikoreHy (MOXJIMBO B IMEUMHINl — JO BUIBHOI TJIOKO3W;
MOXJIMBO B M 133X JIO ITIOK030-6-docdary).

I'noccapui
YraeBoabl - 3T0 OHMOOpPraHMYECKUE COEAUHEHHUS, MOJUTHIPOKCHAIIBAECTHUIBI,
MOJIUTUIPOKCUKETOHBI, WM JPYrd€ COCIUHEHHS, KOTOpPble MOTYT OBITh
TUAPOIU30BAHBI 10 HUX.
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Monocaxapuabl - MPEACTaBIAIOT COOO0 MPOU3BOJIHBIE MHOTOATOMHBIX CIHUPTOB,
COJIepKalllUX KapOOHWIBHYIO TPYINNY - ajJbJETUIHYIO0 WU KETOHHYIO; OECLBETHBIC
BEILIECTBA, XOPOIIIO PACTBOPUMBIE B BOJIE, UMEIOT CIaJKUN BKYC.

Oumrocaxapuabl coaepxkat or 3 no 10 MOHOcaxapuaHUX OCTaTKOB. XOPOIIO
PacTBOPSIIOTCS. B BOJIE, UMEIOT CIAJKHUI BKYC.

Ionucaxapuabl SBISIOTCS CIOXKHBIMU YTIIE€BOJAMHU, COCTOAIINE U3 OOIBIIOT0 Yucia
MOHOMEPOB - MOHOCAXapUJI0B U UX MPOU3BOIHbIX.

T'omomonucaxapuabl - coJiepKaT TOJIBKO OJUH TUI MOHOCaXapuia Kak MOHOMEpA.
I'eTteponmonucaxapuabl - HUX MOJIEKYJBl COCTOAT U3 JBYX WM Oo0jee THUIIOB
MOHOCAXapHJI0B KaK MOHOMEPOB.

I'mioko3a (c nmpeBHerpedeckoro yAvkvg sweet) (CsH120s), i BUHOTpaIHBIN caxap,
WU JIEKCTPO3a, COJIepKalasics B COKe MHOTHX (PYKTOB U SITOJI, BKJIIOYask BUHOTPa
Huxnuueckas ¢opma anbda-D-rmroko3sl  sBISETCS MNOJUATOMHUM — CHUPTOM
(rexcosa).

dpykTo3a - MOHOCAXapwj], IeKco3a, KETO-MPOU3BOJAHOE COEAUHEHHE; OCTATOK B
COCTaBe caxapo3bl, B CBOOOAHOM (hopMe ompeaeisieTcs B MEE.

ManbTo3a SBISIETCS €CTECTBEHHBIM JAHMCAaXapuJIOM, COCTOAIIMM U3 ABYyX a-D-
[JIFOKO3HBIX OCTAaTKOB, CBSA3aHHBIX 0-1,4-TJTMKO3UIHON CBA3BIO.

JlakTo3a (MOJIOUHBIH caxap) - yrJieBOJl TPYIIIbI AUCAXAPUIOB, COJECPKUTCA B MOJIOKE
U MOJIOYHBIX MpoJyKTax. MoJieKysia JIaKTO3bl COCTOUT M3 OCTATKOB TJIFOKO3bI M
rajgakTo3bl.

Kpaxman (CsH100s)N — mommcaxapui, comepkaliuii amuio3y W aMUJIONCKTHH,
MOHOMEpPOM KOTOpBIX siBIsieTcs anb(a-D-rimoko3a, cBs3anHas o-1,4 wu o-1,6-
[JIMKO3UJIHBIMU CBSI3SIMU; BCTPEYAETCSI B PACTCHUSX.

I'makoren (CsHi1005)n mpencraBiaser coOoi momuMmep, coctosiuii u3  ao-D-
TJIFOKO3HBIX OCTAaTKOB, KOTOPBIC COEAUHEHBI 0-1,4 U 0-1,6-TIIMKO3UIHBIME CBS3SIMU;
BCTPEYAETCS Y KUBOTHBIX.

T'imukonus, uiu nyts IMOAeHa-Melieproda-Ilapnaca (c rped. I'Avkocg - cnagkuii u ¢
rped. AVOoNG - paclielyieHHe) - MPOIECC OKUCICHHS TIIOKO3bI, MPU KOTOPOM U3
OJIHOW MOJIEKYJIbI TJTFOKO3bl 00pa3yroTCs ABE MOJEKYJbl TUPOBUHOTPATHON KUCIOTHI.
Kucnopon He o00s3aTenbHO HYXKEH [JIs MPOTEKaHUs TiauKoiu3a. B a’poOHbIX
YCJIOBUSIX TUPOBUHOIPAIHAS KHUCJIOTA JajblIe JeKapOOKCHINPYETCS, COCIUHSIETCS C
kopepmenTom A u ydacTByeT B 1ukie KpeOca; B aHa’pOOHBIX YCIOBUSIX WU IPHU
TUIIOKCUH TJII0KO03a MPEBpaIlaeTcs B JaKTaT (MOJIOYHAS KUCIIOTA).

A3po0HOe OKHCJIEHHE TIIOKO03bI - MOJHOE OKucieHue Tmoko3el 1o CO2 u H20,
BKJIIOYAsl MOJTOTOBUTENIbHBIM 3Tam - 0O0pa3oBaHHUE JIBYX TPHUO3, TIIMKOJIUTHYECKAS
OKCUJIOPEAYKIUS, OKHUCIUTEIbHOE JeKapOOKCHIMPOBAaHUE TUpyBaTa U  IUKI
TPUKAPOOHOBBIX KUCIIOT.

OxkucauresbHoe JAeKapOOKCWIMPOBAHUE NHMPYBaTa BKJIOYACT S peakiui
npeBpamenus [IBK B anetnin-KoA.

IupyBaTaernaporeHasHplii KOMILIEKC COCTOUT u3 3-x (¢GepMeHTOB u 5-it
KO(pepMeHTOB.

Manar-acnapTraTHasi 4YeJHOYHAasi CHCTeMa SBISETCS MEXaHU3MOM IIepeHoca
MPOTOHOB OT IMKoauTU4Yecko Gpopmbl HAJIH u3 1uTo3051s1 B MUTOXOHAPHATBHBII
matpukc. OxcanoaneraT BoccTaHaBiuBaetrcss npu aAerctBuun HAJ[H-3aBrcumoin
IIUTO30JIbHOM MaJaTACTUAPOreHa3bl 0 Majara. YenHouHas cucTeMa OTIPABISIET
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MajiaT B MaTPUKC MUTOXOHJPUU B OOMEH Ha acmapTaT, T/I€ OH OKHUCISETCS B IUKIIE
KpebGca no okcanoarerata ¢ oOpa3oBaHueM MUTOXOHIpuaibHOM (Gopmbl HAJIH.
Okcanoanieratr Onarogapsi TPaHCAMUHUPOBAHUIO MEPEXOAUT B acmapratr, U €ro
YIJIEPOJHBIM CKEJIET BO3Bpamaercs B 1uro3oib. HAJIH sBisercs poHOpoM
AIEKTPOHOB JJIsl ABIXATEIBHOTO LIETH BHYTPEHHENH MEMOpPaHbl MUTOXOHAPHIA.
I'munepoadgochaTHas YeJHOUHAA CcHUCTeMa SBISETCS SBISIETCS MEXaHU3MOM
MepeHoca MPOTOHOB OT TimMKoauTudeckor Gopmel HAJIH w3 nwmro3ons B
MUTOXOHJIpUaNibHbIi MaTpukc. Jluruapokcuanerondocdar BoccTaHABIMBACTCS MPU
nevicteun HAJIH-3aBuCHMOI TMTO301HOW TIHIEPOII-3-PochaTaeTuIporeHassl B
rmnepuH-3-pocdara, KOTOPHIA TOMAanaeT B MHUTOXOHIPHAIBHYI) BHYTPEHHIOKO
MeMOpaHy OJiarofapsi YeJTHOYHOW CUCTEME B OOMEH Ha JUruapokcuaieToHdocdar.
MutoxoHapuanbHas — raUIepuH-3-GochaTaeTuiporeHasbl  00pa3yeT H3  HETO
muruapokrcuaneTon-3-gpochar u ®AJ[H2, KOTOpHINA ABIASETCA TOHOPOM DJIEKTPOHOB
JUISL BIXATEIBbHOTO 1IN BHYTPEHHENH MeMOpaHbl MUTOXOHAPHIA.

JHepreTHYecKrili 0aJIaAHC MOJTHOr0 A3POOHOr0 OKHUCJICHUSA [IIOKO3bI - B [ICUCHH,
MOYKax U MHUOKapAe, rae (PyHKIMOHUPYET MajlaT-acliapTaTHas YeIHOYHAas CHUCTEMA,
MIOJTHOE adPOOHOE OKUCIICHHUE TIIFOKO3bI COMMPOBOKIAETCS 00pa3oBaHUEM 38 MOJIEKYIT
AT®. B cnyyae xe MCHONB30BaHUS TAUIEPOaPochHaTHON UYEITHOYHOW CUCTEMBI B
IHEPTEeTUYECKUN BBIXOJ] MPU TIOJTHOM a’3pOOHOM OKHUCIIEHWH TIFOKO3bI CHIKACTCS 0
36 mostekyn ATO.

['imKkorenes - CHHTE3 TJIMKOTEHA U3 CBOOOHOM TIIFOKO3bI B YCIOBUAX ATUMEHTAPHOU
TUNIEPTIIUKEMHUH.

[MKoreHo/n3 - pacmnaja riIuKoreHa (BO3MOXKHO B TICUCHHU - 10 CBOOOTHOM TIFOKO3HI;
BO3MOXKHO B MBIIIIAX JI0 TIIOK030-6-Pocdarta).
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Chapter 4
LIPIDS METABOLISM

Pozmin 4
OBMIH JIIIIIIIB

['maBa 4
OBMEH JIMIIN10B



4.1

What is the most positive activator of the process shown below?
8 Acetyl-CoA + n ATP + 14 NADPH — palmitate + 8 CoASH + nADP + nPi + 14 NADP

A.  Acetyl-CoA

B. Citrate
C. Malonyl-CoA
D. Malate

E.  Oxaloacetate
The answer is: Citrate is a potent activator of acetyl-CoA carboxylase for
fatty acid synthesis.

Ha3BiTh HaltOLIbII HMOBIPHUN aKTUBATOP MPOIIECY HABEIEHOT'O HIKUE:
8 Auetni-KoA + n AT® + 14 HAJI®H — IMaasmurar + 8 KoA + HAJI® + nPi + 14 HAJI®
A.  Aunetmi-KoA

B Hutpat

C. Manonui-KoA

D Manart

E Oxcamoarnerar

Bipna BiamoBiab: [utpaT € mNOTeHIIAJIbBHUM aKTuBaTOpoM areTui-KoA-

KapOOKCcHIIa3M, IKa YTBOPIOE TOJIOBHUM CyOCTpaT CHHTE3a BUILMX KUPHUX KHUCIOT —
mMaJioHUT-KO0A.

HazoBute Hanbosee BEpOSTHBIM aKTHUBATOP IMpoliecca MPUBEASHHOTO HIKE:
8 aneTii-KoA + n AT® + 14 HA/I®H — ITaasmurar + 8 KoA + HAJI® + nPi +

14 HAJ1®

A. Anetni-KoA
B. IHutpar

C. Manonnn-KoA
D. Manar

E. Oxkcanoanerar

[IpaBunbHbiii oTBeT: LlUTpaT sABIsIETCS MOTEHIIMAIBHBIM aKTUBATOPOM aneTmin-KoA-
KapOOKCHIIa3bl, KOTOpasi 00pa3yeT TJIaBHBIA CyOCTpaT JUIsi CHHTE3a BBICIINX KUPHBIX
KHUCJIOT - ManoHUI-KoA.

4.2
When adipose tissue stores triglyceride arriving from the liver or intestine, glycolysis
must also occur in the adipocyte. Which of the following products or intermediates of
glycolysis is required for fat storage?
A.  Glycerol
B.  Glucose 6-phosphate
C.  Pyruvate
D Acetyl-CoA
E Dihydroxyacetone phosphate
The answer is: To reform triglycerides from the incoming fatty acids, glycerol-3-P
must be available. The adipose can produce this only from DHAP in glycolysis.
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Konu B upoBil TKaHMHI HAKOMUYYIOTHCA TPUTTIIEPUIU, IO HAAXOAATH 3 TMEUYIHKU
a00 KHWIIIEYHMKA, TJIKOJI3 TaKoXk MOBUHEH BiIOyBaThcs B aaumnonutax. Ski 3
HaCTyMHHX MpPOAYKTIB 200 MeTaboJITIB TJIKONI3y HEOOXiHI ISl HAaKOMUYEHHS

A I'minepun

B. I'mokoza 6-dochar

C. Ilipysmat

D Anetun-KoA

E.  Hirimpokcuanerondocdar (AI'AD)

Bipna BianoBige: 1100 yTBOpUTH TpUTTILEPUIN 13 KUPHUX KUCIOT, IO HAJXOJSTH,
riinepoi-3-gocdar moBuHEeH OyTH AOCTYHHUM. JKHPHI KUCIOTH MOXYTh BHPOOJIATH
rioro Tutbku 3 JII'AD B rmikomizi.

Korna B )KHpOBOﬁ TKAaHHM HAKaIIMBAIOTCA TPUITIMLHCPHUALI, IIOCTYIIAIOIIUC M3 IICUCHHU
WM KHIICYHHKA, TIMKOJIN3 TAKXKC JOJLDKCH IIPOHMCXOJHNTH B aAMUIIOLIHUTAX. Kakue u3
CIcAyomux IIPOAYKTOB HIIN META0O0JIUTOB TJIMKOIN3a HCO6XOI[I/IMBI JJIA1 HAKOIIJICHU A

A ['mauepun

B.  I'moko3za 6-docdar

C. Ilupysar

D Anetun-KoA

E. Juruapokcuanerondocdar (I AD)

[TpaBunbHBIA OTBeT: YTOOBI CHHTE3WPOBATh TPUTIIMIEPUILI U3 TOCTYMAIOIINX
KUPHBIX KUCIIOT, TuiepuH-3-pocdar qomxeH ObITh JOCTYMHBIM. JKUPHBIE KHCIOTHI
MOTYT IIPOU3BOAUTH €T0 TONBKO ¢ JII'AD B rinukonmse.

4.3

Abetalipoproteinemia is a genetic disorder characterized by malabsorption of dietary
lipid, steatorrhea (fatty stools), accumulation of intestinal triglyceride, and
hypolipoproteinemia. A deficiency in the production of which apoprotein would most
likely account for this clinical presentation?

A.  ApoB-100
B. ApoB-48
C.  ApoC-IlI
D.  ApoA-I|

E. ApoE

The answer is: ApoB-48 is required for intestinal creation of chylomicrons a
transport form of resynthesized triacylglycerols from intestine to pthe place of their
degradation. ApoB-100 formation is also impaired in these patients, but this would
not explain the clinical symptoms described.

AleTranurnonpoTeineMis - IIe¢ TEHETUYHE 3aXBOPIOBAHHS, M0 XapaKTEPU3YETHCS
MOPYIIEHHSIM BCMOKTYBAaHHS TMPOAYKTIB TI€pETpPaBICHHs JIMIiIB, CTEaTOPEEIO,
HAKOIMMYCHHSM TPUTJIIEPHUIIB B CHTEPOLIMTAX KUIICUYHUKY, 1 TIMOTIIONIPOTSIHEMIETO.
Hedimut y BUpoOOJEHHI SKOrO aronpoTeiHa HAWOLIBIT HWMOBIPHO TOSICHIOE ITHO
KIHIYHY KapTHHY?
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A. AmnoB-100
B. AmnoB-48
C. AnoC-ll
D. AmnoA-I

E Amo E

Bipna BinnoBins: Anomnpotein B-48 € HeoOxiqHuM aiig GopMyBaHHS XUTOMIKPOHIB —
TpPaHCMIOPTHOT (OPMU PECUHTE30BAHUX JIMIAIB 13 KUIIEYHUKY Y KPOB JI0 MICIb iX
posnany. ®opmyBanHa AmOB-100 Takox mMOpyIieHO y IMX MAIll€EHTIB, ajie IIe
MOPYIICHHS HE TOSCHIOE HaBEICH] KIITHIYH1 CUMITTOMH.

AOGeTanunonpoTeMHEMHUsl - 3TO TeHETHYEeCKoe 3a00JeBaHMe, XapaKTepHU3yIolleecs
HapyIlIEHHWEM BCAaCbIBAHUS MPOJYKTOB TI€PEBApUBAaHUS JIMIUAOB, CTeaTOpeei,
HAKOIUICHHEM TPUTJIULIEPUJIOB B SHTEPOLIUTAX KHIIIEYHHKA u
runonunonporennemMue. Jledunut BbIpaOOTKM Kakoro amompoTenHa Haubolee
BEPOSITHO OOBACHSIET ATY KIMHUYECKYIO KapTUHY?

A. AmnoB-100
B. AnoB-48
C. AnoC-ll
D. AmnoA-I

E. Amo E

[MpaBunbHBI  oTBeT: AmnomporenH B-48 HeoOxomum s dhopMupoBaHUS
XHJIOMUKPOHOB - TPAHCIOPTHON (OPMBI PECUHTE3UPOBAHHBIX JHUIUAOB. Y TaKHX
MAIMEHTOB Tak >ke HapymeHo ¢opmupoBanre An0B-100, HO 3TO HapylieHHe He
OOBSACHSIET IPUBE/ICHHbIE KIMHUYECKHE CUMIITOMBI.

4.4

Abetalipoproteinemia is a genetic disorder characterized by malabsorption of dietary
lipid, steatorrhea (fatty stools), accumulation of intestinal triglyceride, and
hypolipoproteinemia. Patients with abetalipoproteinemia exhibit membrane
abnormalities in their erythrocytes with production of acanthocytes (thorny-appearing
cells). This unusual red cell morphology would most likely result from malabsorption

of...:

A.  palmitic acid

B. ascorbic acid

C. arachidonic acid
D. folic acid

E. linoleic acid

The answer is: The genetic defect would result in malabsorption of the 3 essential
fatty acids (linoleic, linolenic and arachidonic acids), but only linoleate is really
strictly essential in the diet. Absorption of water-soluble ascorbate and folate would
not be significantly affected.

AbGeTanurnonpoTeineMiss - 1€ TEHETUYHE 3aXBOPIOBAHHS, IO XapaKTEPHU3YETHCS
MOPYIIEHHSIM BCMOKTYBAaHHS TMPOAYKTIB TIEPETpPaBICHHS JIMIIB, CTEaTOPEEo,
HaKOIMMYCHHSM TPUTJIIEPUIIB B CHTEPOLIMTAX KUIICUYHUKY, 1 TIMOTIIONIPOTSIHEMIEIO.
VY maiieHTiB 3 a0eTaMNONMpOTEeIHEMIEID CIOCTEPIra€Thesl HEMPABUIIBHICTE (OPMHU

75



EPUTPOLIUTIB 3 MPOAYKIIEH aKaHTOIUTIB (TaK 3BaHl «KOJOYl» KiIiTuHU). Ll
He3BMYaliHa Mop@QoJIoTiss epUTPOLMTIB, IIBHAINIE 3a Bce, OyAe pe3ylbTaToM
MaJibabcopOITii. . .

MaJabMITUHOBOT KUCIIOTH

acKOpO1HOBOIT KUCTIOTH

apaxiJoHOBOI KUCIIOTH

b 01€BOT KUCIIOTH

J1HOJIEBOT KUCIIOTH

B1pHa BiMOBIAL: ['eHeTnuHUil AedEeKT MOXKEe MPUBECTH O MalbaOCoOpOIli TPhOX
€CCHIIIAJIbHUX BHUIIUX JKUPHUX KUCIOT (J1HOJNEBA, JIIHOJEHOBA, apaxiJloHOBa
KHCJIOTH), aje TUIbKK JIiHOJIeaT HaWOUIbIl HeoOxigHuil B pamiodi. [lornuHaHHs
BOJIOPO3UYMHHOr0 ackopOaTy 1 ¢onaTy 3HaAYHO HE MOIIKOIKEHO.

mooOw»

AOGETAUIIONIPOTEMHEMHSI - 3TO TEHETHYECKoe 3a00JeBaHUE, XapaKTepU3YIoIeecs
HapyIIeHUEM BCAChIBAaHUS TPOJIYKTOB TIEpPEeBapUBAHUS JIMIKIOB, CTEATOPEEH,
HAKOIUJICHUEM TPUTIIULIEPUIOB B DHTEPOITUTAX KHIIICYHUKA, u
TUTIOJUTIONPOTENHEMUEH. Y TAIMeHTOB ¢ al0eTaaumnonpoTenHeMuel HabomaeTcs
HEMPaBWIBHOCTh  (DOPMBI  DPUTPOIUTOB C TPOAYKIIMEH aKaHTOIMTOB (Tak
HA3bIBACMBIC «KOJIOUME» KIETKH). IJTa HEOoObIYHass MOp(OIOTUS IPUTPOIUTOB,
CKOpee BCeTo, OYIeT pe3yabTaTOM MalbadCoOpOIInH ...:

NaJTbMUTHHOBOM KUCIIOTHI

ACKOPOMHOBOM KHCJIOTHI

apaxuIOHOBOU KUCIIOTHI

(b onMeBOl KHCIOTHI

JMHOJIEBON KHUCIIOTHI

HpaBI/IJ'II)HI)II/I oTBeT: ['eHeTnueckuil eeKT MOKET MPUBECTU K MaIbabCcOpOIIUU Tpex
ACCEHITMATBHBIX BBICIINX KHPHBIX KUCTOT (JIMHOJICBAs, TUHOJICHOBAS, apaXUI0HOBAS
KHUCIIOTHI), HO TOJBKO JIMHOJEAT SABISIETCS Hanbosiee HEOOXOAMMBIM B paIlMOHE.
[Tornomenue BogopacTBOPUMOTro ackopOara u (ojaTa 3HAYUTEITHHO HE TTOBPEKICHO.

moow»

4.5

A patient with a history of recurring attacks of pancreatitis, eruptive xanthomas, and
increased plasma triglyceride levels (2,000 mg/dL) associated with chylomicrons,
most likely has a deficiency in...

A.  Lipoprotein lipase

B.  LDL receptors

C. HMG-CoA reductase
D. apoB-48

E.  apoB-100 receptor

The answer is: These are the clinical features of lipoprotein lipase deficiency (type |
hyperlipoproteinemia). LDL receptor defects would result in elevated LDLs. HMG-
CoA reductase and ApoB-100 have no direct relationship to chylomicrons. ApoB-48
deficiency would result in decreased production of chylomicrons.
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VY maiieHTiB 3 iICTOPIEI0 XBOPOOU HAMaiB OCTPOro MAaHKPEATUTY, 1110 MOBTOPIOIOTHCH,
EpPYNTUBHOIO KCAHTOMOIO 1 MiJIBUIIIEHUM PiBHEM TpuriiuepuaiB B mia3mi (2000 mr /
JUT) Y CKJIaJl1 X1JIOMIKPOHIB, IIBUJIIIIE 32 BCE CIOCTEPIraeThes ACILHUT. . .
JUTIONPOTEIH JIiNa3u

peuenTopiB JITTHIL]

I'MI'-KoA-penyxkrasu

anonpoteiny B-48

penientopa anoB-100

BlpHa BiamoBinp Ile  KIIHIYHI ~ OCOOJIMBOCTI  BIAMOBIIAIOTH  ACDIIUTY
ninonporeinninazu (rinepainonporeinemis [ tuny). Hedexr penentopis JITTHII]
npuszBene go migsumieHHs JIITHIL. I'MI'-KoA-penykrtaza i AnoB-100 He maroTh
MPSIMOTO BIIHOIIEHHA 10 XUTOMiKpoHiB. [edinut Anomnpoteiny B-48 mpussene mo
3HU>KEHHSI BUPOOJIEHHS X1JIOMIKPOHOB.

mooOw»

VY nanueHToB ¢ aHAMHE30M MPUCTYNOB OCTPOrO MAHKPEATUTA, YTO MOBTOPSIOTCH,
APYNTUBHON KCAaHTOMOU U MOBBIIIEHHBIM YPOBHEM TPUTIULEPUI0B B 1azme (2000
MT / JIIT) B COCTaBe XMIIOMUKPOHOB, CKOpEe BCEro HaOmogaeTcs AeUInT ...
JUTIONPOTEHH JIUMA3bI

peuenTtopos JIITHII

I'MK-KoA-penykrassl

anonumnonporenHa B-48

peuenrropa anoB-100

HpaBHJILHLIH OTBET: OTH KIMHUYECKHE OCOOCHHOCTH COOTBETCTBYIOT NEMUIIUTY
JUTONPOTENHINA3kI (Tuniepaumnonporennemus | tTuna). Jledexr penentopon JIITHII
npuBener k nossimieHuto JIITHIT. I'MK-KoA-penykraza u AnoB-100 He umeroT
IPSIMOTO OTHONICHHS K XWJIOMHKpoHaM. [lepummr amoOmporenna B-48 mpusener k
CHUKEHUIO BbIPAOOTKU XHUJIIOMUKPOHOB.

moow»

4.6

Uncontrolled phagocytosis of oxidized LDL particles is a major stimulus for the
development of foam cells and fatty streaks in the vascular subendothelium. This
process may be inhibited by increased dietary intake of...:

A. vitamin E
B.  vitamin Bg
C. vitamin D3
D. vitamin By
E. vitamin K

The answer is: Only vitamin E is an antioxidant. It protects LDL from lipid
peroxidation and prevents their modification.

HexontponwoBanuii ¢aronuto3 okucienux dvactuHok JIIIHII] € ocHoBHUM
CTUMYJIOM JJISl PO3BUTKY MIHUCTUX KIITHUH 1 JIMIJIHUX HPOXKWIOK B CyOEHIOTENil
cyaus. Ileit mporiec Moxke OyTH 1HT100BaHUM 301IBIIICHHSIM CIIO)KMBAHHS B 1XK1...:

A. Bitaminy E

B.  Bitaminy Bs

C.  Bitaminy D3
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D. Bitaminy By

E. Bitaminy K

Bipna BigmoBigb: A. Tineku BiTamiH E € adTHokcuagantoMm. Bin 3amo0irae
nepokcuaHi mogudikarii JITTHILI.

Hexontponupyemsoiii daronuro3 okuciaeHHbXx dactuil JITTHIT sBasercs ocHOBHBIM
CTUMYJIOM JUIsI 00pa3oBaHWS TIGHHCTBIX KJIETOK W JIMOUIAHBIX TPOXKHUIOK B
CyO?HIOTENNE COCYIOB. DTOT MPOIECC MOXKET ObITh MHTHOMPOBAH YBEIWYCHHUEM
noTpebieHus B efe ...:

BuTamuHa E

BUTamMuHa Bg

BuTamMuHa D3

BUTaMuHa B

BuTamuHa K

[IpaBuwibHbld  OoTBeT: Tonbko BuUTamMuH E  sABasieTca aHTHOKCHUAaHTOM. OH
npeaoTBpalaeT nepexkucHyo moaudukanuo JITTHIL

moow»

4.7

A 42-year-old man presents with a chief complaint of intermittent claudication during
exercise. His family history is significant for the presence of cardiovascular disease
on his father’s side, but not on his mother’s side. Physical exam reveals xanthelasmas
and bilateral tendon xanthomas. A plasma lipid profile reveals cholesterol level 340
mg/dL, with a high LDL/HDL ratio. He is given instructions for dietary
modifications and a prescription for simvastatin. The clinical findings noted in this
patient are most likely caused by

deficient production of

A. lecithin cholesterol acyltransferase (LCAT)

B.  apoB-100 receptors

C.  fatty acyl-CoA synthetase

D. VLDL from LDL

E.  cholesterol ester transfer protein (CETP)

The answer is: The findings are indicative of heterozygous type lla familial
hypercholesterolemia, an autosomal dominant disease. Deficient CETP, LCAT or
fatty acyl-CoA synthetase would not elevate LDL-cholesterol. VLDL are not
produced from LDL.

42-pi4HMIA YOJIOBIK TIPE'SIBIISIE TOJIOBHY CKAapry Ha MEPEeMDKHY KYJIbraBiCTh i Yac
dismuHnX TpeHyBaHb. Moro ciMeifHa icTopis XBOpPOOM € ITOKAa30BOIO HAa HASABHICTh
CEepIIEBO-CYIMHHOT XBOPOOH y Horo 0arbka, aje He y Woro martepi. Di3uuHuii ormsia
BUSIBHB KCAHTENA3My 1 JIBOCTOPOHHI CYXOXXWJIbHI KCaHTOMH. [lmazMoBumii mirmigqHu
MOKa3HUK JIEMOHCTPYE piBeHB XojecTepuny 340 Mr/mi1, 3 BACOKHM CITiBBITHOIICHHSM
JITTHILL / JITIBILL. Momy Bumucanm iHCTpyKIii 3i 3MiHAMHM y pallioHi XapuyBaHHS i
peuent Ha CumBactaTuH. KiiHiuHI JaHi, BiAMIYEHI y IBOTO MAIll€HTa, IIBUIIIEC 32
BCE, BUKJIMKaH1 Ae(IIUTOM IPOIYKIIIi... "

A.  nemituH -xonecrepon-ammiTpancdepasu (JIXAT)

B. PenenTopir anmoB-100
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C. amun-KoA-cuwHTeTa3u )XHPHUX KACTIOT

D.  JIIAHII 13 JITTHIIY

E.  Oinka, o nepeHoCuTh edipu XOJIECTEPUHY

Bipna BigmoBiab: OTpumaHi JaHi CBIIYaTh NMPO HASABHICTh T€TEPO3UTOTHOI CIMEHHOT
XBOpOOHU —rinepxojecrepuHemii Ty lla (ayTocoMHO-IOMIHAHTHE 3aXBOPIOBAHHS).
Hediuut Oinka, mo mnepeHocuth edip xonecrepuny, JIXAT a6o ammi-KoA-
CUHTETa3a XUPHUX KUCJIOT HE MIIBUIIYIOTh piBE€Hb XoiecTepuny y ckmaai JITTHIIL.
JITTIHI e yrBOprorothes 3 JITTHILI.

42-1eTHUI MYy>KYWHA TIPEIBSBISIET TIABHYIO JKajI00y Ha MIEPEMEKAIOITYIOCS XPOMOTY
npu (pU3NYECKUX TpeHUpoBKax. 13 cemeliHON nctopuu 00J€3HU U3BECTHO O HATUYUU
CEepACUYHO-COCYAUCTON OOJIE3HU y €ro oTila, HO He y ero marepu. llpu dpuzmyeckom
OCMOTpE OOHApYX EHO KCaHTela3My M JBYCTOPOHHHE CYXOXXWIbHBIE KCAHTOMBI.
[1na3MeHHbIN TUNUAHBIA TOKA3aTeNb - YPOBEHb XonecTepuHa 340 Mr/mii, ¢ BHICOKHUM
cootHomienuem JIITHIT / JIIIBII. Bpau mnopexomMeHI0Badl BHECTH HM3MEHEHHUS B
palMoOH MWTaHUs W Bbinucanl peuent Ha CumBactaTtuH. KimHuYeckue aHHBIE,
OTMEUEHHBIE Y ATOTO MAIMEeHTa, CKOPEe BCETO, BHI3BAHBI IS(HUIIMTOM MIPOIYKIIUH ...
JCTMTHH -xoJiecTepod- arirpancdepassl (JIXAT)

peuenropoB armoB-100

anmi-KoA-cuHTeTa3bl )KUPHBIX KUCIIOT

JITIOHIT ¢ JIITHII

. Oenka, mepeHocsero 3Qupsl XoIecTepruHa

[IpaBunbublid  0oTBeT: IlomydyeHHBIE JaHHBIE CBHIETEIBCTBYIOT O HAIUYHUH
TeTepO3UTrOTHON CeMEWHON 00Je3Hu - TunepxoiectepuHemMun tuna lla (ayrocomuo-
TOMUHAHTHOE 3a0osieBanue). Jepunur Oenka, mepeHocsAmero pup XoJecTepHuHa,
JIXAT wmm anun-KoA-cuHTeTa3bl >KUPHBIX KHCIOT HE TOBBIIMIAIOT YPOBEHB
xonectepuna B coctase JIITHIL. JIIOHII e o0pasyrorcs ¢ JITTHIL

moowp

4.8

A 42-year-old man presents with a chief complaint of intermittent claudication during
exercise. His family history is significant for the presence of cardiovascular disease
on his father’s side, but not on his mother’s side. Physical exam reveals xanthelasmas
and bilateral tendon xanthomas. A plasma lipid profile reveals cholesterol level 340
mg/dL, with a high LDL/HDL ratio. He is given instructions for dietary
modifications and a prescription for simvastatin. The anticholesterolemic action of
simvastatin is based on its effectiveness as a competitive inhibitor of the rate-limiting
enzyme in cholesterol biosynthesis. The reaction product normally produced by this
enzyme is...:

A. squalene

B.  methylmalonate
C. lanosterol

D. mevalonate

E. acetoacetate
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The answer is: Must know that mevalonate precedes squalene and lanosterolin the
pathway, and that methylmalonate and acetoacetate are notassociated with
cholesterolgenesis.

42-pidHMIA YOJIOBIK TIPEN'SIBIISIE TOJIOBHY CKAapry Ha MEPEMDKHY KYJIbraBiCTh Mia dac
disuunux TpenyBanb. Moro ciMeiiHa icTopis XBOpOOH € MOKa30BOI0 HA HASBHICTb
CeplEBO-CYIMHHOT XBOpOOU y Horo 0arbka, ajne He y horo matepi. @i3uunuii ornsia
BUSIBUB KCaHTEJIa3My 1 JIBOCTOPOHHI CYXOXXWJIbHI KcaHTOMH. [Inma3smoBuii mimigHuit
MMOKA3HUK JIEMOHCTPYE piBeHb xoJjiecTepuny 340 Mr/mi, 3 BACOKUM CIIBBIHOIICHHSAM
JITTHILY/JITIBIL,. Moy Bumucamyu iHCTpYKIii 3i 3MiHAMH y palioHi XapuyyBaHHS i
peuent Ha CumBactatuH. AHTHUXOJeCTepuHEMIuHa Jisi CUMBacTaTUHY IOJISITaE B
Horo e(pexKTUBHOCTI B SIKOCTI KOHKYPEHTHOIro 1HTi01TOpa OOMEXyBaTH WIBUAKICTh
(dbepMeHTy B O1ocuHTE31 Xonectepuny. [IpoaykT peakiii, 3a3Br4ail BUpOOJIECHUN UM
dhepMeHTOM. ..

CKBaJICH

METUIMAJIOHAT

JTAHOCTEPOJI

MEBaJIOHAT

aneroaneTat

BlpHa BiIMOBiAb: BimoMo, 10 MeBaJIoHAT YTBOPIOETHCS 3aBIAKH i1 (hepMeHTy Oera-
rizpokcu-6etaz wmetwi-ruytapmwi-KoA —peaykrazi. lleit depmeHT € rolOBHUM
peryiasaTopHuM (HEpMEHTOM CHHTE3y XOJIECTCPHHY. YCI CTaTHHU — € IHTi0iTOpamMu
1b0T0 PepMeHTy. MeBalloHaT YTBOPIOETHCS TEPIIUM. HK CKBAJICH 1 JJAHOCTEPOJ B
peaxiisix cuHTe3y. MeTiIManoHaT 1 areToanerar He MOB'A3aH1 3 X0JIECTEPOITEHE30M.

mMooOw>

42-1eTHUI MY>KYMHA TIPEABSBISIET TIABHYIO JKajJ00y Ha MEPEMEKAIONIYIOCS XPOMOTY
npu QuU3nYecKux TpeHUpoBKax. U3 cemeitHoi nctopun 00JI€3HN U3BECTHO O HATMYUU
CepIEYHO-COCYIUCTON OOJIe3HM Yy €ro oTua, HO He y ero matepu. Ilpu pusmueckom
OCMOTpe OOHApY)KEHO KCaHTeJIa3My H JABYCTOPOHHHE CYXOXWJIbHBIE KCAHTOMBI.
[1ma3MeHHBIN TUMUIHBIA TOKA3aTeNb - YpOBEeHb XojectepuHa 340 Mr/maj, ¢ BBICOKUM
cootnomenuem JITTHIT/JITIBIIL. Bpau mopexkomeHj0Ban BHECTH U3MEHEHUS B PAIIMOH
NUTaHUS U BbIIUcal perent Ha CuMBacTaTUH. AHTUXOJIECTEPUHEMUUYECKOE AEHCTBUE
CumMBacTaTiHa 3aKitodaercs B ero 3()@PEeKTUBHOCTH B KadyeCTBE KOHKYPEHTHOTO
WHTUOUTOpAa OTPaHMYMBATh CKOPOCTh (epMeHTa B OHOCHHTE3€ XOJIECTepHUHA.
[TponyKT peakiiuu, 0OBIYHO MPOU3BOUMBIN 3THM (HEPMEHTOM ...:

A. CKBaJICH

B. METHIMAJIOHAT
C.  maHOCTEpoOn

D. MEBaJIOHAT

E. areToanerar

[IpaBunbHbI OTBeT: M3BeCTHO, 4TO MeBajoOHAT 0oOpa3yeTcs Oyarogaps JIEUCTBUIO
dbepMeHTa Oera-TUAPOKCU-OeTa-MeTHI-TayTapmi-KoA—penykrazpl. IT0T (epMeHT
SBIIIETCS TJIABHBIM PEryJISTOPHBIM (DEPMEHTOM CHMHTE3a XoJyiecTepuHa. Bce cTaTuHBI
SBJISIIOTCS MHTHOWTOpaMHu 3Toro ¢epMeHTa. MeBajmoHaT oOpasyeTcs paHee, 4em
CKBAJIEH M JIAHOCTEPOJ B pEAKIUSAX CHUHTE3a. MeTWIMaloHAT W aleToaneraT He
CBSI3aHBI C XOJIECTEPOITCHE30M.
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4.9

A 42-year-old man presents with a chief complaint of intermittent claudication during
exercise. His family history is significant for the presence of cardiovascular disease
on his father’s side, but not on his mother’s side. Physical exam reveals xanthelasmas
and bilateral tendon xanthomas. A plasma lipid profile reveals cholesterol level 340
mg/dL, with a high LDL/HDL ratio. He is given instructions for dietary
modifications and a prescription for simvastatin. From a Lineweaver-Burk plot, the
Km and Vmax of this rate-limiting enzyme were calculated to be Km =4 x 10-3 mM
and Vmax =8 x 102 mmol / L-h, respectively. If the given experiment is repeated in
the presence of simvastatin, which of the following values would be obtained?:

Km (mM) Vmax (mmol / L-h)
A 4x10° 3 x 102
B. 2x10% 1 x 102
C. 4x10° 9 x 102
D. 8x10% 8 x 102
E. 8x10° 9 x 102

The answer is: Answer: Km =8x10° mM and Vmax =8 x10? mmol / L-h.
Simvastatin is competitive inhibitor, with a competitive inhibitor, there will be an
increase in Km with no change in Vmax.

42-pidHMIA YOJIOBIK TIPEN'SIBIISIE TOJIOBHY CKAapry Ha MEPEMDKHY KYJIbraBiCTh i Yac
disnunmx TpenyBaHb. Moro ciMeiiHa icTopis XBOpPOOH € TOKAa30BOIO HAa HASBHICTH
CepIIeBO-CYIMHHOI XBOpOOH y loro 0arhbka, aje He y oro Matepl. DI3UYHUM OIS
BUSIBUB KCaHTEJIa3My 1 JIBOCTOPOHHI CYXOXXWJIbHI KcaHTOMU. [Inma3zmoBuii mimigHuit
TOKa3HUK JEMOHCTPYE piBeHb XojecTepuHy 340 Mr/mi1 3 BUCOKUM CITIBBIIHOIIICHHSIM
JITTHILY/JITIBIL,. Moy Bumucamyu iHCTpYKIi 3i 3MiHAMH Y palioHi XapuyyBaHHS i
peuent Ha CumBactatudH. [3 rpadika JlaliuBiBepa-bepka, Km 1 Vmax umporo
00ME:KYI0YOro MIBUIKICTE pepMenTy 6ymu Bimnosigno: Km =4x10° mM i Vmax = 8
x 102 MMoInb / 1'TOJ BiiNOBiAHO. SIKIIO Liel eKcriepuMeHT MOBTOPUTH y IPUCYTHOCTI
CuMBacTaTHHY, K€ 3 HACTYIIHUX 3Ha4Y€Hb Oy/1€ OTpUMaHO?

Km (mM) Vmax (MMoJIb / J1'TO1)

A, 4x10° 3 x 102

B. 2x103 1 x 102

C. 4x10° 9 x 102

D. 8x10% 8 x 102

E. 8x10° 9 x 102

Bipna Bignoine: Km =8x10° mM and Vmax =8x10? mmoins / n-roa. CUMBacTaTuH
32 MEXaHI13MOM J1i € KOHKYPEHTHUM 1HT101TOpOM. 3 KOHKYPEHTHUM 1HT101TOpOoM Oye
30upmeHHs Km , Vmax - 6e3 3MiH.

42-neTHU MY>KYMHA TIPEIBSBISIET TIABHYIO Kaja00y Ha IEPEMEKAIOIIYIOCS XPOMOTY
npu pu3ndecKkux TpeHupoBkax. M3 cemeitnolt uctopun 60I€3HU U3BECTHO O HATMYUU
CEpJIEYHO-COCYIUCTON OOJIE3HH y €ro OTUa, HO He y ero Marepu. llpu ¢uznueckom
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OCMOTpe OOHApPYXEHO KCaHTeNa3My M JABYCTOPOHHHE CYXOXXHWIbHBIE KCAHTOMBI.
[1na3MeHHbIN TUOUAHBIN TOKa3aTeNlb - YpoBeHb xojiectepura 340 Mr/mi ¢ BBICOKUM
cootHomenuem JITTHIT/JITIBIIL. Bpau nopekoMeHa0Basl BHECTU U3MEHEHUS B PallMOH
nuTanus v Beinmucan peuent Ha CumBactatuH. U3 rpaduka JlaiinBusepa-bepka, Km
1 VMax 3Toro JUMMUTHPYIOIIETO CKOPOCTh (pepmMeHTa ObUIU COOTBETCTBEHHO: KM =
4x10° mM u Vmax = 8x10? wMMonp / 1-4ac COOTBETCTBEHHO. Eciu 3TOT
AKCIEPUMEHT MOBTOPUTH B NPUCYTCTBUH (CHUMBACTATHUHA, KOTOPOE W3 CIEAYIOLINX
3HaYEHUN OyJeT NOJy4eHO?

Km (mM) Vmax (MmoIib / J1-9)

A. 4x10°3 3x102
B. 2x10°% 1x10?
C. 4x10°3 9x102
D. 8x10°3 8x102
E. 8x10°3 9x102

[IpaBunbHbli orBer: Km = 8x10° mM and Vmax = 8x10? mmoms / n-u.
CuMBacTaTHH 10 MEXaHHU3MY JIEHUCTBHS SABIISETCS KOHKYPEHTHbIM MHruoutopom. C
KOHKYPEHTHBIM HHTHOUTOpPOM OyaeT yBennuenue Km, Vmax - 6e3 n3MeHEeHHH.

4.10

A 20-year-old man is taken to the university clinic to determine the cause of recurring
hyperlipidemia, proteinuria, and anemia. Fasting blood tests reveal slightly elevated
concentrations of unesterified cholesterol and phosphatidylcholine. The patient is
given a 100 gram chocolate bar and blood lipid levels are monitored hourly. Results
reveal significantly increased levels of unesterified cholesterol and
phosphatidylcholine for extended periods. Deficiency of which of the following
proteins is most likely to be associated with these observations? :

A.  Acyl-CoA: cholesterol acyltransferase (ACAT)

B.  Apoprotein A-1

C.  Apoprotein B48

D.  Apoprotein B100

E.  Lipoprotein lipase

The answer is: Apo A-1 is present on the surface of HDL and functions to activate
circulating LCAT (lecithin:cholesterol acyltransferase) to esterify cholesterol, using
lecithin (phosphatidylcholine) as the fatty acid donor. Esterification of cholesterol in
blood occurs to trap the resultant cholesterol esters in HDL where they can
subsequently be transferred to other lipoproteins (IDL) or taken up directly by
hepatocytes and steroidogenic tissues. Deficiencies of apoprotein B100 and
apoprotein B48 result in abetalipoproteinemia characterized by decreased blood
triglycerides and cholesterol. ACAT is an intracellular enzyme and esterifies
cholesterol inside cells, but not in blood. Deficiency of LPL would result in type 1
hyperlipidemia and is characterized by elevated serum triglycerides.

20-piyHUN YOJOBIK JIOCTaBICHUN B YHIBEPCHUTETCHKY KIIHIKY JJIS BH3HAYCHHS
NPUYMHU TTOBTOPIOBAHOI TiMepiimigeMii, mpoTeinypii 1 aHeMii. AHami3u KpoBi, fKi
y34T1 HaTIIeceplle BUSBWIM 3JIeTKa IIIBUINCHI KOHIEHTpaIlii HeecTepu(iKoBaHOTO
xoJjiectepuny 1 pocharuamixoniny. [lamieHTy 1ar0Th MOKOJAIHY IIMTKY Barow 100
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rpamiB Ta PiBEHb JIMIAIB B KPOB1 KOHTPOJIIOIOTH IIOTOAWHU. Pe3yiabTaTu Moka3zyroTh
3HA4YHO MIJBUINECH] PiBHI HeecTepihiKOBAHOTO XOJecTepuHy 1 pochaTuanuaxoiny Ha
TpuBanuii yac. Jlepiuut sKoro 3 HaCTymHUX OUIKIB HAWOUIbII IMOBIPHO MOB'SA3aHO 3
IHAMU CIIOCTEPEKECHHAMU ?

anui-KoA: xonectepinanunrtpancdepasu (AXAT)

anonporeid A-1

anonporein B48

anonporeid B100

ninonpoteinninas (JITLI)

B1pHa BiAnoBiAb: Amnonpotein A-1 npucytHiil Ha noepxHi JIIIBI] 1 ¢pyHkuionye,
o6 aktuByBatu JIXAT (neuuTuH: xonecTtepuH amuiTpancdepasa), U0 LHUPKYIIOE
s ecrepudikaiil  HAJJIMIIKOBOTO  XOJECTEPONY, BHUKOPUCTOBYIOUM JIEHUTHH
(pocharnaninxoiin) B SIKOCTI JOHOpPA KUPHUX KUCIOT. EcTepudikaliis XoaecTepuHy
B KpPOBI BiIOYBa€ThCS MJIs 3aXOIJIEHHS YTBOPIOBAHUX CKIAJAHUX €(ipiB XOIECTEPUHY
B JIIIBII], ne BOHM 3rogoM MOXYyTh OyTH MEpPEHECEH! 0 IHIIUX JIMONPOTEiHIB
(JITIITII) abo mnornuHeHi Oe3MocepeaHbO TEMaTOUUTAMU 1 CTEPOiJOr€HHUMHU
tkannHamu. Jledimut amomporteina B100 1 amomporeina B48 mnpusBomsTh 10
abeTaminmonpoTeineMii, sfKa XapaKTePU3YEThCS 3HIDKEHHSM PIiBHA B  KPOBI
TtpuriinepuaiB 1 xonectepuny. AXAT € BHYTPIIHbOKIITUHHUM (PEPMEHTOM 1
ectepuikye XoJeCTepHH BCEpeAWHI KIIITHH, aje He B KpoBi. Jedinut JIIIJI moxe
NPU3BECTU 10 TimepdimigeMii 1-ro THy 1 XapaKTepu3YeThCS IMIIBUIICHUM DIBHEM
TPUTITIIEPUIIB Ta XIJIOMIKPOHIB B CHPOBATII KPOBI.

mMooOw»

20-meTHUN MY)KYMHA JOCTABJICH B YHUBEPCUTETCKYIO KIMHHUKY MJIs OMpEeIeTIeHUs
IPUYHHBI OBTOPSIOUIEHCS TUIEPIUINNUIEMUHN, TPOTEUHYPUHN U aHEMUU. B aHanmuzax
KPOBH, B3ATBHIX HATOIIAK, OOHAPYXWIM CJIeTKa TMOBBIIICHHBIE KOHIICHTPAIlUU
HeaCcTepu(PUIMPOBaHHBIX XoJecTepuHa U Qocdatumamnxonuna. [lanuenty narort
HIOKOJIaJIHYI0 TIIUTKY BecoM 100 rpaMMOB M KaKIIblii 4ac KOHTPOJUPYIOT YPOBEHD
JUNUI0B B KPOBU. Pe3ynbTaThl MOKa3bIBAIOT 3HAYMUTENIBHO MOBBIINIEHHBIE YPOBHHU
HEeCTEpUPHUITMPOBAHHOTO XoJecTepuHa U (ochatuaunxornHa Ha JIIUTEIHHOE
BpeMs. Jledpunur kakoro u3 ClIEIYyROIMX OCJIKOB HanOoJee BEPOSTHO CBI3aHO C
STUMHU HAOIIOIEHUSIMHU ?

anun-KoA: xonectepunanuntpancdepasza (AXAT)

arornpoterd A-1

arornpoteud B48

anornporerd B100

nunionporennnunasa (JITTJT)

[IpaBunbHbIid 0TBET: AnosunonpoTeuH A-1 npucyrctByeT Ha noBepxHocTu JIIIBIT u
GYHKIIMOHUPYET, YTOOBI AKTUBUPOBATh JIXAT (JIELIMTUHXOJIECTEPUH-
aruTpancdepaspl), UYTO  HMUPKYJIUPYEeT JUIA  dTepuduKanuu  U30BITOYHOTO
XOJIECTEPHUHA, UCTIONB3YA JICUUTUH ((POoCPaTUANIXOIHUH) B KAYECTBE JIOHOPA KUPHBIX
kucnor. ECrepudukanus xojectepuHa B KPOBH TPOUCXOIUT JUIsl 3axBara
co3/IaBacMbIX CIOXKHBIX 3(pupoB xonecrepura B JIIIBII, rne oHm BmocieacTBuu
MOTYT OBITh TepeHeceHbl K ApyruM jgunonporenHam (JIIIIIIT) wiau moriomieHs
HEMOCPEJICTBEHHO TeNaTOlMTaMH W CTEPOMAOTEeHHBIMH  TKaHsMu. [edunur
armonporenHa B100 u amompotenmHa B48 mnpuBoauT k abeTamuronpoTeHHEMUH,

83

moowp



KOTOpasi XapaKTEepPU3yeTCsl CHIDKEHUEM YPOBHS B KPOBU TPUTIULEPUIOB U
xonectepuHa. AXAT sBiseTcss BHYTPUKIETOUHBIM (DEPMEHTOM U 3CTEPUPULIUPYET
XOJIECTEpUH BHYTPHU KJIETOK, HO He B KpoBu. Jedbunurt JIIIJI moxer mpuBectu K
TUNEPIUNNAEMUN 1-TO TUMAa W  XapaKTepU3yeTcs TOBBIIMICHHBIM  YpPOBHEM
TPUTJIMLIEPUIOB U XHUIIOMUKPOHOB B CHIBOPOTKE KPOBHU.

411

As part of a study to quantify contributors of stress to hyperglycemia and ketosis in
diabetes, normal hepatocytes and adipocytes in tissue culturewere treated with
cortisol and analyzed by Northern blotting using a genespecificprobe. The results of
one experiment are shown below.

Hepatocytes Adipocytes
Cortisol (nM) Cortisol (nM)
0 100 500 1000 0 100 500 1000

The 32P-probe used in this experiment most likely binds to a mRNA encoding:

A phosphoenolpyruvate carboxykinase

B.  lipoprotein lipase

C glucokinase

D.  hormone-sensitive lipase

E.  acetyl-CoA carboxylase

The answer is: Cortisol stimulates transcription of the PEP carboxykinase gene in the
liver but not in adipose tissue.

B pamkax mochimKeHHs 3a KUTbKICHOIO OIIHKOIO CHIPHUSHHS CTPECY ISl PO3BUTKY
rinepriikeMii Ta KeTo3a Mpu aiadeTi, HOpMajbHI TEHATOIUTH 1 AJUIIOIUTH B
KyJIbTypl TKaHUH Oynu 0OpOOJIeHI KOPTHU30JIOM 1 MpoaHaTi30BaHI 3a JIOMOMOTOIO
Hozepu-6mor 3 BuKOpucTaHHAM TeHocnenudigyHoi mpoOu. Pesymbrat omHOTO
EKCIIEPUMEHTY HaBEJICHI HIKYE.

Hepatocytes Adipocytes
Cortisol (nM} Cortisol (inM)
0 100 500 1000 0 100 500 1000

32P-tipo0a, sika BUKOPHUCTOBYETHCS B IIbOMY E€KCIIEPUMEHTI, IIBHUJIIE 32 BCE,
noB's3yethest 3 MPHK, 1o konye
dbocdoeHonmipyBaT KapOOKCUKIHAZY
JINONpoTeiHIINa3u
TJIFOKOK1HA3U
TOPMOHOYYTJIMBO] JTiMa3H
aretnin-KoA-kapOokcumasu
BlpHa BinnmoBias:Koptuzon crumyinoe tpanckpumniito reHa OEIl-kapOokcukinazu B
NIEYIHIIi, aJie He B KUPOBIM TKaHUHI.

mMoOwp
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B pamkax wccienoBaHuss MO KOJIMYECTBEHHOW OIIEHKE CHOCOOCTBUSI CTpecca
Pa3BUTHIO TUIEPIIIMKEMUU W KeTo3a Npu AuadeTe, HOpMallbHbIE TeMaTOUUTHl U
aIumnoIuUTel B KyJIbType TKaHedl  Obuin  00pabOTaHbl  KOPTHU30JIOM U
MpPOAHANIU3UPOBAHBl C  TOMOINBIO  HO3EPH-OJOTTHHTa €  HCIOJb30BaHUEM
reHocnenuduieckuii mpoosl. Pe3ynbTaThl 0OIHOTO SKCIIEPUMEHTA MPUBEICHBI HUXKE.

Hepatocytes Adipocytes
Cortisol (nhMD) Cortizol (nhM)
0 100 500 1000 0 4100 sp0 1000

32P-tipoba, wmcmonb3dyemasi B OTOM JKCIIEPUMEHTE, CKOpPEE BCETO, CBS3BIBACTCS C
MPHK, xonupyromei

dbochoeHonmupyBaT KapOOKCUKMHA3a

JUTMIONPOTEUHIINTIA3BI

[JIFOKOKUHA3bI

TOPMOHOYYBCTBUTEIIbHAS JTUIIA3a

anetun-KoA-kapOokcumnasbl

HpaBI/IJ'IBHBII/I otBeT: Kopruzon crumynupyer TpaHckpunuuiro reHa @EII-
KapOOKCHKHHA3bI B IEYEHHU, HO HE B )KUPOBOM TKAHM.

moow>

4.12

A child is diagnosed with a congenital deficiency of medium-chain acyl-CoA
dehydrogenase activity. Which of the following signs or symptoms would most likely
occur upon fasting in this child?

A Hypolacticacidemia

B.  Ketoacidosis

C.  Hyperglycemia

D Dicarboxylic acidosis

E Hyperchylomicronemia

The answer is: Fasted MCAD patients typically present with nonketotic
hypoglycemia, lactic acidosis, and plasma dicarboxylates.

Y IWTHHH MiarHOCTOBAHO BPOJDKEHHMM ACHINUT aKTUBHOCTI MDKJIAHITFOTOBOT aIlvJI-
KoA-nerigporenasu. SIkuii 3 HACTyImHUX O3HAaK a00 CHMIITOMIB HaWOUIBII WMOBIPHO
BiIOYICTHCS ITICIIS TOJIOIYBAHHS Y M€l TUTUHU?

A. rirmorajlakToanuaeMis
B. KETOAINI03

C.  rimepriikemis

D.  nuxapOoOHOBHIA anuI03
E.  rimepxigomikpoHeMis

Bipna BigmoxiBifes: I'ooayroui mamieHTH, sKi CTPa){Iar0Th BiJ Ii€l XBOPOOH, SK
IIPaBUJIO, MAIOTh HEKCTOTUYHHUH XapakKTep TiMOrjIikeMil, JIAKTOAIMI03 1 HaKOIMHYCH1
TUKapOOKCHIIATH TIJIa3MHU.
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VY pebGeHka IMArHOCTUPOBAH BPOXKIACHHBIM AEMUIIMT aKTUBHOCTH CpPEeAHEH IIenu
anmwin-KoA-geruaporenassl. Kakoil W3 ClIEylOIMIMX MPU3HAKOB WM CUMIITOMOB
HauOoJsiee BEpOSTHO MPOU30MAET MOCIe TOJIOJJaHUsl Y 3TOTO peOeHKa?
TUIOTaJIAKTOAITH I MU

KeTOoaIua03

TUTICPTIIUKEMUS

TUKApOOHOBBIN aIMI03

TUTIEPXUITOMUKPOHEMUS

HpaBI/IJII:.HBII/I oTBeT: ['onoaronye naueHThl, CTpaaroIre OT JaHHOW 00JIe3HH, KaK
MPaBUJIO, HMMEIOT HEKETOTHYECKUW XapaKTep THUIOTJIMKEMHUHU, JIAKTOAIMA03 U
HaKOIIJICHHBIC TMKApOOKCHUIIATHI TIJIa3MBbl.

moow>

4.13

A 3-year-old child complains of muscle pain and weakness while in the playground
and is admitted to the hospital for examination. Tests reveal slight hepatomegaly and
cardiomegaly. A liver biopsy shows extreme but nonspecific fatty changes, and a
muscle biopsy contains large amounts of cytoplasmic vacuoles containing neutral
lipid. A one-day fast is performed and shows a drop in blood glucose levels without a
corresponding production of ketone bodies. The pH of the blood is normal. Which of
the following diagnoses might account for this child’s problems?

A.  Bilirubin diglucuronide transporter deficiency

B.  Glucose 6-phosphatase deficiency

C.  Mitochondrial 3-hydroxy 3-methylglutaryl-CoA synthase deficiency

D.  Systemic carnitine deficiency

E.  Vitamin D deficiency

The answer is: Upon entry into the playground to have fun, the child secretes
epinephrine, which results in adipose tissue triglyceride (TG) breakdown and entry of
fatty acids (FA) into muscle and liver for mitochrondrial B-oxidation. A defect in the
carnitine shuttle system in this patient would result in accumulation of TG (re-
synthesis from FA) in liver and muscle cytoplasm. Deficiency of the bilirubin
diglucuronide transporter would result in a liver problem but not the muscle problem
that this child has, since the liver processes bilirubin. One would also expect an
increase in conjugated bilirubin and clay-colored stools if bilirubin diglucuronide was
not entering the bile caniculi. Glucose 6-phosphatase deficiency would account for
the hepatomegaly and fatty liver, but not for the muscle weakness. These individuals
are also prone to lactic acidosis, which would lower the blood pH. Mitochondrial 3-
hydroxy 3-methylglutaryl-CoA (HMG-CoA) synthasedeficiency would present
somewhat similarly to a B-oxidation deficiency. Prolonged fasting hypoglycemia
would provoke release of fatty acids into the blood and their use by tissues such as
the muscle and liver. The deficiency of the mitochondrial HMG-Co synthase prevents
ketone formation. There would be no muscle weakness because the muscle can use
fatty acids. The brain is unable to do so, and the presence of hypoketotic
hypoglycemia would deprive the brain of sufficient energy. Coma and death may
result. Vitamin D deficiency would not have an effect on organ enlargement and
blood glucose levels
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3-piuHa AWTHHA CKAPKHUTHCS HA OLTh Y M'sA3aX 1 CIaOKiCTh, KOJNM TPa€ HA AUTTIOMY
MaiIaH4YUKy, TOMYl HAAXOAUTh B JIIKAPHIO HA 00CTEKEHHA. TeCTH MOKa3yOTh JIETKY
remaToMeranito 1 Kapjiomeraiito. biomcis TeYiHKM TOKa3ye KpaiiHi, aje
Hecrenu@iuyHi KUPOBI 3MIHM, a M'sa30Ba OIONCI MICTUTh BEIUKY KUIBKICTh
[IATOIJIA3MAaTUIHUX BaKyOJIeH, 110 MICTATh HeUTpaidbHHil Jinia. OJHOJSHHUN TOCT
BUKOHYETHCS 1 MOKAa3ye MaJIHHS PIBHA TJIIOKO3U B KPOB1 0€3 BIJIMOBIIHOI MPOTYKIIiT
KETOHOBUX T, PH KpoB1 B HOpMI. SKHil 3 mepepaxoBaHUX J11arHO31B MOXKE MOSCHUTH
npoOJieMy i€l TUTUHU?

HediuuT nepeHocHuka OuTipyoiHy AUTTIOKOPOHIAY

Hedinut ri1r0K030-6-hocdarazu

MirtoxoHpialibHa HEAOCTATHICTD 3-T1IpoKcH 3-MeTuirinytapui-KoA cuHTazu
CuctemHuii 1eiUT KApHITUHY

Hecraua Bitaminy D

B1pHa BinnoBiAb: BignoBins: Cucrtemuuii nediuut kapHituny . Ilpu Bxomi Ha
MaJIaH4MK JJIsl pO3Baru, IUTUHA CEKPETye aapeHaliH, 110 NPU3BOJUTH /10 PO3Maly
TpuriinepuaiB xupoBoi TkaHuHu (TI) 1 HagxoKeHHs xupHux kuciaoT (PKK) B m's3u
1 ME4YiHKy [Js IX MITOXOHJpialbHOro OeTa-okuciieHHs. J[lepekr KapHITHHOBOT
YOBHUKOBOI CUCTEMHU Yy I[LOTO TMallieHTa MOXXE MNpuU3BEeCTH N0 HakomuueHHs TI
(moBTopHoro cunte3y 3 JKK) B nuronnasmi nedinku i1 M'a3iB. JlediuuT nepeHocHuKa
OuTipyOlHY IUTTIOKOPOHiNY Oyae MPU3BOJUTH 1O MPOOJIeM 3 MEUIHKOI0, aje HE 0
M'30BUX MPoOOJeM y Ili€i TUTUHH, TaK SIK MediHKa nepepodiise OutipyoiH. MoxkHa
TaKOX OYIKYBAaTH 30UIbIICHHS OpAMOro OuUTipyOiHy 1 TIMHAHHUM CTYJ, SIKI[0 OU1ipyOiH
TUTIIOKYPOHIAN HE HAIXOMSTh B )KOBUYHI KaHambIi. Jledimur riatoko3o0-6-docdartasu
Oy/Jle BUKJIMKATU TelaToOMEralil0 1 HAKOMWYEHHs JIMIAIB B MEUiHI[l, aJ€ HEe M SI30BY
cnabkicThb. {1 M0AM TaKOXK CXUIIbHI O JaKTOLUI03Y, SKUWA MOe 3HU3UTH pH KpoBi.
Hediuut mitoxonapianbHoi 3-riapokcu 3-metmiraytapmi-KoA (I'MI'-KoA) cuntasu
Oylne mnpelncTaBlIeHUN KUIbKa aHaJIOriyHo JaedpiuuTy (epMeHTy B [-OKHUCIICHHI.
TpuBana rimoriikeMis HaTIIE Ceplie CIPOBOKYE BUBLILHEHHS KUPHUX KHUCIOT B KPOB
1 11X BHUKOPUCTAaHHA TaKUMU TKaHWHAMH, K M'SI3M 1 1nevidka. Jlediuut
MmitoxoHapianbHoi 'MI'-KoA cuHTa3u 3amnobirae yTBOpeHHIO KETOHIB. Tam He OyJo
0 M's130BO1 CIAOKOCTI, TOMY IO M'SI3M MOXYTh BUKOPHUCTOBYBATH UPHI KUCIOTH.
Mo30Kk He B 3M031 1€ 3pO0UTH, 1 IPUCYTHICTh TIIOKETOTUYHOI TIOMTiKeMii M030aBuB
O0u M030K JocTaTHRO1 eHeprii. Koma 1 cMepTh MOXKYTh cTaTu pe3yiabTaTtoM. Jledinut
BiTaminy D He BIuinBae Ha 30UIbIIIEHHS OPTaHiB 1 pIBEHb ITIOKO3U B KPOBL.

Moo ®>

3-neTHUI peOCHOK KaTyeTCsl Ha MBIIIEYHYI0 001bh U C1ab0CTh TpU UTPE Ha JETCKOU
IJIOIIA/IKE M MOCTYMAaeT B OOJbHUIY HAa 00cieqoBaHue. TecThl MOKa3bIBAIOT JIETKYIO
renaToMerajivilo U KapAuoMeraiuto. buorcusi mnedyeHW NOKa3bIBaeT KpalHHUE, HO
HecnenupUIecKue >KUPOoBble U3MEHEHHUS, a MbIIIIEYHasi OMOIICHS COJEPAKUT OOIBIIOE
KOJIMYECTBO IUTOIIA3MATUUYECKUX BaKYyOJIEH, COJEpKalllUX HEUTPaTbHBIA JTUIUL.
OnHOAHEBHBIN MOCT BBIMOJIHAETCS, U TOKA3bIBAET MaJICHUE YPOBHS TJIIOKO3bI B KPOBU
0€3 COOTBETCTBYIOIIEH MPOIYKIIMU KETOHOBBIX Tei. pH kpoBu B HopMme. KoTopsiit u3
MEPEYUCIIEHHBIX INATHO30B MOXET OOBACHUTH POOJIEMY 3TOTO peOeHKa?

A.  Jlepumut nepeHocurka OMIMpyOnHA TUTITIOKYPOHU A

B.  Jedwumut raoko30-6-gocdaTazbl
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C.  MuroxoHapuanbHas HEJOCTATOYHOCTh 3-TUAPOKCH 3-MeTHIriayTapuia-KoA
CUHTa3bI
D.  CucrteMHbll 1eUIUT KapHUTUHA
E. Henocratox Butamuna D
[IpaBunbublii  oTBeT: Ilpu BXoAe Ha IUIOMAAKY MJS pa3BicdYeHUs, pPeOEHOK
CEeKpETUPYET aJAPECHANINH, YTO MPUBOJIUT K pacnaay TPUTIIMIEPHUAA KUPOBON TKAHU
(TT) wu nocrymnenust >xupHbiXx KucaoT (KK) B MbIIel W ME€YEeHb IS
MUTOXOHJIpUANIbHOTO OeTa-okucieHus. Jle@ekt kKapHUTUHOBON YETHOUYHOU CHCTEMBI
y 3TOr0 MalKueHTa MOXKET MpuBecTH K HakorieHuto TI (moBropHoro cunte3a u3 XKK)
B [MTOIUIa3Me TiedeHH © Mol  Jepunur mnepeHocunka OwmnupyOuHa
TUTIIOKYpoHuAa (BbIOOp A) OyneT mpuBOAUTH K MpoOieMaM ¢ MEYEeHbI0, HO HE K
MBIIIIEYHBIM Tpo0JieMaM y 3TOro pedeHKa, TaKk Kak Me4YeHb mepepadaTbiBacT
OmnnpyOuH. MOXXHO Takke OXHUJATh YBEIMYECHHUS CBS3aHHOTO OWIMpYyOMHA W
TEMHBIN CTYJI, €CJIU OUIMPYOUH JUTIIOKYPOHHU]T HE MOCTYIA B KETYHbIE KaHAJbIIbI.
Hedbunut 1i10K030-6-hocdaraser (Bapuant B) OyaeT BHI3BIBATH IeMaTOMETAIUIO H
KUP B IMEUEHHW, HO HE MBIIIEYHYI CIa00CTh. OTH JIIOAM TAaKKE CKJIOHHBI K
JAKTOAlMN103y, KOTOPBIM MOxkeT cHU3UTh pH kpoBu. Jepuuut MUTOXOHIpUATbHON
3-ruapokcu  3-metunraytapuin-KoA (I'MI-KoA) cuaTassr (Beibop C) Oymer
MpEACTAaBICH HECKOJbKO aHaNOrM4yHo jaeduuuty [B-okucneHus. JnurenbHas
TUNOTJIMKEMUS HATOIIAK CIIPOBOIMPYET BHICBOOOXKIEHUE KUPHBIX KUCIOT B KPOBb U
UX HWCMOJb30BAaHUE TAaKUMU TKAaHSIMHU, KaK MbIIIBI W TedeHb. Jleduuut
mutoxonapuanbHoii 'MI'-KoA cuHTa3bl mpegoTBpaiiaeT oopa3oBaHue KETOHOB. Tam
HEe ObUIO OBl MBIIIEYHOW CIA0OCTH, MOTOMY YTO MBIIIIBI MOTYT HCIOJI30BaTh
KUPHbIE KHUCIOTB. MO3r HE B COCTOSSHUM 3TO CJlieflaTh, W MPUCYTCTBUE
TUMIOKETOTUYECKON TUMOTIMKEMUH JIMIIWI Obl MO3T JOCTaTOYHOW HHEPruu.
PesynbraTom Moryt craTh koMa u cMmepth. edunur Butamuna D (BeiOop E) He
BIIMSET HA YBEJIMUEHUE OPTraHOB U YPOBEHB ITIOKO3bI B KPOBHU.
4.14

In the options above, each graph depicts the primary source of fuel used by the
brain during fasting/starvation. For each condition listed below, select the most
closely matched graph.

Normal individual

glycogenolysis gluconeogenesis

ketogenesis ketogenasis

gluconeogenesis
T

244872 ' 10 15 2025 24 4872 10 15 20 25
hrs days hrs days

glycogenolysis glycogenolysis gluconaogenesis

ketogenesis

L
24 48720 40 15 20 25
hrs days hrs days

The answer is: C. Glycogen depleted around 18 hours, gluconeogenesis from amino
acids begins to drop gradually, and by 2 weeks, ketones have become the more
important fuel for the brain.
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VY HaBegeHMX HIDKYE BaplaHTax KOXeH rpadik BigoOpakae OCHOBHE JIKEpEIo
€HEeprii, 1110 BUKOPUCTOBYETHCA MO30KOM IIiJ] Yac MoCTy / rojioayBaHHs. [[ns ymoBH,
3a3HAaYCHOI HUXKYE, BUOEPITh HaOIKue miiopanuid rpadik.

HOpMa.]IbHa JIOAHUHAa

glycogenolysis gluconeoganasis

ketogenesis kelogenesis

—

gluconeogenasis

] 1 li
244872 W 5 2025 24 48 T2 0 15 20 25
hrs days hrs days

glycogenolysis glycogenolysis gluconeogenesis

ketogeneosis

~

luconeogenasi

24 48 # & 20 26 24 48 ?EI I‘S i 20 25

hrs days hrs days
Bipna BignoBigb: C. I'mikoreH BUCHaXUBCS 3a 18 roguH, TifOKOHEOreHe3 3 OUIKIB
MOYaB IMOCTYMOBO 3HUXXYBAaTHUCh, 1 J10 2 TWXKHIB KETOHM CTalld Ba)JIUBIIIUM

JOKEPEJIOM €HEprii Il MO3KY.

B nmpuBeeHHBIX BBIIIE BapUaHTaX Kaxbli rpaduk oToOpakaeT OCHOBHOW MCTOYHUK
SHEPryUU, HCIIOIB3yeMbI MO3TOM BO Bpems mocTa / rojoaanus. s ycioBus,
yKa3aHHOTO HIKE, BbIOepUTe Hanbosee 0J13K0 Mo00paHHbIi rpaduk.

HopmasnbHeiil yenoBek

glycogenolysis gluconeoganasis

ketogenesis kelogenesis

—

gluconeogenasis

] 1 li
244872 W 5 2025 24 48 T2 0 15 20 25
hrs days hrs days

glycogenolysis glycogenolysis gluconeogenesis

ketogeneosis

~

luconeogenasi

24 48 # 5 20 % 24 48 I-'EI I‘S i5 20 25

hrs days hrs days
ITpaBunbHbIH oTBeT: C. ['MukoreH ucrontuics 3a 18 yacoB, TIIFOKOHEOTEHE3 U3 OellKa
Hayvaj IIOCTENIEHHO MajaTh, M KO 2M Heldelie KeTOHBI HadaJld HCIIOIb30BaThCs, KaK

HauOoJiee BayKHBIN SHEPTeTUUYECKU cyOcTpaT Juisl MO3ra.

4.15

In the options above, each graph depicts the primary source of fuel used by the brain
during fasting/starvation. For each condition listed below, select the most closely
matched graph.

Liver phosphorylase deficiency
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glycogenolysis gluconeogenasis

ketogenasis ketogenesis

gluconeogenesis
| | e ———
24 48 T2 1 15 2025 24 48 72 0 5 20 25
hrs days hrs days
glycogenalysis glycogenolysis gluconeogenesis
ketogenasis
—
L
24 40 0 15 20 25 244372 10 15 20 35
hrs days nrs days

The answer is: B. Glycogen would not be mobilized from the liver.
VY HaBeleHMX HWXYE BaplaHTaX KOXKEH TIpadik BimoOpakae OCHOBHE JIKEPEo
€HEeprii, 0 BUKOPUCTOBYETHCS MO3KOM M1 4ac mocty / rojsoayBaHHs. i1 yMOBH,
3a3HaYHOI0 HIKYE, BUOEPITh HaillOmkue minibpanuil rpadik:

HMediuut pochopinazu neyinku

glycogenclysis gluconaoganesis
ketogenasis kelogenesis
gluconeogenasis
] [l '—
2448 72° T 10 15 2025 24 48 72 10 15 20 25
hrs days hrs days
glycogenalysis glycogenclysis gluconaogenesis
luconeoganesi kelogenesis
—
{ I
24 48 72 10 15 20 25
hrs days hrs days

Bipna BignoBinb: B. ['nikoren He 0yae MOOLT1130BaHUM 3 MEUIHKH.

B npuBeeHHBIX HIKE BapUaHTaX KaxKIbli rpaduk 0ToOpakaeT OCHOBHON HUCTOYHUK
SHEPIruM, UCIOJIB3YEMbIH MO3rOM BO BpeMsl mocTta / rojopaHus. [ns ycioBus,
YKa3aHHOT'O HIKE, BhIOepUuTe Hanbosee 0JIu3Kko no100paHHbIi rpaduk.

Hepuuur ¢ocdopuiiaspl ne4eHu

glycogenolysis gluconeogenasis

ketogenasis ketogenasis

gluconeocgenasis
] I |—
244872 T 0 5 2025 24 48 T2 0 15 20 25
hrs days hrs days
olycogenalysis glycogenclysis gluconeogenesis
ketogenasis
—
{f
24 48 0 15 20 5
hrs days hrs days
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[IpaBunbHbI oTBeT: B. I'ukoren He Oyner MOOMIM30BaH U3 NEYEHH.

4.16
In the options above, each graph depicts the primary source of fuel used by the brain
during fasting/starvation. For each condition listed below, select the most closely
matched graph.

Hepatic fructose-1,6-bisphosphatase deficiency

glycogenolysis gluconaogansasis

ketogenssis kelogenesis

gluconeagenasis

] |—
24 48 72 0 15 2025 24 48 72 0 15 20 25
hrs days hrs days

glycogenolysis glycegenclysis gluccneogenesis

ketogenasis

—

luconeogenesi

li ]
24 43 10 15 20 25 24 48 72 10 15 20 25
hrs days hrs days

The answer is: A. Gluconeogenesis from amino acids would be severely
restricted without this enzyme.

VY HaBeleHMX HWXKYE BaplaHTaxX KOXeH TIpadik BimoOpakae OCHOBHE JIKEpEso
MajguBa, 1110 BUKOPUCTOBYETHCS MO3KOM IIiJi 4ac MOCTy / rojiogyBaHHs. JJis ymMOBH,
3a3HAYCHOI0 HIKYEe, BUOEpiTh HallOmkue miniOpanuil rpadik.

IleuinkoBa HemocTaTHICTH PPYyKT030-1,6-0ichocdarazu

glycogenolysis gluconeogenesis

ketogenasis ketogenesis

gluconeogeneasis

1 1 li
244872 10 15 2025 24 48 T2 0 15 20 25
hrs days hrs days
glycogenalysis glycogenolysis gluconeogenesis
luconeogeanasi ketogenssis
—
P i f
24 48 # 15 20 25 24 48 T2 0 15 20 25

hrs days hrs days
Bipna BignmoBigs: A. ['10KOHEOreHe3 3 aMIHOKHUCIOT OyJe CTporo ooMexeHui 0e3
1IbOr0 (hepPMEHTY.

B npuBeneHHBIX BhIIIE BapUaHTaX KaXKIblil rpaduk 0TOOpax)aeT OCHOBHONW UCTOYHUK
TOIUIMBA, HUCIOJb3yeMbIi MO3rOM BO Bpems mocTta / rojmoaaHus. Jlis ycioBus,
YKa3aHHOI'O HHMXKE, BbIOepUTe Hanbosee OIM3Ko NoJ00paHHbIN rpaduk.

IleueHo4HAst HEAOCTATOYHOCTH (PPYKTO030-1,6-0ucdochaTasbl
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glycogenalysis gluccneogenasis

ketogenasis ketogenasis

~

gluconengenasis

Il I |—
244872 0 5 2025 24 48 T2 0 15 20 25
hrs days hrs days
glycogenolysis giycogenolysis gluconeogenesis

ketogenasis

luconeogeaneasi —

]
24 48 72 10 15 20 25
hrs days hrs days

[TpaBunbHbNi oTBeT: A. ['mIOKOHEOTeHe3 M3 OENKOB OyIeT CTPOro OTrpaHuyYeH Oe3
3TOrO (hepMeHTa.

4.17
A 54-year-old man with type 1 (IDDM) diabetes is referred to an ophthalmologist for
evaluation of developing cataracts. Pre-appointment blood work was requested and
the results are shown below:

Fasting blood glucose: 180 mg/dL

Hemoglobin A: 15 gm/dL

Hemoglobin Ay : 10% of total Hb

Urine ketones: Positive

Urine glucose: Positive
Which of the following enzymes is most strongly associated with cataract formation
in this patient?
A.  Galactokinase
B.  Aldose reductase
C.  Glucokinase
D Galactose 1-uridyl transferase
E Aldolase B
The answer is: Aldose reductase is rich in lens and nerve tissue (among others) and
converts glucose to sorbitol, which causes the osmotic damage. In galactosemia, this
same enzyme converts galactose to galactitol, also creating cataracts.

54-piuHnii 4YONOBIK 3 miabeToM 1-ro TUMy CHOpSIMOBaHUN 10 OQTaIbMOJOTa s
OITIHKW PO3BUTKY KaTapakTu. [lomepemniit anami3 kpoBi OyB 3po0aeHu 1 pe3yabTaTu
MOKa3aH1 HIXKYe:

PiBens rmoko3u B kKpoBi HaTiiecepie: 180 mr / o

I'emorno6id A: 151/ nn

I'emorno6in HbAj1c: 10% Bin 3aramsaoro Hb

KeTtonu ceui: mo3uTuBHI

PiBeHb I1IOKO3U B c€Ui: MO3UTUBHUI
Skuit 3 HacTynHUX (EpMEHTIB HaWOUIbII CUJIBHO TMOB'I3aHUN 3 YTBOPECHHSIM
KaTapakTH y [IbOr0 narieHTa?
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>

rajakTokiHaza

anbA030penyKTa3a

[JIIOKOK1HAa3a

ranakro3a-1-P-ypiagintpancdepasa

: anpaonasa B

Bipna Bignosins: Ha anpgo3openykrasy 6araTuil KpUILITaIUK OKa 1 HEPBOBAa TKAaHWHA
(cepen 1HmMX); BoHa mepeTBOpPIOE TJIOKO3y B COpPOITOJ, HAKOMHWYEHHS SKOTO
BUKJIMKA€ OCMOTHYHE mMoOWKoMKeHHs. Ilpu ramakrozemii e xe ¢GepMeHT
NEPETBOPIOE TANAKTO3Y B rallaKTUTOJI, TAKOK CTBOPIOIOUM KaTapakTy.

mo o

S4-neTHUN MyXuKMHA ¢ JuabeToM 1ro Tuia HampapieH K OQpTaaIbMOJIOTY JJis OIIEHKH
pa3BUBAIOLIMXCS KaTapakT. [IpeaBapuTenbHbI aHAIW3 KPOBU OBbUI 3alpolleH U
pEe3ybTaThl TOKAa3aHbl HUXKE:

YpoBeHb ITI0K03bI B KpoBH HaTomiak: 180 mr / g

I'emoriooun A: 15/ o

I'emornobun Ajic: 10% ot obmero Hb

KeToHbl MOYM: MONOKUTENbHBIC

YPOBEHB INIIOKO3bI B MOYE: MTOJI0KUTEIbHBIN
Kakoit u3 cnegyromux ¢epmMeHTOB HauOosee CWIBHO CBsI3aH € OOpa3oBaHUEM
KaTapakThl y 3TOTO MarueHTa’?
l'anakToknHasza
Anpro3openykrasza
I'mokoknHaza
lManakro3o-1-P-ypununtpancdepasa
. Arnpnomnasza B
[IpaBuiibHBIN OTBET: ANIBIO30PEAYKTA30M OOraT XpyCcTajluK U HEpBHAs TKaHb (Cpeau
npounx); OHa mpeBpalllaeT TIOKO3Yy B COPOUT, HAKOIUIEHHE KOTOPOTO BBHI3BHIBAECT
ocMoTHYecKoe ToBpexaeHue. [Ipu ramakrozemMuu 3TOT e (EPMEHT MpeBpallacT
rajakTo3y B raJakTUTOJ, TAKXKE CO3/7aBas KaTapakTy.

moow>

4.18
A 54-year-old man with type 1 (IDDM) diabetes is referred to an ophthalmologist for
evaluation of developing cataracts. Pre-appointment blood work was requested and
the results are shown below:
Fasting blood glucose: 180 mg/dL
Hemoglobin A: 15 gm/dL
Hemoglobin Ay : 10% of total Hb
Urine ketones: Positive
Urine glucose: Positive
Which of the following best indicates that the blood glucose in this patienthas been
elevated over a period of weeks?
Presence of ketone bodies
Hyperglycemia
Lipemia
Elevated HbAlc
Lipoprotein lipase

moow»
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The answer is: . HbA;. is glycosylated HbA and is produced slowly whenever the
glucose in blood is elevated. It persists until the RBC is destroyed and the Hb
degraded and so is useful as a long-term indicator of glucose level.

S4-piyHuN 4YONOBIK 3 JiabeToM 1-ro Tumy crnpsMoBaHUN A0 odTambMoiora s
OILIIHKM PO3BUTKY KaTapakTu. [lonepenniil anani3 kpoBi OyB 3p0o0JeHUl 1 pe3yabTaTh
MOKa3aH1 HUXKYE:

PiBenb riroko3u B kpoBi HaTiie: 180 mr / 1

I'emorno6ia A: 15/ on

I'emorno6in HbAj1c : 10% Bin 3aransHoro Hb

KeTtonu cedi: mo3utuBHIi

PiBeHb I1I0KO3U B ceUi: MO3UTUBHUI
[Ilo 3 HacTynmHOro HaWKpallle BKa3ye Ha Te, 110 PIBEHb TIIOKO3U B KPOB1 Yy I[bOTO
namieHTa OyB MiIBUILIEHUNA MPOTITOM JEKUIBKOX THXKHIB?

A.  HagBHICTh KETOHOBHX TLI
B.  rinepriuikemis

C. nimemis

D. miaBuIieHnit piseHbs HbAj.
E.  mnompoteinninasa

Bipna Bigmosinb: HDAic € rmiko3wiboBanuM HbA 1 HmpoayKyeThes MOBIIBHO
10pa3y, KOJIM PiBEHb TNIIOKO3U B KPOBI MiABUIIEHUN. [le mpomoBxKy€eThCs 10 TUX TIp,
MOKU €PUTPOLIUTH He 3pyiHyIoThes 1 Hb He posmanetsces, 1 Tomy ['emorno6in HbA ¢
KOPUCHUM B SIKOCT1 IOBTOCTPOKOBOI'O 1HAMKATOPA PIBHS TIIOKO3U Y XBOPHX.

S4-neTHUi My>KuuHa ¢ AMadeToM 1-ro Tumna HampasieH K OPTaabMOJIOTY AJIsl OLICHKH
pa3BuBarolieics KatapakThl. [IpeaBapuTeNnbHbIM aHAIW3 KPOBU OBUI 3aMpoOIlNeH U
pPEe3yAbTaThl TOKa3aHbl HUXKE:

YpoBeHb ITI0K03bI B KpoBH HaToIIak: 180 mr / ai

I'emormooun A: 151/ on

I'emorno6un Ajic: 10% ot obmero Hb

KeToHbl MOYM: MONOKUTENBHBIE

VYpoBeHb IIIIOKO3bI B MOYE: MTOJIOKUTEIbHBIN
UTO M3 MEepeurciieHHOro JIy4llle BCEro YKa3blBaeT Ha TO, YTO YPOBEHb TJIFOKO3BI B
KpPOBHU Y TOTO MalMEeHTa ObLJ MOBBIIICH B TEUEHUE HECKOIbKUX HEJIENb?

A.  Hanmuyue KETOHOBBIX TEJ

B.  runepriukemus

C. numemmus

D.  noBbimieHHbIN ypoBeHb HbA ¢
E.  nunompotenHnumnasbl

[TpaBunbHbIA oTBeT: HbA1: sBIsIeTCS TIMKO3MIMpOoBaHHEIM HbA 1 mpomymupyercs
BCSKHUU pa3, KOT/Ia YPOBEHB TIIOKO3BI B KPOBH TMOBBINICH. JTO MPOIOJDKACTCS 0 TeX
op, TIOKa IPUTPONHTH He OyayT paspymensl 1 Hb pacnaaércs u modToMy AaHHBINA
reMOTJIO0MH TOJIE3¢H B KA4eCTBE UIMTEIBHOTO HWHANKATOPA YPOBHS TIIOKO3BI Yy
OOJIBLHBIX.

4.19
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A 54-year-old man with type 1 (IDDM) diabetes is referred to an ophthalmologist for
evaluation of developing cataracts. Pre-appointment blood work was requested and
the results are shown below:

Fasting blood glucose: 180 mg/dL

Hemoglobin A: 15 gm/dL

Hemoglobin Ay : 10% of total Hb

Urine ketones: Positive

Urine glucose: Positive
Which of the following enzymes would be more active in this patient than in a
normal control subject?
Hormone-sensitive lipase
Glucokinase
Fatty acid synthase
Glycogen synthase
Lipoprotein lipase
The answer is: Because the diabetes is not being well controlled, assume the
response to insulin is low and the man would have overstimulated glucagon
pathways.

moow>

S4-piyHUN YONOBIK 3 AiadeToM 1-ro TUIly COpAMOBaHUNA A0 OQTaabMoiora s
OILIIHKH PO3BUTKY KaTapakt. llomepenHiii aHami3 KpoBi OyB 3p0o0ieHUl 1 pe3yabTaTu
ITOKa3aH1 HIDKYEC:

PiBens rmoko3u B kpoBi HaTiie: 180 mr / mi

I'emorno6id A: 151/ on

I'emorno6in HbAjc: 10% Bix 3araasHoro Hb

Keronu ceui: mo3uTHuBHI

PiBeHb I1I0K03H B cedl: HO3UTHBHUM

Skuit 3 HacTynHUX (pepMeHTIB OyJie OUIbIl aKTUBHUM Y IILOTO MAIIEHTA, HIXK B
HOPMaJIbHOMY KOHTPOJIbHOMY MOKa3HUKY ?

A.  uyTnuBa A0 TOPMOHIB Jinaza
B.  rmokokiHaza

C.  cuHTa3a XUPHUX KUCIIOT

D.  riikoreHciHrasa

E.  minmompoteinninasa

Bipna BignoBinb: OCKUIBKM A1a0€T MOTaHO KOHTPOJIOETHCS, MPUIYCTUMO, IO
BIIMOBIAbL HA 1HCYJIH HU3bKA, 1 JIIOJUHA OyJae MaTh HAAMIPHY CTUMYIISIIIO
MeTa0OIIYHOr0 NUISIXY — TKAHUHHOTO JIMONI3Y, AKUNA CTUMYIIOETHCA TIOKaroHOM
Kpi3b YYTJIUBY /10 TOPMOHIB JIiNa3ay.

S4-neTHU My>XUKMHA ¢ AuabeToM 1ro ThIa HampaBieH K OPTaIbMOJIOTY JJisl OLIEHKH
pa3BUBAIOLIMXCS KaTapakT. [IpeaBapuTenbHbIi aHAIW3 KPOBU OBbUI 3alpolleH U
pEe3yIAbTaThl OKa3aHbl HUXKE:

YpoBeHb IIII0KO03bI B KpoBH HaTomak: 180 mr / m

I'emornoonu A: 151/ o

I'emorno6un Ajc: 10% ot obmero Hb

KeToHbl MOYM: MONOKUTENbHBIE
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VYpoBeHb IITI0KO3bI B MOYE: MTOJIOKUTEIbHBIN
Kaxkoit u3 cnenyronux pepmenToB Oyaer 6ojiee aKTUBHBIM y 3TOTO MAlUEHTA,
YeM B KOHTPOJIBHOM MOKa3aresie?

A.  uyBCTBUTENIbHAs K TOPMOHAM JIMIa3a
B. TIIOKOKHHA3a

C. CHHTA3bl )KUPHBIX KUCTIOT

D.  riImKoreHcHMHTA3BI

E. nunomporewnnunaza

[IpaBunbHblii  oTBeT: Ilockonbky — amabeT  IIOXO  KOHTPOJUPYETCH,
MPENOI0KUM, YTO UYBCTBUTEIBHOCTh K HWHCYJIWHY HM3Kas. Y TamueHta Oyaer
HaOMOAaThCsl M30BITOYHAS CTUMYJSAIUS METa00IMYECKOTO MYTH - TKaHEBOTO
JIAMOJIN3a, KOTOPBIA CTHUMYJIUPYETCS TJIIOKATOHOM Yepe3 YYBCTBUTEIBHYIO K
TOPMOHAM JIAMA3Yy.

4.20

A 40-year-old woman with a history of bleeding and pancytopenia now presents with
leg pain. She describes a deep, dull pain of increasing severity that required pain
medication. Computed tomography examination reveals erosion and thinning of the
femoral head. A bone marrow biopsy is performed to confirm a diagnosis of Gaucher
disease. What material would be found abnormally accumulating in the lysosomes of
her cells?

A.  Mucopolysaccharide

B.  Ganglioside

C.  Ceramide

D.  Cerebroside

E.  Sulfatide

The answer is: Glucocerebrosides would accumulate in the cells because the missing
enzyme is glucocerebrosidase.

40-piyHa KiHKa 3 KPOBOTEUCIO 1 MAHIIUTOIICHIEI0 B aHaAMHE31 Hajidnuia 3 0ojieM B
Horax. BoHa ommcye rinmOokuii, Tynui Oilb 3pOCTAar40i BaXKKOCTI, IO MOTPEOye
3HeOoseHHss. Komm'torepra ToMorpadis BHSBISE €pO3iF0 1 BUTOHYCHHS TOJIOBKH
CTErHOBOI1 KICTKH. bBioTCis KICTKOBOTO MO3KY MPOBOJIWUTHCS JUISI MHiATBEPKCHHS
niarHody xBopoou [Tome. Sxmit wmartepian Oyae 3HaWIEHWH HEHOPMAaIbHO
HAKOIMYEHHUM B JI130COMaxX KIIITHH XBOPOi?

A.  MyKormomicaxapuan
B. TaHTTI03U N

C. 1epamiau

D. 1epeopo3uIu

E cynbdaTuau

Bipna BignoBinb: [nmrokoriepedpo3uan OynyTh HAKOMUYYBATHCS B KIITHHAX, TOMY
10 Y XBOpHX 3 XBOopoOorto [o1ire. BiicyTHIN (epMEHT - TIroKolepedpo3inasa.

40-1eTHsIs KEHIIMHA ¢ KPOBOTEYCHUEM U MAHIIMTONICHUEH B aHAMHE3€ MOCTYIHIA C
6onpi0 B HOorax. OHa ONMUCHIBAET MIYOOKYIO, TYNyl0 0O0JIb BO3pacTarolel TIKECTH,
yTo Tpebyer obeszbonuBaronie. KommneioTepHas ToMorpadusi BBISBISET SPO3UI0 U
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HMCTOHYEHUE TOJIOBKM O€pEHHON KOCTHU. BUOICHS KOCTHOTO MO3ra HpPOBOJUTCS AJIS
NoATBEpKAeHUsT auarHo3a Oone3nu ['ome. Kakoit wmartepuan Oyner HailneH
HEHOPMAaJIbHO HAKATUTMBAIOIIMMCS B JIN30COMAX €€ KIETOK?

A. MYKOTMOJIMCaXapHU bl
B. TaHTJINO3UIBI

C.  kepaMwuzbI

D. 1uepebpo3ubl

E. cynsdaruas

[TpaBunibHBIN OTBET: ['MIOKOLEPEOPO3U LI OYAYT HAKAIIIUBATHCSA B KJIETKAX, IOTOMY
YTO OTCYTCTBYIOIIUM (DEPMEHTOM SIBIISIETCS TIIOKOIIEpeOpo3uaasa.

4.21

An underweight 4-year-old boy presents semicomatose in the emergency room at 10
A.M. Plasma glucose, urea, and glutamine are abnormally low; acetoacetate is
elevated; and lactate is normal. He is admitted to the ICU, where an increase in blood
glucose was achieved by controlled infusion of glucagon or alanine. Which metabolic
pathway is most likely deficient in this child?

Hepatic gluconeogenesis

Skeletal muscle glycogenolysis

Adipose tissue lipolysis

Skeletal muscle proteolysis

Hepatic glycogenolysis

The answer is: The patient is hypoglycemic because of deficient release of
gluconeogenic amino acid precursors from muscle (low urea and glutamine, alanine
and glucagon challenge tests). These results plus normal lactate and hyperketonemia
eliminate deficiencies in glycogenolysis, gluconeogenesis, and lipolysis as
possibilities; defective muscle glycogenolysis would not produce hypoglycemia.

moowp

4-piyHMA XJIOIMYUK 3 HEAOCTAaTHHOI Barok B EKCTPEHIM cuTyallii HagidIioB B
HamiBKOMaTo3HOMY cTaHi o 10-# panky. PiBeHp IIIOKO3M B TIa3Mi, CEYOBUHA 1
IIFOTaMiH aHOMAJIbHO HU3bKI; arleToareTaT MiJBUIICHHH; JaKTaT B HOpMi. XJIOITYUK
NPUUHATHA B peaHIMaIliio, je¢ 30UIBIICHHS TJIOKO3W B KPOBI OYyJIO TOCATHYTO
IIUISIXOM KOHTPOJIbOBaHO1 1H(GY31l IiIokarony abo amaHiHy. Skuit mMeTaboaidyHUMA
IUISIX HAMOUTBIIT KMOBIPHO HEAOCTATHIN Yy ITi€T TUTHHU?

MEeYIHKOBHUH TIIFOKOHEOTeHE3

TTIKOT€HOJTI3 CKEJICTHUX M'SI31B

JIIIOJTI3 KUPOBOT TKAHUHU

MPOTEOJII3 CKEJIECTHUX M'A31B

NICYIHKOBHH TIIIKOT'CHOJI3

B1pHa BIIMOBiAL: Y TallieHTa TINOTJIKEMis dYepe3 HEJAOCTaTHE BHJIUICHHS
MOTIEPETHUKIB TJIFOKOHEOTCHHUX aMIHOKHUCJIOT 3 M'S31B (HM3bKUW PIBEHb CEYOBUHU 1
III0TaMiHa, ajaHiHy 1 rarokarony). Lli pesynbrate II0C HOpPMaJdbHUM JIaKTaT 1
TIIEPKETOHEeMIs  CIPOCTOBYIOTh  SK TMPUYMHY HENOJIKM B  TJIKOTCHOJI3I,
TJIFOKOHEOTeHe31, 1 JIMojizi; Ae(eKTHH TIKOreHOoi3 M'SI31B HE BUKIMKATUME
TIIOTJIIKEMIFO.

JullcRol-BS
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4-eTHUM MaJb4YMK C HEJOCTATOYHBIM BECOM B AKCTPEHHOM CHUTyallMu MOCTYIMHI B
MOJTYKOMAaTO3HOM COCTOSsHUU B 10 yTpa. YpOBEHb IJIIOKO3bI B IUIa3ME, MOUYEBHUHA U
IJIIOTAMUH AaHOMAJIBHO HU3KH; alleTOALETAT MOBBIIICH; JaKTaT B HOpMe. OH NpUHSAT B
peaHuMaIMIo, TJ€ YBEIWYEHHUE TJIOKO3bl B KPOBU OBUIO JIOCTUTHYTO WyTEM
KOHTpOJIMpYEeMOW MH(Y3UU TIIOKaroHa win ananuHa. Kakoit Metabonuueckuil myTh
HanboJiee BEPOSTHO HETOCTATOYHBIN y 3TOTr0 pedeHKa?

MEYCHOYHBIN TIIFOKOHEOTEHE3

TJIMKOTE€HOJIN3a CKEJIETHBIX MBIIIII]

JIATIONN3 KUPOBOM TKAHU

MIPOTEOJIN3 CKEJIETHBIX MBIIIIL]

MEYCHOYHBIN TITUKOTEHOJIN3

HpaBI/IJIBHBII/I OTBET: Y MalMEeHTa TUIOTJIMKEMUS M3-3a HEIOCTATOYHOTO BBIJAECIECHUS
MPEIIIECTBEHHUKOB AMUHOKHUCIIOT, HWCIOJIb3YEMBIX B TIJIFOKOHEOT€HE3E€, W3 MBbIIIII]
(HU3KUH YpOBEHb MOUYEBHUHBI U IIIOTAMUHA, aJlAHUHA U TJIIOKAroHa). DTH pe3yJbTaThl
IUIFOC HOPMAJIbHBIE JIAKTAT M THINEPKETOHEMUS ONMPOBEPrarOT B KAYECTBE MPUYMHBI
HEJIOCTaTKH B TJIMKOT€HOJIM3E, TJIIOKOHEOreHe3e, U JIMMNOoJu3e; JAe(EeKTHBIN
TJIMKOT€HOJIN3 MBI HE OYJET BbI3bIBATh TUIIOTJIMKEMUIO.

moow>

4.22

After suffering injuries in a motor vehicle accident, a 7-year-old boy undergoes open
reduction surgery to repair a compound fractured femur. Postsurgically, the boy
undergoes severe hemorrhage and requires transfusion of 8 units of blood.
Coagulation studies demonstrate the PT time to be normal, but the PTT time is
prolonged. Mixing the boy’s plasma with normal plasma returns the PTT time to
normal. The mode of inheritance of this boy’s disease is most similar to which of the
following inherited enzyme deficiencies?

Adenosine deaminase deficiency

a-Galactosidase A deficiency

Glucocerebrosidase deficiency

Hexosaminidase A deficiency

Dystrophia myotonica protein kinase deficiency

The answer is: The excessive bleeding, increased PTT, and correction of the PTT
with addition of normal serum point to hemophilia. The most common types of
hemophilia are hemophilia A (deficiency in clotting factor VIII) and hemophilia B
(Christmas disease; caused by a deficiency in clotting factor IX). The genes encoding
both of these proteins are carried on the X-chromosome, making these X-linked
recessive diseases. The only disease listed above which is inherited in an X-linked
manner is Fabry disease, caused by a defect in a-galactosidase A involved with
degradation of glycosphingolipids. are autosomal recessive inherited disorders of
sphingolipid catabolism (Gaucher and Tay-Sachs respectively) classified as
lysosomal storage diseases Dystrophia myotonica protein kinase deficiency is an
autosomal dominant inherited disorder (myotonic dystrophy) which displays

mooOwr

B pesynbraTi aBTOMOOUIBHOI aBapii MOTEPHUIMN 7-pIYHMN XJIOMYUK MPOMIIOB
BIZIKPUTY PEAYKIIiiHY OIeparfito 1o BiTHOBIEHHIO CKJIQJHOTO TEPEIOMY CTErHOBOI
KicTKU. TlocTXipypriuHo, y XJIOMYUKA CIOCTEPIra€ThCs CUJIbHA KPOBOTEYa, 1 BIH
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noTpeOye mepenuBaHHs KpoBi. JIOCHIIDKEHHS  KOAaryJjdiii MOKa3ylTbh, IO
npoTpoMOIHOBHI yac Mae HopManbHe 3HaueHHs, aie AYTY mnonomxkeno. I[lpu
3MIllIaHHI [JIa3MU XJIOMYUKa 3 HOpMaibHOK MmiasMoro AYUTY mnoBepTaeThes 10
HOpMHU. Tun ycrnajakyBaHHSI XBOPOOH LILOT'O XJIOMYMKA HAUOLIBII CXOXKHIM HA :
nediuT ageHo3uH-1eaMiHa3H

ne(IIUT o-raJakTo3uaa3u

nedIuT raKo3oepedpo3igazu

nediuT rekcozaminigazu A

TUCTPOdisi MUOTOHUYECKOW MPOTETHKIHA3U

B1pHa BianmoBinb: HanmipHa kpoBoTreua, 30uibmieHHs AUTY 1 xopekiigs AUTY 3
JOJIaBaHHSAM HOPMAJIbHOI IJIa3MU BKazye Ha remoduriro. HalimommumpeHimni Buau
remodunii - remoduriss A (mediuut dakropa 3ropranns kposi VIII) 1 remodinis B
(pi3aBsiHAa XBOpOOa; BUKIMKaHA aediruTom ¢gakropa 3ropranHs kposi [X). ['enu, mo
KOJYIOTh 00MABa IUX OLIKa, 3HAXOJATHCSA Ha X-XPOMOCOMI, IO POOUTH I TUIHU
remMo(unii X-34eIJICHUMU PELECUBHUMH 3aXBOPIOBAHHSIMU. €JIMHE 3aXBOPIOBaHHS,
repepaxoBaHe BUIIE, L0 YCHAJAKOBYETHCS 3a X-3UEIUIEHOI CXEMOI0, LI XBOpoOa
®abpi, BuKIWKaHa Je()EKTOM O-TaJaKTo3Waa3u A, TOB'SI3aHOI 3 JeTrpajalfi€io
rimikocdinromimigie. Jedinut riaroko3onepedposinazu i AediuT rekco3aMminigazu A
€ ayTOCOMHO-PEIIECHBHUMH  CIIaJIKOBUMHU 3aXBOPIOBAHHSAMH  C(IHTOIIITITHOTO
katabonizmy (I'ome i1 Tes-Cakca BinmoBimHO) 1 KIacU(IKYEThCS SK JII30COMHI
XBOpOoOW HakomuueHHs. J(ucTpodis MUOTOHMYECKON MPOTEIHKIHA3M € ayTOCOMHO-
JOMIHAHTHUM  CIIAJIKOBHM  3aXBOPIOBaHHSAM  (MIOTOHIYHA  JUCTpodist), sKe
MPOSIBIIETHCS 301IBIICHHAM HYKJICOTHIHUX MOBTOPIB.

B pesynbprate aBTOMOOWIBHOW aBapuu MOCTPANABIINNA 7-TETHUN MaJIb4HMK MPOIIET
OTKPBITYIO PEIYKIHMOHHYIO OIEpalMI0 MO BOCCTAHOBJIEHHUIO CIIOKHOTO MEepenoMa
Ooenpennoit  koctu.  [locTXMpYpHUYECKH, MaJbUYUK  HUCHBITHIBAET  CHIIBHOE
KPOBOTEUEHHUE U TPeOyeT nepenuBanus § equHuI] KpoBu. VccienoBanus Koarymisiuu
MOKA3bIBAIOT, YTO MPOTPOMOMHOBOE BpeMs JOHKHO OBITh HOpManbHO, HO AUTB
npojieBaercs. CMmemmuBas MmiazMy MallbudKa ¢ HOPMaJbHOM IJIa3MOUM BO3BpAIllaeT
AUYTB k Hopme. Tum HacnenoBaHus OOJE3HM ATOr0 MajibuMKa Haubojee MOX0X Ha
KaKOM U3 CIIEYIONINX HACIEACTBEHHBIX (DEPMEHTHBIX HEIOCTATOUYHOCTEH ?

neUIUT afeHO3UH-1€aMHUHA3BI

neUIUT a-raJakTo3uaa3bl

TeUIUT TIIIOK03011epeOpO3U1a3hI

Ne(UIUT TeKCO3aMUHUIA3hI A

TUCTPO(dUS MHOTOHUYECKOW MPOTEMHKUHA3BI

HpaBI/mbem oTBeT: UpesmepHoe kpoBoTeueHue, yBenundeHue AUYTB u koppekuus
AUYTB ¢ nmobaBneHreM HOPMaJIBHOW CHIBOPOTKH yKa3bIBaeT Ha reModuinio. Cambie
pacrpocTpaHeHHble BUAL TreModmwimu - rTemodpuaus A (medumur dakTopa
cBepteiBanus kpoBu VIII) m remodunus B (BpokneHHass 0oJie3Hb, BBI3BaHHAs
nedururom (akropa ceepthiBaHus KpoBu [X). I'eHbl, Kogupyromume o6a 3Tux Oenka,
Ha X-XpOMOCOME, YTO JIeNIaeT UX X-CIETUICHHBIMU PEIECCUBHBIMU 3a00JIE€BaHUSAMH.
EnuncrBeHHoe 3a0o0sieBaHUE, MEPEUYHMCICHHOE BBIIIE, KOTOPOE HaciexyeTrcs mno X-
CIIeIJIEHHON cxeme, OoisiesHb dabpu, BbI3BaHHAS Je(PEKTOM 0-TrajJakTO3UAa3bl A,
CBs3aHHOW ¢ nerpamanueit riaukochunronunuios. (Bapuantet C u D) sBiustorcs
ayTOCOMHO-PEIECCUBHBIMU HACJIEJICTBEHHBIMH 3a00J€BaHUSIMH COUHTOJMUITHIHOTO
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katabonusma (['ome u Tes-Cakca COOTBETCTBEHHO) KIACCU(PUIUPYETCS Kak
JTU30COMHBbIE  Oonie3nu  HakoruieHusi. (Bapuant E) sBasercs ayTocoMHO-
JIOMUHAHTHBIM ~HACJIEJICTBEHHBIM 3a0ojieBaHUEM (MHOTOHUYECKass JuUCTpodus)
KOTOPBIN MPOSBIISIETCS YBETUYEHUEM HYKICOTHAHBIX TIOBTOPOB.

4.23

A 15-month-old female infant is brought to the emergency room by her parents. The
infant’s mother did not receive routine pre-natal care, and limited information is
available regarding the infant’s pediatric care. The mother does reveal that the infant
“doesn’t seem like her other children” and has always been very “fussy.”” Physical
examination reveals a distressed infant who does not verbalize. Her abdomen is
tender and enlargement of both spleen and liver are present. Opthalmoscopic
examination fails to reveal cherry-red spots. After a brief hospital course, the infant
dies and autopsy is performed. Neural tissue shows parallel striations of
electrondense material within lysosomes. A defect in which of the following was
most likely present in this infant?

Golgi-associated phosphate transfer to mannose

Degradation of ganglioside GM2

Degradation of glucocerebrosides

Degradation of sphingomyelin

E.  Synthesis of gangliosides

The answer is: Niemann-Pick (Type A) disease is characterized by
hepatosplenomegaly, with or without cherry-red spots in the macular region,
neurologic involvement (mental retardation, failure to crawl, sit, or walk
independently). I-cell disease is caused by a defect in Golgi-associated
phosphotransferase  (N-Acetylglucosamine-1-phosphotransferase), which would
usually present with cardiomegaly and would not show the Zebra body inclusions
typical of Niemann-Pick. Tay-Sachs disease is caused by a defect in hexosaminidase
A. In most cases, this will present with the cherry-red spots and would not have Zebra
body inclusions inside lysosomes. No hepatosplenomegalyoccurs. Degradation of
glucocerebrosides describes Gaucher’s disease, caused by a defect in
glucocerebrosidase and would lead to “crumpled paper inclusions” inside
macrophages.The features include bone pain, fractures, and infarctions along with
hepatosplenomegaly. Most cases are Type 1 and don’t present until late childhood or
adolescence.Choice “Synthesis of gangliosides” is a distractor. There are no relevant
diseases on Step 1 associated with ganglioside synthesis. Note: The patient in this
case did not have “cherry-red spots” in the macula of the eye. Both Tay-Sachs and
Niemann-Pick disease may present with cherry-red spots, but they are not specific to
either disease. Similarly, their absence cannot be used to exclude either disease.
15-micsauHy JIBUMHKY TPHUBE3NIH Yy BIIAIJICHHS HEBIAKIAIHOI JOTMOMOTH OAaThKHU.
MaTtu quTMHH HE OTpUMYyBAJIA TIJIAHOBOI JOMOJIOTOBOI JOMOMOTH, 1 Mae 06Me>KeHy
iHopMaIito TPO MeAlaTPUYHY JONMOMOTY HEMOBIATaM. MaTu po3moBijae, 110
HEMOBJII «HE CXO)Ka Ha IHIIUX 11 JiTel» 1 3aBxau Oyrna ayxe "MEeTyIUIMBOIO".
disnuHe 00OCTEKEHHS BUSBISE CTPHBOXKEHE HEMOBIIS, sIKe HE NPOMOBISE CiB. li
KUBIT UYTJIMBUM 1 TPUCYTHE 3OUIBIICHHS SK CEJIC3IHKH, TaK 1 TIEYIHKH.
OdranbMocKoTIiYHE JOCHIDKCHHSI HE BHUSBISIE BUITHEBO-4epBOHI IursiMu. Ilicns
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KOPOTKOTO KypCy B JIIKapHI HEMOBJIS BMHpA€ 1 MPOBOAUTHCA po3TuH. HepBoma
TKAaHMHA TIOKa3y€e IMapajelibHy CMYTacTICTh €JIEKTPOHHOI IIUIBHOCTI Marepiany
BcepeiuHi J1i30coM. JledeKT uoro mBHIIE 32 BCE NPUCYTHIN Y IOTO HEMOBIISTU?
[Nonbxi-acorniiioBane nepeHecenns ¢ocdary B MaHO3Y

po3kiaganHs rauriaiosuay GM2

PO3KJIaJIaHHS TIIIOKOLEPeOPO31I0B

nerpanaaiis ciHroMmienina

CUHTE3 TaHTJIIMO3U/ 1B

B1pHa BinnmoBiAbk: BianoBiges: nerpapaimis cdinromienina. XBopodOa Himana-ITika
(Tunm A) XapakTepu3yeTbCsl TeMaTOCIUICHOMETali€lo, 3 a00 0e3 BUIIIHEBO-YEPBOHUX
IUISIM B MaKyJISIpHOi 00JacTi, HEBPOJOTTUHUM 3alIyyeHHSM (pO3ymMoOBa BiJICTANICTh,
HE3/aTHICTh MOB3aTH, CUAITH a00 XOAUTU CAMOCTIWHO). [-KIITHHHE 3aXBOpPIOBaHHS (
BUKIMKaHO  jaedektom  [ompmki-acouiiioBanoi  docdorpancdepasu (N-
aneTurioKo3amMun-1-dochorpancdepaszn), dKa  3a3BUYad MPUCYTHS 3
KapJlIOMEeTraji€l0 1 He MOKa3ye CMYracTi BKJIIOYEHHsI, TUIOBI i xBopoou Himana-
ITika. XBopoOa Tes-Cakca BukinKaHa neheKTOM Tekco3amiHizazu A. Y OUIBIIOCTI
BUIAJIKIB BOHA OyJ]ie 3 BUIIHEBO-YEPBOHHMU IUISIMAMU 1 HE OyJe MaTH CMYTracTUX
BKJIIOUYE€HBb BCEpEaMHI JIi30coM. I'enarocmienomMeranis He BiIOyBa€ThCs. TIPH XBOPOO1
INomre, sika BUkIMKaHa Ae(EKTOM TIIOKOLIEPEOpO3naa3u 1 MPU3BOAUTH 0 «3IM'SITUX
MarnepoBUX BKJIIOYEHb» BcepearHi MakpodariB. OcoONMBOCTI BKIIOUYAIOTh B cebe
OuIhb B KICTKaX, MepeiaoMu 1 1H(ApKTU pa3oM 3 renaTocruieHoMmeraniero. Ha icnuti
Stepl HeMae BIAMOBIAHHMX 3aXBOPIOBAaHb 3 CHHTE30M TaHTIMO3UAOB. IlpumiTka: y
Mali€eHTa B IbOMY BHUIIAJIKy HE OYyJIO «BUIIHEBO-YEPBOHUX IUISIM» B IUISIMOYII OKa.
XBopoba Tes-Cakca 1 Himana-ITika Mo)ke MNpOTIKATH 3 BHUILIHEBO-YEPBOHUMU
IUIIMAMU, aje BOHU HE XapaKTepHI HI JJIsi OAHOTO 3aXBOpIOBaHHA. Tak caMo ix
BIICYTHICT HE MOXX€ OyTH BUKOpPUCTaHa [JIsi BHKJIIOYEHHS OyAb-sSKOIO
3aXBOPIOBAHHSI.

I mooOw>

15-mMecsauHyl0 AEBOYKY MPHUBE3IU B OTACJICHUE HEOTIOKHOM MOMOIIM POJUTEIIH.
Martb peOeHka He moJiydalia MIaHOBOM JOPOAOBOM MOMOIIH, U UMEET OrPaHUYEHHYIO
nHpOopMaLMIO O MeANaTPUYECKOM MOMOINM MilajieHIlaM. MaTh paccka3bIBaeT, 4TO
MJIJICHEI «HE MOX0X Ha APYTUX CBOUX JETEH» M Bcerja ObUl OYeHb '"CyeTIMBBIM'.
dusnueckoe 00CIeI0BaHUE BBISIBISET BCTPEBOXKEHHOIO MIIAJCHIA, KOTOPBIA HE
MMPOU3HOCUT CJIOB. E€ KMBOT YyBCTBUTEJBHBIM W MPUCYTCTBYET YBEIWYEHHE KaK
CeJe3eHKU, TaKk U mnedeHUu. OQPTaaTbMOCKONMHYECKOE HCCIEIOBAHUE HE BBISBISACT
BUIIIHEBO-KpacHbIe NsATHA. [lociie KopoTKoro Kypca B O0OJIbHUIIE MIIaJICHE] YMUPAET U
MMPOBOAUTCS BCKpbITHE. HepBHAsA TKaHb MOKAa3bIBACT MAPAUIEIbHYI NCUEPUYCHHOCTD
AJIEKTPOHHOM TUIOTHOCTH MaTepHalia BHYTPH JIU30coM. JlepeKT uero ckopee BCEro
MPUCYTCTBYET y ITOTO MJIaJEHIA?

TOJIBKH-aCCOIIMMPOBAHHBIN TIepeHoc ¢ocdaTa B MAHHO3Y

paznoxenue ranriumosnga GM?2

pa3lioxKeHUe TIIOKOIEpeOpO3UI0B

nerpanaius chuHroMueTHa

CUHTE3 FaHIJIM03UI0B

HpaBI/IJIbHLH/I otBeT: bonesup Humana-Iluka (tum A)  xapakrepusyeTcs
renaTocIvieHOMeranueil, ¢ wiu 0e3 BHUIIHEBO-KPACHBIX MATEH B MAaKyJSIpHOM
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00J1acTH, HEBPOJIOTUYECKUM BOBJICUEHUEM (YMCTBEHHAs! OTCTaIOCTh, HECIOCOOHOCTD
M0JI3aTh, CUJETh MWW XOIUTh CaMOCTOATEILHO). I-KieTouHoe 3aboseBaHue (BHIOOD
A) BbBBaHO nedexkTom B ['ompmku-accormupoBanHor docdoTrpanchepaze (N-
aneTuirioko3amMun-1-gochorpancdepasa), koropas OOBIYHO MPUCYTCTBYET C
KapJIuOMerajiueid M He IOKa3bIBA€T HCUEPUYEHHOCTh BKJIIOUCHUS, TUIIWYHBIC IS
oonesnn Humana-Iluka. bonesns Tes-Cakca (BapuanT B) BbI3BaHa nedexToMm
rekco3aMuHuiazpl A. B OOJBIIMHCTBE CiiyyaeB OHA OyJeT C BUIIHEBO-KPACHBIMHU
NATHAMU W He OyJeT HMEeTh HWCUYEpPUYCHHBbIE BKIIOUYEHUS BHYTPU JIM30COM.
I'enatocrieHomeranust He npoucxonut. (Bapuant C) omuckiBaer Oonesnn [omie,
BBI3BaHHYIO A€(EKTOM IIIIOKOIEpeOpo3n1a3bl U MPUBEAET K «CMSATHIM OYMaKHBIM
BKJIIOYEHHUAM» BHYTpU MakpodaroB. OCOOCHHOCTH BKJIIOYAIOT B ce0si 00JIb B KOCTSX,
nepeiaoMbl W uH(papkTel BMecTe ¢ remnarociieHoMeranueid. (Bwribop E)
orBiekaronuii. Ha sx3amene Stepl HET COOTBETCTBYIOMIMX 3a00JI€BAHUI C CUHTE30M
raurino3uaoB. llpumeyanue: y manweHTa B 3TOM Ciliydae He ObUIO «BHIIHEBO-
KpAacHBIX MIATEH» B Makyje rnasza. bomesnp Tes-Cakca m Humanna-Iluka moxer
MIPOTEKATh C BUIIHEBO-KPACHBIMU MATHAMU, HO OHU HE XapaKTEPHbI HU JJISI OJTHOTO
3a0oneBanusi. TOYHO Tak XK€ WX OTCYTCTBHE HE MOXKET OBITh HCIOJIB30BAHO IS
MCKITIOUEHHUS JTF000TO 3a00IeBaHUSI.

4.24
For the item listed below, select the appropriate location from the drawing shown
above.

Where is Carnitine shuttle?

The answer is: A. Needed for transport of fatty acids across the mitochondrial inner
membrane.

Jlns BKazaHOro e€JeMEHTa, 3a3HAa4eHOro HIDKYe, BHOEpITh BIJIMOBIIHE Miclle Ha
MAaJIIOHKY: CHCTEMA TPAHCHOPTY KAPHITHHY:

Bipna Biamosins: A. Llg cuctema nmotpiOHa JUIsl TPAHCTIOPTY JKUPHUX KUCIIOT Yepes

BHYTPIIITHIO MEMOpaHy MITOXOH/PIH.

Jliist aeMenTa, yKa3aHHOTO HUXKE, BRIOEPUTE TIOIXOIAIIEE MECTO Ha PUCYHKE.
CHCTEMA TPAHCIIOPTA KAPHUTHHA:
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[IpaBunbHblid oTBeT: A. TpeOyercs sl TpaHCIOPTAa >KUPHBIX KHCIOT Yepes
BHYTPEHHIOIO MEMOpaHy MUTOXOHIPUH.

4.25
For the item listed below, select the appropriate location from the drawing shown
above.

Where is FoF1 ATP synthase?
The answer is: A. Mitochondrial inner membrane.

Jlis eneMeHTa, 3a3Ha4eHOr0 HUKYe, BUOEPITh BIAMOBIIHE Miclle HA MatOHKY: FoF1
AT® cun Tasa:

Bipna BinnoBiab: A. BHyTpilHs MITOXOHApiadbHa MeMOpaHa.
Jns sneMeHTa, yKka3aHHOTO HUKE, BhIOEpUTE MOJXOosIIee MecTo Ha pucyHke. FoFi1
AT® cunrasa:

[IpaBunbHbIA 0TBET: A. BHYTpeHHSs1 MUTOXOHIpHaJIbHAsE MEMOpaHa.

4.26
For the item listed below, select the appropriate location from the drawing shown
above.
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Where is HMG-CoA lyase?

The answer is: B. Mitochondrial matrix (this is enzyme for ketogenesis).

Jlist eneMenTa, 3a3Ha4€HOr0 HUXK4Y€e, BUOEPITh BIAMOBIIHE Micle HAa MaimoHKy. I'MIT -
KoA n1ma3za:

Bipna Bianosias: B. MitoxoHnapianbHbelii MaTpukcC ((epMEHT NpuiiMae ydacTtb y

KETOTEeHEe31).

Jlist a1eMeHTa, yKa3aHHOTO HUXKeE, BBIOEPUTE MOIXO0ISIIEE MECTO HA PUCYHKE.
I'MI'-KoA sna3sa:

[IpaBunbHbld oTBEeT: B. MuToXoHapuanbHbli MaTpUKC ((PEPMEHT MNPUHUMAET
y4acTHE B KETOTEHE3E).

4.27
For the item listed below, select the appropriate location from the drawing shown
above.

Where is Carnitine palmitoyltransferase-1 (CPT-1)?

The answer is: A. CPT-1 and fatty acyl synthetase are among the few enzymes
associated with the outer mitochondrial membrane.

Jlns enemeHTa, 3a3HAYEHOrO HIKYE, OOEpITh BIAMOBIAHE MICIIE HA MAJTIOHKY:
KapuiTun-naasmiroinrpancgepasa-1 (KIIT-1):

Bipra Bignmosigb: A. KIIT-1 i1 cuHTeTa3za BHMINMX XKHPHUX KHCIOT € OJHUMH 3
HeOaraTbox (PEPMEHTIB, TIOB'SI3aHUX 13 30BHINTHBOIO MITOXOHAPIAIEHOIO MEMOPaHO¥O.

104



JUid 21I€eMeHTa, YKa3aHHOTO HMXKE, BBIOEpUTE MOAXOIALIEE MECTO Ha PHUCYHKE.
Kapuntus -naasmutonarpancdepasa-1 (KIT-1):

A

B
c

[IpaBunbubiii otBeT: A. KAT-1 (KIIT-1) M anuicuHTeTa3a >XUPHBIX KHUCIOT
ABISAIOTCS OJHMMU W3 HEMHOTHX (DEpMEHTOB, CBSA3aHHBIX C Hapy>KHOU
MUTOXOHJPHUATIEHOU MEMOPAHOIA.
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Glossary
Lipids are a group of natural hydrophobic organic compounds that are soluble in
organic solvents and insoluble in water. According to a strict chemical definition,
these are hydrophobic or amphiphilic molecules obtained by the condensation of
thioesters or isoprenes.
Lipoproteins are complex proteins whose prosthetic group is represented by a lipids
(free fatty acids, neutral fats, phospholipids, cholesterol esters) associated with the
protein part of the molecule through hydrophobic and electrostatic interactions.
HDL - high density lipoproteins - a class of lipoproteins with antiatherogenic
properties that transport cholesterol from peripheral tissues to the liver.
LDL - low density lipoproteins - a class of blood lipoproteins, which is the most
atherogenic. LDLs are formed from very low density lipoproteins due to lipolysis
most;y in the blood. This class of lipoproteins is one of the main carriers of
cholesterol in the blood to peripheral tissues.
VLDL - very low density lipoproteins - a subclass of blood plasma lipoproteins.
VLDL formed in the liver from lipids and apolipoproteins. In the blood, they undergo
partial lipolysis and turn into intermediate density lipoproteins (IDL). IDL are
converted to LDL in the blood. VLDLs transport endogenous lipids (mainly
triglycerides synthesized in the liver) to adipose tissue.
Chylomicrons - a class of lipoproteins formed in the small intestine after digestion
and absorption of exogenous lipids. Chylomicrons are synthesized by intestinal cells
and secreted into the lympha, and then to the blood.
Triacylglycerols - the so-named neutral fats - are esters formed by glycerol alcohol
and fatty acids. In natural fats, the fraction of triacylglycerol molecules, in which all
three ester bonds are formed by residues of the same fatty acid, is very small. Almost
all of them are mixed triacylglycerols.
Phospholipids are complex lipids, esters of polyhydric alcohols and higher fatty
acids. They contain a phosphoric acid residue and an additional group of atoms of
various chemical nature connected to it.
Phospholipases are enzymes of the hydrolase class, which hydrolyze ester and
phosphoester bonds in the structure of phospholipids.
Lipases are enzymes of the hydrolase class that hydrolyze ester bonds in the structure
of triacylglycerols.
Lipogenesis is a metabolic process for the synthesis of any lipid in living system.
Adipocytes - the cells from which adipose tissue mainly consists and which
participate in fat metabolism, have the ability to accumulate neutral fats, which are
further used by the body for energy production. There are two types of adipocytes:
white fat cells and brown fat cells. Accordingly, white and brown adipocytes form
white and brown adipose tissue.
Lipolysis is the metabolic process of splitting ester bonds of lipids in tissue cells™ for
example, triacylglycerols into their constituent fatty acids and glycerol due to the
action of lipases.
Adrenalin (epinephrine) is the main hormone of the adrenal medulla, and also a
neurotransmitter. The effect of adrenaline on lipid metabolism is the stimulation of
lipolysis and suppression of lipogenesis.
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Glucagon is a hormone of the alpha cells of the pancreatic islets of Langerhans. By
chemical structure, glucagon is a peptide hormone. The effect of glucagon on lipid
metabolism is is the stimulation of lipolysis and suppression of lipogenesis.

Insulin is a protein hormone that is formed in the beta cells of the pancreatic islets of
Langerhans. The effect of insulin on lipid metabolism is stimulation of lipogenesis
and suppression of lipolysis.

Enterocytes are the common name for a series of intestinal epithelium cells. The
following types of enterocytes can be distinguished: stone enterocytes, goblet
enterocytes (goblet cells), acidocytes enterocytes (Paneth cells), enterocytes enteric
and others. Cerebral enterocytes specialize in parietal digestion and absorption. Have
a high prismatic shape. They make up the bulk of intestinal epithelial cells and up to
90% of villus cells. Resynthesis of exogenous lipids and the formation of
chylomicrons also occurs in them.

Higher fatty acids - natural (natural) and synthetic carboxylic acids of aliphatic
series with the number of carbon atoms in the molecule of at least 10.

Saturated fatty acids - fatty acids that do not contain double bonds. Fats containing
a lot of saturated fatty acids (stearic, palmitic), such as lamb fat, at a normal
temperature have a solid texture.

Unsaturated fatty acids - fatty acids containing one or more double bonds; These
include oleic, linoleic, linolenic and arachidonic acid. Oils containing a large
percentage of unsaturated fatty acids have a liquid consistency at room temperature.
Palmitic acid - (hexadecanoic acid) CH3 (CH2) 14COOH is the most common
monobasic saturated carboxylic acid (fatty acid) in nature. The salts and esters of
palmitic acid are called palmitates.

Stearic acid - (octadecanoic acid) is a monobasic carboxylic acid of the aliphatic
series, corresponding to the formula C17H35COOH. Salts and esters of palmitic acid
are called stearates.

Oleic acid - (cis-9-octadecenoic acid) CH3 (CH2) 7CH = CH (CH2) 7COOH is a
monounsaturated fatty acid. Belongs to the omega-9 group of unsaturated fatty acids.
Linoleic acid is a monobasic carboxylic acid with two isolated double bonds CH3
(CH2) 3- (CH2CH = CH) 2 (CH2) 7COOH. Refers to omega-6-unsaturated fatty
acids.

Linolenic acid is a monobasic carboxylic acid with three isolated double bonds, CH3
(CH2CH = CH) 3 (CH2) 7COOH.

a-Linolenic acid belongs to the so-called essential fatty acids and belongs to the
class of omega-3-unsaturated fatty acids.

Arachidonic acid - omega-6-unsaturated fatty acid. For some animals is
indispensable. The human body can independently synthesize it from the essential
omega-6-unsaturated linoleic acid

Carnitine - mistakenly called vitamin By, vitamin B1l - a natural substance.
Carnitine is synthesized in the human body in sufficient content, but in some early
materials it was named as vitamin-like substance. In humans, it is present in the
tissues of striated muscle and liver. It is a factor to be involved in the transfer of fatty
acid residues through mitochondrial membranes.

p-Oxidation is a specific way of fatty acid catabolism, in which 2 carbon atoms in
the form of acetyl-CoA are successively separated from the carboxylic end of the
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fatty acid. The metabolic pathway - B-oxidation - is so named because fatty acid
oxidation reactions occur at the p-carbon atom. The B-oxidation reactions and the
subsequent oxidation of acetyl-CoA in the TCA cycle serve as one of the main
sources of energy for the synthesis of ATP by the mechanism of oxidative
phosphorylation. B-Oxidation of fatty acids occurs only under aerobic conditions.
Palmitate synthase is a multienzyme complex that participates in the synthesis of
palmitic acid, is a dimeric protein and consists of two identical polypeptide chains.
Each monomer includes 3 catalytic domains at the N-terminus (ketoacyl synthase
(KS), malonyl acetyltransferase (MAT) and dehydratase (DH)) and 4 domains at the
C-terminus (enoyl reductase (ER), ketoacyl reductase (KR), acyl carrier protein
(ACP) and thioesterase (TE)). These two structural clusters are separated by a large
central region (about 600 amino acids).

Desaturation - the process of formation of an unsaturated bond between carbon
atoms in the radical of fatty acid molecule

Ketone bodies are a group of metabolic products that are formed in the liver from
acetyl CoA: acetone (propanone) [H3C — CO — CH3], acetoacetic acid
(acetoacetate) [H3C — CO — CH2 — COOH], beta-hydroxybutyric acid (B-
hydroxybutyrate) [H3C — CHOH — CH2 — COOH]

Ketonemia - high blood levels of ketone bodies. This condition occurs in severe
form of diabetes or fasting.

Ketonuria - (acetonuria) - increased excretion of ketone bodies with urine; observed
in diabetes, acetone poisoning, fasting, etc. A sign of early toxicosis and late toxicosis
(preeclampsia) of pregnant women.

Cholesterol is an organic compound, a natural fatty (lipophilic) alcohol —steroid
found in the cell membranes of all living organisms, with the exception of fungi and
nuclear-free (prokaryotes).

p-HMG-reductase (p-hydroxy-p-methylglutaryl-CoA reductase) is a regulatory
enzyme for cholesterol synthesis that catalyzes the conversion of B-hydroxy-B-
methylglutaryl-CoA to mevalonic acid.

Bile acids - monocarboxylic hydroxy acids from the class of steroids such as: cholic
acid, cholenic acid. Bile acids are derivatives of cholanic acid, characterized in that
hydroxyl groups are attached to its ring (D) structure.

Steroid hormones are a group of physiologically active substances (sex hormones,
corticosteroids, etc.) that regulate the vital processes in animals and humans.

Vitamin D3 - cholecalciferol - a fat soluble vitamin. Formed in the skin by UV rays
from 7-dehydrocholesterol. It is a precursor of calcitriol, a hormone that is involved
in the metabolism of calcium and phosphorus in the body.

Atherosclerosis is a chronic disease of arteries that occurs as a result of impaired
lipid metabolism and is accompanied by the deposition of cholesterol and certain
fractions of lipoproteins in the intima of blood vessels. Deposits form is as
atheromatous plaques.

The atherogenic coefficient is one of the few integral indicators, allowing to assess
the risk of atherosclerosis. It is the ratio of the difference in total blood cholesterol
and high density lipoprotein cholesterol to high density lipoprotein cholesterol. The
atherogenic coefficient should be in the region of 2 to 2.5. When the atherogenic
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coefficient is 3-4, there is a moderate likelihood of atherosclerosis, with a value
greater than 4, there is a high probability.
Obesity - the deposition of fat, weight gain due to adipose tissue. At present, obesity
Is considered as a chronic metabolic disease that occurs at any age, manifested by an
excessive increase in body weight mainly due to excessive accumulation of adipose
tissue, accompanied by an increase in the incidence of general morbidity and
mortality.
Diabetes mellitus is a group of endocrine diseases, developing as a result of absolute
or relative insufficiency of the hormone insulin (subtype I), or due to deficiency of
receptors for insulin (subtype Il); in any case as a result the hyperglycemia develops.
Abnormalities in lipid metabolism are found too: excees rate of lipolysis with
creation of ketonemia (subtype 1) or abdominal fats deposition increase with
atherosclerosis development (subtype I1).
Sphingolipids are a class of lipids belong to aliphatic amino alcohol sphingosine
derivatives. They play an important role in cellular signal transduction and in cellular
recognition. The basis of sphingolipids is sphingosine, linked by an amide bond to an
acyl group (for example, to a fatty acid). Moreover, several possible radicals are
associated with sphingosine due to the ether linkage. The simplest representative of
sphingolipids is ceramide.
Sphingolipidosis - a group of lysosomal storage diseases associated with impaired
catabolism of sphingolipids, belongs to the class of diseases of lipid storage
(lipidosis). The main representatives of this group are Niemann-Pick disease, Fabry
disease, Krabbe disease, Gaucher disease, Tay-Sachs disease and metachromatic
leukodystrophy.

I'nocapiii
Jlimigu - Benuka rpymna npupoaHUX T1IpohOOHUX OPTaHIYHUX CIOJIYK, PO3YNHHUX B
OpPraHiYHMX PO3YMHHHMKAX 1 HEPO3YMHHI y BOJI. 3TiMHO 3 CYBOPUM XIMIYHUM
BU3HAUCHHSM, Ie TinpodgoOHi abo amdipiabHI MOJEKYIH, OTPUMAaHI MNUITXOM
KOHIeHcaIlii TioedipiB ado i30mpeny.
JlimnonpoTeinn - xjac CkIagHUX OUIKIB, MPOCTETUYHA TpyMHa SKUX MPEACTaBICHA
OyIb-IKUM JHITiIOM (BUTBHI JKHPHI KHCJIOTH, HEHUTpaibHI XupH, (ocdomimiam,
XOJIECTepU/I), TIOB'I3aHUM 3 OLIKOBOIO YAaCTHHOK MOJICKYJIH 3a JOIOMOTOIO
riapodoOHUX 1 eIEKTPOCTATUYHUX B3a€MO/TIH.
JIIBIII - mimonpoTeiHn BHUCOKOI MILIBHOCTI - KJIAC JIIOMPOTEiHIB, IO BOJIOAIIOTH
AHTUATEPOTCHHUMHU  BJIACTUBOCTSAMH, SKI  TPAHCIOPTYIOTh  XOJECTEPUH 3
nepudepuIHUX TKAaHUH B TICUIHKY.
JITHILL - minompoTreiHW HMU3BKOI MIUIBHOCTI - KJIAc JIIMOINPOTEiHIB KPOBI, SKUU €
HaiOuIen ateporeHHuM. JIITHII] yTBOprorOTBCS 3 JIMOMPOTEIHIB 1yKe HU3BKOI
IIUTBHOCTI B Tporieci Jimomizy. lled kmac mimonpoTeiHiB € OJHUM 3 OCHOBHHX
MEPEHOCHUKIB XOJICCTEPUHY B KPOBI.
JITJHIIL - nimompoTeinu qyke HU3bKOI HMIUTBHOCTI - IMIKJIAC JIMOMPOTEiHIB TIa3MHU
kpogi. JIITJITHIL] yTBOprotOTECS B MEUIHI 3 JIMIAIB 1 alOJIMONPOTEiHIB. Y KPOBI BOHH
MiAAaI0ThCS YaCTKOBOMY TiAPOJII3Yy 1 MEPETBOPIOIOTHCS B JIMOMPOTECTHU MPOMIKHOT
meHOCTL.  JITIAHIL  TpancmopTyroTh eHporeHHi minigd (B OCHOBHOMY
TPUTIILIEPHUIHN, CAHTE30BaH1 B TICYIHII).
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XijToMiKpoOHM - KJIac JIMOMPOTEiHIB, 10 YTBOPIOIOTHCS B TOHKOMY KHUIIEYHUKY B
MpoIleCl BCMOKTYBAHHSI €K30T€HHUX JIM1A1B. XUIOMIKPOHU CUHTE3YIOThCS KIITUHAMU
KHUIIIEYHHUKA 1 CEKPETYIOThCS B TIM(MATHUUHI CyIUHH, TICIS YOO NOTPAIIISIIOTH B KPOB.
Tpuanwirjineposiu - Tak 3BaHI HEUTpalbHI XUPU - € CKIAJAHUMHU edipaMu,
YTBOPEHI CHUPTOM TIILIEPOJIOM 1 XKUPHUMHU KUCIOTaMU. Y TPUPOJHUX KUPAX YACTKA
MOJIEKYJ TPUALIWITIIIEPOIIIB, B SIKUX BC1 TpU €QipHI 3B'A3KY YTBOPEHI 3aTUIIKAMHU
OJIHI€T 1 TIET K JKUPHOI KUCIIOTH, yXe HeBeslrka. Mailke BCl BOHU € 3MIIIaHUMHU
alUITIIIEePOIaMHU.

®ocdoainiam - ckiaaHi JiOiau, ckiaaHl edipu 0araToaTOMHUX CIHMPTIB 1 BUIIUX
KUPHUX KUCIOT. MICTATh 3aiuiioK (PochopHOT KHUCIOTH 1 CHOJYYEHY 3 HEIO
JOJIATKOBY TPYIy aTOMIB PI3HOI XIMIYHOT IPUPOIH.

®ocdoainazm - pepMeHTH, KIacy TipoJia3, sKi TJIPONi3yI0Th CKIAAHOECPIpHUH 1
bocdoedipauii 3B'13ku B CTPYKTYp1 Ppocdominiis.

Jlima3u - ¢depMmeHTH, Klacy TiApoia3,lio TIPONI3yIOTh CKIaJAHOe]IpHI 3B'SA3KH B
CTPYKTYp1 TPUALIWIITIIIEPOITIB.

Jlinorene3 - meTaboNiYHUII TPOIEC CHHTE3Y TPUALNMITIINEPOIIB 3 TIIIIepHH-3-
docdary 1 3aTUIMIKIB KUPHUX KUCIIOT, SIKHI MPOXOJUTH B )KUPOBIM TKAHWHI, MTEYIHITI
Ta IHIINX CUCTEMaX.

ATUNIONMTH - KIITHHHU, 3 SKOT B OCHOBHOMY CKIIQJIA€ThCS JKMPOBAa TKAHWHA 1 SKI
OepyTh y4acTh y KUPOBOMY OOMiHi, MalOTh 3/IaTHICTh HAKOMHMYYBAaTU KUPH, IO B
MOAJIBIIIOMY BHUKOPHUCTOBYIOTHCSI OPraHi3MOM i BUPOOJEHHS eHeprii. € 1Ba
PI3HOBUIW aTUIIOIUTIB: OLT1 )KUPOBI KIITHHHU 1 Oypi KHPOBI KIITHHU. BiamoBimHO
0111 1 Oypi aUTIOIIUTH YTBOPIOIOTH OUTY 1 Oypy )KUPOBY TKAaHUHY.

JIunouni3 - MmetaboiyHMI MpoIec PO3MICTVICHHS TPHAITMITIIIIEPOIiB Ha X CKIIaJIOBI:
KUPHI KUCJIOTH 1 TIIIEPUH M1 JI€F0 JIMa3u.

Fainepun - HaWmpocTimuWiA TPEACTABHUK TPHATOMHUX CIHPTIB 3 (HOPMYIIOI0
C3Hs(OH)s, sikmii mpHCYTHIN SK 3aJUIIOK Yy TpUAIMITITIIEposiax 1y dochaTuaHoi
KHCJIOTH.

AnpeHasiH - OCHOBHMI TOPMOH MO3KOBOI PEUYOBHMHU HAJHUPKOBUX 3aJI03, & TAKOXK
HelipomeniaTop. 3a XiMIYHOIO OYyJ0BOIO € KaTrexoJamiHOM. BIUIMB ajgpeHaniHy Ha
OOMIH JIIM1/A1B MOJSTa€ B aKTUBAII11 JIIMOJII3Y 1 TaIbMyBaHHS JIIOTEHE3Y.

I'mokaron - ropMoH anb(da-KIITUH OCTPiBLIB JlaHrepranca miANUTYHKOBOT 3a7103H.
3a XiMIYHOIO OyJOBOIO TJIFOKAroH € MENTHUAHUM TOPMOHOM. BIUIMB TriilokaroHny Ha
OOMIH JIIMI1B MOJSATA€ B aKTUBAII11 JIIMOJII3Y 1 TAJIbMYBaHHS JIIMOTEHE3Y.

Incyin - TOpMOH MENTUIHOI NMPHUPOJU, YTBOPIOETHCA B O€Ta-KIITHHAX OCTPIBIIB
Jlanrepranca MiANUTYHKOBO1 3aJi03U. BIuB 1HCYNiHY Ha OOMIH JIMIJIB MOJATae B
aKTHUBALI] JIIMOreHEe3y 1 rallbMyBaHHS JIIOMI3Y.

EnTtepouutu - 3arajnpHa Ha3Ba psiiy KIITHH CMITENII0 KUIIEYHUKA. PO3pI3HAIOTH TaK1
TAMK  CGHTEPOLMTIB: KAWMHUCTI  EHTEPOLIUTH, KEJHUXOIOJIOHI  EHTEPOIUTH
(keuXOomoAIOHUX  KIITUHM), eHTepouuTd auupodinbHi  (kiaituau  [laneta),
eHTeporuTa Oe3kaiimMucti 1 iHmI. KalMHCTI eHTepoUUTH CHeliadi3yloThCid Ha
OPUCTIHKOBOMY TpPaBJEHHI 1 BCMOKTYBaHHI. MalOTh BUCOKY MpU3MAaTU4YHY (opMmy.
CkragaroTh OCHOBHY Macy KJIITUH €MITeNi0 KuleyHuka 1 10 90% KIITUH BOPCHUHOK.
Takoxk B HUX BinOyBaeTbCcs PECHMHTE3 €K30TEHHUX JIMIAIB 1 yTBOPEHHS
XHJIOMIKPOHIB.
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Bumii :kupHi kucJioTH - HatypanbHi (IPUPOJHI) 1 CHHTETUYHI KapOOHOB1 KUCJIOTH
amipaTUYHOTO PSAY 3 YACIOM aTOMIB BYTJICLIO B MOJIEKYJ1 HE MEHIIe 6.

HacuyeHi sKupHi KMCJIOTH - XUPHI KUCJIOTH, III0 HE MICTATh MOABIMHUX 3B'A3KIB.
Kupwu, 1o MicTATh 6araTto HACUYEHUX JKUPHUX KUCIOT (CTEAPUHOBY, MATIbBMITUHOBY),
Hanpukiaa OapaHsye cajo, MOpU 3BUYANHIA TemmepaTypi MarwTh TBEpPAY
KOHCHCTEHIIIIO.

HenacnueHi »MpHi KHMCJIOTH - XUPHI KHCJIOTH, IO MICTITh OJHY a0 KuIbKa
MOABIMHMX 3B'A3KIB, 10 HUX BIJHOCATLCS OJIETHOBA, JIHOJIECBA, JIHOJICHOBA 1
apaxiJoHOBa KMCJIOTH. Macia, 10 MICTSITh BEIMKHUM BIICOTOK HEHACHYECHUX KUPHUX
KHCJIOT, IPU KIMHATHIA TeMIepaTypi MalOTh P1JIKy KOHCUCTEHIIIIO.

MaasmiTHHOBA KHUCJI0TA - (rekcanekanoBa kuciora) CHz(CH2)14COOH - HaitGibIr
TIOIITMPEHa B IPUPO/I1 OJJHOOCHOBHA HACHYEHA KapOOHOBA KHCIIOTAa (KMPHA KHCIIOTA).
Comni Ta edipu ManIbMITUHOBOI KUCIOTH MalOTh Ha3BY MAJIbMITATH.

CreapuHoBa KuCJ0TA - (OKTaJCKaHOBAa KHUCIOTa) - OJHOOCHOBHA KapOOHOBa
KHcioTa aniatudHoro psany, mo Bianosinae popmyni C17HzsCOOH. Coni ta edipu
MaJbMITUHOBO1T KUCIIOTH HA3UBAIOTHCS CTeapaTH.

OxneinoBa kmceaora - (muc-9-okragenenoBa  kumciora) Ci7H3sCOOH -
MOHOHEHACHUYEHA >XKMpPHA KHUCIOTa. BiIHOCHUTBCS A0 rpynu omera-9 HeHaCHYEHUX
KUPHUX KUCTIOT.

JlinosieBa KmcJIOTa - OJHOOCHOBHA KapOOHOBAa KHCIOTa 3 JIBOMAa 130JbOBAHUMU
noasiitaumMu  3B's3kamu  C17H31COOH. BimaocuThes 10 omera-6-HeHaCHYCHHX
KUPHUX KUCTIOT.

JliHoJieHOBa KHCJI0TA - OJTHOOCHOBHA KapOOHOBa KUCIOTAa 3 TPhOMa 130JbOBAHUMU
noasiiiunmu 3B'ss3kaMu, C17H29COOH. a-JlinojieHOBa KHC/JI0TA BIZTHOCUTHCS 1O TaK
3BaHUX HE3aMIHHUX JKHUPHUX KUCJIOT 1 BITHOCHUTHCS JIO KJIacy oMera-3-HeHAaCHYCHHX
KUPHUX KUCTIOT.

ApaxigonoBa kucjaora. s geskux TBapuH € He3aMIHHOW. JIIOJAChKUM OpraHiam
MOXXE€ CaMOCTIHO CHHTE3yBaTH i 3 HE3aMiHHOi oMera-6-HeHacHdYeHOl1 JIHOJIEBOI
KHCJIOTH.

Kapnitun - noMmunkoBo HazuBawTh BiTaMid BT, Bitamin B11 - npupoana pedoBuna,
criopiiHeHa 3 BiTamiHamu Tpynu B. B opranizmi JoauHU OPUCYTHINA B TKaHUHAX
MONEPEYHO-CMYTAaCTUX M'A3IB 1 MEYiHKU. € PakTopoM MeTabOoJIIYHUX MPOIIECIB, K1
3a0e31euyoTh NIATPUMKY akTUBHOCTI KodepmeHty A (KoA) 1 OepyTh ydacTh B
MEPEHECECHH1 3AJIUIIKIB KUPHUX KUCIOT KPi3b MITOXOHAPIaIbHI MEMOpaHHU.
B-OxuciaeHHsl BUIIMX KUPHUX KHCJIOT - ClIEIU(PIYHUN NIIAX KaTa00I13MY KUPHUX
KHCJIOT, TpPU SKOMY B KapOOKCHJIBHOTO KIHIISL KUPHOI KHUCIOTH MOCHIAOBHO
BIIOKPEMIIIOETBCS TIO 2 aToma Byrieuw y Burisail anetuin-KoA. MeraGomiunuit
IUISIX - B-OKHMCIICHHS - Ha3BaHUM Tak TOMY, 110 Peakiiii OKUCICHHS KUPHOI KUCIOTH
BIIOyBalOTbCAd y [P-ByrueneBoro aroma. Peakiii [(-OKMCHEHHS 1 MOJANBIIOTO
okucnenns anetuin-KoA B ITK ciyxaTb OJHUM 3 OCHOBHUX JKEpEN €HEprii s
cuntesy AT® 3a mexaHi3MoM okucHOro GocdopumntoBants. B-OKHUCICHHS KUPHUX
KHCJIOT B110YBa€ThCS TUIBKH B aepOOHUX YMOBaX.

IanbMiTaTcMHTa3a - MyIbTU(PEPMEHTHUN KOMIUIEKC, SIKMM Oepe ydacThb B CHHTE31
MaJbMITUHOBOI KHCJIOTH, € JHUMEPHHM OUIKOM 1 CKIIaJa€ThCS 3 JABOX OJHAKOBUX
MOJINMEeNTUAHUX JaHIoriB. KoxkeH MOHOMEp MICTUTH 3 KaTaliTHYHUX JOMEHa Ha N-
kiHmi (ketoaruiacudTaza (KS), manoninr-anetuntpancdepasza (MAT) 1 merigparasu
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(DH)) 1 4 nomena Ha C-kinmi (enoinpenykraza (ER), xeroaumnpenykraza (KR),
anui-Hecyunit 6u1ok (ACP) 1 Tioectepasza (TE)). Lli nBa CTpyKTypHHUX KIiactepa
PO3IUIEHI BEJIMKUM LIEHTPATIbHUM perioHoM (01u3bk0 600 aMiHOKHUCIIOT).
JecaTypaiisi - npoliec YTBOPEHHsSI HEHACHUYEHOTO 3B'I3Ky MK aTOMaMH BYTJIEIIO B
MOJIEKY1 KUPHOI KUCIOTH.

KetoHoBi Tina - rpyna npoaykTiB oOMiHY PE4YOBHUH, K1 YTBOPIOIOTHCS B MEUIHIII 3
anetmi-KoA: ameron  (mpomanon) [H3C-CO-CHs], ameroomroBa  KHCIOTa
(ameroanierat) [H3C-CO-CH,-COOH], Oera-rizpoxcumacisHa  kuciora  (p-
runpokcuoyTupat) [HsC-CHOH-CH»-COOH]

Keronemisi - nigBuilieHnii BMICT B KpOB1 KETOHOBUX TU1. BUHMKae Takuil cTaH mpu
BaXKIN (hopMi IIyKpoBOro aiadety abo rojiogyBaHHI.

Keronypia - (aueronypis) - MiJBHUIIEHE BHUBEICHHS KETOHOBHX TLI 3 CEYEIO;
CIIOCTEPITAETHCS MPU IIYKPOBOMY J1a0€Ti, OTPYEHHSAX all€TOHOM, T'OJI0/lyBaHH1 1 T. 1.
O3Haka paHHBOT'O TOKCUKO3Y 1 MI3HHOTO TOKCUKO3Y (T€CTO3Yy) BariTHUX.

XoJiecTepoJt - opraHiuHa Crojayka, OpUPOJIHUM CTEPOI, IO MICTUTHCS B KIITHHHUX
MeMOpaHaxX BCiX KMBHUX OpPraHi3MiB, 3a BHUHATKOM TpUOIB Ta Oe3'SiACpHUX KIITHUH
(mpokapioth).

B-I'OMK-peaykraza - B-rinpokcu-p-merniarayrapuia-KoA-peaykrasa -
perynsaTopHuid (pepMEHT CHHTE3Y XOJECTEepUHY, SIKHM KaTaji3ye MepeTBOPEHHs [3-
riapokcu-B-metunrayrapmi-KoA B MEBa1OHOBY KUCIIOTY.

7KoB4YHI KHCJI0TH - MOHOKapOOHOBI T1APOKCUKUCIOTH 3 Kiacy crepoinis. KoBuHI
KHCJIOTH - MOX1H1 X0J1aHOBO1 KUcIoTH C23H39COOH, 1110 BiApi3HSIIOTHCS THM, IIIO 10
il KUTBIIEBOI CTPYKTYPI MPUETHAHT T1IPOKCUIIbHI TPYTIH.

Crepoinni ropmonu - rpymna (i3ioJIoriyHO aKTUBHUX PEYOBUH (CTAT€Bl TOPMOHH,
KOPTUKOCTEPOid Ta 1H.), IO PETYIIOITh MPOIECH KUTTEAIIIBHOCTI Yy TBapHH 1
TOMUHU. Y XpeOEeTHHX CTEPOiNHI FOPMOHU CHHTE3YIOThCS 3 XOJECTEpUHY B KOPI1
HaJJHUPKOBUX 3ai03, kiaiTuHax Jleiiaira ciM'sHuKIB, B (oJIiKyldax 1 KOBTOMY TuIl
SEYHUKIB, a TaKoXX B IuIarieHTi. CTepoinHl TOPMOHU MICTITHCS B CKJIAl JIMITHUX
Kparelyib aJuMolUTIB 1 B IUTOIUIa3M1 Y BUIBHOMY BUIJISIAL. Y 3B'SI3KY 3 BHUCOKOIO
TMO(PUILHICTIO  CTEpPOiaHI TOPMOHIB  BIHOCHO JIETKO JIUPYHAYIOTH dYepes
MJIa3MaTU4Hi MeMOpaHd B KPOB, a MOTIM MPOHHUKAIOTh B KIITHHU-MimIeH1. J[o HUX
BIIHOCSATBCS: KOPTUKOCTEPOiu, MIHEPATOKOPTUKOIM, YOJIOBIYl Ta >KIHOY1 CTaTeBl
TOPMOHH.

Bitamin D3 - xosexkanbumugepoos - KUPOPO3UYMHHHI BiTaMiH. YTBOPIOETHCS B
mkipi nig  giero YO-npomeHiB 3 7-AeriipoxoiectepuHy. € MONEpeHUKOM
KaJIBLIUTPIONY - TOPMOHY, SIKMMl Oepe ydacTb B OOMIHI Kamiblito 1 (ocdopy B
Oprafi3mi.

ATepockjiepo3 - XpOHIYHE 3aXBOPIOBAHHS apTepii eJacTUYHOrOo 1 M'SI30BO-
€1aCTUYHOTO THUMY, 1[0 BUHUKAE€ BHACIINOK MOPYIICHHS JINIAHOTO OOMIHY 1
CYNPOBOJIKYETHCA BIAKIAJECHHAM XOJECTEPUHY 1 NEAKUX (pakilii JIMonpoTeiniB B
1HTUMI cyuH. BigknaneHHst GopMyOThCS Y BUTIISAI1 aT€POCKICPOTUUYHUX OJISIIIOK.
KoedinieHT aTeporeHHocTi - oUH 3 HEOArarbOX IHTErPabHUX MOKA3HUKIB, IO
JI03BOJISIE OLIHUTH PHU3UK PO3BUTKY aTepoCKiepo3y. SBise coOO BiIHOLICHHS
PI3HUIII 3arajibHOr0 XOJECTEPUHY B KPOB1 1 XOJECTEPUHY JINONPOTEIHIB BUCOKOI
IIUTBHOCTI JO0 XOJIECTEPUHY JIMOMNPOTEiHIB BUCOKOI MmiuibHOCTL. KoedimieHT
aTEpOreHHOCT1 MOBUHEH OyTH B Mexkax Big 2 a0 2,5. [Ipu koediiieHTi aTepOreHHOCT1
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3-4 € momMipHa WMOBIPHICTh PO3BUTKY aTEPOCKICPO3y, NMPU BEIMYMHI OuLTbIIe 4-X -
BHCOKa WMOBIPHICTb.
O:xupiHHe - BIIKIAJCHHS >XHUpY, 30UIBIICHHS MacH Tila 3a PaxyHOK >KUPOBOI
TKaHUHU. B 1aHuii yac OXUPIHHS PO3IIISIAAETHCS SIK  XPOHIYHE OOMIHHE
3aXBOPIOBAHHS, 110 BUHUKAE B OYyJb-IKOMY BIilll, 110 MPOSIBISETHCS HAIJIUIIKOBUM
30UTBIICHHSIM MacH Tijla MEePEeBaKHO 3a PaXyHOK HAJAMIPHOIO HAKOMUYEHHS XKUPOBOT
TKaHUHU, 1110 CYIPOBOIKYETHCA 30UIBIICHHSIM BUMAAKIB 3arajbHOI 3aXBOPIOBAHOCTI 1
CMEPTHOCT1 HACEJICHHS.
HykpoBuii pgiader - rpymna EHAOKPMHHUX 3aXBOPIOBaHb, II0 PO3BUBAIOTHCS
BHAC/IIOK a0CONMOTHOT a00 BIAHOCHOI HEJAOCTATHOCTI TOPMOHY 1HCYIIHY, B
pe3yJbTaTi YOTO PO3BUBAETHCS TIMEPTIIKEMIS - CTIMKE 30UTbIICHHS BMICTY IJTFOKO3H B
KpOBI.
Coinroaimianm - 1e kimac JIMAIB, MO BITHOCATHCS 10 MOXITHUX amihaTHIHUX
aMiHOCTIUPTIB. BoHM rpaioTh BaXJIMBY poJib B Iepefayl KIITUHHOTO CHUTHAly 1 B
KIITUHHOMY  po3ni3HaBaHHI. OCHOBY CQIHTOMINIAIB CTAHOBUTH  C(IHTO3MH,
MOB'A3aHUM aMIIHUM 3B'SI3KOM 3 alWJIbHOIO TPYyNow0 (HAOpHUKIaZ, 3 >KUPHOIO
KucioToro). [Ipu nboMy KibKa MOXKIMBHUX PaJMKaJiB MOB'SI3aH1 31 CPIHTO3UHOM 3a
paxyHok edipHoro 3B's3ky. Haitnpoctimuii npeacTaBHUK C(HIHTOMIMIIIB - LIEpaMij.
Coinronimizosm - rpyma Ji30COMHMX XBOPOO HAKOMUYEHHS, TMOB'SI3aHUX 3
MOPYLIEHHSIM  MeTaboni3My  C(IHTOMNIMI/IB, BIIHOCUTBCS 1O KIacy XBOpoO
HakomuueHHs mimiaiB (mimigo3ax). OCHOBHMMHU TpEACTABHUKAMM I[I€1 TPymu €
xBopoba Himana - Ilika, xBopo6a ®adpi, xBopoda Kpadb6e, xBopoba ['omie, xBopoba
Tes - Cakca 1 METaxpoMaTHYHA JICHKOIUCTPOPis.

I'noccapui
Jlumuabl — oOmwupHas rpynmna NOPUPOAHBIX TUAPOMOOHBIX OpPraHUYECKUX
COCIMHEHUN, PACTBOPUMBIX B OPraHMYECKUX PACTBOPUTENISAX U HEPACTBOPUMBIX B
Bojie. COryiacHO CTpPOroMy XHMHUYECKOMY OIpEAeiIeHUI0, 3TO TUAPOoPOOHbIE WU
aMmudunbHas MOJICKYJbl, MOJy4YCHHbIE NYTEM KOHJIEHCAIMU TUOA(UPOB WIIH
W30IPEHOB.
JlunmonporenHbl — KJIaCC CJOXKHBIX OEJIKOB, MPOCTETHYECKasl TpyIIa KOTOPHIX
MpeACTaBI€Ha KaKUM-TMOO JUMUJIOM (CBOOOJHBIEC KUPHBIE KUCIOTHI, HEUTpAIbHBIC
KUPbL, HOCHOTUNUIBI, XOJECTEPUIbI), CBA3AHHBIM C OEIKOBOM YaCThIO MOJEKYJIbI
MOCPEACTBOM THAPO(OOHBIX U JIEKTPOCTATUIECKUX B3aUMOICHCTBUH.
JIIIBII - JumonpoTerHbl BBICOKOW IUIOTHOCTM — KJIACC  JIUIONPOTEUHOB,
o0NafaronMx aHTHATEPOTCHHBIMH  CBOWCTBAMH, KOTOpPBIE  TPAHCIOPTHPYIOT
XOJIECTEPUH U3 epuPepuYECKUX TKaHEH B ICYECHb.
JIIIHII — gunonpoTeuHbl HU3KOW IUIOTHOCTM — KIIACC JIMOONPOTEMHOB KPOBH,
apisitoluiicss HamoOosiee areporeHHbiM. JIITHIT o6pa3yrorcss u3 aumonpoTermHOB
OYEHb HHU3KOW IUIOTHOCTH B TIPOLIECCE JIUMOIU3a. DTOT KJIAcC JIMMOMPOTEUHOB
SBJISIETCS OJHUM U3 OCHOBHBIX MEPEHOCUMKOB XOJECTEPUHA B KPOBHU.
JITOHII — nunonpoTerHbl O4€Hb HU3KOW MIIOTHOCTU — MOAKIIACC JTUMONPOTEHHOB
ma3mbl kpoBu. JITIOHIT o6pa3yroTcst B meyeHu U3 JUIKUI0B U allOJUIIONPOTENHOB. B
KpPOBU OHH TMOABEPraloTCsi YaCTUYHOMY THAPOJIW3Y U MPEBpAIIAIOTCS B
JUTMONPOTEUHBl  MpoMexyToyHoit  muiotHoctu.  JIIIOHII  TpancmopTupyiot
SHJOTEHHbIE JIUMUIBI (B OCHOBHOM TPUTIIHIEPHUIbI, CHHTE3UPOBAHHbIC B IICUCHH ).
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XHWJIOMHKPOHBI — KJIACC JIMIOMPOTEUHOB, 00PA3yIOIIUXCA B TOHKOM KHIIIEUHUKE B
MPOIIECCE€ BCACBIBAHUSA HSK30TE€HHBIX JIMIUIOB. XHUJIOMHUKPOHBI CHUHTE3UPYIOTCS
KJIETKAMU KHUIIEYHUKA U CEKPETUPYIOTCS B JAUM(DATUYECKUE COCYIbI, MOCIE Yero
MOMNajaloT B KPOBb.

Tpuanwiranueposabl — TaK Ha3blBa€Mble€ HEUTpalbHbIC KUPBI — SBISIIOTCS
CIOXHBIMU 3¢upaMu, OOpa30BAaHHBIMU CHUPTOM [JIMIEPOJIOM U KUPHBIMHU
KHCJIOTaMH. B mpUpOIHBIX KHUpax A0S MOJEKYJ TPHAIMITIUIEPOIOB, B KOTOPBIX
BCE TpH d(DUPHBIE CBSI3M 00pa30BaHHBI OCTATKAMM OJTHOM M TOM K€ KHUPHOU KUCIIOTHI,
OueHb HeBeuKa. [louTu Bce OHM SIBISIOTCS CMEMIAaHHBIMU allUJITIIMIIEPOIaMHU.
®ochoannuabl — CI0XKHBIC JUIUIBI, CI0XKHbIE 3(DPUPBl MHOTOATOMHBIX CIIUPTOB U
BBICHIUX XKUPHBIX KUCIOT. Coaepkatr ocTaToK PocHOPHON KUCIOTHI U COCAUHEHHYIO
C Hel 10OaBOYHYIO TPYIITY aTOMOB Pa3IUYHON XUMUYECKOU MPUPO/IBI.
®ochoaunazbl — (GepMeHTHl, Kiacca THUAPOTA3, KOTOpble THAPOIU3IYIOT
cnoxxkHod(upHbie U pocPorpupHbie CBA3U B CTPYKTYpe (hochoaumnuios.

nunasbl — GEepMEHTHI, Kjacca TUAPosa3, THAPOIU3UPYIOIIUX CIOKHOIPUPHBIE CBA3U
B CTPYKTYpPE TPUALWITIULEPOJIOB.

JIunorenes — MeTaboOMMUECKUH MTPOIIECC CHHTE3a TPUAIUITIIUIICPOJIOB U3 TIIUIEPOII-
3-bochara m OCTATKOB KUPHBIX KHUCIOT, KOTOPBIA MPOTEKAET B JKUPOBOW TKAHH,
MEYEHU U IPYTUX CUCTEMAX.

ATUNOUMUTHI — KJIIETKH, U3 KOTOPOH B OCHOBHOM COCTOUT >KHPOBAasi TKaHb U KOTOPBIE
YYaCTBYIOT B )KUPOBOM 0OMeHe, 00J1a/1af0T CITOCOOHOCTHIO HAKAILJIUBATh KUPBI, YTO B
JajdbHENIIEM HCIOJIb3YIOTCS OpPraHW3MOM il BBIpaOOTKH 3Hepruu. MmeroTcs e
Pa3HOBUAHOCTH aJAUIOIMTOB: O€Jble >KHPOBBIE KIETKU U Oypble KUPOBBIE KIIETKHU.
CooTBeTCTBEHHO Oeible U Oypble aguIoONUThl 00pa3yroT Oenyto U Oypyro KUPOBYIO
TKaHb.

Jlumonu3 — wMeTaboNMYeCKUil Mpolecc paclleIUICHUs] TPHAIWITIUIEPOIOB Ha
COCTaBJISIIOIINE UX KUPHBIE KUCIOTHI U TJIMIEPHUH MOJI. JEWCTBUEM JIUIA3bI.
Ianueposa — mpocTeilmmii mpeAcTaBUTENh TPEXATOMHBIX CIUPTOB C (OPMYIIOM
C3Hs(OH)s, koTOpbIi JIe)KHT B OCHOBE TPHUAIMWITIMICPOJIOB H  (ochaTHIHON
KHCJIOTHI.

AJlpeHaJIMH — OCHOBHOM TOPMOH MO3TOBOIO BEIIECTBA HAJAMOYEUYHHKOB, a TaKXKe
HelipoMmeauarop. 1lo XUMUYECKOMY CTPOECHUIO SIBIIAETCS KaTEXOJIaMHUHOM. BnusHue
aJpeHajrHa Ha OOMEH JIUMKIOB 3aKJII0YAeTCsA B aKTUBALIMK JIMTIONN3a U TOPMOKEHUS
JUTIOTeHe3A.

I'mokaron — ropMoH anb(a-KJIeTOK OCTPOBKOB JlaHrepranca mMoIKeNyI04HOM
xene3bl. [lo XUMUYecKOMy CTPOCHHIO TJIIOKAroH SIBISIETCA MENTUAHBIM TOPMOHOM.
BnusiHue rirokaroHa Ha OOMEH JIMIKJIOB 3aKJIIOYAETCsl B AKTUBAIMU JIMMOJW3A U
TOPMOKEHHUS JIUTIOTEHE3A.

NHcyJauH — ropMoH NeNTUIHON NPUPOJbI, oOpasyercs B OeTa-KIeTKaX OCTPOBKOB
Jlanrepranca mMoKENyIOYHOM >kene3bl. BinusiHue wHCynMHa Ha OOMEH JIMMHJIOB
3aKJII0YAeTCs B aKTUBALIUU JIUTIOTE€HE3a M TOPMOXKEHHUS JINTIOIU3A.

JHTEPOUNTHI — O0IIee Ha3BaHHUE pPsfa KIETOK AMUTENUs KUIlEeYyHUKa. Paznuuyaror
CIEAYIOIIME THUMBl SHTEPOLMUTOB: KaEéMUaTble SHTEPOLUTHI, OOKAJIOBHUIHbBIC
SHTEPOLUTHl (OOKANIOBUAHBIE KIETKH), SHTEPOUUTHI auuao(uibHble (KIETKU
[laneta), »HTepouuThl OeckaéMmuyarble U Jpyrue. OHTEPOIMUTHI KaéMyaTble
CHNEUUANIM3UPYIOTCS Ha MPUCTEHOYHOM TMHINEBAPEHUUM U BcachiBaHUU. lmeroT
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BBICOKYIO Tpu3MaTHieckyto ¢hopmy. COCTaBISIIOT OCHOBHYIO MacCy KJIETOK SIUTEIIUS
kumiedHuka U 10 90 % kineTok BOpCHHOK. Takke B HHMX MPOUCXOAUT PECUHTE3
AK30T€HHBIX JTUMUI0B U 00pa30BaHUEM XUJIOMUKPOHOB.

Boicuine skMpHBbIe KHCJIAOTBI — HaTypajbHble (IPUPOJHBIE) U CHUHTETUYECKHE
KapOOHOBBIE KHCIIOTHI anuaTuyeckoro psjga ¢ YUCIOM aTOMOB yrjiepoja B
MOJIEKYJIE HE MEHee 6.

HacplleHHbIEe )KMPHBbIE KUCJIOTHI — )XKHUPHBIE KUCIOTHI, HE COJEpKaIIUe TBOWHBIX
cBsa3ed. JKupbl, coliepxaliue MHOTO HACBIIIEHHBIX KUPHBIX KUCIOT (CTEapUHOBYIO,
NMaJbMUTHUHOBYIO), Hampumep OapaHbe callo, MpU OOBIYHON TeMrepaType HMEIOT
TBEP/YI0 KOHCUCTEHIIMIO.

HenacplilnieHHbIe KUPHBbIE KUCJIOTHI — KUPHBIE KUCIOTHI, COJACPKAIINUE OJHY WIN
HECKOJIBKO JBOMHBIX CBSI3€i; K HUM OTHOCSITCS OJIEMHOBAs!, TUHOJIEBAsl, TIMHOJIEHOBAS
U apaxuJIoHOBas KUCIOThL. Macna, cojepxaniue O0JIbII0N MPOLUEHT HEHACHIIEHHbBIX
KUPHBIX KUCJIOT, IPU KOMHATHOM TeMIIEpaType UMEIOT KUJIKYI0 KOHCUCTEHIIUIO.
MansMuTHHOBAsE KHCJA0TA — (2excaoexanosas kucioma) CHsz(CH2)12COOH —
HauOoJsiee pacrpocTpaH€HHasi B MPUPOJE OJHOOCHOBHASI HACBHIIIEHHAsT KapOOHOBas
kuciora (kupHas kuciota). Conu U 3Quphl NAIBMUTHUHOBOU KUCIOTHI HA3bIBAIOTCS
MaJbMHUTATAMHU.

CreapuHoBasi KHCJI0TA — (OKTaJEKAaHOBAsi KUCJIOTAa) — OJHOOCHOBHAS KapOOHOBas
KuCI0Ta anudaTuydeckoro psjaa, coorBercrByromas Gopmyne C17Hz3sCOOH. Conu u
3(upbl TATLMUTUHOBOM KHUCIOTHI HA3bIBAIOTCA CTEapaTamu.

OJuienHoOBast KHCJI0TA - (yuc-9-oxTameneHoBas KHCJIOTA)
CH3(CH2);CH=CH(CH2);COOH - MOHOHEHACHIIICHHAS JKHpHAs KHCJIOTA.
OTHOCHTCS K TPYIIIE OMeTa-9 HEHACKIIEHHBIX KUPHBIX KHCIIOT.

JluHoJieBasi KHCJI0TA — OJHOOCHOBHAsS KapOOHOBask KHCIOTa C  JIByMs

n30aupoBaHHbIMU  IBOMHBIMU  cBsa3siMmu  CH3(CHy)s-(CH,CH=CH),(CH,);COOH.
OTHOCHTCS K OMeTa-6-HEHACHITICHHBIM KUPHBIM KHUCIOTaM.

JIuHoeHOBasi KHCJI0TA — OJHOOCHOBHAs KapOOHOBash KHUCIOTa C TpeMms
M30JIMPOBAHHBIMH JIBOMHBIMH CBSI3SIMU, CHj3(CH2CH=CH)3(CH,);COOH.
o-JInHONEHOBAs KUCIOTA OTHOCHUTCS K TAaK HA3bIBAEMbBIM HE3aMEHUMBIM >KUPHBIM
KHCIIOTaM ¥ OTHOCHUTCS K KJIACCY OMeTa-3-HEHACHITICHHBIX KUPHBIX KUCIIOT.
ApaxuaoHOBasi KHCJI0TAa — oOMera-6-HeHACHINICHHAs] J>KuUpHas kuciora. [l
HEKOTOPBIX >KMUBOTHBIX SIBISIETCA HE3aMEHUMOU. UenoBEYECKH OPTraHUu3M MOXKET
CaMOCTOSATETTLHO CHHTE3MPOBaTh €€ W3 HE3aMCHHMOW OMera-6-HeHACHIIIeHHON
JIMHOJIEBOW KHUCIIOTHI

Kapuntun — ommOo4yHO Ha3pIBAlOT BUTaMUH Bt, BuTamuH Bii — mnpupogHoe
BEIIECTBO, POACTBEHHOE BUTaMMHAM rpynnel B. B opramusme uyenoBeka
MPUCYTCTBYET B TKAaHAX IMOMNEPEYHOMOJOCATHIX MBI W TeYeHu. SBasercs
(dakTopoM  METa0OJIMYECKUX  MPOIECCOB, OOECHEUYMBAIOIINX  MOJAJCpPKAHUE
aktuBHOCTH KOopepMeHTa A (KOA) M ydacTByeT B MEPEHOCE OCTAaTKOB >KHUPHBIX
KHCJIOT CKBO3b MUTOXOHIpUATbHbIE MEMOpaHBI.

B-Oxucinenue BBICIIUX >XUPHBIX KHUCIOT - CHEeHU(PUYECKUN NOyTh KaTabosin3Mma
KUPHBIX KHUCJOT, MPU KOTOPOM OT KapOOKCHJIBHOTO KOHIA >KUPHOM KHUCIIOTHI
MOCJICIOBATENILHO OTAEAETCS MO 2 aromMa yriepoaa B Buue auetwi-KoA.
Mertabonuueckuili MmyTh - [-OKUCIEHUE - Ha3BaH TaK IOTOMY, YTO pEaKlIUU
OKHUCJICHUS MUPHOM KHUCIOTHI MPOUCXOASAT Yy [P-yriepoaHoro aroma. Peakuuu -
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okuciieHus U mnocnenyrouero okucieHnus anetun-KoA B LTK cayxar ogHum u3
OCHOBHBIX MUCTOYHUKOB 3Hepruu st cunte3a AT® mo MexaHu3My OKHUCIUTEIBHOTO
dbochopunupoBanusa. [-OKUCICHHUE JKUPHBIX KHCIOT MPOUCXOJUT TOIBKO B
a’pOOHBIX YCIOBUSX.

IHanbMuTaTCHHTa3a — MYJIbTUPEPMEHTHBIA KOMIUIEKC, KOTOPBIH MPUHUMAET
y4acTUE B CHUHTE3€ MNaJbMUTHHOBON KHUCIOTHI, SIBISETCS IMUMEPHBIM OEIKOM U
COCTOSIT U3 ABYX OJAMHAKOBBIX MOJUNENTUAHBIX 1ened. Kaxapiii MOHOMEP BKIIIOUAET
3 karamutnyecknx jgomeHa Ha N-konme (keroamwicuaTaza (KS), mamoHwm-
aneruntpanchepaza (MAT) u nerumparaza (DH)) m 4 nomena nHa C-KOHIE
(emomnpenykraza (ER), xeroamunpenykraza (KR), amun-wecymuii 6emox (ACP) u
tuoactepaza (TE)). OTu 1Ba CTPYKTYpHBIX KjacTepa pas3feieHbl OOJIbIINM
LIEHTPAJIbHBIM PErMOHOM (0K0JI0 600 aMUHOKHUCIIOT).

Hecarypanusi — 1mpoliecC 0O0pa3oBaHHsS HEHACBIIIEHHOW CBA3W MEXIY aToOMaMu
yraepo/ia B MOJIEKYJIE >KUPHOU KUCIOTBI

KetroHoBble Tesia — rpynmna nmpoJyKToB oOMeHa BEIECTB, KOTOpPblE OOpa3yloTCs B
neyernn u3 anetwi-KoA: ameron (mpomaHon) [H3C—CO—CHs], ameroykcycHas
kuciaora  (ameroanerat) [H3C—CO—CH,—COOH], Oerta-ruapokcumMacisiHas
kuciora (B-ruapokcudyrupat) [HsC—CHOH—CH;—COOH]

KeTonemusi — MoBbIlIIEHHOE COJIEp>KaHKNE B KPOBU KETOHOBBIX Tel. Bo3HuKaeT Takoe
COCTOSIHUE TIPH TSXKETON popMe caxapHOro AuadeTa Uiu ToJ0 aHuH.

Keronypusi — (amieToHypusi) — MOBBIIIEHHOE BBIBEACHUE KETOHOBBIX TE€JI C MOYOM;
Ha0JII0/1aeTCsl MPU CaxapHOM AuadeTe, OTPABICHUSX AalleTOHOM, TOJIOJJAHUU U T. 1.
[Ipr3HaKk paHHETO TOKCHKO3a M TIO3/THETO TOKCHKO3a (recTo3a) OepeMEeHHBIX.
XoJgecrepos —TpUpoAHBIA cTepousa (MUNOMUIBHBINA) CHOUPT, COAECPXKAIIMICT B
KJIETOYHBIX MEMOpaHaxX BCEX JKHUBBIX OPraHHU3MOB, 32 HCKIIOUYEHHUEM TpUOOB U
0e3bsIepHBIX (POKAPUOTHI).

B-I'OMK-peaykrasa - B-runpoxcu-p-merunriyrapun-KoA-penykrasza -
pPEryJsATOpPHBI  (EepMEHT CHHTE3a  XOJIECTEpUHA, KOTOPBIM  KaTaJIM3UPYET
npeBpaleHus B-ruipokcu-p-metunrayrapui-KoA B MEBaJOHOBYIO KUCIIOTY.
/KesruHble KHCJI0TBI — MOHOKaPOOHOBBIE THAPOKCUKHUCIOTHI U3 Kilacca CTEPOUIOB.

JKE€muHble  KUCIOTBI —  NPOU3BOAHBIE  XO0JAHOBOM  KUCIOTBI  C3HzgCOOH,
OTJIMYAIOLINECS TEM, UTO K €€ KOJIBLEBON CTPYKTYpPE MPUCOCTUHEHBI TUIPOKCUIbHBIE
TPYIIBI.

CrepouaHble TOPMOHBI — TPyIIa (PU3HOJIOTMYECKA AKTUBHBIX BEIIECTB (ITOJIOBBIC
TOPMOHBI, KOPTUKOCTEPOUIBI U JIP.), PETYIUPYIOLUIUX MPOUECCHl KU3HEESITEIIbHOCTH
y )KUBOTHBIX U YEJIOBEKA. Y MO3BOHOYHBIX CTEPOUIHBIE TOPMOHBI CUHTE3UPYIOTCS U3
XOJIECTEpUHA B KOPE HAJMOYEUHUKOB, KiIeTkax Jleianura ceMeHHUKOB, B (POJITUKYIaX
Y JKEJITOM TEJE SUYHUKOB, & TAK)KE B IUIALIEHTE. CTEPOUIHBIE TOPMOHBI COAEPHKATCS B
COCTaBe JIMIMUIHBIX Kalellb aJANIOIMTOB U B IIUTOILIa3Me B CBOOOIHOM BHjie. B cBs3u
C BBICOKOM JUMOMUIBHOCTHIO CTEPOUIHBIX TOPMOHOB OTHOCHTENBHO JIETKO
TuhPyHAUPYIOT Yepe3 IMIa3MaTUuYeCKue MeMOpaHbl B KPOBb, a 3aT€M MPOHUKAIOT B
KJIETKA-MULIEHH. K HUM OTHOCSTCS: KOPTHKOCTEPOHW[IbI, MHHEPAIKOPTUKOHJBI,
MYXCKHE U )KEHCKHUE MOJOBbIE TOPMOHBI.

Buramun D3 — xonekanbuudepoos — KupopacTBOpUMbIA BuTaMuH. OOpa3yeTcs B
KOoxke mox aeucteueM Y@-nmydyer U3 /-IHErUapoxosiecTepuHa.  SBusercs
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MPEAIIECTBEHHUKOM KaJIbIIUTPHOJa — TFOPMOHA, KOTOPBIM MPUHHUMAET Y4YacTHUE B
obmeHe Kanblus U pocdopa B OpraHU3MeE.

ATepocKjepo3 — XpOHUUYECKOE 3a00JIEBaHUE apTePUil ACTUUECKOTO U MBIIIEUYHO-
AIACTUYECKOIr0 THUIIA, BO3ZHUKAIOIIEE BCIEJACTBUE HAPYIICHUS JHUIUAHOTO OOMEHa U
COMNPOBOXKJAOIICECS  OTJIOKEHUEM  XOJIECTEpMHA M HEKOTOpPbIX  (ppakuuii
JUMONPOTEUIOB B HMHTUME cocynoB. OTtioxenuss (QOpMHUPYIOTCS B  BHJE
aTepOMAaTO3HBIX OJISIIEK.

Ko3¢pPpuuueHT aTepOreHHOCTH — OJIUH U3 HEMHOTHUX MHTETPAJIbHBIX MOKa3aTelIeH,
MO3BOJIAIONIMN  OLEHUTh PHUCK Pa3BUTUS aTepockieposa. [lpencrasiasier coboit
OTHOLIEHHUE Pa3HUIIbI OOILIETO XOJIECTEpUHA B KPOBH U XOJECTEPUHA JIMIIOMPOTEUHOB
BBICOKOM IUIOTHOCTH K XOJECTEPUHY JHUIONPOTEUHOB BBICOKOM IJIOTHOCTH.
Koaddunment areporeHHoCcTH MIOMKEH OBITh B mpeaenax oT 2 o 2,5. Ilpu
Kod(ppuurente areporeHHocTH 3-4 UMEETCS YMEpPEHHAsT BEPOSITHOCTh Pa3BUTHUS
aTepocKiIepo3a, Ipyu BeIuUnHe 0oliee 4-X — BBICOKAsi BEPOSITHOCTD.

OxupeHne — OTIIOKECHUE JKHUPA, YBEIIMUEHUE MACCHI TeJa 3a CUET )KUPOBOU TKaHU. B
HACTOSIILIEE BpEMSl OXXUPEHUE PACCMATPUBACTCA KaK XpPOHUYECKOE OOMEHHOE
3a0oneBaHne, BO3HHUKAIONIEE B JIFOOOM BO3pacTe, MPOSBISIONIECECS H3OBITOYHBIM
YBEIIMYEHUEM MacChl Tella MPEUMYIIECTBEHHO 3a CUET YPE3MEPHOr0 HAKOIUICHUS
KUPOBOM  TKaHU,  COMPOBOXKJAIOIIEECS]  yBEIWYEHUEM  CiiydyaeB  0Omieit
3a00JI€BAEMOCTH U CMEPTHOCTH HACEIJICHUS.

Caxapublii auaber — rpynna >HIOKPUHHBIX 3a00JIEBaHMM, pa3BUBAIOIINXCS
BCJIEJICTBHE a0COJIFOTHOM MM OTHOCUTEIBbHON HEIOCTATOYHOCTU FOPMOHA UHCYJIMHA,
B pe3ylibTaTe Yero pa3BUBAETCS TUIEPIIIMKEMHUSI — CTOMKOE YBEIHYEHHE
COJIepKaHMs TIIFOKO3bl B KPOBU

Chunroaunuabl — 3TO KIAacC JHUIUJOB, OTHOCSIIUXCA K TMPOU3BOJAHBIM
anmudaTHIecKux aMuHOCTUPTOB. OHHU UTPAIOT BAKHYIO POJIH B Mepeade KICTOYHOTO
CUTHajla U B KIETOYHOM pacro3HaBaHuu. OCHOBY C(UHTOJUIHIOB COCTABIISET
C(OMHTO3WH, CBS3aHHBIM aMHUIHOW CBSA3BIO C aAlWIBHOW TPYIION (Hampumep, ¢
KUPHOU KucnoToil). Ilpu 3TOM HECKOIBKO BO3MOXKHBIX PAJUKAIOB CBA3aHBI CO
chunrosuHom 3a cu€t oSdupHoit  cBsa3u. [lpocredmuii  mpenCcTaBUTENb
C(UHTOJUTIUIOB — IIEpaMul.

Chunrounuao3sl — rpynmna JU30COMHBIX OOJIE3HEW HAKOIUICHHS, CBA3aHHBIX C
HapylmieHueM MeTaboau3Ma COUHTOIUIINUIOB, OTHOCUTCS K Kilaccy Oose3Hei
HAKOIUICHHS JIMIUAOB (JIUMHUI030B). OCHOBHBIMU MPEACTABUTEISIMU 3TOW TPYMIIBI
sBisitorest 0osie3nb Humanna — Iluka, 6one3ns ®abpu, 6one3ns Kpabdbe, 6one3nb
["ome, 60ne3up Tess — Cakca u MeTaxpoMaTH4ecKas IeHKOAUCTPOUS.
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Which of the following results from a deficiency of ornithine transcarbamoylase but
not of carbamoyl phosphate synthetase?

A. Cerebral edema

B. Decreased blood urea nitrogen

C. Hyperammonemia

D. Increased blood glutamine

E. Orotic aciduria
The answer: Orotic aciduria is a disease, in which orotic acid is accumulated in the
organism, and then is excreted with urine. This disease is a result of decreased
activity of orotate phosphorybosyl transferase, which catalizes transformation of
orotic acid into orotydilic acid, or is caused by ornithine transcarbamoylase
deficiency. In case of decreased activity of ornithine transcarbamoylase
hyperammoniaemia, increase of glutamate concentration in blood, decrease of blood
urea nitrogen, increase of orotic acid concentration, cerebral edema, convulsions, and
coma.

Pesynbratom nedinuTy OpHiTHH-KapOaMoinTpaHnchepasu, ane HE
kapbamoindocharcuarerasmy, €:

A. Habpsik Mo3Ky

B. 3menmenns Hitporeny ce4oBuHM KpPOBi

C. I'imepamoHiemis

D. IligBumeHHs riiyTaminy KpoBi

E. Oporamuaypis
Bipna BignoBigs: OpoTamuaypis — 3aXBOPIOBaHHS, MPH SKOMY HAKOMUYYETHCS
OpOTOBa KHCJIOTa B OpraHi3aMi 3 HACTYyIHMM BHJIUICHHSIM 13 cedero. Jlane
3aXBOPIOBAHHS € pe3yIbTaTOM 3HIDKCHHSM aKTUBHOCTI
opotatdochopudosmirpancdepasu, sika KaTtajlizye IepeTBOPEHHS OPOTOBOI KUCIOTH
B OpOTHUAWIOBY  KHCIOTy, a00  BHACIiIOK  HEJIOCTAaTHOCTI  OPHITHH-
kapOamoinTpancdepazu. Y  BUNAAKY  3MEHIIEHHS  aKTUBHOCTI  OpHITHH-
KapOamoinTpaHchepazu CIIOCTEPITAETHCA: rinepaMoHieMis, TT1JIBUIIICHHS
KOHIICHTpAIlii TJIyTaMiHy B KpOBi, 3HIM)KeHHsS HiTporeHy ce4oBMHH B KpOBI,
1BUIIICHHS KOHIICHTPAIIll OPOTOBOT KHCIIOTH, HAOPSK MO3KY, CYJIOMH, KOMA.

PesynpraTom pedunmTa OpHHUTHH-KapOaMounTpaHcdepasbl, HO HE KapOaMOuJ-
dbocdharcuHTETa3bI, ABIICTC:

A. Otek mo3ra

B. Ymensiienue azora MOYE€BUHBI KPOBU

C. I'unepamMMmoHHreMus

D. IloBslilieHue riryTaMuHa KpOBU

E. Oporauugypus
[IpaBunpHblii  oTBeT: OpoTauuaypus — 9T0 3a0ojeBaHHWe, TIPU KOTOPOM
HAKaIJIMBAE€TCSd OpOTOBAasi KHUCIOTa B OPraHU3ME C IOCJEAYIOIIUM BBIJCIICHUEM C
Mouoit. JlanHoe 3a0oyieBaHHE SBISETCS PE3yJIbTaTOM CHUXEHHUS aKTUBHOCTHU
opotardocdopudozunTpanchepasbl, KOTopasi KaTaIM3UPYET MPEBPAIIEHUE OPOTOBOU
KHUCJIOTHI B OPOTUIMIOBYIO KHUCIOTY, WJIM BCJEACTBHE HEIOCTATOYHOCTH OPHUTHH-
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kapOamountpancdepaspl. B ciiyyae  yMEHbIIEHUS  aKTUBHOCTHM  OPHUTHH-
kapbamounTpancdepassl HaOJIr01aeTCs: TUTIEpaMMOHHUEMUSI, TIOBBIIICHUE
KOHIIEHTpAI[MM TJIyTaMHHA B KpPOBH, CHWXCHHE a30Ta MOYCBUHBI B KpPOBH,
MOBBINIIEHNE KOHIICHTPAIIUU OPOTOBOM KUCIIOTHI, OTEK MO3Ta, CyIOPOTH, KOMa.

52
Which substance is the human body unable to excrete?
A. Biotin
B. Cobalamine
C. Iron
D. Niacin
The answer: Normally, due to the presence of ferritin and hemosiderin, Ferum is in
an intact form and does not excrete itself from the body.

Slka pedyoBHHA HE €KCKPETYETHCS 3 OPraHi3My JIFOIUHU ?

A. biotun

B. Kobanamin

C. ®epym

D. Hianmua
Bipna BimmoBigb: B HOpMI 3aBnsky HasBHOCTI (EPUTHHY Ta TEMOCIIEPUHY 10HU
bepyMy 3HaXOmAThCS y 3B’ s13aHIM POpMi 1 HE EKCKPETYIOThCS 13 OpraHi3My.

Kakoe BeliecTBO He 3KCKPETUPYETCA U3 OpraHu3Ma 4ejJoBeKa?

A. buoTtun

B. Kobanamun

C. XKenezo

D. Huanuu
[IpaBunbHBIE OoTBeT: B HOpMme Onaromapsi Hamuuuio (peppuTHHA M TEMOCHICPUHA
MOHBI KeJie3a HAaXOAATCS B CBA3aHHOM (hopMe U HE SKCKPETUPYIOTCS U3 OpraHu3Ma.

5.3

Which enzymes are responsible for producing the direct donors of nitrogen into the
pathway producing urea?

Arginase and argininosuccinate lyase

Xanthine oxidase and guanine deaminase

Glutamate dehydrogenase and glutaminase

Argininosuccinate synthetase and ornithine transcarbamoylase

Aspartate aminotransferase (AST) and carbamoyl phosphate synthetase | (CPS-I)
The answer: Aspartate is produced by AST and carbamoyl phosphate by CPS-I.

moow>

Axi depMeHTH BIAMOBIAAIOTH 3a MPOAYKYBaHHA MpsSsMHUX JoHOPiB HiTtporeny B
IPOIIECi CHHTE3Y CEUOBUHHM?

A. Apri"aza Ta apriHiHOCYKIIMHATIIia3a

B. KcantuHokcumasza ta ryaHinje3aminasa

C. I'myramaTaerinzporeHasa Ta riyraminasa

D. ApriniHo-CyKIIMHaTCUHTETa3a Ta OpHITHH-KapOoMoinTpaHcdepasa
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E. Acmapraraminorpancdepasa ta kapbamoindocdarcunrerasa
Bipna BignoBinb: AcnapraramiHoTpaHc(depasa KaTali3ye peakiiilo YTBOPEHHS
acraptaTy Ipd T[EPEeHECEeHHI aMIHOTPYyNu BiA JOHOpa Ha OKcajloaleTart.
Kapbamoindocdar yTBOproerbcsi BHachiok 1ii kapoamoindocdarcunrerazu [ y
NepuIii peakiiii OpHITUHOBOTO LUKITY.

Kakue ¢depMeHTHl OTBeuUarOT 3a 00pa3oBaHHME MPSIMBIX JOHOPOB a30Ta B Mpoliecce
CHUHTE3a MOYECBUHBI?

A. ApruHasa v apruHUHOCYKIIMHATINA3a

B. KcantuHokcunasza v ryaHuHe3aMuHasa

C. I'myramaTaeruaporeHasa u riryraMiHasa

D. ApruHuHO-CyKIIMHATCUHTETa3a U OPHUTHH-KapOoMomITpancdepasa

E. Acmapraramunorpancdepasa u kapbamousndocdarcunrerasza
[IpaBunbHbI  OTBeT: AcmapTaTaMuUHOTpaHc(epasa  KaTadu3UpyeT  PEaKIuio
oOpa3oBaHus acnapraTa Mpu NEPEeHOCE aMUHOTPYIIBI OT JOHOpAa Ha OKCalOalleTart.
Kapb6amoundocdar oOpazyercs B pe3yJibTaTe NEUCTBUSA
kapoamomndocharcuaTeTassl [ B mepBoil peakiiy OPHUTHHOBOTO ITHKJIA.

54
Two days after a full-term normal delivery, a neonate begins to hyperventilate,
develops hypothermia and cerebral edema, and becomes comatose. Urinalysis reveals
high levels of glutamine and orotic acid. Blood urea nitrogen is below normal. Which
enzyme is most likely to be deficient in this child?

A. Cytoplasmic glutaminase

B. Cytoplasmic carbamoyl phosphate synthetase

C. Cytoplasmic orotidylate decarboxylase

D. Mitochondrial carbamoyl phosphate synthetase

E. Mitochondrial ornithine transcarbamoylase
The answer: Given these symptoms, the defect is in the urea cycle and the elevated
orotate suggests deficiency of ornithine transcarbamoylase.

UYepe3 naBa [HI MicHs BUIKCKH 3 TIOJOTOBOTO OYAMHKY y HOBOHAPOIHKEHOTO
MMOYMHAETHCS TINEPBEHTHIIALISI, PO3BUBAETHCS TimoTepMis 1 HaOpsSK MO3KY, 1 BiH
BIIaJla€ B KOMYy. AHaii3 cedi BHUSIBUB BHCOKHH pIiBeHb TJIyTaMiHy Ta OPOTOBOI
KkucioTd. HirporeH cedoBMHHM B KpoOBI HWXYEe HOpPMU. HemocTaTHICTH SIKOTO
(dhepMeHTY HaliIMOBIPHIIIIE CIIOCTEPITAETHCS Y 1€l TUTUHU?

A. llutomnazMaTuyHO1 rayTaMmiHa3u

B. [utomnazmatuyHoi kapbamoindochaTcuaTerasn

C. IlluTomna3smMaTuuHOi OpoTaTAEKAPOOKCHIA3H

D. MiroxonapianbHoi kapbamoindocharcuareTazun

E. MitoxoHapiaibHOT OpHITUH-KapOamMoinTpaHchepasu
Bipua  BiamoBimb:  BpaxoByrounm = 3a3Hau€HI  CHMIITOMH,  TOPYIIYETHCS
(YHKLUIOHYBaHHS IIUKIY CEYOBHHOYTBOPEHHS, a MIJIBHUILEHA KOHLUEHTpALlsl OpoTaTy
CBIIUUTH MPO AePIUUT OPHITUH-KapOamoinTpaHnchepasi.
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Uepe3z 1Ba [OHS TOCHE BBIMUCKA W3 POJAJIOMAa Y HOBOPOXKJIEHHOTO Hayalach
TUNIEPBEHTWIALIMS, PA3BUIACh TUIIOTEPMUS U OTEK MO3Ta, U OH Bl B KOMY. AHaIu3
MOYH MOKa3aJ BBICOKUN YPOBEHB IIIyTaMHUHA U OPOTOBOM KHCIIOTHI. A30Ta MOYEBHHBI
B KpOBM HIKE HOpMBI. HeqocTaTouHOCTh Kakoro (QepmMeHTa BEpOSTHEE BCEro
Ha0II01aeTCsl Y 3TOro peOeHka?

A. [lutonina3zMaTUYECKON rIyTaMUHA3BI

B. Huronna3zmatudeckoi kapdamomndocharcuHTeTa3bl

C. HuTrorurazmaTudeckoit opoTaTaekapOOKCHIa3hl

D. MuroxonpuanbHoi kapOamousipochaTcuHTETa3bl

E. MuroxonapuanbHOW OpHUTUH-KapOamMomiITpancpepasbl
[IpaBunbHbIA ~ OTBET:  YUUTbhIBAs  yKAa3aHHbIE  CHMIOTOMBI,  HApyIIaeTCs
(YHKIIMOHUPOBAHUE LMKJIA MOYEBHHOOOPA30BaHUS, a MOBBIIICHHAS KOHIICHTpALUS
opoTaTa CBUJIETENIbCTBYET O Ae(ULINTE OPHUTUH-KapOaMouITpancepassbl.

55
A 49-year-old man with a rare recessive condition is at high risk for deep vein
thrombosis and stroke and has had replacement of ectopic lenses. He has a normal
hematocrit and no evidence of megaloblastic anemia. A mutation in the gene
encoding which of the following is most likely to cause this disease?

A. Cystathionine synthase

B. Homocysteine methyltransferase

C. Fibrillin

D. Lysyl oxidase

E. Branched chain alpha-ketoacid dehydrogenase
The answer: Homocysteine, the substrate for the enzyme, accumulates increasing the
risk of deep vein thrombosis and disrupting the normal crosslinking of fibrillin.
Deficiency of homocysteine methyltransferase would cause homocystinuria, but
would also predispose to megaloblastic anemia.

VY 49-piuHOro 4onoBiKa € PIAKICHUI PEIeCUBHUN CTaH BUCOKOTO PHU3UKY TPOMOO3y
Ta 1HCYJIBTY TVIMOOKMX BeH. Takok HEIIO0JaBHO HOMY MPOBEIH 3aMiHY €KTOTIYHUX
JiH3. Y HBOTO HOPMAJIbHUN T€MATOKPUT 1 HE MAa€ O3HAK MErajao0JacTHOI aHemil.
MyTariisi KogyBaHHs SIKOTO (DEpMEHTY, MIBHUIIE 32 BCE, BUKIMKAE 1€ 3aXBOPIOBAHHS?

A. IlucTaTioHIHCUHTA3H

B. 'omonmcteinmerunrpanchepasu

C. ®i6puniny

D. Jlizunokcunasu

E. Herigporenasu alpha-keTOKHCIIOT 3 po3raayKeHUM JIAHIFOTOM
Bipna BiamoBins: IlucratioHincuHTaza. [omommcrein, cyOCcTpar s IIbOTO
(bepMeHTy, HaKOMUYYEThCS, 30UIBIIYIOYM PU3UK TPOMOO3y TIHOOKHX BEH 1
MOPYIIYIOYHU HOpMaJIbHE 3IIMBAHHS bi10puiny. Hedimut
TOMOITUCTETHMETUATPAHCPEPA3N MOXKE BHKIMKATA TOMOIMCTHHYPIIO Ta PO3BUTOK
Merano0JIacTHOU aHeMii.

Y 49-n1eTHer0 MYKYMHBI €CTh PEIKOE PEIECCUBHOE COCTOSIHUE BBICOKOTO PHUCKa
TpoMOO3a W HHCYJIbTa TIYOOKMX BeH. Takke HEJaBHO €My IMPOBEIM 3aMEHY
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AKTOMUYECKUX JIMH3. Y HEro HOPMAJIbHBIM TeMAaTOKPUT U HE UMEET MPU3HAKOB
Merano0JiacTHOW aHeMuu. MyTalusi KOAUPOBaHUsI Kakoro ¢epMeHTa, CKOpee BCEro,
BBI3BIBAET ATO 3a00JieBaHUE?

A. llucTaTHOHMHCUHTA3BI

B. 'omonucrenumeTunTpancdepass

C. ®ubpununa

D. JIuzunokcuaassl

E. HeruaporeHassl ajib(a-KeTOKUCIOT C PA3BETBICHHON LIETHIO
IIpaBunbHblii oTBeT: llucTaTMOHMHCHMHTa3a. ['OMOUMCTEHH, CyOCTpaT il 3TOTO
(dbepMeHTa, HaKaIlJIMBAETCS, YBEIMYMBasg PUCK TpoMOo3a ri1yOOKMX BEH M Hapyluas
HOpMasibHOE ciuuBaHue QuopwnHa. dedunur roMmouucrenHMeTUnTpaHcdepasbl
MOXET BbI3BaTh TOMOLIUCTUHYPHIO U PA3BUTHE METAIO0IACTHON aHEMUHU.

5.6
A 49-year-old man with a rare recessive condition is at high risk for deep vein
thrombosis and stroke and has had replacement of ectopic lenses. He has a normal
hematocrit and no evidence of megaloblastic anemia. Amino acid analysis of this
patient’s plasma would most likely reveal an abnormally elevated level of ...:

A. lysine

B. leucine

C. methionine

D. ornithine

E. cysteine
The answer: Only methionine is degraded via the homocysteine/cystathionine
pathway and would be elevated in the plasma of a cystathionine synthase—deficient
patient via activation of homocysteine methyltransferase by excess substrate.

VY 49-piuHOro 4onoOBiKa € PIAKICHUI PEIeCUBHUN CTaH BUCOKOTO PHU3UKY TPOMOO3y
Ta 1HCYJIBTY TIMOOKUX BEH. TakoX HEIOJaBHO WOMY IMPOBEIU 3aMiHY €KTOTIYHHX
7iH3. Y HBOTO HOPMAJIBHUN TE€MATOKPHUT 1 HE Ma€ O3HAK MErajo0JacTHOW aHemil.
AHaJi3 aMiHOKHCJIOT IIJ1a3MH I[bOTO MAaIl€HTa, IIBUIIIE 3a BCE, BUIBUTH aHOMAaJIbHO
MiJIBUILIICHUH PiBEHb...:

A. ni3uny

B. neiiuny

C. MeTioHIHY

D. opHiTHHY

E. nmucreiny
Bipna BinnmoBiab: 3 HaBeJeHUX aMIHOKHCIOT TUTLKH METIOHIH PO3IaIa€ThCsl IUISIXOM
0 TOMOIIMCTEIHY/ITMCTATIOHIHY. 3a YMOB HEIOCTATHOCTI IMCTAaTIOHIHCHHTA3H
CIIOCTEPITa€eThCsl MIJBHUINCHHS KOHIICHTpAIll METIOHIHY B IIJJa3Mi BHACIIJIOK
aKTHUBAIlil TOMOITUCTETHMETHUITPAHChEepa3u HAJJTUIITKOM CyOCTpaTy (TOMOIMCTEIHY).

Y 49-neTHero MyX4YHMHBI €CTh PEIKOE PELEeCCHBHOE COCTOSIHUE BBICOKOTO PHCKA

TpoMOO3a W HHCyJIbTa TIyOOKMX BeH. Takke HENaBHO €My IIPOBEIIM 3aMEHy
OKTONUYECKUX JIMH3. Y HEro HOPMAJIBHBIMA T'E€MATOKPUT M HE HMEET IIPU3HAKOB

123



Merajgo0JIacTHOM aHeMHUU. AHAlIM3 aMHHOKHCIOT IUTa3MBl 3TOTO MAIlUEHTa, CKOpee
BCETO, MMOKAKET aHOMAJIBPHO MOBBIICHHBI YPOBEHbD:

A. JIn3muna

B. Jleiuna

C. MeTtnonuna

D. Opuutuna

E. Iucreunna
[IpaBuibHBIN OTBET: M3 MpHBeCHHBIX aMHHOKHUCIIOT TOJIPKO METHOHHMH PacIagacTcs
IMyTeM  TOMOIMCTEWMHA/  IMCTaTHOHMHA. B yCcIOBHSX  HEIOCTaTOYHOCTH
[IMCTATHOHMHCUHTA3bl HAOJIFOMACTCSA MOBBIIMICHUE KOHIICHTPAIlMd METHOHMHA B
IJJa3Me  BCIICICTBHE AaKTHUBAIlMM TOMOIIMCTCHHMETHITpaHC(hepa3bl  U30BITKOM
cyocTpaTa (roMOIMCTEHHA).

5.7
A 56-year-old man with a history of genetic disease undergoes hip replacement
surgery for arthritis. During the operation the surgeon notes a dark pigmentation
(ochronosis) in the cartilage. His ochronotic arthritis is most likely caused by
oxidation and polymerization of excess tissue...:

A. homogentisic acid

B. orotic acid

C. methylmalonic acid

D. uric acid

E. ascorbic acid
The answer: Adults with alcaptonuria show a high prevalence of ochronotic arthritis
due to deficiency of homogentisate oxidase.

56-piuHOMY YOJIOBIKY 3 TEHETHYHHM 3aXBOPIOBAHHSM TMPU3HAYCHO OMEpaliio i3
3aMIHM Ta30CTETHEBOr0 Cyrio0y BHAcHimok aptputy. [lim uac omeparii Xipypr
BiZ3HAYMB TEMHY IIirMEHTAIif0 (OXPOHO3) B XpsMii. MIoro OXpOHOTHYHMIl apTpWT,
IIBU/IIIE 32 BCE, BUKJIMKAHUN OKUCICHHSM 1 TIOJIIMEPHU3AIIE€I0 HAJUTUIIKY ... |

A. TOMOTE€HTU3MHOBOI KUCIIOTH

B. opoToBoi kuciaotu

C. MeTUIIMATIOHOBOT KUCIOTH

D. ceuoBoi KUCIOTH

E. ackopOiHOBOi KUCTIOTH
Bipna BigmoBiap: Y AOpoCcIuX 3 aNKaNTOHYPIEID CIOCTEPITa€ThbCsl PO3BUTOK
OXPOHOTHYHOT'O apTPUTY BHACHIIOK Je(ilUTy OKCHAa3HM T'OMOTCHTH3HMHOBOI
KHUCIIOTH.

56-71eTHEMY MYXXYMHE C TEHETHYEeCKUM 3a00JI€BaHMEM Ha3HadyeHa oIepalus I10
3aMeHe Ta300eIPEeHHOT0 CyCcTaBa BCIEACTBUE apTpuTa. Bo BpeMs omepamuu Xupypr
OTMETUJI TEMHYIO TUTMEHTALMIO0 (OXPOHO3) B Xpsiiie. Ero oXpoHOTUYECKUI apTpuT,
CKOpEe BCETO0, BBI3BaH OKHCIICHUEM M TIOJIMMEpHU3aneil n30bITKA:

A. 'oMOreHTH3MHOBOM KHUCIOTHI

B. OpoToBoiil KUCIOTHI

C. MeTniIMaI0HOBOM KUCJIOTBI
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D. Mou4eBoii KHUCIIOThI

E. AckopOMHOBOU KHUCIOTHI
Bepubiii  oTBeT: Y B3pOCHBIX € aJKaNTOHypuel HaOIoIaeTcsi pa3BUTHE
OXpPOHOTHYECKOTO apTpUTa BCIEACTBHE AedUIIMTa OKCHIAa3bl TOMOTEHTHU3WHOBOU
KHCJIOTHI.

A 9-week-old boy, healthy at birth, begins to develop symptoms of ketoacidosis,
vomiting, lethargy, seizures and hypertonia. Urine has characteristic odor of maple
syrup. What letter (C, G, I, E, A) position in the figure below is associated with
clinical symptoms of kid?

Valine —- Propionyl-CoA
Isoleucine

|
Methylmalonyl-Cos
Glutamate l
I\ ]
/ \Suc.cinate
Isocitrate \
I:I +«— Maleylacetoacetate
— 1
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
| — 1

Pyruvate

[

Alanine

Phenylalanine

The answer: Maple syrup urine disease; substrates are branched chain &alpha;-
ketoacids derived from the branched chain amino acids Val, Leu, lle. The
accumulation of these keto acids cause the described clinical symptoms.

VY 9-TmkHEBOro XJIOMYMKA, 3J0POBOTO MPU HAPOIKEHHI, MOYMHAIOTH PO3BUBATHUCS
CHUMITOMH KETOoalua03y, OJII0BOTA, MJISABICTh, CyJoMH 1 rimeptoHii. Cedya wmae
XapaKTepHU 3amax kKieHoBoro cupoiry. [lomoxenns sikoi mitepu (C, G, I, E, A) Ha
MaJIFOHKY HUKYE MOB'A3aHO0 3 KITHIYHUMH CUMITOMaMHU Y JUTUHU?
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Valine — » Propionyl-Co#A
Isoleucine

|
Methyimalonyl-CoA
Glutamate 1
[SIN, N —
I \
/ Succinate
Isocitrate \
I:I +——— Maleylacetoacetate
I I =
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
l — &5

Pyruvate

[

Alanine

FPhenylalanine

BipHa BianoBiab: XBopoOa KIEHOBOTO CHPONY ACOLIIOETHCS 3 MOPYLIEHHSIM
Jerpajaimii  po3rajlyKE€HUX  aMIHOKUCIOT  (BIACYTHIH  (EpMEHT  OKHCHOIO
NEeKapOOKCWIIOBAaHHSI KETOKUCIIOT), $KI MalTh OYyTH OTpPUMaH1 3 PO3TallyKEHUX
aminokucnotT (Val, Leu, Ile) micas TpaHcaMiHyBaHHS. [X HAKONUYEHHS BMKIIUKAE B
OpraHi3Mi IUTUHU HU3KY BUILE BKa3aHUX KIIHIYHUX CUMIITOMIB.

Y 9-HenmenapbHOro MabuWKa, 30POBOTO IPH POXKICHUHM, HAYMHAIOT Pa3BUBATHCS
CUMIITOMBI KETOAIlM103a, PBOTA, BSJIOCTh, CYJAOPOTH M THIEPTOHHS. Moya HMeeT
XapaKTePHBIN 3arax KIeHoBoro cupomna. [lonoxenue kakoit 0ykesl (C, G, |, E, A) Ha
PUCYHKE HH)KE CBSI3aHO C KIIMHUYECKHMH CUMIITTOMAMH y peOcHKa?

Valine —n— Propionyl-CoA
Isoleucine

|
Methylmalonyl-Coa
Glutamate J'
I\, N —
/ Ecmate
Isocitrate \
|:I +———— Maleylacetoacetate
— I
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
I — =

Pyruvate
Phenylalanine

I @

Alanine
[IpaBunbHbId OTBET: BOJIE3HH KIEHOBOIO CHpOIIA ACCOLMUPYETCS C HapyLICHHEM
Jerpalallii aMUHOKHUCIOT C Pa3BETBICHHBIM OOKOBBIM paguKaloM (OTCYTCTBYET
(epMEHT OKUCIUTEIBHOIO JEKApPOOKCHIMPOBAHUSI KETOKHUCIOT), KOTOPBIE TOJKHBI
OBbITb TMONYy4YeHbl U3 pa3BeTBIeHHBIX amuHOKUcHOT (Val, Leu, Ile) mocne
TpaHCaMUHUpPOBaHUsA. X HakoIUIeHWE BBI3BIBAET B OpraHu3Me peOeHKa psif
BBIIIECYKA3aHHBIX KJIMHUYECKUX CUMIITOMOB.
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Valine _. Propionyl-CoA
Iscleucine

|
Methylmalonyl-CoA
Glutamate J'
\ P
]
Succinate
Isocitrate
I:I <+—— Maleylacetoacetate
— 1
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
[ — S

Pyruvate
Phenylalanine

I @

A child with white-blond hair, blue eyes, and pale complexion is on a special diet in
which one of the essential amino acids is severely restricted. He has been told to
avoid foods artificially sweetened with aspartame.

The answer. The child has phenylketonuria (PKU); aspartame contains
phenylalanine. These children may be blond, blue-eyed, and pale complected because
of deficient melanin production from tyrosine.

JutuHa 3 OLIMM BOJIOCCSM, OJAKUTHHUMHU OuYMMa 1 OJIAUM KOJbOPOM OOIWYYS
JTOTPUMYETHCS CIEIIaNbHOI JIETH, B SAKIA OJHA 3 HE3aMIHHUX aMIHOKHCIIOT CHJIBHO
obMexeHa. oMy HAakasanM YHHKATH HPOMYKTiB, INTY4HO MiACOJOUKEHHX
acrapraMoM. Bu3HauTe JNaTHMHCHKY JITEPY B  HaBEJEHIM cxeMi, fKa BIJMOBIJA€
F€HETUYHOMY 1€(PEKTYy Y JUTHUHU:

Valine _.. Propionyl-CoA
Isoleucine

l =]
Methylmalonyl-CoA
Glutamate J'
\, ]
/ Succinate
Isocitrate X
I:I <+——— Maleylacetoacetate
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
I —

1=

Phenylalanine

Pyruvate

I @

Alanine

Bipna BinnoBine: Y nutuHu (EeHUIKETOHYpPIsl; acmapTaM MICTUTh (eHUTalaHiH. Y 1UX
JITEN MOe OyTH CBITJIE BOJIOCCS, OJaKUTHI 04l 1 OJIAUNA KOMip 00JIMYYs, OCKUTBKH Y
HUX HEJJOCTATHbO CUHTE3Y€EThCS MEJIAHIH 3 TUPO3UHY.
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Pebenok ¢ OenbiMu BOJIOCAaMM, TOJNYObIMU TJla3aMUd U OJIETHBIM I[BETOM JIMIIA

MPUJCP)KUBACTCS  CIEIMAJbHOM JHEThl, B KOTOPOHM OJHA H3 HE3aMEHHUMBIX

aMUHOKHUCJIOT CHJIBHO orpaHuyeHa. Emy mpeanucano wuzberaTb MIPOIYKTOB,

HMCKYCCTBEHHO TMOJICIAlIEHHbIX acnaptamoM. OrmpeaenuTe JIaTUHCKYIO OYKBY B

MPUBEACHHON CXeMe, KOTOpasi COOTBETCTBYET FreHETHUECKOMY Ae(EKTY y peOeHKa:
I\;.ac‘:lligﬁcine :-:: —* Propionyl-CoA

|
Methylmalonyl-CoA
Glutamate J'
I\, 1
/ Succinate
Isocitrate \
I:I <+——— Maleylacetoacetate
Homogentisate
Malate T
|-
Acetyl-CoA / Tyrosine
I —

1 =

Phenylalanine

Pyruvate

[

Alanine
Bepnblii otBeT: Y pebeHka PeHUITKETOHYPUS; acriapTaM COACPXKUT PeHunanaHuH. Y
ATUX JIETel MOTYT OBITh CBETJIbIE BOJOCHI, TOJNyOble rja3a W OJIeMHbIM LBET JIMIIA,
MOCKOJIbKY Y HUX HEJJOCTATOYHO CUHTE3UPYETCS MEJIAHUH U3 TUPO3UHA.
5.10

|
Methylmalonyl-CoA
Glutamate J'
\ P
/ }cinate
Isocitrate \
I:I +———— Maleylacetoacetate
— I
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
! — S

Pyruvate
Phenylalanine

[

Alanine

A chronically ill patient on long-term (home) parenteral nutrition develops metabolic
acidosis, a grayish pallor, scaly dermatitis, and alopecia (hair loss). These symptoms
subside upon addition of the B vitamin biotin to the alimentation fluid. What letter
position in the figure below is associated with clinical symptoms of kid?

The answer: The only biotin-dependent reaction in the diagram signed by letter F.
The enzyme is propionyl-CoA carboxylase produced methylmalonyl-CoA.
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Valine . —> Propionyl-CoA
Isoleucine

|
Methylmalonyl-CoA
Glutamate J'
[=IN P —
] \
Succinate
Isocitrate
I:l +—— Maleylacetoacetate
— I
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
! — 7

Pyruvate
Phenylalanine

[

Alanine

XpOHIYHO XBOPUM 3HAXOAUTHCS HAa TPUBAIOMY (JIOMAIIHHOMY) MapeHTEPaATbHOMY
XapuyBaHHI. ¥ HBOTO PO3BHHYBCS META0OIUHHUM anua03, OMiguid KOJip oO0Iuyus,
JTyCKaTUM JepMaTuT, ajonenis (BUmaaiHHsa Bojoccs). LI cumnToMu 3HUKAIOTH MpU
JolaBaHHI 010TMHY (BiTaMmiHy B7) 1m0 XuBWIbHOI piauHU. Bu3HauTe HaTUHCHKY
JiTepy, sika BiANoBiAae (epMEHTY MEPETBOPEHHSI, SIKUI MICTUTh O10THH:

Bipna Bimnosinb: Ha miarpami smme omHa OiloTHH-3alie)kHa peakiis (Jitepa F).
biotunzanexuuit ¢pepMmeHt — mnpomionui-KoA-kapbokcunasza, sika YTBOPIOE
MeTuIManoHUT-KoA.

Valine _-. Propicnyl-CoA
Isoleucine

|
Methylmalonyl-CoA
Glutamate J'
PE— |
/ ﬁ:.cinate
Isocitrate x
I I +—— Maleylacetoacetate
| I
Homogentisate
Malate T
Acetyl—C; | | Tyrosine
1
Pyruvate E]
T II' Phenylalanine
Alanine

XPpOHUYECKHI OONBHONM HAXOAWTCSA Ha JJIMUTEIHHOM (JIOMAITHEM) MapeHTEepaTbHOM
MATAaHUW. Y HEro pa3BWICSI METa0OJMYECKUN amuao3, OJICAHBIM I[BET JIHMIIA,
YenryuaTelid JepMaTuT, ajnonenus (BhIMaJeHUE BOJOC). DTU CUMITOMBI MCYE3aI0T
npu no6aBieHnu 6MoTHHA (BUTamuHa B7) B mutaTenbHyrO KUAKOCTh. Omnpenenure
JATUHCKYI0 OYKBY, KOTOpasi COOTBETCTBYET (DEPMEHTY MpEBpaILCHUs], COJAEpKAITUN
OMOTHH:

129



[IpaBunbHbIi oTBeT: Ha quarpamme Toabko ojHa OMOTHH-3aBUCHUMAsl peakilis (OykBa
F). buormH-3aBUCHMBIH (epMeHT - mnponuoHmI-KoA-kapOokcuiasa, KOTOpPBIH
oOpazyet MeTuimanonui-KoA.

511
A woman 7 months pregnant with her first child develops anemia. Laboratory
evaluation indicates an increased mean cell volume (MVC), hypersegmented
neutrophils, and altered morphology of several other cell types. The most likely
underlying cause of this woman’s anemia is...:

A. folate deficiency

B. iron deficiency

C. glucose 6-phosphate dehydrogenase deficiency

D. cyanocobalamin (B12) deficiency

E. lead poisoning
The answer: Pregnant woman with megaloblastic anemia and elevated serum
homocysteine strongly suggests folate deficiency. Iron deficiency presents as
microcytic, hypochromic anemia and would not elevate homocysteine. B, deficiency
Is not most likely in this presentation.

VY KiHKM Ha 7-OMy MICSlll BariTHOCTI MEPIIOI0 JUTHUHOI PO3BUHYJIACh aHEMIs.
JlaGopaTopHi aHali3u CBiAYaTH MPO 3OUIBLICHHS. CEPEIHbOr0 00 €My KIIITHH-
EPUTPOLIUTIB, KOHIICHTpAIlli TOMOIMCTEIHY B CHPOBATII KpPOBI, KUTBKOCT1
rinepcerMeHTOBaHUX HEUTPOPLIiB, a TAKOXK1 3MIHEHY MOP(OJIOTII0 AEKUTBKOX THITUX
THUITIB KJIITUH KpoBi. HaliOUIbIIl BIpOT1IHOIO MPUYMHOIO aHEMII LI€T )KIHKH €. ..

A. nedinut GomieBoi KUCIOTH

B. nedinur 3aniza

C. nmedimuT rirroko30-6-docdaraerinporeHasu

D. nedinut miankobanaminy (Bio)

E. orpyenns cBuHLIEM
Bipna BiamoBigb: MeranoOnacTHa aHeMis 1 MIABHINEHUM BMICT CHPOBATKOBOTO
TOMOIIMCTEiHY Y BariTHOi IHKK CBiIUUTH npo nediuut donaty. Hedinur 3amiza
BUKJIMKAE€ MIKPOLIMTApHY, TINOXPOMHY AaHEMII0 1 HE MIABUIIYE KOHIICHTPAIIIO
romouucteiny. Jlediuur Bio B 11boMy BUTAJIKy HE € HANIMOBIPHIILIUM.

VY JKeHIIMHBI HA CEABMOM Mecslle OEpEeMEHHOCTH NEPBBIM PEOCHKOM pa3BUIIACh
anemusi. JlabopaTopHble aHamu3bl CBUACTEIBCTBYIOT OO0 YBEIMYEHUU: CPETHETrO
o0beMa KJIETOK-DPUTPOILUTOB, KOHIICHTPAIIMU TOMOIUCTEHHA B CBHIBOPOTKE KpPOBH,
KOJINYECTBA THUIIEPCETMEHTUPOBAHHBIX HEUTPOPUIIOB, a TaKXKE€ M HM3MEHECHHYIO
MOpPGOJIOTHUI0O HECKOJIBKUX JAPYrMX THUIIOB KIETOK KpoBu. Hanbonee BeposiTHOM
NPUYUHOW AaHEMUHU 3TOU KEHIIUHBI SBIISIETCS ...

nepuuut GoamueBor KUCIOTHI

neduut xenesa

Ne(UINT TIIIOK030-6-hochaTaeruiporeHass

. teunut rrankobaramMuHa (B1o)

OTpaBJICHUE CBUHIIOM

moowp
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[IpaBunbHbI  OTBeT: MeranoOnacTHass aHeMHUsi UM TOBBIIIEHHOE COJIEpXKAHUE
CHIBOPOTOYHOTO TOMOIIMCTEMHA Y OEpEMEHHOM JKEHIIWHBI CBUJIETEILCTBYET O
nedurure Qonarta. Jepuuut sxene3a BBI3BIBAET MUKPOLUUTAPHYIO, THIOXPOMHYIO
aHEMMIO U HE TMOBBINIAET KOHIEHTpaluio romouucrenHa. Jepuuur Bl2 B 3TOM
CJIy4ae HeE SIBJISICTCS] BEPOSTHBIM.

5.12
A 64-year-old woman is seen by a hematologist for evaluation of a macrocytic
anemia. The woman was severely malnourished. Both homocysteine and
methylmalonate were elevated in her blood and urine, and the transketolase level in
her erythrocytes was below normal. What is the best evidence cited that the anemia is
due to a primary deficiency of cyanocobalamin (B12)?

A. Macrocytic anemia

B. Elevated methylmalonate

C. Low transketolase activity

D. Elevated homocysteine

E. Severe malnutrition
The answer: Methylmalonyl-CoA mutase requires Bi> but not folate for activity.
Macrocytic anemia, elevated homocysteine, and macrocytic anemia can be caused by
B12 or folate deficiency.

Y 64-piyHOi KIHKM TEMaToJIOT MJiarHOCTYBaB MakKpoIMTapHy aHemito. JKiHka
rojiogyBana. KoHIleHTpallii rOMOIMCTEIHY Ta METWIMaJIOHATy B KpOBI Ta cedl
MIJBUILIEHA, @ AKTHUBHICTh TPAHCKETOJA3W B epuTpoluTax Hux4a 3a HopMmy. Illo
Kpalie 3a BC€ CBIIYMTH MPO T€, IO aHEMIs IMOB’sA3aHa 3 MEPBUHHUM JAeHIIIUTOM
iaHokoOamaminy (B12)?

A. MakpouurtapHa aHemis

B. IlinBuiieHuii BMiCT METUIMAJIOHATY

C. Husbka akTHBHICTH TPAHCKETOJIA3U

D. IlixBuieHui BMICT TOMOIIUCTETHY

E. T'ononyBanHus
Bipna BIJIMOBI/Ib: Kodepmentom MeTunManoHin-KoA MyTas3u €
JI€30KCUaJIeHO3MIIKOoOanaMil — noxijaHe Bitaminy Bio, ane He donat. MakporurapHa
aHeMis, MIJBULIEHHS TOMOLUCTEIHY 1 MakKpoUuTapHa aHeMis MOXXYTb BHHHUKATU
BHACHIAO0K nedinuTy BiTaminy Bi» abo domary.

Y 64-neTHedl KEHIIMHBI TEMATOJOT JUATHOCTUPOBAI MAKPOLMTAPHYI) AHEMHIO.
Kenmuna rononana. KonueHtpauuss TOMOIMCTEMHA U METUIMAJIOHaTa B KPOBU U
MOYE TOBBIIIEHA, 4 aKTUBHOCTh TPAHCKETOJAa3bl B PUTPOLUTAX HIMKE HOPMBI. UTO
Jydille BCEro CBUJETENLCTBYET O TOM, 4YTO AaHEMHUS CBA3aHa C MEPBUYHBIM
aepuIToM 1ranokodanamuna (B12)?

A. MakpouurtapHasi aHeMuUsl

B. I[loBbIlieHHOE CO/IepKaHKEe METUIMAIOHATa

C. Huskas akTHBHOCTH TPAHCKETOJIa3bl

D. [loBbllieHHOE CO/IEpKaHNE TOMOLIUCTEHA

E. lNononanue
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[IpaBunbubiii  otBeT: Kodepmentom MetwimanoHun-KoA Mytaszsl — siBhsieTcs
JI€30KCUaJIEHO3WIIKOOAlaMiUH - TPOM3BOJHOE BUTamMuHAa Bip, HO He (¢onar.
MakpouurapHass aHeMUs, MOBBIIIEHWE TOMOLMCTEMHA M MAaKpOLUTapHAs aHEMUS
MOT'YT BO3HUKATh BcliecTBUE Aeduiiuta BuTamuHa By winn ¢gonara.

5.13
A 64-year-old woman is seen by a hematologist for evaluation of a macrocytic
anemia. The woman was severely malnourished. Both homocysteine and
methylmalonate were elevated in her blood and urine, and the transketolase level in
her erythrocytes was below normal. In response to a B, deficiency, which of the
additional conditions may develop in this patient if she is not treated?

A. Progressive peripheral neuropathy

B. Gout

C. Wernicke-Korsakoff

D. Destruction of parietal cells

E. Bleeding gums and loose teeth
The answer: Progressive peripheral neuropathy. A distractor may be D, but this
would be the cause of a B1, deficiency, not a result of it.

Y 64-piyHOi KIHKM TEMaToJIOT MJiarHOCTYBaB MaKpoIMTapHy aHemito. JKiHka
rojonyBaia. KoHueHTpalii roMOUMCTEIHYy Ta METHJIMAaJOHATy B KpOBI Ta cedl
MIJBUIIICHA, & aKTUBHICTh TPAHCKETOJIA3W B €PUTPOILMTAX HUXKYA 3a HOpMY. SIKIIO0
Mali€eHTKa He JIKyBaTUMEThCS, SKI MaTOJIOTIYHI 3MIHHM CIOCTEPIraTUMYThCS
BHACIIJIOK JedinuTy BiTaminy Bio?

A. Tlporpecytoua nepudepuyna HeponaTis

B. Iloxgarpa

C. Cunapom Bepnike-Kopcakosa

D. PyiinyBaHHs napieTadbHUX KIITUH

E. KpoBOoTOUYUMBICTS siCEH 1 BUTIA IIHHS 3y01B
Bipua BignoBinb: Ilporpecyroua mnepudepuuna Heilpomartis. PyiiHyBaHHS
MapieTATBHUX KIITHH TaKOX MOXe OyTH, aje Iie € mpuuuHow aedinuty Bi, a He
HOr0 pe3yJIbTaTOM.

Y 64-neTHedl KEHIIMHBI TEMATOJOT JUATHOCTUPOBAI MAKPOLMTAPHYI) AHEMHIO.
Kenmuna romopana. KoHueHTpanus roMOIMCTEMHA M METUIMAJIOHATA B KPOBU U
MOY€E MOBBIIIEHA, & AKTUBHOCTh TPAHCKETOJIAa3bl B APUTPOLUTAX HUXKE HOpMBI. Kakue
MaTOJIOTHYECKUE M3MEHEHUs OynyT HaOMI0JaThesl BCIEACTBUE JAeduiura BUTAMHHA
B1, eciii manueHTka He OyeT JeYUThCs ?

A. Tlporpeccupyroias nepudepudeckas HeuponaTus

B. Iloxgarpa

C. Cunnpom Bepauke-Kopcakosa

D. Pa3zpyiiienne napueTaibHbIX KIETOK

E. KpoBoTounBOCTh JieceH U BbllajeHue 3y00B
[IpaBunbHBIA  OTBET: [Iporpeccupyromas  nepudepuyeckass HeWpomaTusi.
Pa3pyiiieHne napuetanbHbIX KIETOK TaKXKE€ MOXKET ObIThb, HO 3TO ABISETCA MPUUUHOMN
nepunuta Bio, a He ero pe3ynbraTom.
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5.14
Product formed by argininosuccinate lyase during urea synthesis is...:
A. argininosuccinate argininosuccinate
B. fumarate
C. arachinic acid
D. urea
E. ornithine
The answer: Fumarate.

VYKaxiTh OPONYKT, SKUW YTBOPIOETHCS MiA JI€0 APTiHIHCYKUMHATIIA3U B LUK
CEYOBUHO YTBOPEHHS:

A. ApriHiHCYKIIMHAT

B. ®ymapar

C. ApaxwHOBa KHCJIOTa

D. CedoBuna

E. Opuitun
Bipna BinmoBins: @ymapar.

VYKaxknuTe MpoayKT, KOTOPBIA 00pa3yeTcs Moj ACHCTBUEM apTUHUHCYKIIMHATINA3KI B
IIUKJIE MOYEBUHOOOpA30BaHUS .

A. ApruHMHOCYKUIMHAT

B. ®ymapar

C. ApaxuHOBasi KUCJIOTa

D. MoueBuHa

E. Opuurun
[IpaBunbHbiid oTBeT: dymapar.

5.15
Substrate and energy source for synthesis of delta-aminolevulinate in the heme
pathway is:
A. Porphyrin
B. Glycine
C. Glutamine
D. Aspartate
E. Succinyl-CoA
The answer: Succinyl-CoA.

YkaxiTe cyOcTparT 1 JpKepenao eHeprii uisi CHHTE3y JIeJIbTa-aMiHOJIEBYJIIHOBO1
KHCJIOTH B CUHTE31 reMa:

A. Tlopdipun

B. I'miuun

C. I'nmyramin

D. Acnaprar

E. Cyknunin-KoA
Bipna BianoBine: Cyknunii-KoA
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VYkaxute cyOcTpaT U UCTOUYHMK IHEPTUM [JIi CHUHTE3a JEIbTAaaMUHOJIEBYJIMHOBOM
KHUCJIOTHI B CUHTE3€ reMa:

A. Tloppupun

B. I'munuu

C. I'myramun

D. Acnaprar

E. Cykmunun-KoA
[TpaBunbsbiid oTBeT: CykumHmiI-KoA

5.16
This compound is converted to glutamate in a reaction requiring the coenzyme form
of pyridoxine (Bs), find out it:

A. Oxaloacetate

B. Fumarate

C. Glutarate

D. Alpha-Ketoglutarate

E. Glutamine
The answer: Glutamate is produced by Bs-dependent transamination of alpha-
ketoglutarate.

BkaxiTh pedoBUHY, sika MEPETBOPIOETHCS Ha TIIyTaMmaT B peakilii, 10 mnotpedye
Ko epMeHTHOT popmu mipuaokcuny (Be):

A. IllaBeneBo-o11TOBa KHUCIIOTA

B. ®ymaposa kucinota

C. I'myrapoBa kucnota

D. Ansda-Kerormyrapar

E. 'myramin
Bipna BignoBinb: ['myramaT yTBOproeThcsi mij ni€r0 Beg-3amexxHoi TpaHcaMiHazu 3
anb(a-KeTorayrapary.

VKaxuTe BEIIECTBO, KOTOPOE MpEBpallaeTcsl B TIyTamMaT B PEaKUuH, TPeOyroleu
Ko epMeHTHOU Gopmbl TupuokcuHa (Bs)

A. ll]aBeneBo-yKCycHasi KUCIIOTa

B. ®ymaposas kuciora

C. I'myrapoBas kucioTa

D. Ansda-Kerormyrapar

E. 'myramun
[lpaBunbublii  oTBeT: ['myramat oOpasyercs mon JneiictBueM Bs-3aBucHMOi
TpaHCaMUHa3bl U3 ajab(a-KeToriyTapara.

5.17

A 62-year-old man being treated for tuberculosis develops a microcytic, hypochromic
anemia. Ferritin levels are increased, and marked sideroblastosis is present. A
decrease in which of the following enzyme activities is most directly responsible for
the anemia in this man?
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A. Cytochrome oxidase

B. Cytochrome P450 oxidase

C. Pyruvate kinase

D. delta-Aminolevulinate synthase

E. Lysyl oxidase
The answer: Sideroblastic anemia in a person being treated for tuberculosis (with
isoniazid) is most likely due to vitamin Bs deficiency. delta-Aminolevulinate
synthase, the first enzyme in heme synthesis, requires vitamin Bg pyridoxine).

VY 62-piyHOr0 40J0BiKa, IO JIKYETHCS BiJl TYOEPKYJIbO3y, PO3BUIIACS MIKpPOIIUTapHA
rinoxpomMHa asemisi. PiBeHb QepiTuHYy NIABUILECHHUI, 1 HasSBHUN BUPAXKEHUI
cunepo0iacTo3. 3HWKEHHS  aKTUBHOCTI  SIKOTO 3  HACTYHNHUX  (PEPMEHTIB
HaWiMOBIPHIIIE BIJIMOBIAA€E 32 AaHEMIIO Y II€T JTIOJUHU ?

A. [lutoxpoMokcugaza

B. [utoxpom-P450-okcumasa

C. ITipyBaTkinaza

D. llenpTa-amiHOJIEBYJI€HATCUHTA3a

E. Jlizuwiokcuaasa
Bipna BigmoBige: CuaepobnacTHa aHemis y JIIOAWHH, IO JIKYEThCA BiJ
TyOepKybo3y (130H1a3UI0M) HAMIMOBIPHIIIE PO3BUBAETHCS Uepe3 HECTauy BITaMIHY
B6. nenpTa-AmiHONEBYJIEHATCUHTA3a, mepmuid (EpMEHT B CHHTE31 reMmy, — €
mipuIoKCUH3aICKHUM (Bg-3ae:Hui).

Y  62-netHero MyKYMHBI, KOTOPBIM Je4uTcs OT TyOepKkyJe3a, pa3BHIIACh
MUKPOLIUTapHAS TUMOXPOMHAs aHEMUA. YPOBEHb (PEpPpUTHHA MOBBIIMICH U HUMEETCS
BBIpaXXEHHBIN cuaepobiacto3. CHUXKEHHE AaKTUBHOCTH KaKOro W3 CIEAYIOUIUX
(dbepMeHTOB, CKOpee BCEro, OTBEUAET 3a aHEMHUIO y 3TOT0 UeIoBeKa?

A. [lutoxpoMokcugaza

B. [utoxpom-P450-okcumasa

C. IMupyBaTknHa3a

D. nenpTa- AMUHOJNEBYJIEHATCUHTA3a

E. JIuzunokcumasza
[IpaBunbHbId oTBeT: CHllepoOsiacTHAsE aHEMUSl y 4YeNIOBEKa, KOTOPBIA JEYUTCS OT
TyOepKyJie3a (M30HUA3UM), CKOpee BCEro, pa3BUBAETCS M3-3a HENOCTAaTKa BUTAMHHA
B6. Jlenpra-AMUHOJEBYJIEHATCUHTA3a, TEPBBI (EPMEHT B CHHTE3€ TeMa, -
MUPUIOKCUH3aBUCUMBIH (Bg-3aBUCHMBIIN).

5.18
A 48-year-old man developed abdominal colic, muscle pain, and fatigue. Following a
3-week hospitalization, acute intermittent porphyria was initially diagnosed based on
a high level of urinary delta-aminolevulinic acid (delta-ALA). Subsequent analysis of
the patient’s circulating red blood cells revealed that 70% contained elevated levels
of zinc protoporphyrin, and the diagnosis was corrected. The correct diagnosis is
most likely to be:

A. protoporphyria

B. congenital erythropoietic porphyria
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C. lead poisoning

D. barbiturate addiction

E. iron deficiency
The answer: Lead inhibits both ferrochelatase (increasing the zinc protoporphyrin)
and ALA dehydrase (increasing delta-ALA).

VY 48-piuHOro 4ojoBiKa BUHUKIIA YepeBHA KoJiKa, OUTb y M’si3ax 1 BroMma. Ilicns 3-
TUKHEBOI rocriTalizalii, cnoyaTtky Oyia JlarHOCTOBaHa rocTpa nepemMixkHa nopdipis
Ha OCHOBI BHCOKOI'O PiBHSI JI€JbTa-aMiHOJIEBYJI€HOBOI KucioTU. [lomanpmmii anani3
IUPKYJIIOIYUX EPUTPOLMTIB TallleHTa Tmoka3aB, mo 70% MICTUIN MiABUILICHUN
piBeHb  LMHK-TIpoTOomopdipuHy, 1 JiarHo3 OyB  BumpaBieHUW. BkaxiTh
HaWIMOBIPHIIIAN 1arHO3 :

A. poronopdipis

B. BpomxeHna eputponoernyuna nopdipis

C. OTpy€HHS CBUHIIEM

D. 3anexHicTh BiJl 0apOiTypartiB

E. Hecraua 3aniza
Bipna BiamoBins: CBuHels iHTi0ye hepoxenarasy (migBuirye mUHK-IpoTodopdiprH)
1 JenbTa-aMiHOJEBYJICHATHETiApa3y  (MIBHUINCHHS  JEJIbTa-aMiHOJIEBYJIEHOBOT
KHUCJIOTH).

VY 48-neTHero My>KYMHBI BO3HHUKJIA OPIONTHAS KOJHMKA, 0OJIb B MBIIIIAX U YCTAJIOCTh.
[locne 3-HemenpbHOW TOCTMTANW3AINKM, CHayana ObUIa JMATHOCTHPOBAaHA OCTpas
nepeMexaromiasicss  nopdupuss Ha  OCHOBE  BBICOKOTO  ypOBHA  JIENbTa-
AMHMHOJIEBYJIEHOBOW KHUCJIOTHI. JaJIbHENIINN aHAIN3 HUPKYIUPYIOIIUX SPUTPOLIUTOB
nanuMeHta Tmnokaszana, uto 70% comep)kald TOBBINIEHHBII YpPOBEHb  IIMHK-
nporonopdupuHa, U AUArHO3 ObUT HUCIpPaBICH. YKaXUTe HauOoyee BEpOSTHBHIN
JUArHO3:

A. potomopdupus

B. BpoxaeHHast 5pUTponodTUYECKAS TTOPHUPHS

C. oTpaBieHHUE CBUHIIOM

D. 3aBucuMocCTh OT 0apOUTYpaTOB

E. menocrarTox xenesa
Caunen uHrHOMpyeT Qeppoxenartaszy (MOBBIIIAET MUHK-TIPOTOGOpdHUpHH) U nenbTa-
aMUHOJIEBYJIEHATAETUAPaTa3y (MOBBILICHUE JAEIbTa -AMUHOJIEBYJIECHOBOM KHUCIOTHI).

5.19
A 3-week-old infant has been having intermittent vomiting and convulsions. She also
has had episodes of screaming and hyperventilation. The infant has been lethargic
between episodes. Tests reveal an expanded abdomen, and blood values show
decreased citrulline amounts as well as a decreased blood urea nitrogen. What other
clinical outcomes would be expected in this infant?

A. Decreased blood pH and uric acid crystals in urine

B. Decreased blood pH and increased lactic acid in blood

C. Increased blood glutamine and increased orotic acid in urine

D. Increased blood ammonia and increased urea in urine
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E. Megaloblastic anemia and increased methylmalonic acid in blood
The answer: The infant has a defect in the urea cycle, resulting from ornithine
transcarbamylase (OTC) deficiency. OTC deficiency would result in decreased
intermediates of the urea cycle, including decreased urea formation as indicated by
the decreased blood urea nitrogen. OTC can be diagnosed by elevated orotic acid
since carbamyl phosphate accumulates in the liver mitochondria and spills into the
cytoplasm entering the pyrimidine synthesis pathway, where orotic acid is produced.

VY 3-TKHEBOTO HEMOBIISI MEpioJiMuHa OJIOBOTA 1 CYJOMHU. Y HBOTO TaKOX Oyiu
eMi30Au KpHUKY Ta rinepBeHTW L. HeMoBns misBe Mk emizogamu. OOCTeKEHHS
BUSIBUJIO 30UIBIICHUN >KMUBIT, a aHajl3 KPOBl CBIAYUTH MNPO 3HUKEHY KUIBKICTb
uutpyniny 1 Hitporeny ceyoBuHHM KpoBi. fIKi 1HIII KIIIHIYHI PE3yJbTaTH MOXKHA
OUIKYBaTH y I[bOI'O HEMOBIISITH ?

A. 3amxenuit pH kpoBi Ta KpuUcCTaiau c€4O0BO1 KUCIOTH B ceul

B. 3umxenuit pH kpoBi Ta niABUILEHUI piIBEHb MOJOYHOI KUCIOTH B KPOBI

C. [linBumenuii piBeHb TIyTaMiHy KpOBI Ta IMIIBHINEHUA PIBEHH OPOTOBOI

KHCJIOTH B ceuli
D. [linBuienuii aMmoHiak KpoBi Ta MiJIBUIIIEHA CEYOBMHA B ceul MerajgobacTHa
aHeMis 1 MiJABUIIIEHA METHUJIaMOHI1THA KUCTIOTa B KPOBI

Bipna BigmoBigb: HeMoBns mae aedexkT B HUKII CEYOBUHHU, SKHHW € HACIIIKOM
HecTaul OpHITUH-KapOamoinTpancdepasu. Hecraua opHiTuH-KapOamoinTpanchepazu
cTaJla O MPUYMHOIO 3HMKEHOI KUIBKOCTI MPOMDKHHMX NMPOAYKTIB LIMKIY CEYOBHUHH,
BKJIIOYAIOUM 3HIDKEHE YTBOPEHHS CEUYOBMHM, Ha 1[0 BKaszye 3HMkeHuU Hitporen
ceyoBMHUM  KkpoBi. Hecraua  opuiTuH-KapOamoinTpancpepazu Moxe  OyTH
J1arHOCTOBaHA HA  MIACTaBl  MIJABHINEHHS  OPOTOBOi  KHCJIOTH, OCKLUIBKH
kapOoMmoindochar HAKOMUUYETHCA B MITOXOHAPISIX KJIITUH MEUYIHKU 1 HAAXOAUTH J0
LUTOIUIa3MH Ta BKJIIOYAETHCS y CUHTE3 MIPUMIJIUHIB, MPOMDKHUM METa0O0IITOM
SKOTO € OPOTOBA KHUCJIOTA.

VY 3-HenenbHOro MIIaJIeHIIa IEPUOINYECKAst PBOTA U CYJOPOTH. Y HEro Takke ObUIN
SMU30Abl KPUKA W TUIECPBEHTWIALMU. MIiaaeHen BsJIBIA MEXKAY 3NU30IaMHU.
OO0cnenoBaHue BBISIBUIIO YBEIUUYEHHBIN KUBOT, a aHAJU3 KPOBU CBUJIETEIBCTBYET O
MOHMKEHHOM KOJIMYECTBE LIUTPYJUIMHA M a30Ta MOYEBUHBI KpoBU. Kakue npyrue
KIIMHUYECKUE PE3yIbTaThl MOKHO OKHJIATh Y 3TOTO MJIaicHIa?

A. Camxennsiii pH KpoBU U KpHCTaJIBl MOYEBOM KUCIOTHI B MOYE

B. Camxennsiii pH KpoBU 1 MOBBIIEHHBINH YPOBEHb MOJIOYHOM KUCIOTHI B KPOBU

C. IloBbImIeHHBIN YPOBEHB TIIyTAMUHA KPOBU U TIOBBIIIEHHBI YPOBEHH OPOTOBOM

KHUCJIOTBI B MOYE

D. [loBbllIeHHBIN aMMHaK KPOBH U MOBBIIICHHAs: MOYEBHHA B MOYE

E. Merano6yiiactHasi aHeMHs ¥ TIOBBIIIEHHAs METUJIMAJIOHOBAsI KUCIIOTa B KPOBU
Bepubiii oTBer: Y MiajeHna aeexkT B LUKIE MOYEBHHBI, KOTOPBIM SIBIsETCS
CJIEICTBUEM HEJ0CTaTKa OpHUTHH-KapOamounTpaHchepassl. HemocTtaTok OpHUTHH-
kapOamounTpaHcepaspl  crtam  Obl  OPUUYMHOM  MOHMXKEHHOTO  KOJIMYECTBA
MIPOMEKYTOUHBIX MPOAYKTOB IIMKJIA MOUYEBUHBI, BKIIIOUAsl MOHUKEHHOE 00pa30BaHKE
MOYEBHUHBI, HA YTO YKAa3bIBACT CHWXEHHBIM a30T MOYEBHHBI KpoBU. HemocraTtok
OpHUTHH-KapOamominTpanchepasbl MOXKET ObITh JAUArHOCTUPOBAH HA OCHOBAHUHU
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MOBBIIIEHUSI OPOTOBOM KHCIIOTHI, MOCKOJIbKY KapOomowidocdaT HakarminuBaeTcs B
MUTOXOHJIPUAX KJIETOK MEYEHU W MOCTYNaeT B IIUTOIUIa3MYy U BKJIIOYAETCS B CUHTE3
MAPUMHUJIUHOB, TPOMEKYTOUHBIM META0O0JIUTOM KOTOPOrO SIBISETCS OpPOTOBAs
KHUCJIOTA.

5.20
A 69-year-old male presents to his family physician with a complaint of recent onset
difficulty in performing activities of daily living. He is a retired factory worker who
last worked 4 years ago. Upon questioning, his spouse reveals that he “hasn’t been
able to get around the way he used to.” Physical examination reveals a well-
nourished 69-year-old man who walks with an exaggerated kyphosis. His gait
appears to be quite slow and wide-based. He also appears to have a resting tremor.
The appropriate management of his case would target which of the following?

A. Amino acid degradation

B. Catecholamine synthesis

C. Ganglioside degradation

D. Prostaglandin synthesis

E. Sphingolipid degradation
The answer: The above case describes a patient with Parkinson’s disease, which is
caused by degeneration of the substantia nigra. This leads to dopamine deficiency in
the brain and results in resting tremors, bradykinesia, cog-wheeling of the hand joints,
and rigidity of musculature. In addition, patients are often described as having “mask-
like facies”. Dopamine is one of the catecholamines synthesized in a common
pathway with norepinephrine and epinephrine.

69-Piunuii 4ONMOBIK CKapKUTBbCA CBOEMY CIMEHHOMY JiKaplo Ha CKIQIHOCTI
MEepeCcyBaHHs, 10 PO3MOYAIUCh HENoJaBHO. BiH 3BUIBHEHUN MpalliBHUK
MIJIPUEMCTBA, SIKUM B OCTAHHE TpaioBaB 4 poku ToMy. Ilicns onmuTyBaHHS, HOro
IpYXKWHA PO3MOBLIA, IO BIH «HE MOXKE MEpecyBaTucs, K MIr panimey. Di3uuHe
06CTEXEHHS BHABHIIIO, 10 Y 69-pidHOro 4ONOBiKa 3 HaAMipHOM Baroo Kido3s. Horo
X0Jla 3/1a€ThCSI TOCUTh MOBUIBHOIO 1 MIMPOKOI0. Y HBOIO TAaKOXK TPEMOP Y CIIOKOIO.
1o 3 mepeniueHoro € MPUINHOI BUHUKHEHHS 3a3HAYCHUX CUMITTOMIB?

A. Jlerpanaiiisi aMiHOKHCIIOT

B. [lopyiiieHHs y CUHTE31 KaTeX0JIaM1HIB

C. Jlerpanartist raHTTIO3U/IIB

D. CuHnre3 npocrarjiaH/InHIB

E. Jlerpanarist ciHromimniain
Bipna BinmoBinb: JlaHuili BUMAnoOK € onuc mamieHta 3 xBopooOoro [lapkiHcoHa, sika
Oyma cnpuumHeHa jgereHepamiero Substantia nigra. Ile nmpusBoguTh 10 Hectadi
nopaMiHy B MO3KYy 1 COpPUYMHSIE TPEMOP Yy CIOKOKWO, OpaauKiHe3iio,
HIECTIPHENOAIOHUN pyX cyrio0iB pyK 1 KOPCTKICTh Myckyhatypu. Kpim Toro,
MaIlEHTH YacTO BW3HAYAIOTHCI SAK TakKi, II0 MalOTh «MAacCKOIIOJIOHI OOIAIdsI».
JlopamiH € OIHMM 3 KaTeXxoJaMiHIB, SIKMH CHHTE3Y€TbCA y 3arajJlbHOMy LUISXY 3
HOPAJAPECHAIHOM 1 aJIPEHATIHOM.
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69-JleTHMii MyXXYMHA JKaTyeTCs CBOEMY CEMEHHOMY Bpady Ha CI0XHOCTH
MEPE/BIKCHUS, KOTOpble Hadaiuch HeaaBHO. OH  yBOJEHHBIM  paOOTHUK
MNpeAnpUsaTUs, KOTOPBIM He paboTaeT mociuennue 4 rona. [locie ompoca, ero xena
pacckaszana, 4TO OH «HE MOXET MEepeIBUraThCs, KaKk MOr paHbliey. duszndeckoe
oOclieIoBaHKE BBISIBUIIO, UTO y 69-IETHETO MYXYHHBI C U30BITOYHBIM BecOM KHU(DO3.
Ero moxoaka kKaxeTcs JTOBOJBHO MEIJIEHHON M IIMPOKOW. Y HETrO TAKXKE TPEMOpP B
nmokoe. UTo M3 NEepeyUCIICHHOTO SIBISETCA NPUYMHOM BO3HUKHOBEHHUS YKa3aHHBIX
CUMITOMOB?

A. Jlerpamaimusi aMUHOKHCIOT

B. Hapyiienust B cuHTE3€ KaT€X0JIaMUHOB

C. Herpanarus raHTIMO3UIOB

D. CunTte3 npocTariananHOB

E. Herpamamusi cQUHTOIUINIOB
[IpaBunbHbId OTBET: J[aHHBIN Cciiyyail ABISIETCS ONMHUCAHUEM MalMEHTa C OOJIE3HBIO
IlapkuHcoHa, KoTOpas OblIa BbI3BaHA JereHepaiuei substantia nigra. 310 IpUBOAUT
K HEIOCTaTKy AJodaMHHa B MO3I€ M BBI3BIBAET TPEMOpP B IOKOE, OpaJUKHUHE3UIO,
IECTEPHENOAOOHbBIE JBUKEHUS CYCTABOB PYK M KECTKOCTh MYCKymnatypbl. Kpome
TOTO, y TAIMEHTOB YacTO JIUArHOCTHPYETCS «MackooOpaszHoe iwmioy». Jodhamun
ABJISIETCS OJIHUM U3 KAaT€XOJIaMUHOB, KOTOPBIA CHUHTE3UpPYyETCs] B OOILIEM MIyTH C
HOPAJAPECHAIMHOM U a/IPEHAJIMHOM.
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Glossary
Transamination is a biochemical enzymatic reaction of the reversible transfer of an
amino group from an amino acid to a keto acid without intermediate formation of
ammonia.
Deamination is the enzymatic process of removing amino groups from an amino
acid molecule to form keto acids, hydroxy acids, carboxylic acids or unsaturated
carboxylic acids.
a-Decarboxylation is an enzymatic process of cleaving the carboxyl group of amino
acids as CO2 to form biogenic amines.
Biogenic amines - substances formed in n the body of animals or plants from amino
acids when they are decarboxylated (removing the carboxyl group) by enzymes of
decarboxylases and possessing high biological activity.
Schiff bases (azomethins) are N-substituted imines, organic compounds of general
formula R1R2C = NR3, in which nitrogen is bound to an aryl or alkyl group, but not
to hydrogen.
Ketogenic amino acids are amino acids, in the process of exchange of which ketone
bodies are formed in the body; these include proline, leucine and others.
Glucogenic amino acids are amino acids that prevent the formation of ketone bodies
(acetone, acetoacetic acid and B-hydroxybutyric acid) in the body. These include
alanine, arginine, aspartic acid, serine and other glycogenic amino acids, i.e. amino
acids, during the exchange process of which glucose is formed and no chemical
compounds are formed that contain keto groups in the structure.
Glucose-alanine cycle - in the breakdown of muscle proteins, amino acids are
formed, many of which are converted immediately to pyruvate or first to
oxaloacetate, and then to pyruvate. The latter is converted to alanine, acquiring an
amino group from other amino acids. Alanine from the muscles is transferred by
blood to the liver, where it is again converted into pyruvate, which is partially
oxidized and partially incorporated into gluconeogenesis (muscle glucose — pyruvate
in muscles — muscle alanine — liver alanine — glucose in the liver — muscle
glucose).
The de Rytis coefficient (also known as AsAT / AIAT and AST / ALT) is the ratio
of the activity of serum AST (aspartate aminotransferase) and ALT (alanine
aminotransferase).
The urea cycle or the ornithine cycle (the Krebs-Henzeleit cycle) is a sequence of
biochemical reactions of mammals and some fish, as a result of which nitrogen-
containing decomposition products are converted to urea, which in turn is excreted by
the kidneys.
Hyperammonemia is a metabolic disorder, manifested in the insufficiency of the
enzymes of the urea cycle, leading to poisoning of the body with ammonia.
Citrullinemia is a hereditary disease associated with a defect of arginine succinate
synthetase and manifested by a high level of ammonium ions in the blood.
Phenylketonuria is a rare hereditary disease in the group of enzymopathies
associated with impaired phenylalanine metabolism.
Alcaptonuria is a hereditary disease caused by a violation of the synthesis of
homogentisic acid oxidase and characterized by a disorder of tyrosine metabolism
and excretion with urine of a large amount of homogentisic acid.
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Albinism (Latin albus - white) - a congenital absence of melanin pigment due to
deficiency of tyrosinase in melanocytes; melanin gives color to the skin, hair,
iridescent and pigment sheath of the eye.

Leucinosis (maple syrup urine disease, branched-chain ketonuria) is a congenital
defect in amino acid metabolism that causes large amounts of valine, leucine,
isoleucine and alloisoleucine to appear in the urine, causing it to smell maple syrup.
Deficiency of special keto acid dehydrogenase is observed in patients that catalyzes
the oxidative decarboxylation of keto acids produced correspondly from valine,
leucine, isoleucine.

I'nocapiit

TpancaminyBaHHs - 0i0xiMiuHa ()epMEHTATUBHA PEAKIIisI 0OOPOTHOTO MEPEHECEHHS
aMIHOTPYIIH 3 aMIHOKUCJIOTH Ha KETOKUCIOTY 0€3 MPOMI>KHOT'O OCBITH aMiaKy.
Je3aminyBaHHS - (pepMEHTATUBHUI MPOIEC BUIAJIICHHS aMIHOTPYI BIJ MOJEKYJIU
aMIHOKHCJIOTH 3 YTBOPEHHSIM KETOKHCIIOT, T1JIPOKCUKUCIIOT, KApOOHOBUX KUCIIOT 200
HEHACUYEHUX KapOOHOBUX KUCIOT.

o-JlexapOoxkcuwioBaHHs - (EPMEHTATUBHHUM MPOIEC BIMMICIUICHHS KapOOKCHIBHOT
rpynu amiHokucaoT y Burisiai CO2 3 yTBopeHHsIM 010T€HHUX aMiHiB.

Biorenni aminm - pedyoBUHU, IO YTBOPIOIOTHCSA B OpraHi3mMi TBapuH ab0 POCIHH 3
aMIHOKMCJIOT TpU iX JeKapOOKCHITIOBaHHI (BUAAICHHI KapOOKCWIIBHOI TPYIIH)
dbepMeHTaMu AeKapOOKCHIIa3 1 BOJIOIIFOTH BUCOKOIO 010JI0TTYHOI0 aKTHBHICTIO.
OcHnoBu lIndda (a3omeruniB) - N-3amimieHi iMiHM, OpraHidHI CIIOJIYKH 3arajlbHOI
popmynu R'R2C=NR3, B gxux a30T 3B'{3aHuil 3 apuIbHOI0 a60 AIKiILHOIO TPYIIOIO,
ajie He 3 BOJIHEM.

Ketrorenni amMiHOKHMCJIOTH - aMiHOKUCIIOTH, B Mpollecl OOMIHY SIKUX B OpraHi3Mmi
YTBOPIOIOTHCS KETOHOBI T1J1a; 10 HUX BITHOCATHCS MPOJIiH, JEHIIMH 1 1H.

I'1oKkoreHHi aMiHOKHMCJIOTH - aMIHOKHUCIIOTH, 110 MEPEHIKOKAIOTh YTBOPEHHIO B
OpraHi3aMi KETOHOBUX T (QIl€TOHY, alleTOOLUTOBOX KHCJIOTU 1 B-TIAPOKCUMACISIHOT
KUCJIOTH). [l0 HUX BIAHOCSTHCA ajlaHiH, apriHiH, acnapariHoBa KUCJI0Ta, CEPUH 1 1HII
[JIIKOT€HHI aMIHOKHUCIIOTH, TOOTO aMIHOKHUCIOTH, B Tpoleci OOMIHYy SAKUX
YTBOPIOETHCS TJIFOKO3a 1 HE YTBOPIOIOTHCS XIMIUHI CIIOJIYKH, IO MICTATh Y CTPYKTYp1
KETOTpYIH.

I'1ok030-anaHiHOBMI IUKJ - MPU PO3LICIJICHHI M'SI30BUX OUIKIB YTBOPIOIOTHCS
aMIHOKHUCJIOTH, 0arato 3 sSIKUX MNEPEeTBOPIOIOTHCA BiApa3y B MipyBaT a00 CIOYATKY B
OKcajoaleTarT, a notiM B mipyBaT. OcTaHHIN NEPETBOPIOETHCS B allaHiH, HAOyBalOUH
aMIHOTPYITY Bl IHIIUX aMIHOKHUCJIOT. AJIaHIH 3 M'SI31B NE€PEHOCUTHCS KPOB'IO B
MEYIHKY, 1€ 3HOBY IEPETBOPIOETHCA B MIPYyBaT, SIKUM YAaCTKOBO OKHUCIIOETHCS 1
YaCTKOBO BKJIIOYAETHCS B IIIIOKOHEOreHe3 (TJIF0K03a B M'A3aX — MipyBaT B M'sA3ax —
ajJaHiH B M's13aX — ajlaHiH B MMEYIHII — TUIFOKO3a B MIEUIHI[I — TJIFOKO3a B M'A3aX).
Koediunienr ne Pitica (Bimome Ttakox sk AcAT/AnAT 1 ACT/AJIT) -
ciiBBimHOMIEHHsT akTuBHOCTI cupoBaTkoBuX ACT (acmapraraminorpancdepasa) i
AJIT (ananinaminoTpancdepasa).

Huka cedyoBuHu ab6o0 opHiTiHoBuH wmuka (mukia Kpeodca-T'ensenaiiTa) -
MOCJTITIOBHICTh O10XIMIYHMX pEakIliii ccaBliB 1 Aeskux pub, B pe3yabTaTi SAKOI
A30TOBMICHI MPOJIYKTH PO3MAJy MEPETBOPIOIOTHCS B CEYOBHHY, SKa B CBOIO UEPTyY
BUJIUISE€THCS HUPKAMH.
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I'inepamoniemissi - 1e mnopymeHHs OOMIHY pEYOBUH, IO BHSBISIETBCS B
HEJOCTAaTHOCTI (PEPMEHTIB LIMKJIY CEYOBHHH, 10 IPUBOJUTH 10 OTPYEHHS OPraHI3My
aMiaKoM.
Hirpyainemiss -  cnagkoBe  3aXBOpPIOBaHHsS,  MOB'A3aHe 3 JedEeKTOM
apriHIHCYKIMHATCUHTETA3! 1 MPOSIBIISETHCSI BUCOKUM PIBHEM 10HIB aMOHIIO B KPOBI.
MeHiIKEeTOHYPisl - PIIKICHE CHaJKOBE 3aXBOPIOBAHHS Tpynu (EepMEHTOMNATIH,
MOB'A3aHe 3 NOPYIIEHHSM MeTa0o0J113My (heHUTaNIaHIHY.
AJIKANITOHYPifl - CHAJKOBE 3aXBOPIOBaHHS, OOYMOBJICHE MOPYIICHHSM CHUHTE3Y
OKCHJIa3u TOMOTEHTHU3MHOBOI KHCJIOTH 1 XapaKTepHU3YEThCA PO3JIAJAOM OOMIHY
TUPO3UHY 1 EKCKPEIIIEI0 3 CEUYEI0 BEIHUKO1 KITBKOCTI TOMOT€HTU3MHOBOT KUCJIOTH.
AabOini3M (3 naT. Albus - OuMil) - npupoaKeHa BIACYTHICTh MICMEHTY MEJaHIHY,
KWW ToAae 3a0apBICHHS MIKIP1, BOJIOCCIO, Paliy>KHOI 1 MIr'MEHTHOTO 000JIOHOK OKA.
l'omouucTuHYpiss - 1€ CHAagKOBE 3aXBOPIOBAHHS, W0 XapaKTEPU3YEThCS
NOPYUIEHHSIM OOMIHY METIOHIHY.
JleiinuHo3 (po3ranyKeHO-JaHIIOTOBa KETOHYpIs, XBOopoOa cedl 13 3amaxom
KJIGHOBOT'O CHUPOIY, XBOpPOOa KJIEHOBOI'O CUPOINY) - BPOKEHUN JAedEeKT MeTaboII3My
aMIHOKHCJIOT, 10 MPU3BOAUTH JO MOSBU B C€Yl BEJIMKOI KUIBKOCTI BajiHy, JICUIUHY,
130JICMIIMHY 1 al0i30JIEUIIMHY, BHACIIJOK 4YOTO BOHA HaOyBae 3amaxy KIEHOBOTO
CUpOITY.

I'noccapun
TpancamuHupoBanmue — Ouoxumuyeckas (QepMEHTATHBHAs peakius OOpaTUMOIO
MepeHoca aMUHOTPYIMbl € AMUHOKUCIOTHI HA KETOKUCIOTY 0€3 TMPOMEKYTOUHOTO
00pa3oBaHUsI aMMHAKa.
Je3amunupoBanue — (EpMEHTATUBHBIA TMPOIECC YyIAJCHHUS] aMUHOTPYII OT
MOJEKYJIbl AMHUHOKUCIOTBI C OOpa3oBaHUEM KETOKUCIOT, TUIPOKCUKHUCIIOT,
KapOOHOBBIX KHUCIOT WJIM HEHACKIIIIEHHBIX KAPOOHOBBIX KHUCIIOT.
o-/lekap0oKCcUIMPOBaHUE - (dbepMeHTaTUBHBII rporecc OTILEIUICHUSA
KapOOKCUIIBHOM Tpymmbl aMUHOKUCIOT B Buae COz ¢ oOpa3oBaHHMEM OMOTEHHBIX
aMUHOB.
Buorennsle aMHMHBI — BellleCTBa, 00pa3ylolIMecs B OpPraHU3ME >KUBOTHBIX WU
pacTeHuit u3 AMUHOKUCJIOT npu UX JeKapOOKCUIMPOBaHUH (yAaleHUN
KapOOKCWIbHOM TrpyIIbl) pepMeHTaMu AeKapOOKCcHiIa3aMu U 001aJarolie BICOKOM
OMOJIOrMYEeCKON aKTUBHOCTHIO.
OcuoBanusi Mudda (azomemunv) — N-3aMencHHBIC UMUHBI, OPTaHHYCCKUE
coenuHennss obmeir  popmynmel  R!R2C=NR®, B KOTOphIX a30T  CBsI3aH
C ApWJIBHOW WJIM aJIKUJIBHOM TPYIIIION, HO HE C BOAOPOJIOM.
KeTorennble aMMHOKHUCJIOTBI — aMUHOKUCJIOTHI, B Mpolecce oOMeHa KOTOPHIX B
opraHuzMe 00pa3yroTCs KETOHOBBIE TeJa; K HUM OTHOCSTCS IIPOJIMH, JIEUIIUH U JIp.
I'10KOreHHbIe AMHHOKHCI0TBI — AaMUHOKUCIIOTHI, TPENSTCTBYIONIUE 00Pa30BaHUIO
B OpraHu3Me KETOHOBBIX Tel (aleToHa, aleTOyYKCYyCHOM KHUCIOThI U [-
TUAPOKCUMACISIHONW KUCTOThI). K HUM OTHOCSITCS allaHWH, apTUHUH, aclliaparuHOBas
KHCJIOTA, CEPUH U JIPyTrUe TIMKOTEHHbIE aMUHOKHCIIOTHI, TO €CTh aMUHOKHUCIIOTHI, B
mpoiecce 0OMeHa KOTOpBIX 00pa3yeTcsl TJI0OKO3a M He 00pa3yloTcs XUMHYECKHe
COEIMHEHUS, COJEPKAIINE B CTPYKTYPE KETOTPYIIIIHI.
I'110K030-a1aHMHOBBIN IUKJI — [IPU PACUIEIITIEHUN MBIIIEYHBIX 0€JIKOB 00pa3yroTcs
aMUHOKHCJIOTHI, MHOTHE W3 KOTOPBIX MPEBPAILIAIOTCS Cpa3y B MUPYBAT UM CHaudala B
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oKcajoaleTart, a 3aTeM B nmupysat. [locinegnuil npeBpaiaercs B alaHuH, TpruoOpeTast
AMUHOTPYIIY OT JAPYTUX aMUHOKUCIOT. AJIAaHWH W3 MBIIII] IEPEHOCUTCS! KPOBBIO B
MeYeHb, TJIE CHOBa MpeoOpa3yeTcs B MHUPYBAT, KOTOPBIM YAaCTUUHO OKHUCISAETCS M
YaCTUYHO BKJIIOYACTCS B IJIIOKOHeoreHe3 (TJII0KO3a B MBIIIIAX —> I[HPYBaT B
MBIIIIAX — aJlaHUH B MBIIIIAX — aJaHUH B MEUYEHH — TJI0KO03a B IMEUYEHH —
[JIFOKO3a B MBIIIIIAX).

Kosppumment ne Purnca (m3BectHoe takke kKak ACAT/AJAT u ACT/AJIT) -
COOTHOIIEHHe  akTUBHOCTU  cbiBOpoTouHbIX ACT (acmapraramuHoTpancdepasa)
nu AJIT (amarmHaMuHOTpaHChEpasa).

Muka MoYeBUHBI UM OPHUTHHOBBIN  muka (ukn  KpeOca-I'enseneiita) —
MOCJIE0BATEIbHOCTh OMOXUMUUECKUX PEAKIIUN MIEKOMUTAIOUIUX U HEKOTOPBIX PbIO,
B pe3yibTaTe KOTOPOW a30TCOAEpKallue NPOIYKTHI pachaaa MNpeodopasyroTcs
B MOYEBHHY, KOTOPasi B CBOIO 0YEPE/Ib BBIICISIETCS MOYKAMH.

I'mnepamMmonuemMusi — »TO HapylleHHE OOMEHAa BEIECTB, MPOSBISIONIEECS B
HEJIOCTATOYHOCTH (EPMEHTOB LMKJIAa MOYEBUHBI, TPUBOJSIIEE K OTPABICHUIO
OpraHr3Ma aMMHUAKOM.

HurpyjuinHeMuss — HacJeJICTBEHHOE 3a0o0JieBaHUE, CBA3AHHOE C JI€(PEKTOM
ApTMHUHCYKIIMHATCUHTETA3bl U MPOSBIISIIONIEECS BBICOKUM YPOBHEM MOHOB aMMOHHUS
B KPOBH.

DeHNIKeTOHYPHUST  —  PEIKOe  HACIEICTBEHHOE  3a00JIeBaHHUE  TPYMIIBI
(dhepMmeHTONaTHi, CBI3aHHOE C HApYIIEeHUEM MeTa0oa1u3Ma (peHuIalaHruHa.
AJNKANITOHYpPUs1 — HACJEACTBEHHOE 3aboJieBaHUE, OOYCIOBJIECHHOE HapyIICHHEM
CHUHTE3a OKCHAa3bl TOMOT€HTHU3MHOBOW  KHUCJIOTBI M  XapaKTepusyrolieecs
paccTpOMCTBOM OOMeNla THPO3WHA U DKCKPEIHMEH C MOYOM OONBIIOTO KOJIUYECTBA
TOMOTE€HTU3UHOBON KUCIIOTHI.

Aasouamsm (nat. albus — benwiil) — BpoXkIEHHOE OTCYTCTBHE MUTMEHTA MEJIaHUHA,
KOTOPBIM TPUAAET OKPACKy KOXKE, BOJIOCAM, paJly>KHOM M MUTMEHTHON 000JI0YKaM
riasa.

I'omoumucTHHYpUsI — 3TO HacjleACTBEHHOE 3a00JeBaHHE, XapaKTepuszyrouieecs
HapyllleHueM 00MEHa METHOHHHA.

JlelinuHo3 (pa3BeTBIEHHOIICTIOUEYHAs KETOHYpHUs, OO0JIE3Hb MOYM C 3alaxoM
KJICHOBOT'O CcHUpOma, OO0JIe3Hb KJIEHOBOTO CHpOMNA) - BPOXKIACHHBIA JedeKT
MeTaboau3Ma AaMUHOKHUCIOT, MPUBOMASIIIMI K TOSBICHHUIO B MOY€ OOJIBIIOTO
KOJIMYECTBA BaJIMHA, JICUIIMHA, U30JICUIIMHA U aJJIOU30JICUIIMHA, BCICACTBUE YETO OHA
npuoOpeTaer 3anax KJIEHOBOIO CUPOIIA.
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