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HHEPEIMOBA

30ipHUK TECTOBHUX 3aBJlaHb CKJIAJEHO BUKJIajadamMu Kadeapu 010J0TT9HOT XiMil
JUTsT BUKOPUCTAHHS CTYACHTaAMU 2 Kypcy MEAWYHHUX (DaKyJIbTeTiB, SKI BHUBYAIOTH
Oiooriuny ximiro. Jlauuii 301pHUK MICTUTh PI3HOMAaHITHI TECTOBI 3aBJIaHHS 3 YCIX
TeM, 110 BXOJATh JO 3MICTy po3Aiay 1 pobGodoi mporpamMu HaBYaIbHOI JUCIUILIIHU
«bionoriuna xiMmish» cremanbHOcTel 222 «Memummaay, 228 «Ilemiatpis»y. Moxe
BUKOPHUCTOBYBATUCS CTYJICHTAaMH B CaMOCTIMHINH poOOTI miJ Yac MiJArOTOBKH [0
KOKHOTO 3 3aHATh (KOHTPOJBHI POOOTH PO3MOALIEHI MO 3aHATTAX), JJISI KOHTPOJIIO
3aCBO€HHSI 0a30BHX TEM 1 JJIS M1JICYMKOBOI'O KOHTPOJIIO 3aCBOEHHS pO3aLTy 1.

3a J0MOMOIOK TECTOBOrO MaTepiaay CTYASHTH MaloTh MOKIIHUBICTH TJIHOIIIE
3aCBOITH TE€MYy, SKy BHBYAIOTh, IMPOBECTH CAMOKOHTPOJb, Yy pa3i BHUSABICHHS
HE3PO3YMUIMX JUIS CTYJEHTa NMHUTaHb, 3BEPHYTHUCS 3a JOTIOMOTOIO0 J0 BHKJajgada Ha
MPAKTUYHOMY 3aHATTI. Y pe3ylbTari Takoi GopMH poOOTU CTYACHT 100pE TrOTY€ETHCA
0 TIJACYMKOBOTO KOHTPOIIO 3 po3aiay 1, D0 KOMIDIEKCHOTO ICHUTy Ta [0
ninensiiHoro icnuty «KPOK 1.

VY 30ipHUKY MOJAaHO TECTOBI 3aBJaHHS AHTJIIMCHKOIO MOBOIKO 1 BIAMOBIIHUNA iM
NepeKaa] YKpPaiHCHbKOIO MOBOIO, a TaKOX TMOSICHEHHS JO TECTIB 1 TJocapii.
CryneHTaM pPEKOMEHIIYEThCSl OINpPaIlbOBYBAaTH 3MICT TECTIB aHTJIIHCHKOI MOBOIO,
Tomy 110 3a BumMoramMu €/IKI iM HE0OXiJTHO 3HATH AHTIIMCHKY TEPMIHOJIOTIIO Oyab
SIKO1 JUCITUTIIIHM, SIKQ BXOAUTH J0 1CTIUTY.

3micT 30ipHUKA BIJANOBiAa€ poOOYI mporpami HaBYAIBHOI AUCHUILIIIHU
«bloyoriuHa ximis» JJi MATOTOBKM MAricTpiB creriagbHocTe 222 «MeauiuHay,

228 «Ileniatpis». Ta OXOILUTIOE BC1 TEMH PO3LTY 1.



Chapter 1
AMINO ACIDS, PROTEINS, ENZYMES, AND
VITAMINS

Pozmun 1
AMIHOKHUCJIOTHU, BIVIKU, DEPMEHTU 1
BITAMIHHA



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:

*— Glycine
Arginine
Glutamate
Histidine
Alanine

oe
mooOwp

The answer: Arginine is the most basic of the amino acids
@  (pl~11) and would have the largest positive charge at pH 7.

[lentun ana-apr-ric-rai-Tioy 0OpoOJISIOTH MENTHAAa3aMy ISl OTPUMAaHHS BIUIBHUX
amiHokucnor. Po3umH goBomate n0 pH 7 1 mpoBomste enekrpodope3. Ha
enexktpodoperpami, 300pakeHid HIbKYe, HAWOLIBII WMOBIPHO, IO aMIHOKHUCIIOTA,
MO3HA4Y€Ha CTPUIKOIO, 11€:

e
*— A. 'mimun
B.  Aprinin
C. TI'myramar
Q .
S D. l'ictnouna
E. Ananig
o]
®

[IpaBunbpHa BiANOBI/Ib: APTriHIH € OCHOBHOI aMiHOKHCIOTOw (pl ~ 11) 3 BupazHum
NO3UTUBHUM 3apsiioM 3a pH 7, Tomy BoHa Onmkde ychoro 10 Karoay (3apsia
HETaTUBHUI).

1.2

The reaction catalyzed by hepatic phosphofructokinase-1 has a AGo 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

> EMMUO®P



H.  Shows cooperative substrate binding

l. Is indirectly inhibited by glucagon

J. 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.

Peakist, mo kartami3yeTbcsi MeYiHKOBOIO (ochoPppyKToKiHA30I0-1, Mae 3HAUYECHHS
AGo=-3,5 kxan/mob. Lle 3HaueHHs BKa3ye, 10 B CTAHAAPTHUX YMOBAX IIs1 pEaKIIis:

€ 000pOTHOIO

[Tepebirae aysxe MOBITHLHO

Bupo0Oisie akTuBaTOp mipyBaTKiHA3M

[aribyerscs AM®

Mae HU3bKY €Heprito akTUBaIlli

Mae many mBUIKICTh NPHU 3HIKEeHHI pH

He moske Oyt BUKOpUCTaHa JIJIs TIIFOKOHEOTEHE3Y

[Toxazye y3rojxeHe 3B's13yBaHHs CyOCTparTy

He3BopoTHO 1HT10Y€EThCS TIIOKAarOHOM

. Crumymtoetses GpykTo30-1,6-audocdarom

[IpaBunpHa BiamoBinb: HeratuBHe 3HauenHs AGp o3Ha4yae, IO peakiis €
TEPMOJIMHAMIYHO CIIPUSATIUBOIO (HEOOOPOTHOIO), 110 BUMArae oOX1JHOTO HUISIXY IS
nepeTBopeHHs PpykT030-1,6-1rdochaty y hpykTo30-6-hocdaT B TIIOKOHEOTEHE3.

STIOmMmMOoOw>

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 9,1

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. 100

C. 50

D. 1,0

E. 05

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 BuMipsiHa akTHUBHICTH (EPMEHTY TIPU JEKIIBKOX PI3HUX KOHIICHTpPAIisSX
cyoctpary. JlaHi nipecTaBlIeH] HIKYE:

[S] (MMoub/) Vo (MMoutb / 11¢)
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 iporo gpepMeHTy CTaHOBUTH MPUOIU3HO:
A. 500

B. 10,0

C. 50

D. 10

E. 05

[TpaBmibHa BiamoBigs: Ockinbku Vmax gopiBHioe 100 mmons /¢, To Vmax/2
nopiBHo€e 50 mmois / 11-c. KoHmeHTpariist cyocTpary, 1o BiMOBIAA€ MK IIBHIKOCTI,
cTaHoBHUTH 0,5 MMOJIB/11, IO BIANOBiAA€ 3HAYCHHIO - 0,5 MMOJIB/II.

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
= = = = =
- - 3 8 b
] 2 2| /AT 2 +ATP - g |f /+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 Hwkue miarpam (A, B, C, D, E) naiikparie Bigoopaxae B AT
Ha ne4iHkoBy pochodpykrokinazy-1 (IIODK-1)?

+ATP
17 W1 ;
2 ] o /iaTP 2 +ATP g |/ +ATP

+ATP

O

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



[IpaBwibHa Bianosiab: B. IIpu BBl Ha nediHkoBy dochodpykTokinazy-1 ATO
CUTMOBHHA KPUBa 3CYBAa€ThCS BIPABO, TOMY IO HakomudeHa KoHIeHTpailiss ATD
BUKJIMKA€E 1HT10yBaHHS (PEpMEHTY 3a MIPUHIIMIIOM 3BOPOTHOTO 3B’SI3KY.

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
acid?

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.

Jlesiki KOMIUIEKCHM B MITOXOHJAPIaJbHOMY TPAHCIOPTHOMY JIQHIIOTY IEPEHOCY
CJICKTPOHIB MICTATh HET€MOBE 3aJ1130. 3 TIOJOBOIO IPYIIOIO SIKOi AMIHOKUCIIOTH TICHO
MOB'A3aHO 3aJ1130 B [IMX KOMILJIEKcax?

A.  T'myraminy

B.  MerioHiny

C. Iwucreiny

D. Twuposuny

[IpaBunpHa BinnoBiab: LlucTeiH mMae Cyap(rigpuiibHy Ipyny B OIYHOMY paaMKai.
Xoua meTioHiH Mae Cynbhyp B O1YHOMY pajMKail, 10 HbOTO MpUEAHAHA METHIIbHA
rpymna, sika He J03BOJISIE IPUETHYBATH HETEMOBE 3aJ130.

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.



PosrnssHemo peaxiiito, sIKy MOKHA KaTaJli3yBaTh OJHUM 3 JIBOX (epMeHTIB, A Ta B, 3
HACTYITHOIO KiHETUKOIO:

Km (moub/1) Vmax (Mmoib / J1-XB)
A.5x10° 20
B. 5x10* 30

IIpu xoHUEHTpawii cyocTpaty 5x10° Mons/n mBHAKICTH peakiiii, O KaTami3yeThes
dbepmenTom A, 6yae (MMoib / 11-XB):

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

[IpaBmnbHa Bignosigs: [Ipu xomnentpamii 5%10° mons/n Gpepment A mpamroe Ha
MOJIOBUHI CBO€T VMAX, OCKIIIbKYM KOHIIEHTparlist JopiBHIoe Km misa cyoctpary. OTxke,
nosoBuHa 20 MMOJIB/ 71'XB CTaHOBUTH 10 MMOJIB / J1°XB.

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.

PosrisitnemMo peaxiiito, iky MOXHa KaTali3yBaTH OJHUM 3 IBOX ¢epMeHTiB, A Ta B, 3
HACTYMHOIO KIHETUKOIO.

Km (mob/i) Vmax (MMoJib / J1-XB)
A.5x10°® 20
B. 5x10™* 30

[Ipu xoHueHTpauii cyberpary 5x10™ MONB/1 IBUAKICT PEAKILi, 0 KATaIi3y€eThCs
dbepmenTom B, Oyne:

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



[IpaBuinbHa Bimnosiae: Ilpu koHnentpamii 5x10% mons/n pepment B mpamoe Ha
MOJIOBUHI CBO€T VMaAX, OCKIIbKY KOHIEHTpallis AopiBHIoe Km ansa cyoctpary. OTxke,
nojioBuHa 30 MMOJIb / J1'XB CTAaHOBUTH 15 MMOJIB / 71°XB.

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.

PozrisitnemMo peakiito, siky MOXHa KaTali3yBaTH OJHUM 3 JBOX (epMeHTiB, A Ta B, 3
HACTYMHOO KIHETUKOIO.

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

[Ipu xoHuenTpauii cybcrpary 5x10% Mosb IIBMAKICTH peakiii, M0 KaTali3yeThes
dbepmeHToM A, Oye:

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

[IpaBwibHa BignmoBiab: I[lpu KoHIEHTparllii 5x10* wmomp/m, us KOHIICHTpAIlis
cyocrpary B 100 pasziB nepeBuirye Km, d¢epment A mpairoe Ha oro VMmax, mio
cTaHoBUTh 20 MMOJIb / J1-XB.

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)

11



as a function of substrate concentration in the presence and absence of Relenza and
Tamiflu.

— + Relenza

+ Tamiflu

v 3

(umoles/min)
“— No Inhibitor

10 20 30 40
ST (uM)

Based on the kinetic data, which of the following statements is correct?

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.

mTmoow>

VY BchOMYy CBITI MaHJeMisl TPUILY, CIPUUMHEHA aJallTOBAHUMU J10 JIOAWHU IITaMaMU
NTAIMHOTO TPUITy € cepilo3Hor0 mpobiemoro. OauH 3 mpenapariB s JIKyBaHHS
rpury Tamiuiro (ocenbTamiBip) € 1HTIOITOPOM BIpyCHOI HeMpamiHima3u, HE0OX1qHOT
JUTSl BUBUJIBHEHHS 3pUIOTO BIpyCy 3 MOBEpXHI KIiTUHU. HemaBHi J0MOBIII BUKITHKAIH
3aHETOKOEHHS IMIOJI0 BIPYCHOT PE3UCTEHTHOCTI A0 TaMi(ito, IO CHOHYKAaE 0
MOIIYKY aJIbTepHATUBHMX 1HT101TOpIB. [HIIMII mpenapart, peneHs3a (3aHaMaBip), BKe
CXBAJICHUM JUIsi BUKOPUCTAHHA 3 MPOQPUIAKTUYHOIO METO B (OpMI Ha3albHOIO
cupeto. ['padik, HaBeneHHt HUXK4Ye, MOKa3ye KIHETHYHI JaHI aKTUBHOCTI BIPYCHOI
HelpaMmiHia3u (BUMIPSHOI SIK IIBHUJIKICTh BUBUIBHEHHS CIaJIOBOI KHUCJIOTH 3
MOJIEJIBHOTO CcyOcTpaTy) BiJl KOHLUEHTpaIlll cyOCcTpaTy B IPUCYTHOCTI Ta B1ICYTHOCTI
penensa i Tamidiro.

— + Relenza

+ Tamiflu

— No Inhibitor

T T T T T T 1
10 20 30 40

ST (uM)
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BI/IXOI[}I‘{I/I 3  KIHCTHYHUX JaHUX BH3HAYTC, AKC 3 HACTYIIHUX TBCPIKCHbL €

MpaBUILHUM?

A OO6wuBa npenapaTy € KOHKYPEHTHUMH 1HT101TOpaMu BIpyCHOI HEeHpamiHiga3u
B. Ob6unBa mpemapatd €  HEKOHKYPEHTHMMHU  1HTiOITOpaMu  BIpYCHOI
HelpaMiHiga3u

C. Tamiduro 3611bIIye 3HaUeHHST KM 17151 cyOCcTpaty B MOPIBHAHHI 3 PEJICH3010
D. Penensa 36inbmrye 3HaueHAss VMaX 1t cyOCTpaTy B OPIBHSHHI 3 TaMi(IIro
E. Penensa ue € iHribitopoM HedpamiHina3u, ane IHTIOye 1HIIMN BIpyCHUUN
(dbepMeHT

[TpaBuiibHa BiANOBIAb: 3riiHO Tpadiky, Mpu AoAaBaHHI Tami(uro VMaX 3aniaeTbes
Takoio kK, a Km 30inbl1yeTscsi B OPIBHAHHI 3 JiHI€0 6e3 iHriditopa. Lle o3naku
KOHKYPEHTHUX 1HT101TOpiB (hepMeHTiB, skuM € TaMiiao. HekoHKypeHTH1 1HT10iTOpH
MPU3BOATE A0 3HIKEHHS VMax, a Km Ttaka, sik 1 6e3 momaBanHs iHTIOITOpa, IO
MOKAa3aHo JIHIEIO 3 pesieH3a Ha Tpadiky.

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)...:

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.

moowr

[Tlirmentnuit  petunit (IIP) - TeHeTMYHO TETEPOTEHHE 3aXBOPIOBAHHS, SKE
XapaKTepU3y€eThCA TMPOTPECUBHOIO JIETeHepali€lo (PoTOperenTopiB i, B KIHIIEBOMY
paxyHkKy, ciinotroro. Mytamii B Outbin HiXK 20 pi3HMX TeHax OyJiu BUSIBICHI Yy
KJIIHIYHO ypakeHUX TamieHTiB. HemaBHi mocnipkeHHs BigHecau Jjokyc [P mo
XPOMOCOMHOT'O PO3TalllyBaHHS HOBOT'O TeHa-KaHAaumata B 5q31. Mo)kHa oUiKyBaTH,
10 1Ie¥ TeH KOAY€ MOMINEeNTH/ I, HeOOX1THUM JJIs1 aKTUBHOCTI:

PeuentopHoi THpO3MHKIHA3U

ul'M®-dochoniectepazu

®docdominazu C

AneHinaTumnkiIasu

[Iporeinkinazu C

HpaBI/IHBHa BimnmoBiae: Tinmbku ¢docdomiecTepasa Oepe ydacTh SK CHTHalbHA
MOJIEKYJIa y BI3yaJIbHOMY LUKl KJIITHH (POTOpPELEnTOPiB.

moow>
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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?

A.  Hydroxylation of proline

B.  Glucuronidation of bilirubin

C.  Reduction of glutathione

D.  y-Carboxylation of glutamate

E.  Oxidation of lysine

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

27-piuHa KIHKa 3 eMuIeTciero npuitmMaia (GeHIToTH, 11100 KOHTPOIIOBATH CBOI HaIaIu.
Bona 3apariTHiza 1 ii Jikap po3risiia€ MOKIMBICTH 3aMIHM  TIpemapary, o0
3ano0IrTH TMOTEHIIMHUM KpOBOTE€YaM y HEMOBJIATH. SIka OloXiMidyHA aKTHBHICTH
MOXe OyTH HEJIOCTaTHHOIO Y HEMOBJIS, SKIIO MPOJOBXKUTH JIKYBaHHS KIHKU?

A. ['iapoKcuIrOBaHHS MPOTIHY

B. ['moxypoHiganisa o11pyoiny

C. CKOpoueHHS TIyTaTiOHY

D. v-KapOokcuintoBaHHs riiyramMary

E. OKHCIIEHHS JT13UHY

[IpaBuwibHa BiANoOBiAL: DEHIITIIAHTOTHU 3HWXXYIOTh AaKTUBHICTH (EPMEHTY Y-
KapOOKCHIIIOBAHHS IiiyTaMary B cTpykTypi (aktopiB 3ropranns (II, VII, IX, X), a
Takox OUIKiB C 1 S 3a yyacTio BiTaminy K.

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-
chains do not form stable, mature collagen. The anemia may be due to poor iron
absorption in the absence of ascorbate.
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75-piyHa >KIHKa TMOCTyNujia y BIJJAUJIEHHS HEBIAKIAAHOI JOIMOMOTH 3 TEPEIOMOM
pyku. IlepBuHHE OOCTEXEHHsI BHUSBWJIO MHOXWHHI CHHIN 1 mepudomiKyIsIpHl
KpOBOTeUi, MepiofOHTUT i Gomroui sicHa. Ii XapuyBaHHS CKJIAJaeThes TEPEBAXKHO 3i
cnabkoi KaBu, OyJIbHOHY, pOJUIIB, MacTu. Pe3ynbTaTu j1a00paTOpHUX JOCIIIKEHb
MOKa3ajy JIETKY MIKpPOLUTapHY aHEMil0. AKTHBHICTH SKOTO (DEPMEHTY 3HIDKEHA Y
rareara?

A ["oMorucTeinmMeTunTpancdepasu
B. v-I'mytaminkapOokcuiasu

C. Jurigpodonarpenykrazu

D. AnaHIHCUHTA31

E. Hpomnrmpomnnam

HpaBI/IJII)Ha BIJIMTOBIIL: Y TAIlI€HTA € YACETbHI 03HAKH ITMHTH, II10 PO3BUHYJIACH Uepes
nedinut BiTaminy C. [liera, sika He MicTUTh (pYKTIB ab0 OBOUiB, 3abe3meuye
HeBenukuii BMicT BiTaminy C B oprasismi. [Ipominrigpokcunasa ajis BUKOHAHHS
dbynkuii norpedye Bitaminy C, TOMy IpH BiICYTHOCTI T1APOKCUIIIOBAHHS 3aJIHIIKIB
MPOJIIHY Ta JII3UHY B JIAHIIIOTaX MpO-KOJareHy BUHUKAIOTh MOPYIIEHHS B MOJIEKYJIaxX
3putoro kojareHy. KpiM 1poro, anemis Moxe OyTH OOyMOBJIEHA ITOTaHOKO
abcopOI1iero 3aji3a 4yepe3 BiJICYTHICTh acCKOpOaTy.
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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 —NHo.
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 (—NH;) 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)2SQq, 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, agueous
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 wmol 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

Binky - BUCOKOMOJIEKYJISIPHI OpPTaHiuHI CIOJIYKH, 010M0JIIMEPH, MOHOMEPOM SIKUX €
3aJIMIIKYA aMIHOKHCIIOT, 3'€THAH1 MI>K COOOIO TIENITUIHUMH 3B'sI3KaMU.
AMIHOKHMCJIOTH - OpPraHiyHI KHCJOTH, IIO MICTATh OJIHY a00 KUIbKa aMiHOTPYIIL.
Kpucraniunai 6e30apBHiI pe4OBUHU, PO3YUHHI Y BOJII.

AM@oTepHicTL AaMiHOKHMCJIOT - 31aTHICTh AMIHOKHUCIIOT MIPOSIBIISTH SIK KUCJIOTHI, TaK
1 OCHOBHI BIAacTHBOCTI. KHCIOTHI BIACTUBOCTI BH3Ha4ya€e KapOOKCWJIbHA Tpyma -
COOH, a ocHoBHi BiacTuBOCTI - amiHorpyna -NHo.

He3aMiHHi aMiHOKHMCJOTH - aMIHOKHCIOTH, SIKI HE CHHTE3YIOThCS B OpTaHi3Mi
JIOAWHA 1 NMOBHHHI HAIXOOUTU 3 1Kero. J0 HHUX BIZHOCATHBCS BICIM aOCOJIOTHO
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HE3aMIHHUX (TPEOHIH, JEHIIMH, 130JICHIIMH, BaJllH, JII3MH, METIOHIH, TPHUITO(daH,
dbeHIananin) 1 1Bl 4aCTKOBO HE3aMIHHI aMIHOKHMCJIOTH (T1CTU/IMH, apTiHIH).
Ientuannii 3B'si30k - KoBajeHTHUM 3B's130k (-NH-CO-). VYTBoproerscsi mpu
B3aemo/iii kapookcmibHOi rpynu (-COOH) onHi€l aMiHOKHCIIOTH 3 aMIHOTPYMOO (-
NH2) ia1110i aMiHOKHUCIIOTH.

Ilporeinm - mpocTi OUIKA, MOJEKYIH SKHX YTBOPEHI TUIBKH 3aJHIIKAMH
amiHokucyoT. Hampuknan, ans0yminu, ro0yIiHA, TICTOHH Ta 1H.

IIporeinu - cxmamHi OUIKM, MOJEKYJIH SKHX CKIAAAIOThCA 3 OUIKOBOI YacTHHH,
noOy/10BaHOi 3 aMiHOKHCIIOT, 1 HEOUTKOBOT YaCTHUHU, MPEACTABICHOI BYIJIEBOJAMH,
JTimigaMu, HYKICIHOBUMH KHCIOTaMH Ta IHIMUMH crodykamu. Hampukman,
docdomporeinn  MicTATh 3anumKd  GocPOpHOi KHCIOTH, B HYKICOMPOTEiAax
HEeO1JIKOBa YacTHHA MPECTaBICHa HYKICTHOBUMU KUCIOTaMU 1 T.1I.

@iopuasipui OiikM - OLTKM, IO MAaIOTh HUTKOMOMIOHY (opmy (M'si30BHiA OUTOK
M103UH, O1J10K, 1[0 MICTUTBCS Y CYXOXKUJUIAX - KOJIareH 1 1H.).

I'100yasipui 0ly1kM - O1IKH, SIK1 MAIOTh OKPYTITY a0o eninconoaiony ¢popmy.
IlepBuHHa cTPyKTYypa OiJIKa - CTPYKTYypa, KA BU3HAYAETHCA SAKICHUM, KUIbKICHUM
CKJIQZIOM 1 MOCTIJOBHICTIO aMIHOKUCIOTHUX 3aJUIIKIB y MOJIMENOTHIHOMY JAHII031
MOJIEKYJIU O1IKa.

Bropunna cTrpykTypa OlIka - TpOCTOpOBa YIakoBKa (cmipanenojioHa ado
ckiagqyacta (opMa) OKpPEeMHUX AUISTHOK MOJINENTUIHOTO JAHIIora, sika BU3HAYae€
HalOMMKYEe TOPSIAKOM aMIHOKUCIOT B JiaHIo3l. Crabim3yeThCsi BOJHEBUMHU
3B'I3KaMU MIXK IENTUAHUMU (parMeHTaAMH.

TperunHa cTpykrypa Oijika - MpOCTOpOBa yKJIaJKa MOJIMENTHIHOTO JIAHIIOTa B
KOMIIAaKTHY  KOHpopmamito - 1o0yny. CTIAKICTe TPEeTUHHOI  CTPYKTYpH
3a0€3Meuyl0Th BOJIHEBI, AMCYJIb(IaHI, E€IEKTPOCTATUYHI a00 10HHI 3B'A3KH MIX
paguKaJiaMu aMIHOKUCIOTHUX 3aJIUIIIKIB.

YerBepTUHHA CTPYKTypa Oijlka - TMPOCTOPOBE pO3TAlTyBaHHS JCKIJIBKOX
MOJIIMENTHIHUX JIAHITIOTIB, KOJKHA 3 SKMX Ma€ CBOIO BJIACHY MEPBUHHY, BTOPUHHY 1
TPETUHHY CTPYKTYPH, a pa30M BOHH MPEICTABIIAIOTH €MHE MOJICKYJISIPHE YTBOPEHHS
B CTPYKTYpHOMY 1 ()YHKIIIOHAJTLHOMY BiHOIIEHHI. YeTBEPTUHHY CTPYKTYPY MarOTh
O1IKH, IO CKJIAJAI0THCS 3 IBOX 1 O1IBIIE TMOMIMENTHIHNX JAHITIOTIB (CYOOMHUIIB).
licToHu - HU3BKOMOJIEKYJISIPHI OCHOBHI Ol1KH, OepyTh ywyacTh B ymakoBili JIHK
KJIITUHH, € TOCUTh KOHCEPBAaTUBHUMU OUIKaMH, MyTallli B HUX 3TyOHI.

IIporaminm - rpyna HaUOPOCTIIIMX HU3bKOMOJEKYJISIPHUX OUIKIB, MalOTh BUPaXXEHI
OCHOBHI BJIAaCTHBOCTI 3a paxyHOK BMicTy 60-85% aprininy, 7oOpe po34MHHI y BO/II, €
aHajoramMu TICTOHIB, ajie Outblnl mIbHO ymnakoBytoTh JHK B cmepmaro3oigax
XpeOeTHUX, 1100 YHUKHYTH PO3PUBIB 1] 4ac AUICHHS KJIITHH.

I[Iponaminu - Otk 3nakiB, MICTATh 20-25% rmyraminoBoi kuciotu 1 10-15%
npoJiiHy, po3unHHi B 60-80% cnupTi, B TOM yac K iHII OUIKM B IIMX YMOBax
BUIAJIAIOTh B OCaj. Y MPOJIAMIHIB MaiKe MOBHICTIO BIJICYTHIN JI3UH, IO 1CTOTHO
3HIDKYE Xap4OBY IIHHICTh POCIIMHHUX O1JIKIB.

[moTeninm - TakoX OUTKM POCIWHHOTO TMOXOJKEHHS, CKJIAJal0Th OCHOBHY Macy
KJICHKOBUHHU 3J1aKiB.

AabOyMiHM - OLTKK KPOBI, CKJIa/1al0Th OUIbIIE MOJOBUHU O1IKIB KPOBIi, BITHOCATHCS
710 TOOYsIpHUX OLNIKIB, PO3UMHHI y BOJI 1 CIaOKKUX PO3YMHAX COJIEH, BUMAIal0Th B
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ocajn y HacudeHoMy po3urHi (NHy4),SO4, i30enekTpruyHa Touka - 4,7, MalOTh BUCOKHM
HeraTuBHUU 3aps npu pH KpoBi.

I'mo0yainm - roOyisipHi OUIKK TIIa3MH KPOBI, PO3UYMHSIOTHCS TIIBKH B CIIAOKOMY
po3unni NaCl, B HenacuueHomy posunHi (NH4)>SO, BUMamaroTh B 0caj, 3aBIsKH
qoMy iX MO’KHA BIJIOKPEMUTH BijJ aJIbOYMiHiB.

Ckueponporteinn - OUIKM, HEPO3YMHHI a00 YaCTKOBO PO3YMHHI Y BOJ1, BOJHHUX
pO3UMHAX HEUTpaANIbHUX COJIEH, €TaHOIMI 1 CyMilllaX €TaHouy 3 Bojoto. Lle dibpumnspHi
Oinku (KepaTuH, KosnareH, ¢piOpoiH 1 iH.), BoHU BiApi3HAIOTHCS BHUCOKOIO CTIMKICTIO
70 XIMIYHHUX PEaKTUBIB, All MPOTEOMITUYHUX (EPMEHTIB 1 BUKOHYIOTh B OpraHi3Mi
CTPYKTYpHY (DyHKIIIIO.

Jenatypaiis 6iikiB - poiiec MOPYIICHHS MPOCTOPOBOI CTPYKTYpH OLIKIB, 3MIHH 1X
XIMIYHUX BJIACTUBOCTEH 1 OIOJIOTIYHOI AKTHBHOCTI MMiJa Ji€l0 XIMIYHUX (JIyTiB,
CIJIBHUX KHCIIOT, cojieil Baxkkux metaniB: Cu, Pb, Ag, Hg), disnunux (Bucokmx
temriepatyp 60-100 °C, yiapTpadi0ieTOBOTO BUIIPOMIHIOBAHHS Ta 1H.) YUHHUKIB.
Penarypanii 6inka - 00OpOTHHMII TpolleC BIAHOBIIEHHS TEPBICHOI CTPYKTYpH,
BJIACTUBOCTEH 1 610JI0T1YHOT AKTUBHOCTI JICHATYPOBAHOTO OLITKA.

Craaani OiIkM - OUTKM, SIKI KpIM TOJINENTUIHUX JIAHIIOTIB, MICTSATh B CBOEMY
CKJaJl HEOUIKOBOi 4YacTWHA, MpUEAHAHY N0 OUIKa clabkuMu abo KOBaJCHTHUMU
3B'I3KaMHU.

IIpocTernuHa rpyma - HEOUIKOBAa YacTHMHA, sIKa MIIHO TMOB'si3aHa 3 OLIKOBUM
KOMIIOHEHTOM MOJIEKYJIM CKJIaJIHOTO Oijika, MOXe OyTH NpeiCTaBlicHa 10HaMu
MeTaniB, OyIb-IKUMU OpPraHIYHUMHU MOJIEKYJIaMH 3 HHU3BKOIO a00 BHCOKOIO
MOJIEKYJIIpHOIO Macoro. CKitaiHi OUTKM KJIACU(]IKYIOTh 32 XapaKTEPOM MPOCTETUYHOI
Tpymu.

CknagHuit OUIOK, IO CKJIAAA€ThCs 3 OIKOBOI YaCTHUHU (AmMONMPOTEiH) 1 HEOUIKOBOT
YaCTHHHU (IIPOCTETHYHOI I'PyINa), HA3UBAIOTH ''X0JI0NpoTEeiH"" .

XpoMonpoTeiHu - MICTITh B SIKOCTI MPOCTETHUYHOI TPyNH 3a0apBJICHY PEUOBUHY.
[lopingaroTe Ha TpHW TPyHU: a) TEeMOIpPOTEiHH (3ami3onopdipiHU) - TeMOTIO0iH,
MI0TJIO01H, IIUTOXPOMH, KaTalia3a, mepokcuiasa,0) martinnopdipiau - xjaopodin, B)
dbnaBomnpoteinu - DA/ 1 ®MH, 1m0 BXOAATh 10 CKIaAy OKCHUAOPEIYyKTa3.
Hyxkeonporeinn- ckiagHi OUIKM, B IKUX B POJIi HEOUIKOBOT YaCTHHHU BUCTYMNAIOTh
HYKJIETHOB1 KUCIIOTH.

Jlimonporeinnm - cknaaHi OUIKM, HIO MICTATh B SKOCTI MPOCTETUYHOI TpYyNH
HEUTpaJIbHI KUPH, BUIbHI JKUPHI KUCIOTH, GOCHOIIINIIN, XOIECTEPUIH.
®ochonporeinm - CckIagHI OUIKM, L0 MICTATH B SKOCTI MPOCTETUYHOI TPYIU
dbocharn, 3’e¢aHaHI CKIATHOSHIPHUM 3B'SI3KOM 3 TIAPOKCHUIBHUMH DPaJUKaIaMU
CEpHHY 1 TPEOHIHY.

IaikonpoTeiny - ckiagHi OUIKK, 0 CKIaAy SKUX KpiM OUIKa B AKOCT1 IPOCTETUYHOI
Ipynu BXOASTH BYIJIEBOJAM 1 iX MOXiAHI, MIIHO MOB'A3aHI 3 OUJIKOBOi YaCTUHOIO

MOJICKYJIH.
IIpoTteoriiikanu - SBJISIOTH COOOI0 OCHOBHY CYOCTaHIII0O MDKKJIITHHHOTO MaTPUKCY
CIIOJTYYHOT TKaHWHHU, ix TaKOX Ha3UBaIOTh TJIIKO3aMIHOTIIKaHAMMU,

MYKOTIOJIICAaXapuaaMH; CKJIQJal0ThCA 3 JOBTMX BYTJEBOAHEBUX JaHIIOTIB (95%),
MOB'SI3aHUX 3 HEBEJIMKOIO KUIbKICTIO O11Ka (5%).

Merasnonporeinn - ckiaaHi OUIKM, 10 CKIaAy SKAX KpiM Ollka B SIKOCTI
MPOCTETUYHOI TPYIH BXOAATh 10HU AKOTO-HEOYAb OJTHOTO ab0 JeKiIbKOX MeTamiB. [o
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HUX BIJHOCATBHCS OUIKHM, IO MICTITh HEreMOBaHE 3ajli30, a TaKoX OLIKH,
KOOPJAMHAIIMHO TMOB'sI3aH1 3 aTOMaMM METaIIB B CKJIal CKJIAJHUX O1IKiB-(DepMEHTIB.
YabTpaneHTpuyryBaHusi - METOJA TNOAUTY Cywmimn OilKiB, 3aCHOBaHUW Ha
BIJIMIHHOCTI B MOJICKYJISIpHUX Macax OunkiB. IIIBuIKICTh ceauMeHTallli peyoBUH B
mpoiieci oO0epTaHHs B YJIbTpaleHTPU(PYTyBaHHSA, 1€ BIJILUEHTPOBE MNPUCKOPEHHS
nocsirae 100 000-500 000 g, mpormopiriiiHe iX MOJEKYISpHINA Maci.

Hiamiz - e ocoOnMBHiIl PI3HOBHJ MOALTY PEYOBHH 3 BUKOPHCTAHHAM MeMOpaH,
HE3JaTHUX TMPOIYCKAaTH dYepe3 CBOI MOPU BHUCOKOMOJEKYJApHI Mosekyinu. Jliami3
BUKOPUCTOBYIOTh  JUISI  OYMILIEHHS  BHCOKOMOJIEKYJSIPHUX  CIOJNYK  (OLJIKIB,
HYKJIETHOBUX KHUCJIOT, MOJicaxapuIiB 1 T.1.) Bl HU3bKOMOJCKYISIpPHUX 1 B (papmarrii
JUISL OTPUMAaHHS JTIIKApPChKUX MperapaTiB, B TOMY YHUCIHI 1 OLIKOBHX.

EaexkTpodopes 6inkiB - MeTO1 3aCHOBaHUI Ha TOMY, IO NIPU TIeBHOMY 3Ha4yeHH1 pH
1 10HHOT CWJIM PO3UMHY OITKHM PYXarOThCS B EJNEKTPUYHOMY MOJ1 31 HIBUAKICTIO,
MPOMOPIIIHHOI 1X cymMapHOMY 3apsny. buiku, siki MarOTh CyMapHHU HETaTUBHUN
3apsil, pyXarThCs 10 aHoja (1), a MO3UTUBHO 3apspKeHi OLIKH - 710 KaTosa (-).
Xpomarorpadgist - MeTO] pO3/IIJICHHS OUIKIB, 3aCHOBAHHUM HA PO3IMOALII PEYOBUH MIX
nBoMa ¢azamu, OJHAa 3 SKUX pyxoma, a IHImA HepyxomMa. B ocHOBy
xpoMaTtorpadiyHUX METOJIB MOKJIAJEHO Pi3HI MPUHIUIHN: Tellb-PUIbTpallii, 10HHOTO
oOMiHy, ajicopOI1ii, 610JIOTIYHOTO CITOPITHEHOCTI.

leab-pinbTpaniiina xpomarorpadgia. Meton noginy OIKIB 32 JOMOMOTOIO Tejlb-
¢unpTpamiiiHoi  xpoMarorpadii, 3acHOBaHMII Ha TOMY, IO PEYOBUHHU, IO
BIJIDI3HSIOTECA ~ MOJIEKYJIIPDHOIO  Macolo, IMO-pI3HOMY  PO3HOJUISIOTBCS — MIXK
HEPYXOMOIO 1 pyxomoro (hazaMu.

CnexkrpodoromMeTpuyHUil MeTO/ KiJIbKICHOI0 BU3HAYEHHSI KOHUEHTpaLil OiJIKy
- 0a3yeTbcd HA 34aTHOCTI OLTKOBUX MOJIEKYJ MOTIMHATUH Y D-TIPOMEHI CHEKTpPY, L0
0OyMOBJIEHO HasIBHICTIO aDOMATHUYHUX aMiHOKHUCIIOT 1 MENTUHUX 3B'SI3KIB.
Komopumerpuynuii MeTo 1 BU3HAUEHHS 3arajbHOro OlJIka 3aCHOBaHI Ha KOJIbOPOBUX
peakiisix OUIKIB 3 XpPOMOTEH-yTBOPIOIOTh pPEaKTUBAMH a00 Ha HecTnenu(pidHui
3B'si3yBaHH1  OapBHUKa. Cepea  KOJOPUMETPUYECKHUX  METOMIB  BU3HAUYCHHS
KOHIIGHTpAIlli 3araJibHOro OUIKa CHUPOBATKH HAWOUIBII TOMIUPEHUM BBAKAETHCS
OlypeToBa peakilisi, 3aCHOBaHUH Ha TaK 3BaHIN «KOJHOPOBOI OMYypETOBOM peakilii», B
XO/Il sIKO1 OLTKM pearyroTh B JIY)KHOMY CEPEOBUII 3 CYyJIb(PaTOM MiJli 3 YTBOPEHHSIM
CIIOJTYK, 3a0apBiieHUX Y (D10JIETOBUM KOJip, IHTEHCUBHICTh 3a0apBJICHHS 3aJICKUTh
B1JI KOHIIEHTpAIIli 3araJIbHOTO O1JIKa B CUPOBATIII.

®epmeHT - Oinok-katamizaTtop. Karamizatop - pedoBHHA, B MPUCYTHOCTI SIKOTO
IIBUJIKICTh XIMIYHOI peaKIlii 301JIbITYETHCS.

AnodepMeHT - NOMINENTHAHI JaHliord (OLTKOBA YacTWHA) CKJIAQHOrO OijKa-
dbepMeHTa.

Kodaxkrop ¢epmenty - HeOUlkoBa uacTMHa (EpPMEHTY, TEpMIH HPHUHHATO
BUKOPUCTOBYBATH 3ACOUTBIIOTO JUIsi HEOPTraHIYHUX KOMITOHEHTIB  CKJIaJHOTO
dbepMeHTy: KaTiOHIB METaJiB, aHIOHIB.

KodepMmeHnT - opraniuna HeO1IKOBa YacTHMHA CKJIAAHOTO (EPMEHTY, 3/laTHA JIETKO
nucoritoBati (BiT'e€qHYBaTHCS) Bia anmodepMeHTy, ICHYE y BUTISAII CaMOCTIHHOI
MOJIEKYJIH B G10JI0T1YHOI PIAMHU.
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IIpocrernuna rpyna ¢epMeHTy - opraHiyHa HeOIIKOBAa YacTHHA CKJIAJHOIO
dbepMeHTy, He 37aTHa 10 JUcOoLMallii BiJl anmodepMEeHTy, TaK SIK MPUETHYETHCS 0
ano(epMeHTY KOBAJICHTHUMU 3B'SI3KaMHU.

AKTHBHHUII UeHTP ¢epMeHTy - YacTHMHAa IPOCTOPOBOI HATUBHOI CTPYKTYpH
dbepMeHTy, 10 SIKOi MPHEAHYIOThCA BCl CyOCTpaTH (PepMEHTY, TYT Ke BiOYBAETHCS
YTBOPEHHS MPOAYKTIB XIMIYHOI peaKilii, SKy Katajizye pepMeHT.

KaraniTnuna aijiiHKa aKTHBHOIO WeHTPY (epMeHTY - (parMeHT aKTHBHOTO
HEHTPY (EepMEeHTy, B SAKOMY ijie XIMIYHAa peakilis: MEepeTBOPEHHS CyOCTpaTiB
dbepMeHTy B TPOIYKTH peakili. Skmo ckmamauii GepMeHT MICTUTh BiTaMiHHUN
Ko(akTop, TO HOTO TMOJIOKEHHA YITKO (IKCYeTbCd B KaTaNITUYHOMY JUISHII
aKTUBHOTO LICHTPY.

AlanToOpHA IUIAHKA AaKTUBHOI0 LIEHTPY (pepMeHTY - pparMeHT akTUBHOTO IIEHTPY
dbepMeHTy, iCHye ISl TpUEAHAHHS CyOCTpaTiB XIMIYHOI peakilii, Ie 3aBaaHHS
BUKOHYIOTH IEPEBAXKHO MEBHI AMIHOKHUCIIOTHI 3JIMIIKKA O1JTKOBOI YaCTUHU (EePMEHTY,
SIKILIO MOBA M€ PO CKIAAHUNA (pepMeHT.

AJdocrepuunnii neHTp depMenty (awioc B Tepekiaai 3 TPEIBKOro - IHIIUK) -
JISTHKA MPOCTOPOBOI CTPYKTYpH OllIKa-hepMEeHTY, 31aTHA 10 KOHTAKTY 3 akTopamu
perysiii Horo akTUBHOCTI, 3a MOJIOKEHHSIM He 301ra€ThbCs 3 aKTUBHUM LIEHTPOM.
KiarouoBuii ¢pepmeHT npouecy - 11e GepMeHT, aKTUBHICTb SIKOTO JIMITY€E MIBUIKICTD
NPOTIKAaHHS BCHOIO MPOIECY, B AKOMY Oepe y4yacTh AaHWil (epMEHT, 3a3BUYAN L€
peryisTopHUl (pepMeHT.

Peryasitopauii ¢pepmeHT mpouecy - GpepMEHT, SIKUd PETYIIOETHCSA 32 AKTHBHICTIO
HU3KOI (PAaKTOPIB - CHELiaIbHUMH PEYOBHUHAMU - 1HT101TOpaMu, ad0 peuOBUHAMM-
aKTUBaTOpaMu. PerynsiTopHi pepMEHTH 4acTo € allOCTEPUYHUMU (pepMEeHTaMu, TOOTO
MICTATh AJIOCTEPUYHI HEHTPH.

@i3uvHi BJIACTHBOCTI (epMeHTy - 1€ TMOHATTS JyOJt0€ MOHATTA «(i3UUHI
BJIACTUBOCTI TJIOOYJSIpHUX OUIKIBY»: 1€ AlaMeTp OLTKOBOI MOJIEKYJIA, MOJEKYJISpHA
Maca, HasBHICTh 3arajlbHOr0 CYMapHOTO 3apsly MOJIEKYJIH (a TOMY 1 HasBHICTb
130enexktpuyHoi Touku PI), 3matHicTh 10 nudy3ii, eBHa MOBEAIHKA B €IEKTPUUHOMY
TOJIL.

XiMiuHi BJIaCTUBOCTI (pepMEHTY - 11€ TOHATTS YaCTKOBO JTyOJIO€ MOHSATTS «XIMI4HI
BJIACTUBOCTI TJIOOYISIpHUX OUIKIB»: 3[JaTHICTh JI0 PO3UYMHEHHS B COJIbOBOMY PO3UHMHI
3 YTBOPEHHSIM KOJIOIJHOTO PO34MHY, Oy(epHl BIACTUBOCTI, MPOSIB aKTUBHOCTI B
neBHOMY fianaszoHi pH 1 Temneparypu HaBKOJUIIHBOTO CEPENOBHUILA, 3IATHICTH J0
JeHaTypauii Mo Ai€l0 XIMIYHUX 1 (Q13u4HUX (AKTOpiB , a TaKOX 3JATHICTh IO
YTBOPEHHs CleUM(PiuHUX XIMIYHHUX B3a€EMOAIN 3 cyOcTpataMu peakiii, TOOTO
cnenuIvHICTb Iii Ta 1H.

Cnenudivnicts ¢pepMeHTy - BIAacTUBICTH (EPMEHTY YTBOPIOBATH cClielU(]iuHI
XIMI4H1 B3a€EMO/IIT TUIBKU 3 CyOCTpaTaMu Ti€l peakiii, IKy KaTanizye faHui (pepMeHT.
AOconwTHa cnenudivyHict d¢epmenty - GepMeHT, SKUA Ma€e TaKUW THII
cnenupivHOCTI, KaTaai3ye IEPETBOPEHHS €IMHOT MOJICKYJIA B TIPOJYKTH peaKiiii, mpu
BIJICYTHOCTI Takoro (pepMEHTy B >KHUBIM cucTeMi BiIOyBa€TbCA HAKOMUYEHHS HOTo
cyOcTpaTy, ToMy 10 Aif0 (hepMEHTY 3 TaKOI CHENU(pIUYHICTIO HEMOXKINBO 3aMIHUTH
JI€10 THIIOTO (PEPMEHTY.

BignocHo rpymoBa cnenudiunictb ¢epMeHTy - (EepMEHT, 110 BOJOIIE TaKUM
TUTIOM  CMEHU(BIYHOCTI, KaTali3y€e peakiilo XIMIYHOTO TIEPETBOPEHHsS Tpynu
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cyOcTpariB 710 BiANMOBiAHUX NpoaykTiB. KoxkeH cybcTpar mae parMeHT CTPYKTypu
aHAJIOTTYHUM TOMY, IO € B 1HIIIOTO CyOCTpaTy Ili€l IpyIH, XIMIiYHA PeaKIlis MPOTIKae
31 3MIHOIO caM€ B JTaHOMY (DparMeHTi CTPYKTYpH.

Crepeoximiuna cnenugiynictb pepmMeHTy - GEpMEHT, IO BOJOJIE TAKUM THUIIOM
cnenuigyHOCTI, KaTajgi3ye peakiilo  XIMIYHOTO  TIEPETBOPEHHS  OKPEMOIO
cTepeoizoMepa, HalpuKiIaa, ICHYe B opraHizmi jgroauHu L-okcumasza 1 D-okcumaasa,
K1 371aTHI 0 OKUCIIEHHS BiAMOBiaHO L-amaniny 1 D-anaHiny.

TepmonadinbHicTh ¢epMeHTy - 1€ BJIACTUBICTb (PEPMEHTY MPOSIBIATH CBOIO
aKTUBHICTh B MIEBHOMY BY3bKOMY Jiama3oHi Temnepatyp. i OiabmocTi GpepMeHTiB
OpraHi3My JIOJMHH Jiama30H MPOsiBY MaKCUMaJIbHOT aKTUBHOCTI (JEPMEHTIB B MEXax
25-40 °C.

Kaacudikauis ¢epMeHTiB - pO3MoAiT BCIX BUBYCHHUX (PEPMEHTIB O10JOTTUHHX
CHUCTEM Ha KJacH 3a €IWHUM MPHUHIMIIOM - TUI KaTami3ylouoi XiIMIYHOI peakiiii.
HaiimenyBanust depmeHTy (opmyeTbest 3 IMEHI cyOcTpaTy, Ha3BU THUITY Peakii 1
cy(ikca -aza. MoxIJIMBe BUKOPUCTAHHS ICTOPUYHO CHOPMOBAHUX TPUBIATHLHUX HA3B
dbepMeHTIB, HaNpUKIa] ypeasa (Tiipoiia3a, pyiHye CEHOBUHY), TPUIICHH Ta 1H.
Oxkcugopenykra3su - kjac (EepMEHTIB, IO KaTali3ylOTh peakilii OKHCIICHHS-
BIJIHOBJICHHSI, TaK SK IIATHINB pPeEakiiii OKUCICHHS JOCUTh OaraTo, BBEJICHI
TpPUBIAJIbHI ~ HA3BU  OKCHJIOPEAYyKTa3, LI0 BPaxOBYIOTh JAHUH  PO3MOJILI:
MOHOOKCUTEHAa3a, TIAPOKCHIa3a, JUOKCHIeHAa3a, OKCHJa3a, JIETiApOoreHasa,
nuToXpoMu. Peakinii BiIHOBJICHHS KaTalli3ylOTh PEAyKTa3H.

Tpancdepasu - knac pepMeHTIB, IO KaTaN3yOTh PEaKIIli epeHocy Big cyOcTpaTy-
JIOHOpa CTPYKTYPHOTO (parMeHTa 10 cyOcTpaTy-akienrTopa 3 YTBOPEHHSM JIBOX
BIJIOBIJTHUX MPOJYKTIB. @OpMyBaHHS Ha3BU (EPMEHTY ilie HACTYITHUM YHHOM: 1M's
JIOHOpA - IM'sl aKLIENTOpa-110 MEPEHOCUThLCA - TpaHcdepasza. HacTo iM'st akienropa He
BKa3yloTb. Hampukian:  anaHiHaMmiHOTpaHcdepa3a  KaTalli3ye  MEepPEHECEHHS
aMIHOTPYNH BijJ ajlaHiHy Ha aib(a-KeTorayTapaT 3 YTBOPEHHSM TJIyTaMiHOBOI
KHUCIIOTH 1 MpyBarty.

ligpona3m - ximac QepMeHTiB, MmO KaTal3ylOTh peakiii po3puBy 3B'A3KY 3
MPUEIHAHHSIM 3a MiciieM po3puBy (parmentiB Bin mosekynu Bogau (H 1 OH). Bei
dbepmMeHTH OepyTh y4acTh Yy IMEpETpaBIOBAHHI OPTaHIYHUX MOJIEKYJI-KOMIIOHEHTIB
MPOJYKTIB XapuyBaHHS BIAHOCATHCS JI0 JAHOTO KJIacy.

Jlia3u - xnac pepMeHTIB, 10 KaTali3ylOTh peakilii po3puBy 3B'sI3Ky 0€3 ydacTi BOAM,
(Hanpuknan, aexkapOOKcuiia3u), abo MPUEAHYIOTh BOJY 32 MICLHEM MOABIHHOTO
3B'SI3KYy (TigpaTa3u), ab0 NpuOuparoTh (PparMEHT 3 YTBOPEHHSM 3 HBOIO BOJU 1
NOJBIAHOTO 3B'SI3KY (AeripaTasn).

I3omepa3sm - kiac ¢pepMeHTIB, 0 KaTaTi3yl0Th peakilii 3MiHU CTPYKTypHU cyOcTpaTy
0e3 3MiHM HOro XiMIYHOTO CKJIaJy, TPMBIaJIbHI Ha3BU 130Mepa3: eniMepasu, MyTasu,
paremasmu.

Jlirasum - xiac ¢bepMeHTIB, 0 KaTali3ylIOTh PEaKIlli 3 YTBOPCHHSIM HOBHX 3B'SI3KIB B
CTPYKTYP1 IPOJYKTIB, MIPHU I[bOMY BiJIOYBAaIOTHCSI BUTPATH €HEPTIi, sIKa BUBIJIHHAETHCS
py pyHHYBaHHI MakpoepriyHoro 3'eqHaHHs, Hanpukiag AT®. [lpu mromy 3 ATD
YTBOPIOEThCS 3a3Buuail aBa mponyktu: AJI® 1 dochar, abo AMD 1 mipodocdar.
TpuBianbHa Ha3Ba Jira3u - cuHTeTasza. llepenq mMM CIOBOM J0AAa€ThCs Ha3Ba
IPOAYKTY, SIKHH CUHTE3YEThCSI.
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KineTuka ¢epMeHTATHBHOI peakmii - po3/ijl €H3UMOJOTII BUBYAE BIUIMB PI3HUX
YUHHUKIB Ha IIBUAKICTh (PEPMEHTATHBHOI peaKilii: KOHIIEHTpaliid cyOcTpartiB i
dbepMeHTy, KOHIIEHTpaIlii MpOoAyKTIB peakilii, pH 1 TemmepaTypu, akTUBATOpPIB 1
1HT101TOPIB.

Koncranta Mixaemica (Km) - 11e koHueHTparisi cyocTpary, npH sIKi MIBUAKICTb
(dbepMeHTaTUBHOI peaklIlii JOPIBHIOE TTOJOBUHI MAKCUMAIBHOTO 3HAYEHHSI.

Merox Mixaesica-MeHTeH - MaTeMaTHYHUANA METOJI, 11O JI03BOJISIE PO3PAaXOBYBATH
Km 1 Vmax, 3 BukopucTanasM rpagigyHoi 3a71eKHOCTI MBUIKOCTI (hepMEHTATUBHOT
peaxiiii BiJ] KOHIIEHTpaIlii cyOcTpaTy, sika 3aJ0BOJIbHSIE PIBHSIHHS:

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

Metoa JlaiinyiBepa-bepka - MaTreMaTH4HUN METOX, L0 JO3BOJISIE PO3PAXOBYBATH
Km 1 Vmax, 3 BukopuctaHHsiM rpadiqHOi 3aJ€KHOCTI 3BOPOTHOI BETUYHUHU
MIBUIKOCTI (EPMEHTATUBHOI peakilii BiJA 3BOPOTHOI BEIMYMHHU KOHIICHTpAITii
cyocTpaty (MeTo/A MOABIMHUX 3BOPOTHUX BEJUYMH); aKTUBHO BUKOPUCTOBYETHCS IS
JIOCITIJIKEHb BU3HAUYCHHSI TUITY 1HT1O0yBaHHS HEIIOJAABHO BIIKPUTHUX (PepMEHTIB, abo
IIPY BUBYCHHI BIUIMBY JIIKAPCHKUX IMpEnapaTiB 3 MEXaHi3MOM Jiii B AKOCTI1 1HT101TOPIB
dbepMeHTIB.

Kuci0THO-0CHOBHMIA KaTadi3 - Teopis Mpo MeXaHi3M Jii (hepMEHTIB, B aKTUBHOMY
HEHTpl AKuX (YHKIIOHANBbHI TPyHu 3AaTHI OyTH JOHOpPOM, ab0 akKIeNnTopoM
IPOTOHIB, SIKI 30UIBIIYIOTh IIBUAKICTh YTBOPEHHS MPOAYKTIB peaklii, abo crpusatu
IPOTIKAHHIO PeaKiii B yMoBax 3MiHH pH HaBKOJIMITHBOTO CEPEIOBHUILA.
KoBanenTHHMii KaTaJdi3 - Teopis Ipo MexaHi3M Jii (epMEHTIB, B aKTUBHOMY LIEHTP1
AKUX (YHKIIOHAJIbHI IPYNH 3AaTHI YTBOPIOBATH KOBAJEHTHI 3B'A3KH 3 MPOMIKHUMU
IPOayKTaMu (DEpMEHTATUBHOI PEaKIIii.

Inriditop d¢epmenty - pedoBMHA, fiKa NpHU 3B'A3yBaHHI 3 (PEPMEHTOM 3HUKYE
HIBUIKICTh (JEPMEHTATUBHOI peaKIlii

AKTHBATOP (pepMEHTY - PEUYOBHHA, SIKA MPH 3B'sI3yBaHHI 3 (PEPMEHTOM 30UIBIIYE
MIBUKICTh (PEPMEHTATUBHOI peakilii. AKTUBATOPH MOXYTh BIUTMBATH Ha HEAKTHUBHY
dbopmy dhepmenTiB (TpoepMeHTH ), IEPEBOISUH iX B aKTUBHY (hopMmy.

3aragbHa axkTUBHICTH (epMenTy (3.A.) MOXXE BHU3HAYATHCS 32 IIBUAKICTIO
3MEHIIICHHSI KOHIIEHTpallii cyoCcTpary, 3a MBUAKICTIO YTBOPEHHS MPOAYKTIB peakxiiii,
3a MIBUJIKICTIO TIEpEeX0ay OKuciIeHOi popmu kodhepMeHTy B BiIHOBIECHY dopmy (s
OKCUJIOpEAYyKTa3). Y CydacHId eH3UMOJIOTi BUKOPUCTOBYIOTHCS JBI OJWHUII
BUMIPIOBAaHHS 3arajibHOi aKTUBHOCTI ()EPMEHTIB: MI)KHAPOJIHA OJIMHULA aKTUBHOCTI
(ME) 1 karau.

Mixnapoana oqununs aktuBHocTi (ME) - kinbkicTh epMeHTy, sika HEOOXiIHA
JUIS TIepeTBOpeHHs 1 MKMOJb cyOcTpaTy 3a 1 XBWIMHY B TMPOAYKT pEakilii mpu
CTaHJIAPTHUX YMOBAX BUMIipIOBaHHSI.

Karan - KiIbKicTh pepMeHTY, sika HEeOOX1AHa JJIsl IepeTBOpeHHs 1 Mons cyOcTpaTy
3a 1 cekyHAy B MPOAYKT peakxiiii mpu CTaHAAPTHUX YMOBAaX BUMIPIOBAHHS.

IMuroma aktuBHicTh ¢epmenty (ILLA.). [[ns HayKOoBUX MOCIHIKEHb AKTUBHOCTI
dbepMeHTIB B OpraHax BakJuBimie 3HaTH nutoMy akTuBHICTEH (I1.A.) depmenty, sky
pPO3PaxoBYIOTh, MONEPEIHHO BHUMIPSIBIIM KOHIEHTPAIIO OiKa B JOCHTIKYBaHIN
npoOi: [C] = [mr / mut] abo [r / 1]; motim 3a popmymnoro: [1LA. =3.A ./ [C]
En3umonarisi - 3aXxBOpIOBaHHS, OOYMOBJICHE NOPYLIEHHSMH, TMOB'A3aHUMU 3
GbyHKITI€0 IEBHOTO (PEPMEHTY B META0OIIYHOMY HUIAXY.
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Chapter 2
INTRODUCTION INTO METABOLISM AND
BIOENERGETICS

Po3min 2
BBEJIEHHS Y METABOJII3M TA
BIOEHEPT'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 Oyne OCHOBHUM JXKEPENIOM €HEPrii 7Sl M’A31B IPU TPUBAIOMY T'OJI0IyBaHHI?

A.  XKupsi kucnotu

B. I'moko3a

C. TI'mixoren

D. Keronu

[Ipu TpuBanomMy rojoayBaHHI O€Ta-OKHCIIEHHS JKMPHUX KHCIOT YacTKOBO
3aJI0BOJIbHSIE EHEPTEeTUYHI MOTPeOU M s31B.

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 1V 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.

Yepe3 nBa THXKHI MICIA MEPEHECEHOTO TpUMY 8-MH PIYHUI XJIOMYUK B KOMI 3
IYKPOBUM A1a0E€TOM MEPIIOro TUIy OYB JIOCTaBJICHUM Yy BIAJAUICHHS HEBIAKIAJHOI
nonomMoru. JluxaHHs IIBHJKE Ta TJIMOOKe, NPUCYTHIN (GPYKTOBHM 3amax.
Konuenrtpamiss riatoko3u B KpoBi 36,5 Mmonw/a (Hopma: 4-6 mmonw/a [70-110
mr/aenumtp]). Jlikap 3acTocyBaB BHYTPIIIHBOBEHHI PO3UMHHU 1HCYJIHY Ta Kalid
xyopuny. lIBuakuii ehekT 1HCYINIHY B LiH CUTYallli CTUMYIIIOE. .. :

TJIFOKOHEOTe€HES B MEYIHIN

BUBUIbHEHHS )KUPHUX KHUCIIOT 3 )KUPOBOT TKAHUHU

TPAHCIIOPT TJIFOKO3H B M’ 513U

YTUJI13a11110 KETOHIB B MO3KY

TJIIKOT€HOJII3 B IEYIHIN

mooOwz
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[IpaBwibHA BIAMOBIAL - TPAHCIIOPT TJIFOKO3W B M s13U. [HCYNIH 30UIbIIIy€E TPAHCIIOPT
TJIFOKO3M TUTBKH Y JBI TKAHUHU — JKUPOBY Ta M’s30BY. ['0JI0BHE MicCIle TIOTJIMHAHHS
TUIFOKO3U — M’SI3M, 1€ 3MEHIIIY€ TinepriiikeMito. TpaHCIOPT Ta MeTabO0i3M TIIFOKO3H
Ta KETOHIB B I'OJIOBHOMY MO3KY 1HCYJIiH-He3ajeHU|. [HCymiH Oyae CroBUILHIOBATH
TJIFOKOHEOTEHEe3 Ta BUBUILHEHHS JKUPHHUX KUCJIOT 3 )KUPOBOI TKaHWHH. [HCYmiH Oye
1HT10yBaTH TIIKOT'€HOJII3 B MEYIHII.

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.

[lin yac JBOTMIXKHEBOI MUSTHUKU Yy KIHKU-AJIKOTOJIIKA, sIKa Majo ija, pO3BUHYJIACH
3HAYHa TINOrIKeMisd. ki AOJAaTKOBI CTaHU MOXYTh PO3BUBAaTUCA Yy BIANOBIAL Ha
XPOHIYHY, BAKKY TIOTIIIKEMIIO?

moow>

A. HaxonuyeHHs riikoreHy B MeYiHIIl 3 TUPO30M
B. HenocratHicTh TiaMiHy

C. Keroanumo3

D. HenocrarHicTh oJ11€BOI KUCIOTH

E. Tinepypikemis

[IpaBunbHa BIAMOBIAL — KETOANMI03. Baskka rimoriikeMis 3HUKYE piBeHb CCeKpelii
1HCYINIHY 1 3017bIIy€e piBEeHb cekpelli rimokarony. lle Oyae cnpusatu BUBIUIBHEHHIO
KUPHUX KUCJIOT 3 KUPOBOi TKAHUHH Ta CTUMYJIFOBATH KETOTEHE3 B MEUIHIII.

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 3BUYalfHOTO MEIMYHOTO OOCTEKEHHS Ta MPOBEACHHS aHaji3a KPOBI, XKIHII 3
HOPMaJBbHOIO Baroio Juist 1i pOCTy MOBIIOMIIIM, IO ii JiMigHUN Tpodias MOKa3aB
HiABUIICHHS TPUTILEpUIiB KpoBi. Jlikap mopaauB Maii€HTIl 3HU3UTU CIIOKUBAHHSA
KUPIB, IO PO3YAPOBYE ii, OCKUILKA BOHA 3Ka10HO CTIOKHUBAE IIIbHE MOJIOKO. JKiHKa
MPOKOHCYJIBTYBAJIACh 3 JIIETOJIOTOM, SIKUW CTBEPJUKYE, IO B LUILHOMY MOJIOLI BMICT
XKUPY CTAaHOBUTH 3,5%, 110 BignoBigae mpubdausHo 11 rxupy B mopiii 8 ywii (227
r). SIKojo BOHa MEPEXOAWTh HA 3HEKHPEHE MOJIOKO, TO CKUIBKH MPHOIM3HO
JOJJaTKOBUX TpaMiB BYTJEBOJIB BOHA IMOBHMHHA CIOXXHBATH, 1100 KOMIIEHCYBAaTH
BTpaTy KUPY B MOPIIii 8 yHIIINA?

A.  5rpamiB

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

[IpaBunbpHa BiANOBiAL — 25 rpamiB. KanmopiifHicTh ByryieBoiB — 4 KKau/T, OUIKIB — 4
KKaJI/T, )KUPIB — 9 KKaJI/T Ta ajKoroiito — 7 kkaj/r. 11 rpamiB xupy MicTiITh 99 kkadn,
110 MpUOJIM3HO BIAMOBIAAE 25 TpaMaM BYTJIEBO/IIB.

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)

SAxuii 3 HaBeAEHUX CyOCTpaTiB BUKOPUCTOBYETHCS B O10CUHTE31 reMy?

A.  [urpar

B. ®ymapar

C.  CykuuHar

D. Cykuunin-KoA

[IpaBmwibHa BignoBigs — cykuuHiN-KoA. Ha mepmriii craaii OiocuHTE3y Tremy
BiIOYyBa€ThCS  KOHJAEHCAIlls  CyKnuHUI-KOA 3 TiminmMHOM 3 HACTYITHUM
NeKapOOKCUITIOBaHHSM, 1110 YTBOPIOE S-aMiHOJIEBYJICHOBY KUcaoTy (AJIA).

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
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metabolism. Under these conditions, which of the following enzymes would be
activated by increasing intracellular AMP?

A.  Succinate dehydrogenase

B.  Phosphofructokinase-1

C.  Glucokinase

D.  Pyruvate dehydrogenase

E.  Lactate dehydrogenase

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

[Tin gac iHdapkTy MioKapaa HAIXO/PKEHHS KHUCHIO J0 00yacTi cepus pi3Ko
3MEHIIY€EThCS, 3MYIIYIOUYM CEpIeBl MIOIUTH TEPEXOJUTH Ha aHAepOOHMIA
MeTabomi3M. SIkuit 3 HacTYMmHUX (DEPMEHTIB 32 IIUX YMOB aKTUBYETHCA 33 PaXyHOK
30UTBIIIEHHS! BHYTPIIIHBOKIIITUHHOTO AM®D?

A.  CykuuHataerigporenasa

B dochodpykrokinaza-1 (ODK-1)

C. I'mokokiHaza

D [TipyBaTaeriiporeHasa

E Jlaktatnerinporenasa (JIIAI')

[IpaBunpHa BianoBiab — Pochodpykrokinaza-1. Odunsa dpepmentu — ODK-1 Ta
JIAI' mpuiiMaroTh y4acTh B MO3al€YiHKOBOMY aHAae€pOOHOMY TJIIKOJI31, ajieé TUIbKH
OPK-1 perymroerbest amoCTEPUIHO.

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?

A.  Phospholipase A2

B.  Cyclic AMP phosphodiesterase

C.  Guanylate cyclase

D. Cyclic GMP phosphodiesterase

E.  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.

40-piuyHuii adpoaMepuKaHellb 3 CHJIBHUM TOJIOBHUM O0ojieM OYyB OIJISSHYTHH B
Biutisenni HeBimknamHoi momomoru. Moro apTepiaibHUN TUCK cTaHOBUTH 180/110
MM PT. CT. i BiH Ma€ O3HaKU reMoparii ciTkiBku oka. Momy Gyia nmpoBeena indysis
HiTporpycuaoM. Ha skuii 3 HaBegeHUX (DEPMEHTIB aKTUBHUM METAOOJIT IHOTO
JKapCchKOro 3aco0y 6e3mocepeIHb0 BIUTMBAE HaO1IbIIe?

A.  ®ochominaza A2

B. 1unAM®-dochomiectepasza

C. ['yaninarmukiasa
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D. ul'M®-dochoaiecTepaza

E. ®ocdomnimaza C

[IpaBmibHa BianmoBiaer — ['yanutarnukiaza. Hitponpycun wmeTtabomizyeTbes 3
yTBOpeHHsIM okcuay azoTy (NO), sikuil 3a3BUyail MPOAYKYETHCS €HAOTENIEM CyIUH
Ta CTUMYJIIOE TYaHUIATIMKIA3y B THQAKUX M's3aX CyauH it 30imbmeHHs nl MO,
akTHBallli NpoTeiHKiHa3u G 1 BUKIIUKAE PeJIaKcalliio.

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. FoFi 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-piunuii adpoamepuKaHelb 3 CUJIBHUM TOJIOBHHUM OojieM OyB OTIJISIHYTHH Yy
Biutiienni HeBimknamHoi monomoru. Moro apTepiayibHUM TUCK cTaHOBUTH 180/110
MM PT. CT. i BiH Ma€e 03HaKu remoparii ciTkiBku oka. Momy 6ina mpoBeneHa indys3is
HiTponpycuaoM. Komu HUTpornpycu1 Ja€Thes y OLIBIN BUCOKUX, HIXK 3BUYaHI 103aX,
1€ MOXE CYyMPOBOXKYBATUCS BBEJICHHSM TIOCYIb(hATy ISl 3MEHIIICHHS TOTSHIIIMHIX
TOKCUYHUX TMOOIYHUX eQeKTiB. SIKuil KOMIUIEKC, TOB'SI3aHUM 3 EJIEKTPOHHUM
TPAHCIIOPTOM a00 OKHUCIIOBATLHUM (POCHOPUITIOBAHHIM, HAWOUIBII YYTIUBUH 0
TOKCUYHOTO MOOIYHOTO MPOAYKTY, SIKUM MOYKE HAaKOIMYYBATUCS TIPU BUCOKHUX J103aX
HITponpycuay?

A. HAJIH-nerinporenasa

B. Cyk1iuHataerigporesasa

C. Huroxpom b/cl

D. Iluroxpom a/a3

E. FoF1 - AT®-cunrasa

[MpaBunbHa BigmoBiae - [utoxpom a/a3. Kpim NO, B xomi wmerabomizmy
HITPONPYCUAY TaKOXX BHUBUIbHSETHCS HEBEIMKI KUIBKOCTI I[iaHiAy, MOTYKHOTO 1
NOTEHINIHHO JieTambHOrO 1HTiOiTOpa cyt a/a3 (xommmiekc IV). Tiocymsdar €
3arajJbHUM aHTHUJAOTOM NP OTPYEHHI I1aHIJaMHU.
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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 FoF; 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.

moowp

[TaiiieHT OyB OTpPYy€HMI TOKCHYHOIO CIOJYKOIO, sIKa MIJBUIIYE IPOHUKHICTD
MITOXOHJpiaIbHUX MeMOpaH i MPOTOHIB. SIKi 3 HACTyMHUX MOJINA y KIIITHHAX
MEYIHKU BU OYIKy€ETE?

30ubuTHCA piBeHb ATO

30UTbIIUTECS aKTUBHICTH FoF1 AT®-cunTa3u

30UTBIIUTRCS YTHITI3AIlisl KUCHIO

3MEHIIUTHCS AKTUBHICTH MaJlaT-acTapTaTHOTO IIyHTa

3MEHIINUTHCS] AKTUBHICTD MIPYBATAET1IPOTeHA3U

[IpaBunpHa BIANOBIAL - 30UIBIIMTHCA YTWII3allisl KHUCHIO. TOKCHYHA CIOJIyKa
(manpuknan, 2,4-muHITpO(EHON) po3'€eNHYE OKHUCIEHHS METa0OJITIB Ta OKHCHE
dbochopuntoBanHs, MO MNPU3BOAUTH OO 3HIKEHHS piBHI AT®, ame mnigBuulye
IIBUJIKICTh TKAHUHHOTO TMXaHHS 1 301JIbIICHHS] BUKOPUCTAHHS KUCHIO.

mooOwp

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 shuttle.

Jl1st 610CMHTE3Y XOJECTEPOITY Ta KUPHHUX KUCIOT B TeaToUTaX HEOOX1/IHI:
[uTpaTHUI1 YOBHUKOBUI MEXaHI3M

I'minepondocdaTHuii YOBHUKOBUM MEXaHI3M

Manar-acmaptaTHUi YOBHUKOBUN MEXaHI13M

KapHiTuHOBMIT YOBHUKOBHIA MEXaH13M

AICHIHHYKJICOTUTHUN YOBHUKOBUN MEXaHI3M

[IpaBunbHa BimmoBine — lluTpaTHU YOBHMKOBUN MeXaHI3M. | >KUpHI KHCIOTH 1
XOJIECTEPUH  CHHTE3yIOThcs 3 anetwi-KoA B murommasmi.  Anetuin-KoA
MPOYKYETHCS B MITOXOHJIPISIX, JOCTABIISIETHCS HA 3a3HAYCHI META0OIYHI MUISXH 3
BUKOPUCTAHHSAM LIUTPATHOTO YOBHUKOBOTO MEXaHI3MY.
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2.11

Required for the hepatic conversion of pyruvate to glucose:

A Citrate shuttle

B Glycerolphosphate shuttle

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.

JJ1s mepeTBOpEHb MipyBaTy B TJIIOKO3Y B MEYIHII HEOOX1THI:

[{uTpaTHUT YOBHUKOBUN MEXaHi3M

['minepondocdarauii HOBHUKOBUI MEXaHI3M

Manar-acnmapTaTHU YOBHUKOBUN MEXaH13M

KapHiTHHOBHIT YOBHUKOBHI MEXaH13M

AIEHIHHYKJICOTHTHUI YOBHUKOBUM MEXaH13M

HpaBI/IJIBHa BIZIMIOBIb — ManaT-acnapTaTHUN YOBHUKOBHI MexaH13M. Okcarnoalierar,
YTBOPEHUI 3 MIPYyBaTy, BUXOJUThH 3 MITOXOHAPII MICIsl MEPETBOPEHHS B MaJat, SIKUN
TPAHCTIOPTYETbCS YOBHUKOBOIO CHCTEMOIO Yy IUTOIIIA3My, JI€ TIPOJOBKYETHCS
TJIFOKOHEOTE€HE3.

mooOwp
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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 (CH3;CO-) are oxidized to carbon dioxide (CO,), 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
FADH2 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 ¢, 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
F, 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'imocapiit
OO0MiH pedyoBuHM (MeTa0o0JIi3M) - CYKYNHICTh BCIX METaOOMIUHUX UUIAXIB, SKi
MOXXYTh OyTH PO3IVIAHYTI JUIsl JTaHOI PEYOBWMHU, 3aBASKA HUM IATPUMYETHCS
JKUTTEISUIBHICTD )KUBOT CHCTEMHA
KaTa6o.1i3m - poriec MeTaboIiyHOTO PO3Maay, pO3KIa aHHs Ha TMPOCTIII peYOBUHA
(mudepenmiamisi) ad0 OKHCIEHHA Oyab-SKOTO PEYOBWHH, 3a3BHYAll MPOTIKAE 3
BUBUIHbHEHHSIM €HEPTii y BUTIISLAL Teria 1y BUrisiai ATO.
AHa00Ji3M - CYKYIHICTh XIMIYHUX MPOIECIB, SKI CTBOPIOIOTH CKJIAJIHI CIIOJYKH 3
OUTBIII TPOCTUX 3 BUKOPUCTAHHSM €HEprii, CIpsIMOBAHOI HAa YTBOPEHHS KIITHH 1
TKaHHH..
BioJioriune oKMCJIeHHS - 1I€ CYKYITHICTh XIMIYHUX PEAKIIii, 0 CYIMPOBOIKYIOTHCS
MPOIIECOM TIEPEHECEHHS EJIEKTPOHIB Bl CyOCTpAaTiB JI0 MOJEKYJISIPHOTO KHCHIO 3
YTBOPEHHSAM €HJOT€HHOi (MeTaboJliuHOi) BOAM a00 MOAu(}IKOBAHOI OpraHIyHOT
CTIOTTYKH.
Huka tpuxkapoonoBoi kucaoru (abbr. HTK, muka Kpebca, mukia JuMOHHOL
KHCJIOTH) € IICHTPAJIBbHOI0 YAaCTHHOIO 3arajbHOr0 HUIAXy Kartabomizmy. Lle
UKTIYHANA O10XIMIYHHMK Tporiec, Mg dac skoro ametwibHi 3aymmku (CH3CO-)
OKUCITIOIOThCST 10 auokcuay Byriemo (COz), 1 BigOyBaeThbCsi BUBLIBHEHHS
BiiHOBIeHUX KopepmenTiB HAJIH 1 npoctetnunoi rpynu ®AJIH,, ski € noHopamu
€JIEKTPOHIB J10 MOJIEKYJISIPHOTO KHCHIO.
Makpoepriudi MojeKyJM - 1€ Taki, SKI MawTh 3JaTHICTh HAKOMHYyBaTH 1
MEePEHOCUTH EHEPTII0 MiJ Yac peakilii, KOJM B HUX MPHU TIAPOIIi31 OJHIET 3 3B'SI3KIB
BUBUIbHSETRCS OUtbiie 20 k/[xk/Monb. 3a XIMIYHOIO CTPYKTYpPOIO MaKpoepru
HalyacTime € anrigpuaaMu GocPopHoi Ta KapOOHOBUX KUCIIOT, a TAKOXK CIIA0KUMHU
KHCJIOTaMH, TAKUMH SIK TIOJIU 1 €HOIM. YHiBepcalbHui Makpoepr — 11ie AT,
JMXadbHUA JIAHOIOT - CHCTEMa CTPYKTYpHO 1 (YHKUIOHAIBHO MOB'A3aHUX
TpaHCMEMOpaHHUX OLIKIB 1 YOIXIHOHY - THEPEHOCHUKIB EJEKTPOHIB, fKa 3amacae
eHeprito, mo BuAuierbess npu nepeHoci Bin HAJIH 1 ®AJIH; enekTpoHiB Ha
MOJICKYJIIpHUN KuCeHb. [Ipu 1bOMy BiZOyBa€TbCs YTBOPEHHS €IEKTPOXIMIYHOIO
MOTEHI[1aTy Ha BHYTPUILIHIA MeMOpaHi MITOXOHAPIM 1 yTBOPEHHS €HIOT€HHOI BOJIH.
OxkuciawBaibHe (ochopuinoBanns - 1e cuHre3 AT® y BHyTpimHIA MemMOpaHi
MITOXOH/IpIH 3a paxyHok H'-3amexxnoi ATP-cuHTeTa3M, aKTHBHICTh SKOi IMOB'A3aHa 3
CHEpri€lo, 1[0 YTBOPIOETHCS IPU a€pOOHOMY OKHMCIIEHH] CyOCTpaTiB y KIIITHHI.
TkaHnHHe IMXaHHSA - I€ CYKYNHICTh OIOXIMIYHHX pEaKIliil, 1m0 BiAOYBalOThCS B
KIIITUHAX XUBUX OPTraHi3MiB, Ui BUPOOJICHHS BIMHOBIEHUX (OpM KODEPMEHTIB 1
npocretnunux rpyn (HAJIH, ®AIH,, HAJI®H), sxi € moHOpaMu €JIEKTPOHIB 0
MOJIEKYJISIPHOTO KUCHIO.
LuToxpomu - 11¢ BelMKH MeMOpaHH1 OUTKK (32 BUHATKOM HaiOLIBII MOIIMPEHOTO
IIUTOXPOMY C, SIKMH € HEBEJIUKHUM TJIOOYJSApHUM O1IKOM), SIKI MICTSITh KOBaJCHTHO
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3B's3aHUN TeM. [{luToxXpoMu pUCYTHI y BCIX KJIITHHAX OpraHi3MiB. B eykapioTHUHUX
KJIIITHHAX BOHHU JIOKATI3YIOThCS B MITOXOHJIpIaJIbHUX MEMOpaHax Ta MeMOpaHax
EHJOIJIa3MATHYHOTO PEeTUKYJIyMy. LlUTOXpoMH KaTami3yloTh OKHCHO-BIJTHOBHI
peaxiii.

YoixinoH (kogepmeHT Q) BITHOCUTHCS 10 TPyNU KOGEPMEHTIB - OEH30XIHOHIB, 1110
MIiCTATh XuHOMAHYIO Tpymy (Quinolone - 3Bigcu mo3HadeHHs Q) 1 MICTUTH KiJIbKa
130mpeHmIbHUX TpyM (Hampukian, 10 y pasi koersumy Qio). Boru ayxe nmimodinbHi,
XOpOIII aKIENTOPH €JEKTPOHIB 1 MPOTOHIB.

XimiocmoTuuHa Teopist - Teopis II. MiTues1a, B Kiil BU3HAYAETHCS, IO JAHIIOTH
NIEPEHECEHHSI EJIEKTPOHIB MITOXOHJAPIA €yKapioTiB, XJIOPOIUIACTIB 1 OakTepii
noB'sizaHi 3 cucreMoro cuHtesy AT® uepe3 3MiHY €NEKTPOXIMIUHUX MOTEHIIIATIB
(CTBOpEHMX IMEPEBAXHO 32 PAXyHOK MPOTOHHOTO TPajieHTa) BHYTPIIIHBOT MEMOpaHu
miToxoHpiil. [lepeHecenns enexTpoHiB 1 cunte3 AT® mos's3aHi 3 poOOTOIO JBOX
PI3HUX TUITIB TPOTOHHUX HacociB. [1pu nepenecenHi enekTpoHiB komriekcamu |, 111,
IV  nuxalbHMX JIQHIIOTIB  YTBOPIOETHCS TPAIIEHT TPOTOHIB, SKUW MOTIM
BUKOPUCTOBYEThCS ISl CTUMYJOBaHHS (GyHKIII npoToHHoro kanainy (Fo) AT®
CUHTeTa3u 1 BUBUIbHEHHS MoJiekyll AT® ¢akropom F1 niboro dhepmenty.
Po3’ennyBaui okucHoro ¢ocopwiIlOBaHHS - PEUYOBUMHU 37aTHI 3HU3HUTH
SJIEKTPOXIMIYHUHN MOTEHIIIa)I BHYTPIITHBOI MEMOpaHU MITOXOHIPiil. 3/1€01IbIII0T0, 11€
PEYOBHMHHM Jy:Ke JNO(]IbHI 1 37aTHI MPUENHYBATA a00 MPOTOHU (MPOTOHO(MOPH), 200
karionu Na*, K* (ioHogopn).
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Chapter 3
CARBOHYDRATE METABOLISM

Po3 i 3
METABOJII3M BYTJIEBO/IB
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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.

SIkuit 3 HACTYITHUX TPaHCHOPTEPIB 301IIBIITYE CBOE TOTJIMHAHHS TJIIOKO3U Y BIIOBIIb
Ha 1HCYIIH?

A. TJIOT1
B. TJIIOT2
C. TJIIOT3
D. TJIIOT4

[TpaBmipHa BignoBias: I'JIFOT 4 3Hax0oauThCs B )KUPOBIM TKAaHUHI Ta M'A3aX 1 pearye
Ha KOHLEHTpAIl0 TJIIOKO3H B nepudepuyHid kpoBi. HIBHIKICT TpaHCHIOPTY
[JIFOKO3M B iX TKaHWHAX MIJBUILYETHCS 1HCYJIIHOM, KM CTUMYJIIOE€ MEPEMIILICHHS
nonatkoBux Tpancrnoptepis ['JIFOT 4 go memOpaHu 3a JOMOMOIOK0 MEXaHi3My
€K30LIUTO3Y.

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.

Marmal

% Saturation

40 80 120
pO5 (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

moowz



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.

Jutuay 10-MicS9HOTO BiKYy OOCTEXKYIOTh JJIS BHSBJICHHS NPUYUHU TEMOJITHIHOI
anemii. Ha miarpami HWX4Ye, KpuBa JOMcoLiallii KHUCHIO BIJ TEeMOrJI00iHYy B
EPUTPOIUTAX IIi€] JUTUHU TOPIBHIOETHCA 3 KPHBOIO, OTPUMAHOI0 3 HOPMAJIbHUMU
EPUTPOITUTAMH.

Marmal

100 -

% Saturation
o
&
1

40 80 120
pO, (mm Hag)

Hedinut sikoro dhepmMeHTy, OUIBII 32 BCE MOSICHIOE TEMOJIITUYHY aHEMIIO Y JaHOTO

raricara?

A. T'mokokiHazu

B.  I'moko030-6-hocdaraerinporenasu
C. IlipyBarkapbokcunasu

D. TI'myrarioHpeaykrazu

E. IlipyBaTkiHa3u

[IpaBunpHa BiAnoBiAb: 3CyB IpaBoi JiHIT KpuBOi 3B'si3yBaHHA O2 CBITYUTH PO
HEHOPMAJIbHO MIIBUIIEHY KOHIEHTpalito 2,3-6idocdorminepary, 1Mo € BTOPUHHOIO
MPUYUHOIO TI0 BIJTHONMICHHIO 70 JMe(eKTy aHaepoOHOro TIIKOJI3y €PUTPOIUTIB. Y
IbOMY IUISIXY O€pe y4acTh TUIbKHU MipyBaTKiHA3A.

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:

Galactose 1-P-uridyltransferase

Lactase

Glucose-6-phosphatase

Galactokinase

Aldolase B

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

mooOw>

Hemogns, sike mepeOyBae Ha IpyJIHOMY BUTOJOBYBaHHI, MOYajao 4acTo OJOBaTH Ta
XyaHyTu. Yepes KiibKa JIHIB y HBOTO 3'SIBUJIACh >KOBTSHUIA, MEYIHKA 301JIbLINIACEH Y
po3Mipi, po3BUHYJNAach Karapakta. Lli cumnTomm, mBuAIIE 3a BCE, BHUKJIMKaHI
nedinuTom:

A. Tanakroso 1-docdhar-ypuaunrpanchepasu
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JlakTaszu

I'mroko30-6-ocdarazu

I"amakTokiHa3u

. Anpnonasu B

[IpaBmibHa BiamoBiAb: Karapakra -+ 3axBOproBaHHS II€UIHKM Yy HEMOBJIS Ha
IPYJHOMY BUT'OJIOBYBaHHI = KJIJaCHYHA rajJaKTO3eMis.

moow

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 paHKOBOI MPOOIKKU 29-pIYHUI YOJIOBIK BUPIIIUB 3’ ICTH «BCEAMEPUKAHCHKUI
CHIJJAHOK, SIKUM CKJIQJJa€ThCsl 3 3€pPHOBUX, SI€lb, OCKOHY, KOBOAcH, MIIMHIIB 3
KJICHOBUM CHpPOIIOM, MOHYHMKIB 1 KaBH 3 BEpIIKaMU Ta LYKPOM. SIKi 3 HACTYIHHX
O1JIK1B, OUJIBIII 32 BCE, OyAyTh aKTUBOBAH1 B TI€YiHII HICJISI CHIIAHKY?

A. [uromnazmaruuna pocdoeHomipyBaTKapOOKCUKIHA3A

B [TnazmoBa MemOpana Tpancnoprepa ['JIFOT-4

C. Hwromna3zmatuuna ¢pochodpykTokinaza-2

D MiTtoxoHapiaIbHUIM KapHITHHOBHUM TPaHCIIOPTEP

E [MurorutazmarrnyHa riikoreHpochopuiaza

[TpaBunbHa BinnoBiae: Jlume dochodpykrokinaza-2 Oyae akTUBOBaHA 1HCYJIHOM B
nepioJ1 Mics mpUioMy 1xki.

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 1V line
was removed and he was taken home. Which of the following enzymes is thiamine-
dependent and essential for glucose oxidation in the brain?

Transketolase

Transaldolase

Succinyl-CoA thiokinase

Acetyl-CoA carboxylase

Pyruvate dehydrogenase

moowz
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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.

55-piyHui anKoromik OyB JOCTaBJICHUM Yy BIIUICHHS MIBUAKOI JOTIOMOTH JIPY3SMH.
[1ix yac iX 3BUYaHUX HIYHUX 300piB y MICIIeBOMY 0api BIH BTPATHB CBIJOMICTH 1 HE
npuxoauB A0 TsAMH. Jlikap mpU3HAYMB 1H'EKIIIO TIaMiHy Ta MapeHTEPaIbHO TIIOKO3Y
y BIIpOJOBX Houl. HacTymHoro panky maifieHT OyB HacCTOpOKEHHU 1 KOT€pEHTHHH,
BMICT TiaMiHy B CHPOBATIIi KpOBi OyB Yy HOpMI, a TJIFOKO3a B KPOBi ckiana 73 mr/mn (4
MM). Ilicns BHYTpPIIIHROBEHHOI Tepamii #oro BUOHcaTu AoaoMmy. Skuil 3
nepepaxoBaHuX (EpPMEHTIB € TiaMiH3aJEKHUM 1 HEOOXIIHUM JUISI OKUCIICHHS
TJIFOKO3U B MO3KY?

A.  Tpanckeronasa

B.  Tpancanpgonasa

C. Cyxkmunin-KoA-TiokiHaza

D. Anermin-KoA-kap6okcuiaza

E. [TipyBatnerigporenasa

[IpaBmibHa BiANOBIAL: HalWBaXMMBIMIMMH — TiaMiH3UICKHUMH  (QEepMEHTaMH €
MipyBaTJeriIporeHasa, 0-KeTOITyTapaTeriaporenasa 1 TpaHCKeToJ1a3a.

TpaHnckeTosia3a npuiiMae ydyactb B rekco3oMoHO(MochaTHOMY IIYHTI 1 HE € CYTTEBO
BAYKJIMBOIO ISl OKMCIIEHHSI TJIIOKO3H.

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.

moowzp

JIuTuH1 3 renaToMeraji€lo 1 He3HA4YHOI TIMOTIIKEMIEI 3p00uiin O10MCil0 MEeYIHKU
HaTiie. ['emaTonuTy MOKa3yrTh HAKOMUYECHHS TpaHyJd TJKOTEHY 3 OJMHHUYHUMHU
3aJIMIIKAMHU TJIFOKO3H, 1110 3HAXOJATHCS B TOUKAX PO3rally>KeHHsI mo0au3y nepudepii
rpany. HaiiOibpI iMOBIpHUM TeHETUYHUM JehEKTOM € AePEeKT TeHy, 0 KOIYE:
a-1,4-pochopunazy

a-1,4:0-1,4-Tpancdepasy

docdorarokoMmyTazy

a-1,6-rroko3uasy

JlizocomanbHy 0-1,4-TII0KO03U1a3Y

mooOwz
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[IpaBwibHa BianoBiAb: PepmeHT o-1,6-raroko3uyaza € (EepMEHTOM PO3IICTUICHHS
TJIIKOTeHy 1 Bumanse 1,6-moB's3aHi 3aIMIIKKM TJIFOKO3H B TOYKAX PO3TaTyKCHHS ITiJT
4ac TJIIKOT€HOJII3Y.

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.

Konu B mnediHii mnepeBakae [B-OKUCICHHS >XUPHUX KHUCJIOT, MITOXOHIpIaIbHUN
nipyBart, MIBU/IIIE 32 Bce, Oy/e:

A.  Kapb6okcumoBatucs 10 GpocoeHonmipyBarTy s BCTYIy B TTTIOKOHEOTEHE3

B.  OxkwucmoBanbHO JekapOokcuioBaTucs a0 aneTuiy-KoA nns BBeneHHS B
KETOTeHe3

C.  IleperBoproBaTHcCs B JIaKTaT JJIs1 BBEICHHSI B TJIIOKOHEOTCHE3

D.  OxucnoBallbHO JeKapOOKCUIIOBAaTUCSA 10 aneTuwiny-KoA s OKHCICHHS B
nuki Kpebca

E.  KapOoxkcumroBaTHcs 10 OKcamoaleTaTy Ui BCTYIY B TJIFOKOHEOTEHE3
[IpaBwibHa BiAMOBiAL: OKUCICHHS KUPHUX KUCIOT B MEYIHI[l F€HEPYE EHEPTiio B
nocTabcopOTUBHUI NIEPIOJI, & MITOXOHIpIabHUI MipyBaT OyAe NepeTBOPIOBATUCS HA
OKcajtoareTar sl 610CHHTE3Y TIIFOKO3H.

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-piynuii yomoBik poaoM 3 mpoBiHii Jlimmono B IliBmennih Adpwuii, sSkui
npoxkuBae B Cnonydenux Illtatax 1 oTpuMye aHTUOIOTUKOTEpamito 3 J1arHO30M
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«IH(}eKIIis cCeYOBUBITHUX IUISIXIB» Ma€ Taki CHMITOMM: €M130AMYHUI TeMoJTi3, O11b B
CIIMHI Ta J>XOBTSHUIIO. Ma3ok nepudepuyHoi KpoBI BUSBISE HechepOIUTapHY,
HOPMOIIUTAPHY aHEMIIO, a B JICIKUX EPUTPOIMTAX CIOCTEpIraroThes Tijia XaHIA.
Sxuii 3 HACTYITHUX TCHETUYHMX JIe(PEKTIiB, MIBHIIE 3a BCE, MOB'SI3aHUN 3 [IUM THIIOM

remMot3y?

A. TomonucreinmeTmnTpanchepasu
B. [IlipyBatkinasu

C.  JurigpodonaTpenykraszu

D. ®eppoxenarazu

E. I'moxo30-6-docdaraerinporenasu

[TpaBuibHa BignoBiab: BapianT BipHOT BIAMOBIL: TIIOK030-6-(hocdaTaerigporenasa.
HenocratHicTh  rmok030-6-pocdaraeriiporeHasn MOpU3BOAUTH 10  3HHKCHHSA
npoaykuii HAJI®OH, skuii B epuUTpOIMTaxX MEPEBOAUTH OKHCIEHUH TIyTaTIOH Y
BifHOBNeHUN. OcraHHil mnonepemkye TnepekucHe okucienHs nimiaiB  (ITOJI)
MeMOpaH, 3axHIlae Bij okucieHHs SH-rpynu OUIKiB, MiATPUMY€E BIIHOBJICHUN CTaH
3amiza B remorioOiHi. 3HmwxkeHHs mpoaykuii HAJIOH npuszBoauth 10 3HMKEHHA
pPIBHS B EpUTPOIUTAX BIJHOBJICHOIO TJIYTaTIOHY 1, SIK HACHIJOK, TE€MOJI3y
EpUTPOIUTIB. EpUTPOIIUTH SIKI MICTSTh BEJIUKY KUTBKICTh KUCHIO CXWJIbHI CIOHTaHHO
reHepyBatu akTuBHI ¢popmu kucHiO (ADK). V mpucyrnocti ADK remorno0in
YTBOPIOE OcCaj, SKU Mae Ha3By Tina XailHua. HakonmuueHHs ITUTOTOKCUYHUX
npoaykTiB I1OJI BHKIMKae MONIKOMKEHHS MEMOpaHW €pPUTPOLMUTIB Ta iX TeMOJII3.
Po3BUBaETHCSA reMOTITUYHA aHEMIS.

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-piyamii 4yonoBiK poaoM 3 mposiHIl Jlimmomo B IliBnenuit Adpwui, skuii
npoxkuBae B Cnomyuenux Illtarax 1 oTpumye aHTHOIOTHKOTEpAmMilo 3 JlarHO30M
«IH(}peKIIis cCeYOBUBITHUX IUISIX1B» MA€ TaKi CHMIITOMH: €ITi30JMYHUI TeMoTi3, O11b B
CIUHI Ta >KOBTSHHIO. Ma3ok mnepudepudHoi KpOBI BUSBISLE HECPEPOIUTAPHY,
HOPMOIIMTAPHY aHEMIIO, a B JICSIKUX EPUTPOIMTAX CIOCTEPIraroThes Tijia XaHIIA.
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Sxuii 13 HaBEACHUX HUKYE PE3YNIbTATIB TaOOPATOPHHUX JOCTiKEHb, IBUIIE 3a BCE,
OyB OM OTpUMAaHHI y ILOTO MaIll€eHTa?

A.  Ilpsmuii 611ipy6in  Henpsimuii 6utipy6in  BinipyOiH ceui
B. 30UIBIIECHHS 3011bIIEHHS Bincythii
C.  30inbleHHs 301IbIIEHHS [IpucytHiit
D. Hopwmanbhe 301IbIIEHHS Biacytnii
E. Hopwmanbhe 3HMKEHHS [TpucyTHiit
F. 301IbIIeHHS 3HWKEHHS HpI/IcyTHH/I

HpaBI/IJ'H)Ha BIANOBiAb: /{7 TeMOJITHYHOI KOBTAHHUIII XapaKTEpHUN HOpPMaJIbHUIA
BMICT TpsiMoro Ounipy0OiHa Ta 301IbII€HHS HempsiMoro OimipyOiHa B KpoBi. OmgHak
HAKOMMYEHHSI HempsiMoro OiipyOiHa B KpOBI HE CONMPOBOIKYETHCA MOTO IMOSBOIO B
ceui (binmipy6iH B ceul BiACYTHIN).

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.

VYkaxiTh o0miratHuii (00O0B’SI3KIBMI) aKTUBATOP MEYIHKOBOI MIpyBaTKapOOKCUIa3u B
nocradcopOIiitHOMyY CcTaHi:

A. ManoHoBa kucioTa

B. Auerun-KoA

C. Ilipymar

D. Kucenb

E. Oxkcanoarnerat
[IpaBunsHa  BiAmoBiAb:  Aunerun-KoA — aktuBye — mipyBaTtkapOokcwiazy i
TJIFOKOHEOTEHE3 I1J] 4ac TOJI0JyBaHHS.
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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 yAvkvog sweet) (CgH1206), 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 (CsH100s5) 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 a -1,6-glycosidic bonds; found in animals.
Glycolysis, or the path of the Embden-Meyerhof-Parnas (from the Greek. I'Avkdg -
sweet and the Greek. Avong - 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 H0,
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 FADHj 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'nocapiit
Byraesoau - e OloopraHiuHi CIIOJTYKH, MOTIT1APOKCHABACT1IH,
MOJIITIPOKCUKETOHH, a00 CIOJYKH, SIKI MOXKYTh OYTH T1APOI30BaH1 0 HUX.
MoHnocaxapuau - SBISIIOTH COOOI0 MOXIJHI 0araToaTOMHUX CHUPTIB, IO MICTATH
KapOOHUIbHY TpyNy - aJIbJIeTiAHY a00 KeTOHHY, 0e30apBHi, 100pe PO3YMHHI y BO/II,
MAalOTh COJIOAKHN CMaK.
Ouairocaxapuam Mictath Bin 3 g0 10 moHocaxapuaHux 3anuiikiB. JoOpe
PO3YUHSAIOTHCS Y BOJI1, MaIOTh COJIOJIKUM CMaK.
Ioaicaxapuam € ckiIagHUMU BYIJIEBOAAMU, IO CKJIQJAIOTHCS 3 BEJIUKOI KIJIBKOCTI
MOHOMEPIB - MOHOCAaXapuAiB Ta iX MOX1AHUX.
T'omomoJticaxapuam - MiCTSTh TUTBKH OJJUH THUIT MOHOCAXapuy ik MOHOMEDY.
I'eTeponogicaxapuam — iX MOJIGKYJIM CKJIAJAlOThCA 3 JBOX ab0 OlIbIIE THIIIB
MOHOCaXapHiB IK MOHOMEDIB.
I'moko3a (3 maBHbOrpenbkoro yAvkog sweet) (CeHi206), a0 BUHOTpamHHM IyKOD,
ab0 IeKCTpo3a, MICTUTHCA B COKY 0aratboX (PpyKTIB 1 sIT1]1, BKIIOYAOUHU BUHOTPAT, 3
SAKOTO TOXOJUTh Ha3Ba IOr0 TUMY MoHocaxapuay. Lluxmiuna ¢opma anbda-D-
[IFOKO3H € TI0JIIATOMHUM CITIUPTOM (T€KCOo3a).
dpykTo3a - MOHOCAXapuJl, TeKCO3a, KETO-MOX1AHA; 3aJUIIOK Yy CKJIadl caxaposu, Y
BUIbHIM (POpPMI BUSIBIISIETHCS B ME/II.
ManbTo03a € NpUPOJHUM AUCAXAPUAOM, IO CKIATAEThCS 3 ABOX 0O-D-riroko3nux
3aJIMIIKIB, ITOB'I3aHMUX 0-1,4-TIIKO3UIHUM 3B'I3KOM.
JlakTo3a (MOJIOUHMI LIYKOp) - BYIJEBOJA TIPYNH JIUCAXapu[iB, IO MICTUTHCS B
MOJIOII 1 MOJIOYHUX MPOAyKTax. MoJieKyna JaKTO3W CKIQJAEThCS 3 3aJMIIKIB
TIFOKO3H 1 TAJIaKTO3H.
Kpoxmaab (CsH100s)Nn - momicaxapuan aMiios3n 1 aMiJIONIEKTHHY, MOHOMEPOM SIKHX €
anbda-D-rmoko3a, moB'sa3ana a-1,4- 1 a-1,6-TaIKO3UIHUMHE 3B'SI3KAMU; 3yCTPIUAETHCS
B POCJIHAX.
Iaikoren (CgHi10Os)n sBiisse coboro mosiMep, IO CKIIAMaeThes 3 o-D-rimoko3nux
3aNMuIIKiB, Akl 3'eqHaHl o-1,4 1 o-1,6-raiko3ugHUMH 3B'SI3KaMU; 3yCTPIYAE€THCA Y
TBApUH.
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I'aikoui3, ado muisix EMoaena-Meiieprodga-Ilapuacy (3 rpei. I'Avko¢ - contoakumii 1
3 rperl. AVONG - PO3IIEIJIEHHS) - TPOLEC OKUCICHHS TJIIOKO3H, MPU SKOMY 3 OJIHI€]
MOJIEKYJIM TJIFOKO3H YTBOPIOIOTHCS JBI MOJIEKYJIU MIPOBUHOTPAHOI KUcIoTH. Kucenpb
HEe OOOB’A3KOBO TOTPIOEH [JIi MPOTIKAHHS TIiKOIi3y. B aepoOHMX ymoBax
MIPOBUHOTPAJHA KUCIIOTA JIajll 1eKapOOKCHITIOEThCS, 3'€THYETHCSA 3 KOPEPMEHTOM A 1
Oepe yuyactb y nukii KpeGca; B aHaepoOHMX ymoBax a0o mig 4ac rimokcii
IJII0K032 NMEePeTBOPIOETHCS B JIAKTAT (MOJIOYHA KHCJI0TA).

AepoOHe OKMCJIEHHS TIJIIOKO3M - TIOBHE OkucieHHs riarokosu g0 CO2 1 HO,
BKJIFOYAE MIITOTOBYMIA €Tal - YTBOPEHHS JABOX TPi03, IIIKOMITUYHY OKCHAOPEIYKIIIIO,
OKHCHE JIeKapOOKCUIIIOBAHHS MIPYBaTy 1 HUKI TPUKAPOOHOBUX KUCIIOT.
OxuciaoBajibHe  JeKapOOKCWJIIOBAHHSI  HipyBaTy BKIIOYae S5 peakuii
neperBopeHHs [IBK B anetnii-KoA.

IlipyBaTaerigporeHasHmii KOMIJIEKC CKJIATa€Thbcst 3 3-X (QEepMeHTIB 1 S-i
Ko(epMeHTIB.

MaJjnaT-acnapraTHa 4OBHHMKOBAa CHCTEMAa € MEXaHI3MOM IEPEHECEHHS MPOTOHIB
Bix rmikomituyHoi ¢dopmu HAJIH 3 1uTo30710 B MITOXOHApiadbHUM MaTpPHUKC.
Oxkcanoanerar  BigHOBmIOoeTbess  mpu i HAJIH-3amexxHOoi  mUTO30J1BHOT
MajaTAeriIporeHasu 10 Mainaty. YOBHHMKBA cHCTEMa BIJIIPABIsie MaiaT B MaTPUKC
MITOXOHJpii B OOMIH Ha acmapTar, /€ BIH OKHCIIO€Thcs y uukim Kpebca 10
OKcajoalerary 3 YTBOpPeHHsAM MiToxoHapianbHoi Gopmu HAJIH. Oxcanoauerar
3aBMIKM TpPaHCAaMiHYBaHHIO TEPEXOIUTh B acmapTaT 1 WhOTO BYIJICLIEBHM CKeElET
noBepraeTbest y uuto30iib. HAJ/IH € 1oHOpOM eeKTpOHIB AJIsl AUXaTbHOTO JIAHIIIOTY
BHYTPIIIHbOI MEMOpPaHU MITOXOHAIPIM.

LainepoadgocharHa 4oBHUKOBA CUCTEMA € € MEXaHI3MOM MEPEHECEHHS MPOTOHIB
Bix TiikomituyHoi (opmu HAJIH 3 1uTo30/m0 B MITOXOHIpiadbHUN MaTpHUKC.
Huruapokcuanerondocdar BigHoBI0eThCs Tipu 1ii HAJIH-3anexH0i 1IUTO3016HO1
riinepoii-3-gocdataerigporeHasun 10 Tiinepos-3-gocdary, AKUNH TOTpaAIIIsie B
MITOXOH/IpiaJIbHY BHYTPIIITHIO MEMOpaHy 3aBIKH YOBHUKOBIM CHUCTEMI B OOMIH Ha
nurinpokcuanerondocdar. MitoxoHapianpHa —Tinepon-3-hocdaraeriaporenasa
YTBOPIOE 3 HBOro aurigpokcianeton-3-gochar 1 DAJ[H,, saxuit € moHOpOM
€JIEKTPOHIB JIJIsl AUXAJTBHOTO JIAHIIOTY BHYTPIIITHBOI MEMOpPaHU MITOXOHIPIM.
EHeprernunuii 0ajaHc MOBHOr0 aepo0HOIr0 OKHMCJIECHHS TJIIOKO3M - B MEYiHII,
HUpPKax 1 MiOKap[l, A€ (PYHKI[IOHye Manar-acnapTaTHa YOBHMKOBA CHUCTEMa, IOBHE
aepoOHE OKUCIIEHHS TIIIOKO3M CYNPOBOKYETHCS YTBOpeHHSIM 38 Mmosekyn ATO. ¥V
pa3i X BUKOpUCTaHHS TJiepoadochaTrHoi YOBHUKOBOI CHUCTEMHU B OKHUCIICHHI
nuto3onbHoro HAJIH eneprernuHuii BuXiJ Npyd NMOBHOMY aepoOHOMY OKHCIIECHHI
TIFOKO3U 3HMXKYEThCS 10 36 mosekysn ATO.

I'nikorene3 - CcUHTE3 TUIIKOT€HY 3 BUIBHOI IJVIIOKO3M B YMOBaX allIMEHTapHOL
rinepriikemii.

IaikorenoJiiz - po3naj TIIKOTeHY (MOXJIMBO B TEUYWHIN — JI0 BIJIBHOI TJIFOKO3H;
MO>KJIMBO B M’s13aX JI0 TJTFOK030-6-(ocdary).
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Chapter 4
LIPID METABOLISM

Po3min 4
METABOJII3M JIIIIIIB



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 HalO1IbIT IMOBIPHUM aKTUBATOP MPOIIECY HABEIEHOTO HIKYE:
8 Auetni-KoA + n AT® + 14 HA/I®H — IMaasmurar + 8 KoA + HAA® + nPi + 14 HA/1®
A. Anerun-KoA

B Hutpar

C. Maioniia-KoA
D Mainart

E Oxcanoarnerart

[IpaBmibHa BiaNoOBiAb:  LluTpaT € NOTEHIIAJIbHUM aKTUBATOpOM aneTHi-KoA-
KapOOKCHIIa3H, sIKa YTBOPIOE TOJOBHUN CyOCTpaT CHHTE3a BUIIUX JKHUPHHUX KUCJIOT —
MatoHLT-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.

Konu B HpoOBiil TKAaHUHI HAKOMUYYIOTHCS TPUTTINEPUIH, 0 HAAXOAATh 3 MEYIHKH
a00 KHIIIEYHHMKA, TJIKOJI3 TaKOoX TOBUHEH BiJOyBaTHCsS B aaunonutax. ki 3
HaCTYTHHX MPOAYKTIB a00 MeTaloMITIB TJIKOJI3y HEOOXiAHI Il HaKOMWYEHHS

A [Nminepun

B I'mroko3a 6-ocdar

C. IlipyBar

D Anetmin-KoA

E Hirinpoxcuanerondocdar (AT AD)

[IpaBunsHa BimmoBigs: [llo06 yTBOpuTH TpUrIiNepuand 13 >KUPHUX KHUCIOT, IO
HAJXOMATh, Tilepoi-3-(pocdaT moBUHEH OyTH AOCTYNMHUM. KUPHI KHCIOTH MOXYTh
BUpoOsiTH Horo Tutbku 3 JJI’AD B rmikosmisi.
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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-II
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.

AGeTanunonpoTeiHeMiss - II€¢ TEHETHMYHE 3aXBOPIOBaHHS, IO XapaKTePU3y€EThCS
MOPYIICHHSIM BCMOKTYBAaHHSI TMPOJYKTIB TMEpETPaBICHHS JIMIIIB, CTEATOPEEO,
HAKOIMWYEHHSIM TPUTIIEPUIIB B EHTEPOIIMTAX KUIICUHUKY, 1 TIMOJIMONPOTEIHEMIEIO.
Hedinutr y BUPOOJICHHI SKOrO amnonpoTeiHa HaWOUIbII HMOBIPHO TMOSCHIOE IO
KJIIHIYHY KapTUHY?

A. AnoB-100
B. AnoB-48
C. AnoC-ll
D. AtioA-I|

E. Ano E

[IpaBunpHa BiamoBinb:  AnonpoteiH B-48 € HeoOxigHUM s (opMyBaHHS
X1JIOMIKPOHIB — TPAHCTIOPTHOI (POPMHU PECHHTE30BAHMX JIII/IB 13 KUIIIEYHUKY Y KPOB
o Micip iX posmnany. @opmyBanas AnoB-100 Takok mOpyIeHO y MUX TAIi€HTIB,
aJjie 1e TOPYIIICHHS HE MOSICHIOE HaBeIeHI KIITHIYHI CHMIITOMM.

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.
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AbGeTanmunonpoTeineMisi - IIe¢ TEHETHYHE 3aXBOPIOBAHHS, IO XapaKTePU3YEThCS
MOPYIIEHHSM BCMOKTYBAaHHsSI TPOAYKTIB TEpPETPaBICHHs JIIiAiB, CTEaTOPEe€lo,
HaKOTMMYCHHSM TPUTJILEPUIIB B CHTEPOLUTAX KUIICYHUKY, 1 TIMOJIIONPOTEIHEMIELO.
VY mnamieHTiB 3 a0eTaTiMmoNpoOTeIHEMIEID CIOCTEPITaEThCs HEMPaBWIBHICTE (HOpPMHU
CPUTPOLIUTIB 3 TMPOAYKIIEI aKaHTOIUTIB (Tak 3BaHl «KOJIOY» KIITUHM). Ll
He3BHUYaiiHa MOPQOJIOTis epUTPOLUTIB, IMIBHIANIC 3a Bce, Oyae pe3yabTaToM
Majba0CcopoIii. . .

MaJbMITHHOBOT KACIIOTH

acCKOpOIHOBOI KHCIIOTH

apaxiIOHOBOI KMCIIOTH

¢ oIieBOi KUCTOTH

. JIIHOJIEBOI KHCIIOTH

[IpaBuibHa BigmoBiAb: ['eHeTHuHUN AePEKT MOXKe HpPUBECTH A0 MaiababcopOIi
TPHOX E€CEHIIAIbHUX BUIIUX >KUPHUX KHUCIOT (JI1HOJIEBA, JIIHOJIEHOBA, apaxiJIoHOBa
KHCJIOTH), ajieé TUIBKHM JIIHOJIeaT HaWOuIbll HeoOXigHud B parmioHi. [lormmHaHHS
BOJIOPO3YMHHOTO ackopOaty 1 ojiaTy 3HAYHO HE MOIIKOKEHO.

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.

VY mari€eHTiB 3 ICTOPiEI0 XBOPOOU HAMaIiB OCTPOTO MAHKPEATUTY, IO MTOBTOPIOIOTHCS,
€pYNTUBHOIO KCAHTOMOIO 1 MIJBUILIEHUM piBHEM TpuriiuepuaiB B mia3mi (2000 mr /
JIUT) Y CKJIaJll XIJIOMIKPOHIB, IIBUIIIE 32 BCE CIIOCTEPIraeThCs ASMIIUT. . .:

A.  JUNIOnpoTeiH Jinasu

B peuenropis JITTHII]

C. I'MI'-KoA-peaykra3u

D anonpoteiny B-48

E peuentopa arnoB-100

[IpaBunsna BigmoBias Ile kiIiHIYHI  0COOMWMBOCTI  BIAMOBIAAIOTH  Ae(IiIUTy
minonpoTteininasu (rinmepainonpoteinemMis | tumy). dedexkr penentopis JITTHIILL
npusBene no migsumenns JIITHIL. I'MI'-KoA-penykraza 1 AnoB-100 He maroTh
MPSIMOTO BIHOIIEHHS A0 XUIOMikpoHiB. Jledinut Anonpoteiny B-48 mpussene mo
3HIKEHHS BUPOOJICHHS X1IOMIKPOHOB.
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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 Ds

D.  vitamin By,

E. vitaminK

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

HekontponboBanmii  (paroruro3 oxuciaeHux yactuHok JIIIHIIL € ocHoBHUM
CTUMYJIOM [IJIi PO3BUTKY MIHHUCTUX KIITUH 1 JIMIJAHUX MPOXKWIOK B CyOeHIOTENIi
cynuH. Le#t mporiec Moxe OyTu 1HT100BaHU 301TBIIIEHHSIM CIIOKUBAHHS B TKI. . .
BiTaminy E

BiTamiHy Bg

BiTaminy D3

BiTaminy B

BiTaminy K

HpaBI/IJ'IBHa BianoBias. A. Tuieknm BiTaMiH E € anTtmoxcmpmanToM. BiH 3amoOirae
nepokcuaHii moaudikamii JITTHILL.

mooOwp

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 Ila 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-piyHUI YOJIOBIK MPEA'sIBIsE TOJOBHY CKAapry Ha MEepeMiXHY KyJbraBiCThb IiJ] 4ac
dismunux TpeHyBaHp. Moro ciMeiiHa icTopis XBOPOOHM € NMOKa30BOI0 HA HASBHICThH
CepLEeBO-CYAMHHOI XBOpOOU y Horo 6aThka, ane He y ioro marepi. disuunHuil ormsin
BUSIBUB KCaHTeNa3My i JBOCTOPOHHI CYXOXHJIbHI KcaHTOMH. [lnasmoBuii mimigHuii
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MOKa3HUK JIEMOHCTPYE PiBeHb XosecTepuny 340 MI/mi, 3 BUCOKUM CIiBBiTHOIIEHHSIM
JITTHILL / JITIBIL. Momy Bumucamy iHCTPYKIi 31 3MiHAMHU y palioHi XapdyBaHHS i
peuent Ha CumBactaTuH. KiliHIYHI J1aHi, BIIMIYEH1 y IIOTO MAaIli€HTa, IIBUIIIC 3a
BC€, BUKJIUKaHI e(PIIIiTOM MPOAYKITIi. ..

JEHITHH -XosecTepod-anuntpancdepazu (JIXAT)

Penenropir anoB-100

aruin-KoA-cuHTeTas3u )KUpHUX KACTIOT

JITTJTHILT 13 JITTHILL

Oinka, 1mo MEPEHOCHTh edipu XOJIeCTepUHy

HpaBHana BiMMmoBiAs: OTpuMaHi JaHi CBiYaTh MPO HASBHICTH TETEPO3UTOTHOI
cimeiitHoi xBopoOu -—rinepxonecrepuHemii Tumy lla  (ayrocomHO-mOMiHAHTHE
3axBoproBaHHs). Jledinmur Oinka, mo mnepeHocutb edip xonectepuny, JIXAT ado
ar-KoA-cuHTeTasa )UPHUX KUCIOT HE MIIBUINYIOTh PIBEHb XOJIECTEPHHY Y CKIal
JITHI. JIHIJAHII ve yrBoprotorses 3 JITTHILI.

"”.UOPU.?D

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

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

42-piuHMI YOJIOBIK MpE'siBiIsiE TOJIOBHY CKApry Ha MEPEMIKHY KYyJIbraBiCTh Mij 4ac
di3nuHnx TpenyBaHb. Moro cimeiiHa icTopisi XBOPOOM € IOKA30BOI0 HA HASBHICTH
CEepLIeBO-CYAMHHOI XBOpOOU y Horo Oarbka, ajie He y Woro marepi. Di3udyHui oriis
BUSIBUB KCaHTEJNa3My 1 JBOCTOPOHHI CYXOXWJIbHI KCaHTOMH. [lmazmoBuil JimigHUN
MOKA3HUK JEMOHCTPYE piBeHB XoJsiecTepuny 340 Mr/mj1, 3 BUCOKUM CIIBBIIHOIIEHHSIM
JITTHIL/JITIBIL. Momy Bummcanu iHCTpyKUii 3i 3MiHAMH y palioHi XapuyBaHHS i
peuent Ha CumBacTaTuH. AHTHXOJiecTepuHeMiyHa Jis CUMBAcCTaTHHY IMOJSTae B
foro e(ekTUBHOCTI B SKOCTI KOHKYPEHTHOTO 1HTI0ITOpa OOMEXYyBaTH IUBUIKICTH
dbepmenTy B O6iocuHTe31 X0nectepuny. [Ipoaykt peakiiii, 3a3Bu4ail BUpOOICHHM 1TUM

dbepMeHTOM. ..
A. CKBaJIEH
B. METLIMAJIOHAT
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C.  manocTepon

D. wmeBanmonar

E. areroalerar

[IpaBwibHa BiANOBIAL: Bigomo, 110 MeBaloHAT YTBOPIOETHCS 3aBASKH J1i (hepMEHTY
oeTa-TiIpokcu-0eraz MeTun-riryTapuia-KoA —penykrasi. Lleit ¢pepMeHT € TojJoBHUM
peryiasiTopHuM (EpMEHTOM CHUHTE3Y XOJIECTEpUHY. YCl CTaTUHU — € 1HTi0ITOpamMu
poro (epmeHTy. MeBajgoHaT yTBOPIOETHCS MEPIIMM. HIK CKBAJCH 1 JAHOCTEPOd B
peaxiisix CuHTe3y. MeTiIMaoHaT 1 areToaneTar He MOB'sA3aHi 3 XOJECTEPOITCHE30M.

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-* 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 3 x 102
B. 2x10% 1 x 10?
C. 4x103 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-piuHMI YOJIOBIK TIPE'sIBIsE TOJOBHY CKApry Ha MEPEeMDKHY KyJbraBiCTh Mij] Yac
disnunmux TpenyBanb. Moro cimeiina icTopis XBOpPOOH € MOKAa30BOI0 HA HASBHICTH
CepLeBO-CYANMHHOI XBOpoOU y Horo 6aTbka, ane He y Woro marepi. disuunHuil ormsin
BUSIBUB KCaHTENAa3My 1 JBOCTOPOHHI CYXOXMJIbHI KCAaHTOMH. [lmazmMoBuii JiimiHUN
MOKA3HUK JIEMOHCTPYE PiBeHb xoyiecTepuHy 340 Mr//1 3 BUCOKHUM CITIBBITHOIIICHHSM
JITTHILYJIIBI. MoMy BumHMcanu iHCTPYKIi 3i 3MiHAMH y pallioHi XapuyBaHHS i
peuent Ha CumBactatuH. I3 rpadika JlaitnBiBepa-bepka, Km 1 Vmax 1poro
0OMEKYIOHOT0 IBUAKICTE (epMeHTy Oyiu BimnmosigHo: Km =4x10° mM i Vmax = 8
x 10? MMOIb / I1'TOJ BiAOBiAHO. SIKIIO Liel €KCIIEpUMEHT MTOBTOPUTH Y HPHCYTHOCTI
CuMBacTaTHHY, K€ 3 HACTYIHUX 3Ha4Y€Hb Oy/i€ OTpUMaHO?

Km (mM) Vmax (MMoJIb / JI'TOx)
A, 4x10°3 3 x 10°
B. 2x10% 1 x 10?
C. 4x103 9 x 10°
D. 8x10% 8 x 102
E. 8x103 9 x 102

a1
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[IpaBunbHa Bigmosizs: Km =8x10° mM and Vmax =8x10? mmons / n-rog.
CumBacTaTUH 3a MEXaHI3MOM il € KOHKYPEHTHUM 1HT101TOpOM. 3 KOHKYPEHTHUM
1HT161TOpOM Oyae 301mbpieHHss Km , Vmax - 6e3 3MiH.

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-piuHMii YOJIOBIK JIOCTaBJICHUN B YHIBEPCHUTETCHKY KIIHIKY JJII BHU3HAYEHHS
MPUYMHA TIOBTOPIOBAHOI Tinepiimigemii, mpoTeinypii 1 aHemii. AHami3u KpoBi, SKi
y34T1 HATIIECEpIle BUSIBWIIM 3JIETKa IMiJIBUIICHI KOHIIEHTpAIlli HeecTepr(piKOBAHOTO
xoJsectepuny 1 dpocharuamixoniny. [lamieHTy qar0Th moKoIaaHy MIUTKY Baroto 100
rpaMiB Ta pIBEHb JIIIJIIB B KPOBI KOHTPOJIIOIOTh IIOTOIMHU. Pe3yabTaTh moKa3yloTh
3HAYHO M1JIBUILIEHI PIBHI HeecTepihiIKOBAaHOTO XOJECTEPUHY 1 PochaTHANIXOIIHY Ha
TpuBanuil yac. JledinuT axoro 3 HacCTymHUX OUIKIB HAWOIBII HMOBIPHO MOB'A3aHO 3
IUMU CIIOCTEPEKEHHIMU?

A. amun-KoA: xonecrepinauuntpancdepasu (AXAT)

arornpoTtein A-1

anonpotein B48

anonpotein B100

. mnomnpoteinminaz (JITLI)

[IpaBunpHa BiAmoBinb:  Amomporein A-1 mnpucyTtHii Ha mosepxHi JIIIBI 1
dbynkuionye, mob aktuByBatu JIXAT (TenmuTHH: X0oJaecTepuH anuiaTpaHcdepasa), mo
HUPKYJIOE Uid  ecTepudikaiii HaIJIUIIKOBOIO XOJECTEpPONly, BUKOPHUCTOBYIOUU
aeuuTuH (pochaTuAUIXOaiH) B SKOCTI JOHOpA XKUpHUX KuciaoT. Ecrepudikaiis
XOJIECTEpPUHY B KPOBI BIIOYBA€THCS JIJIsl 3aXOIUICHHS YTBOPIOBAHUX CKJIaJIHUX €(ipiB
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xonecrepuny B JITIBII, ne BoHM 3rogoM MOXYyTh OyTH MEpEHECeHl 10 1HIIMX
minonpoteinie  (JIIIIIII) aGo mnorauHeHi Oe3mocepeqHbO  TremaToluTaMu 1
cTepoimoreHHUMH TkaHuHaMH. Jledinutr amomporeiHa B100 1 amompoteina B48
MIPU3BOIATE O a0CTaTINONPOTEeIHEMIT, sIKa XapaKTEPU3YEThCA 3HIKCHHSM PIBHS B
KpoBi TpuriinepuaiB 1 xonectepuHy. AXAT € BHyTpIIHbOKIITUHHUM (DEPMEHTOM 1
ecTtepudiKye XOJIECTEpPUH BCEpeAuHl KIITUH, aje He B KpoBi. Jedinut JIITJI moxe
IPU3BECTH O TimepiimiaeMii 1-ro Tumy 1 XapaKTepHU3yeThCs MIIBUIICHUM pIBHEM
TPUTIIIEPUIIB Ta XIJIOMIKPOHIB B CUPOBATII KPOBI.

4.11

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 (nhD Cortizol (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 AOCHIKEHHsS 32 KIJIbKICHOIO OLIIHKOIO CHPHUSIHHS CTPECy IJisi PO3BUTKY
rinepriikeMii Ta Kero3a Mpu JiadeTi, HOpPMajbHI TEMNaTOUUTH 1 ATUIOLUUTH B
KyJIbTYpl TKaHUH Oynu OOpOOJIeHI KOPTHU30JI0M 1 NMpOaHaji30BaHI 3a JOMNOMOTOIO
Ho3epH-00T 3 BHKOPUCTAHHAM TreHocnenudiyHoi mnpoOu. Pesynbrati OAHOIO
EKCIIEPUMEHTY HaBEECH1 HIKUE.

Hepatocytes Adipocytes
Cortisol (nk) Cortizsol (nh)
0 4100 500 1000 0 100 500 1000

32P-nipo0a, sika BUKOPUCTOBYETHCS B LIbOMY E€KCIEPUMEHTI, IIBUJIIIE 3a BCE,
noB'sizyerses 3 MPHK, mo koxye
dbochoenonmipyBaT KapOOKCUKIHA3Y
JMONPOTEIHIINA3H
TIIIOKOKIHA3U
TOPMOHOYYTJIMBOI JiMa3u
anetui-KoA-kapOokcunasu
HpaBI/IHBHa BignoBiab:Koptuzon  ctumymioe  Tpanckpunuiro reHa — DEII-

mooOwp
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KapOOKCHKIHA3U B TICYIHIII, ajie HE B )KUPOBIM TKAHHWHI.

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 IUTUHM A1arHOCTOBAHO BPOJDKCHHH ACHINMUT aKTMBHOCTI MIKJIAHITFOTOBOT aIlvJI-
KoA-nerigporenasu. SIkuif 3 HACTYITHUX O3HaK a00 CUMITOMIB HalOUIBII HMOBIPHO
B1I0OYICTHCS MICHIS TOJI0YBaHHS Y 1€l TUTUHU?

A. TIoTaIaKTOAIUAEMIS
B. KETOAaINI03

C.  rimepriikemis

D.  auxapOoHOBHI anu03
E.  rinepxigoMikpoHemis

[IpaBunbpHa BimmoAiBias: ['omoayroui marieHTH, SKi CTPaXXAar0Th BiJI i€l XBOPOOH, SIK
MPaBUJIO, MAIOTh HEKETOTHYHUN XapaKTep TIMOTJiKeMii, JaKToaua03 1 HaKOMMYCeHi
JTUKapOOKCUIATH TUTa3MH.

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
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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

3-piyHa IUTUHA CKap>KUThCS HAa OUIb y M'si3aX 1 CIA0OKICTh, KOJU TPAa€ HA JUTTUYOMY
MalJJaHYMKy, TOMYl HaJXOJUTh B JIIKAPHIO Ha oOCTexeHHs. TecTu MoKa3yloTh JIETKY
remaToMeraiiro 1 KapjioMerajito. biorcis TeyiHKM II0OKa3ye KpailHi, aie
Hecrienu@iuHl KUPOBI 3MIHM, a M's30Ba OIOMCIS MICTUTh BEIUKY KUIBKICTh
[UTOTUIa3MAaTUYHUX BaKyOJICH, IO MICTATh HeUTpanbHui mimia. OQHOJEHHUN MOCT
BUKOHYETBCS 1 MMOKA3y€ MaJIHHA PIBHS IJIIOKO3M B KPOBI 0€3 BIAMOBIIHOT IPOIYKIIi
KETOHOBUX TUI, PH KpoB1 B HOpMI. SIKHi1 3 TepepaxoBaHUX A1arHO31B MOKE MOSICHUTH
npoOeMy i€l TUTHHU?

HediuT nepeHocHuKa O1TipyOiHY AUTIIIOKOPOHITY

Hedinut riroko30-6-hocdarazu

MirtoxoHapialibHa HEOCTATHICTh 3-T1IAPOKCH 3-MeTuarayrapui-KoA cuHTasu

CucremMHMit 1ePiUT KapHITUHY

Hecraua Bitaminy D

HpaBHana BiamoBiaAb: BigmoBinb: CucteMunii nedinut kapHiTUHy . [Ipn BXoai Ha
MalJaHYMK JUIsl pO3Baru, TUTHHA CEKPETY€E aipeHaliH, 110 MPU3BOAUTH J0 PO3MaILy
TpuriinepuAiB xupoBoi TkauuHu (T1') 1 Hagxomkenus xxkupHux kuciot (KK) B m's13u
1 MEYIHKYy IJs iX MITOXOHJIpiadbHOrO OeTa-oKucieHHs. JlepekT KapHITHHOBOI
YOBHUKOBOI CHCTEMH Y I[LOTO TAaIll€HTa MOXK€ TpPHU3BECTH 10 HakomuueHHs TI
(moBTropHOro cunresy 3 JKK) B nuromnasmi neyiHku 1 M's3iB. Jedinur nepeHocHuka
OLTIpyOiHYy AMUTITIOKOPOHiAY OyAe MPU3BOJIWTH 10 MPOOJEM 3 MEUIHKOI, ajie HE /10
M'sI30BUX TIpoOJieM y I1i€1 TUTUHM, TaK SK TMEediHKa nepepodiisse OutipyoiH. MoskHa
TaKOX OUYIKYBAaTH 301IbIICHHS IPSIMOro OUTIpyOiHY 1 TIIMHSIHUM CTYJ, SIKIIO OUTipyOiH
JTUTTIOKYPOHIIM HE HAAXOASATh B JKOBUHI KaHabIl. Jledpiuut riaoko30-6-bocdarasu
Oy/Jle BUKJIMKATH TelmaToMeralilo 1 HAaKOMWYEHHS JIMI/IB B MEYiHIl, ajieé HE M S30BYy
cialkicTh. L1 Mou TakoX CXUIIBHI 10 JTaKTOLMA03Y, IKUH MOe 3HU3UTH pH KpoBi.
Hedimut mitoxonapianpHoi 3-Tiapokcu 3-metmiriaytapui-KoA (I'MI'-KoA) cunrtasu
OyZe TpencTaBleHUN KijbKa aHAJOTIYHO J:[e(biuHTy dbepmeHTy B [-OKHCICHHI.
TpuBana rimoriikeMis HATIIE CepIle CIIPOBOKYE BUBUTLHECHHS )KUPHUX KHUCIIOT B KPOB
1 1X BUKOPUCTAaHHS TAaKUMH TKaHWHAMH, SK M's3u 1 mnedidka. [edimur
mitoxoHapianbHoi ' MI'-KoA cunTa3u 3amobirae yTBopeHHIO KeToHIB. Tam He 0yi0
© M's30BOi €1a0KOCTI, TOMY IO M'SI3U MOXKYTh BHUKOPHUCTOBYBATH YKUPHI KHCIIOTH.
Mo30k He B 3M031 11€ 3pOOUTH, 1 TPUCYTHICTh TMIIOKETOTUYHOI T1MOTJIiKeMii mo30aBuB
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Ou MO30K A0cTaTHLO1 eHeprii. Koma 1 cMepTh MOXYTh cTaTu pe3ynbTaToM. Jlediuut
BiTamMiHy D He BruiMBae Ha 301JIbIIIEHHS] OPTaHiB 1 PIBEHb TJIFOKO3H B KPOBI.

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

ketogenssis ketogenesis
gluconeogenasis
1 F |—
24 48672 10 15 2025 24 48 T2 0 15 20 25
hrs days hrs days
glycogenolysis glycogenolysis gluconeogenesis

ketogenesis

—

luconecgenesi:

|—
0 15 20 25 24 4872 W0 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.

VY HaBeneHMX HUXK4YE BaplaHTax KoKeH Tpadik BigoOpaka€ OCHOBHE JDKEpesio
SHEeprii, M0 BUKOPUCTOBYETHCS MO30KOM ITiJT Yac MOCTY / TojiogyBaHHs. 1 yMOBH,
3a3HA4Y€HOI HUKYE, BUOEPITh HalOIMKue miai0panuii rpadik.

HopmanbHa JiroanHa

glycogenolysis gluconaogaeneosis

ketogenesis

~

ketogenaesis

gluconeogeneasis

] |
244872 0 5 2025 24 48 72

!
"0 15 20 25

hrs days hrs days
R glycogenolysis gluconeogenesis
luconeogenesi ketogenasis
o
P -
24 48 10 15 20 25 TR —
hrs days b E

[IpaBmipHa BignmoBiab. C. I'NMKOreH BUCHaXKUBCSA 3a 18 roawH, TIIOKOHEOTCHE3 3
OUJIKIB MOYaB MOCTYMOBO 3HIKYBATHUCh, 1 10 2 THUXKHIB KETOHU CTaIM BaXJIHUBIIIUM
JDKEpEJIoM €Hepril At MO3KY.
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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

glycogenclysis gluconeogenasis

ketogenasis

~

ketogeanasis

gluconeogenasis

] | |—
24 48 72 T W0 15 2025 24 48 72 10 15 20 25
hrs days hrs days
olycogenalysis glycogenolysis pluconaogenesis

ketogenasis

e

luconecgenasi

e ——
0 15 20 26

hrs days hrs days
The answer is: B. Glycogen would not be mobilized from the liver.

VY HaBeneHMX HWKYE BaplaHTaxXx KOXEH TIpadik BigoOpa)kae OCHOBHE JIKEPEIIo
€HEprii, [0 BUKOPUCTOBYETHCSI MO3KOM Mij 4ac mocty / ronoayBaHHs. i1 yMOBH,
3a3HAYHOTO HIDKYE, BUOEPITh Halbmmxkye miaiopanuit rpadik:

Hedinut docdopisiazu nevinku

glycogenolysis gluconaogansasis

ketogenasis ketogenesis
.""F—_—
gluconeogenesis
] [l '7
24 48 72 10 15 2025 24 48 T2 10 15 20 25
hrs days hrs days
olyconenolysis glycogenalysis gluconaogenesis

ketogenasis

luconeogenasi —

'7 ]
0 5 20 25 24 48 72 10 15 20 25
hrs days hrs days

[IpaBuibHa BianoBiab: B. ['mikoren He Oyne MOO1130BaHUM 3 TIEUIHKH.
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.
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Hepatic fructose-1,6-bisphosphatase deficiency

gluconaoganesis

glycogenclysis

ketogenasis

ketogenasis

gluconeogenasis
] L | !
244872 ' 10 15 2025 24 4872 10 15 20 25

hrs days hrs days
olycogenalysis glycogenolysis gluconeogenesis

katogenasis

e

luconecgenasi

'— ]
0 15 20 25 24 48 72 10 15 20 35
hrs days hrs days

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

VY HaBeneHMX HWKYE BaplaHTaxX KOXEH TIpadik BigoOpa)kae OCHOBHE JKEPEIIo
NaJnBa, 10 BUKOPHUCTOBYETHCS MO3KOM IIiJ] 4ac MOCTY / rojsomyBaHHs. [ ymoBH,
3a3HAYEHOT0 HIKYE, BUOEPITh HAOMmK4e miniopanuil rpadik.

IleuinkoBa HegocTaTHICTH PPYKT030-1,6-0ichocdharazu
glycogenolysis gluconecgenesis

ketagenesis ketogenesis
gluconeogenasis
] L |—
244872 ' 1 15 2025 24 48 T2 0 15 20 25
hrs days hrs days

glycogenalysis glycogenolysis gluconaogenasis

ketogenesis

—

luconecgenesi

|—
0 15 20 25
hrs days hrs days

[IpaBwibHa BiAnoBiab: A. [TIOKOHEOTreHe3 3 aMIHOKHUCIIOT OyJie CTPOro 0OMEeKEeHUM
0e3 IbOro (pepMeHTy.

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 A : 10% of total Hb

Urine ketones: Positive

Urine glucose: Positive
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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-piyHuii 4ONOBIK 3 MiabeToM 1-TO TUMy CHOpsAMOBaHHUM A0 odTanbMoiora amis
OIIHKY PO3BUTKY KaTapakTu. [lomepenniit anami3 kpoBi OyB 3po0aeHu 1 pe3yabTaTh
MOKa3aH1 HIKYE:

PiBens rimoko3u B kpoBi Hatmiecepie: 180 mr / an

I'emorno6in A: 15/ nn

I'emorno6in HbA1c: 10% Big 3aranbaoro Hb

Ketonu cedi: mo3uTuBHI

PiBeHb 1110K03U B ceyi: MO3UTUBHUM
Axuii 3 HACTYNMHHX (EpMEHTIB HAWOUIbII CHUJIBHO TOB'SA3aHUI 3 YTBOPEHHAM
KaTapaKTH y I[bOr0 NamiexHTa?
raJIaKTOK1Ha3a
aNbI030peayKTa3a
TIIFOKOKIHA3a
ranakto3a-1-P-ypiginrpancdepasa
anpaoiasa B
[IpaBunpHa BignoBias: Ha anpmo3opemykrasy Oaratuii KpUINTAIMK OKa 1 HEPBOBA
TkaHuHa (cepen iHIMX); BoHa mepeTBOprO€ TIIOKO3y B COPOITOJ, HAKOMMYEHHS
SKOTO BUKIMKAE OCMOTHYHE MOIIKOKeHHs. [Ipu ramakTtozemii 1ei ke QpepMeHT
MEPETBOPIOE TATAKTO3Y B TaJJaKTUTOJ, TAKOXK CTBOPIOIOYN KAaTapaKTy.

mooOw>

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 A : 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?
A.  Presence of ketone bodies
B.  Hyperglycemia
C. Lipemia
D. Elevated HbAlc
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E.  Lipoprotein lipase

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-piyHuii 4OJOBIK 3 JiabeToM 1-ro TUIy chnpsiMOBaHMM 10 odTaabMOjora s
OIIHKY PO3BUTKY KaTapakTu. [lomepenniit anami3 kpoBi OyB 3po0iaeHu 1 pe3yabTaTh
MOKa3aH1 HIKYE:

PiBens rimoko3u B kpoBi Hatiie: 180 mr / a

I'emorno6in A: 15T/ mn

I'emorno6in HbA ¢ : 10% Bix 3aramsaoro Hb

Ketonu ceui: mo3uTuBHI

PiBeHb T1I0KO3M B ceUi: TO3UTUBHHAM
[Ilo 3 HacTymHOrO HaiKpalie BKa3ye Ha Te, 1[0 PIBEHb TJIOKO3U B KPOBI y LHOTO
narieHTa OyB IMABUIIEHUH MPOTATOM JACKUIBKOX TH)XKHIB?

A.  HasBHICTb KETOHOBHX TLJI
B.  rinepriikemis

C. mnemis

D. niaBHIIeHUH piBeHb HbA 1
E.  nminompoteinninaza

[MpaBunpHa Bimmosink: HDOAi: € riiko3misoBanuM HbDA i mpoayKyeThesi OBUTBHO
10pa3y, KOJIM PiBEHb INIFOKO3H B KPOBI MiABUIIECHUM. Lle mpogoBKyeThCs 10 TUX Hip,
MOKU €PUTPOLIUTH HE 3pyiHYyI0ThCs 1 Hb He po3nanersces, 1 Tomy ['emorno6in HbA ¢
KOPUCHUH B SIKOCTI JJOBTOCTPOKOBOT'O 1HAMKATOPA PIBHSI TTFOKO3HM Y XBOPHUX.

4.19

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 A : 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?
A.  Hormone-sensitive lipase
B.  Glucokinase
C.  Fatty acid synthase
D.  Glycogen synthase
E.  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.
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S4-piyHui 4YOJOBIK 3 AiabeToM 1-ro TUIy cHOpsMOBaHUM A0 odTaabMojora s
OIIIHKM PO3BUTKY KaTapakT. [lomepenHiii aHami3 KpoBi OyB 3p0o0JIeHUN 1 pe3yabTaTu
MOKa3aHi HUKYE:

PiBenb rimroko3u B KpoBi Hatie: 180 mr / ai

I'emorio6id A: 15 v/ mn

I'emorno6ig HbA1.: 10% Bix 3araasaoro Hb

Ketonu ceui: mo3uTuBHI

PiBeHb 11I0KO3HU B ceUi: TO3UTHBHHAM

SIkuit 3 HacTYynHUX (pepMeHTIB Oy/ie OB aKTUBHUM Y I[bOTO MAIIIEHTA, HIXK B
HOPMAJIbHOMY KOHTPOJIbHOMY TTOKa3HUKY?

A.  ugyTiuBa 10 TOPMOHIB Jiinasa
B.  rmrokokinaza

C.  cuHTa3a )XUPHHUX KUCIOT

D.  riikoreHciHTaza

E.  nimompoteiniimaza

[IpaBunbHa BiAMOBiAL: OCKUIBKK A1a0€T MOraHO KOHTPOJIOETHCS, MPUITYCTUMO, IO
BIJINOBIJIb Ha I1HCYJNIH HU3bKA, 1 JIoAuHa Oyne MaTh HaJIMIpHY CTUMYJISIIIO
METa0OJIIYHOTO MUIAXY — TKAHWHHOTO JIIOJI3Y, KU CTUMYIIOETHCS TIIFOKarOHOM
Kp13b UyTJIMBY /IO TOPMOHIB JIiMas3ay.

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-piuHa KiHKa 3 KpPOBOTEUEIO 1 MAHIIUTONECHIEIO B aHAMHE31 Hajidiia 3 0ojieM B
Horax. BoHa ommcye rnuOokuii, Tynuid OUIb 3pOCTarO40i BAXKKOCTI, IO MOTpeOye
3HeOonenHs. Komm'torepHa tomorpadis BUSBISE €po3i0 1 BUTOHUYEHHSI TOJIOBKU
CTErHOBO1 KICTKU. Bilomcis KICTKOBOTO MO3KY HPOBOJUTHCS ISl M1ATBEPIKEHHS
nmiarHo3y xBopoOu [omre. Skuit marepian Oyne 3HaAeHW HEHOPMAJIbHO
HAaKOIIMYCHUM B JI130COMaxX KJIIITHH XBOPOi?

A. MYKOTIOJTiICaXapuau
B. TaHTIII03UIN

C. uepamiau

D. uepebpo3umu

E. cyasdaruau

(o)}
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[IpaBwibHa BiAmoBiAb: [rokorepedpo3uan OyayTh HAaKOMUYYBATUCA B KIIITHHAX,
TOMY 1110 Y XBOpHX 3 XBopoOoto ['o1ire. BiiCyTHIM depMeHT - IIroKorepedpo3iiasa.

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?

A.  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.

moow

4-plyHU XJIOMYMK 3 HEJAOCTAaTHBOIO Barol0 B EKCTPEHIM cUTyallli HaJIlilIioB B
HalBKOMaTo3HOMY cTaHl O 10-ii paHky. PiBeHp IIIOKO3M B IIa3Mi, CEYOBUHA 1
[JIIOTaMIH aHOMAJIBHO HU3bKI; alleToaleTaT MiJABUIIEHHI; JIAKTaT B HOPMI. XJIOMYUK
NPUUHATUI B peaHiMallito, e 30UIbIIEHHS TJIOKO3UM B KpPOB1 OYyJIO JIOCATHYTO
IUISIXOM KOHTPOJBOBaHOI 1H(DY311 TitoKaroHy abo anaHiHy. Skuii mMeTaboJiuHUMA
NUISIX HAO1IBII UMOBIPHO HEAOCTATHIN Y I1€T JUTUHU?

NE4IHKOBHM IIIOKOHEOT€HE3

TJIIKOT@HOJI3 CKEeJIETHUX M'SI31B

JITI0JT13 )KUPOBOT TKAHUHU

IIPOTEOJI13 CKEJIETHUX M'S31B

MEYIHKOBUN TITIKOTEHOMI3

[IpaBripbHa BIAMOBINB: Y TAIiEHTA TIMOTJIIKEMIsS dYepe3 HEIO0CTAaTHE BHUIIJICHHS
MONEPEAHUKIB TIFOKOHEOTEHHUX aMIHOKUCIIOT 3 M'sI31B (HU3bKUM PIBEHb CEYOBUHH 1
INI0TaMiHa, ajaHiHy 1 rirokarony). Lli pe3ynbratu IUIIOC HOPMaJIbHHMM JIakTaT 1
TINEPKETOHEMIS  CIIPOCTOBYIOTH  SIK  MPUYMHY HEJIOJNIKM B  [JIIKOT€HOJI3l,
[JIFOKOHEOTeHe31, 1 JImojizi; Ae@eKTHUM TIIKOTeHOJI3 M'SI31B HE BHUKIMKATUME
TIIOTJIIKEMIO.

moowzp

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?
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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 1X). 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

moowzp

B pesynpTaTi aBTOMOOUIBHOI aBapii MOTEPIHIIUN 7-pIYHUN XJIOMYUK MPOMIIOB
BIJIKpUTY PEIYKIIIMHY OIEpalliio 1Mo BITHOBICHHIO CKJIAIHOTO MEpPEIOMY CTErHOBOI
KicTKU. [locTXipypriyHo, y XJIOMYHMKAa CIOCTEPIraeTbcs CHJIbHA KpPOBOTEYA, 1 BIH
notpedye mnepenuBaHHS KpoBl. JlocmiJpkeHHs Koaryisuli MOKa3ylThb, WIO
npoTpOMOIHOBHI Yac Mae HopmaibHe 3HaudeHHs, ane AUTY mnopomxkeno. Ilpu
3MIIIAHHI IUJIa3MH XJIOMYMKa 3 HopMaibpHOIO IutazMoro AYTY moBepraeTscs 10
HOpMHU. THUI ycnaaKyBaHHSI XBOPOOU LIbOTO XJIOMYMKA HAMOLTBII CXOXKHUI Ha :
nedIuT ageHO03UH-/1eaMiHa3u

nedIUT o-TalakTo3u1a3u

nedIUT TIII0Ko301epeOpo3iIa3u

nedIuT reKco3aminizazu A

TUCTpOo(disi MUOTOHUYECKOM MPOTEIHKIHA3U

HpaBHana BianoBiak: Hammipaa kpoBoteua, 30umbmenas AUTY 1 kopekiis AUTYH
3 JIOJJaBaHHSAM HOPMaJIbHO1 IUIa3MHM BKaszye Ha remodurito. Haltmommupeninn Buau
remodimii - remodinist A (medimut ¢akropa 3ropranns kposi VIII) i remodinis B
(p13aBsiHa XBOpoOa; BUKIMKaHA AepiuuToM (paktopa 3roptanHs Kposi [X). ['enu, 1mo
KOJIyIOTh 00HMBa IMX Ol7Ka, 3HAXOJATHCS Ha X-XPOMOCOMI, IO POOUTH IIi TUIH
remModinii X-34eMJeHUMHU PELUECHBHUMH 3aXBOPIOBaHHSAMU. €JMHE 3aXBOPIOBAHHS,
nepepaxoBaHe BHILE, IO YCMAJKOBYEThCS 3a X-34YEIJICHOI CXEMOI0, 1€ XBOopoOa
®abpi, BUKIMKaHA Ae(EKTOM o-TajlakTo3uaa3u A, TMOB'sI3aHOI 3 Jerpajalli€ro
rimkocdinrominiaiB. Jedbinut ritoko3ouepedpo3igazu 1 1ediluT rekco3amMiniiazu A
€ ayTOCOMHO-PEIIECCUBHUMHU  CIAJKOBUMHU 3aXBOPIOBAHHSAMHU  C(IHTOJIIITHOTO
karabomizmy ([ome 1 Tes-Cakca BIAMOBIAHO) 1 KIAcU(PIKYyeEThCS SK JI130COMHI
XBOpOoOM HakomwueHHs. J[ucTpodis MUOTOHUYECKOW MPOTEIHKIHA3U € ayTOCOMHO-
JOMIHAHTHUM  CIAQJKOBHUM  3aXBOPIOBAaHHAM  (MIOTOHIYHA  JIUCTpOdisi), sKe
MPOSIBISIETHCS 301IBIIICHHSIM HYKJICOTUIHUX TTOBTOPIB.

moowz>

4.23
A 15-month-old female infant is brought to the emergency room by her parents. The

68



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?

A.  Golgi-associated phosphate transfer to mannose

B.  Degradation of ganglioside GM2

C.  Degradation of glucocerebrosides

D. 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 TPUBE3IM Yy BIJUICHHS HEBIJIKIAIHOI JOMOMOTU OaThbKHU.
MaTtu nUTUHM HE OTpUMYBaja IUJIAHOBOI JIOMOJIOTOBOI JOMOMOTH, 1 MaE OOMEXKEHY
iH(popMaIlil0o TPOo MEeAlaTPUYHy JOMOMOTY HEMOBIATaM. MaTu po3noBijae, IIo
HEMOBJISI «HE CXOKa Ha IHIIMX i1 JiTel» 1 3aBxau Oyna ayxe "MEeTyIUIUBOH".
®disnuHe 0OCTEKEHHS BHUABIAE CTPUBOKEHE HEMOBIIS, SIKE HE HMPOMOBISE CIB. Ii
KUBIT YYTJIUMBUA 1 TNPUCYTHE 3O0UIbIIEHHS $AK CEJIe31HKM, TaK 1 TEeYiHKH.
OdranpMOCKOTIIYHE JOCHIDKEHHST HE BUSBIISE€ BUIITHEBO-4epBOH1 Tuisimu. [licms
KOPOTKOTO KypCy B JIIKapHI HEMOBIISI BMHUpAaE 1 MPOBOIUTHCA po3THH. HepBoBa
TKaHWHA [I0Ka3y€e TNapajelibHy CMYTacTICThb €JIEKTPOHHOI LIUIBHOCTI MaTepiaiy
BCepenuHi J1130coM. JledekT yoro mBuIIe 3a Bce MPUCYTHIN Y IOTO HEMOBJISTH?

A.  Tonpmxi-acorifioBane nepeHeceHds GpocdaTy B MAaHO3Y

B.  posknamanns ranriiosuny GM2

C. PO3KJIaIaHHs TIIFOKOLIEpeOpO31/I0B

69



D. nerpajaiis chiHroMi€esiHa

E. CUHTE3 TaHTIIHO3U/IIB

[IpaBwibpHa BiAMOBIAL: Biamoiaw: nmerpagaiiis cdinromienina. XBopoba Himana-
[lika (Tum A) XxapakTepu3yeThCsl TIernaTrociieHoMeraiiero, 3 abo 0e3 BHIIIHEBO-
YepBOHUX IUIAM B MAaKYJSPHOI 00JIacTi, HEBPOJOTIYHUM 3allydeHHsSM (PO3yMOBa
BIICTAJIICTh, HE3JATHICTh IOB3aTH, CHUIITH a00 XOJHUTH CaMOCTiHHO). [-KiiTHHHE
3axBOpIOBaHHS ( BHKJIHMKaHO nedexTom [onbmki-acoriiioBanoi gocdorpanchepasu
(N-amermnrimroko3amuH-1-pochoTpancdepasn), ska  3a3BU4Yail  TPUCYTHA 3
KapJIOMETAJII€I0 1 HE MOKa3ye CMYTracTi BKIIFOUEHHs, TUIIOBI i XBopobu Himana-
[Tika. XBopoOa Tes-Cakca Buknmkana neexTom rexkcozamidigazu A. Y OUTBIIOCTI
BUMAJKIB BOHA Oy/€ 3 BHUIHEBO-UEPBOHHUMHU IUISIMAMH 1 HE OyJe MaTh CMYracTHX
BKJIFOUEHBb BCEPEAMHI J1i30cOM. [ enarocmieHoMeranisi He BiI0YBa€ThCS. MPH XBOPOO1
['omre, sixka BUKIMKaHa JEe(EKTOM TIIIOKOLIEPEOpO3uaAa3u 1 MPU3BOAUTD JI0 «3IM'SITHX
nanepoBUX BKJIIOYEHB» BcepenuHi mMakpodariB. OcoONIMBOCTI BKIIOYAIOTh B cebe
OUIb B KICTKax, MeperoMu 1 1H(aApKTU pa3oM 3 remarociuieHoMmeramniero. Ha icnuti
Stepl Hemae BIAMOBIAHMX 3aXBOPIOBaHb 3 CHHTE30M TaHIIMO3uAOB. [lpumiTka: y
Malle€HTa B IbOMY BHUMAJAKy HE OyJIO «BHIIHEBO-YEPBOHHMX IUIAM» B IUIAMOYII OKa.
XBopob6a Tesi-Cakca 1 Himana-Ilika Moke NpOTIKaTH 3 BUIIHEBO-YEPBOHUMHU
IUIIMaMH, ajJi€ BOHM HE XapaKTepHI Hl JUIsl OJHOTO 3aXBOproBaHHA. Tak camo ix
BIJICYTHICTh HE MOXe OyTH BHUKOpPUCTaHa [UJIi BHUKIIOYEHHS OyIb-SKOTrO
3aXBOPIOBAHHS.

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.

JIns BKazaHOTO eJIeMEHTa, 3a3HA4eHOTO HIDKYe, BHOEPITh BIJMOBIAHE MiCIle Ha
MaJIIOHKY: CMCTEMA TPAHCIIOPTY KAPHITUHY:

[IpaBunpHa BignmoBias: A. Llg cuctema moTpiOHaA 7S TPAHCIOPTY KUPHHUX KHUCIOT
4yepe3 BHYTPILIHIO MEMOpPaHy MITOXOHIPIMH.
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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.

Jlns eneMeHTa, 3a3HAYEHOT0 HIDKYE, BUOEPITh BIAMOBIAHE Miclle HA MaIIOHKY: FoF1
AT® cunrasa:

[IpaBunpHa BiMmoBiAL: A. BHYTpilIHS MITOXOHApiadbHa MEMOpaHa.

4.26
For the item listed below, select the appropriate location from the drawing shown
above.

Where is HMG-CoA lyase?

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

Jlist enemMenTa, 3a3Ha4E€HOTO HIYKYE, BUOEPITH BIAMOBIAHE Miciie Ha MamtoHKy. ['MI -
KoA sma3a:

[IpaBwibHa BiaAnoBias: B. MitoxoHapiaibHBIN MaTpuKC (epMEHT NpuiiMae y4acThb y
KETOTeHe31).

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

B
C

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 enemMeHTa, 3a3HAYEHOr0 HHWXK4YE, OO0EpiTh BIAMOBIIHE MiCIle Ha MAaJIOHKY:
KapniTun-naasmitoinrpancgepasza-1 (KIIT-1):

A

B
C

[IpaBunsHa BignmoBiab: A. KIIT-1 1 cuHTeTa3a BUIUX XKUPHHUX KUCIOT € OJHHMHU 3
HeOaratbox epMEeHTIB, OB'I3aHKX 13 30BHIITHBOIO MITOXOHAPIAIEHOIO MEMOPaHOIO.
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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 C17H35COQH. 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 B11l - 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. f-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).

B-HMG-reductase (p-hydroxy-p-methylglutaryl-CoA reductase) is a regulatory
enzyme for cholesterol synthesis that catalyzes the conversion of B-hydroxy-p-
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 1), or due to deficiency of
receptors for insulin (subtype I1); 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'ocapiii
Jlimigm - BenMka rpyna npupoAHUX TiApopoOHUX OPraHiYHUX CHOJYK, PO3YMHHUX B
OpraHIYHUX PO3YMHHHUKAX 1 HEPO3YMHHI y BOJI. 3TIIHO 3 CYBOPUM XIMIYHUM
BU3HAYCHHSIM, 1€ TiApodoOHi abo amdidiabHI MOJEKYIH, OTPUMAaHI MNUITXOM
KOHJIeHcarlii TioedipiB abo 130mpeHy.
Jlimonporteinn - knac ckiagHuX OUIKIB, MPOCTETUYHA TpyMNa SKUX MpeAcTaBiIeHa
OyIb-SIKMUM JIMiA0OM (BUIbHI KUPHI KHUCJIOTH, HEWUTpasibHI >KupH, ¢Hochommian,
XOJIECTEPHUIN), TOB'SI3aHUM 3 OUIKOBOI YAaCTHMHOI MOJEKYJIH 3a JOIOMOTOIO
riipooOHMX U €NEKTPOCTATUYHUX B3aEMOIIM.
JIIBIILL - ninonpoTeiHy BHUCOKOI IIUIBHOCTI - KJac JIMOMPOTETHIB, 110 BOJIOIIOTH
AHTUATCPOTCHHUMU BJIaCTHUBOCTAMMU, SIK1 TPaHCIIOPTYIOTb XOJICCTCPHH 3
nepudeprUyHUX TKAHUH B MEYIHKY.
JITHIII - ninonpoTeiHW HU3bKOI HIUIBHOCTI - KJIAC JIIMOMPOTEiHIB KPOBI, SIKUW €
HalOubIn areporenHum. JIITHIL] yTBOproroThCs 3 JMINONPOTEIHIB yKE€ HHU3bKOI
HIUIBHOCTI B Tpoueci jginonizy. Lleit kmac minmomnpoTeiHiB € OJHUM 3 OCHOBHHX
MIEPEHOCHUKIB XOJIECTEPUHY B KPOBI.
JHTJHIL - nimonpoTeinu Ty>ke HU3bKOT MIUIBHOCTI - MIKJIAC JIMOMPOTETHIB MIa3MH
kpogi. JITIJTHII] yTBoproroThCS B MEUiHIII 3 JIIMI/IIB 1 alOJIMONPOTEiHIB. Y KPOBI BOHU
MiIAI0TECA YaCTKOBOMY TiZPOJI3y 1 MEPEeTBOPIOIOTHCS B JIIMOMPOTETHH MPOMIKHOT
miineHocTi.  JIIJJHIL[  TpancmopryioTe eHmorenHi Jjimiau (B OCHOBHOMY
TPUTTILEPUIN, CHHTE30BaH1 B TICUIHII1).
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XiIoMiKpOHM - KJIac JIMOMNPOTEIHIB, 10 YTBOPIOIOTHCS B TOHKOMY KHIIEYHUKY B
MPOIIECl BCMOKTYBAHHS €K30T€HHHX JIMiAIB. X1JTOMIKPOHU CHHTE3YIOThCS KIITHHAMHU
KHUIIICYHHUKA 1 CEKPETYIOThCS B JTIM(MDATHUUHI CYJIUHH, MICJIS YOT0 MOTPAIUIIIOTh B KPOB.
Tpuanuariainepoau - Tak 3BaHI HEUTpalbHI XKUPU - € CKJIaAHUMHU edipamu,
YTBOPEHI CIUPTOM TITIIEPOIIOM 1 KUPHUMHU KUCIOTaMU. Y MPUPOJHUX KUPAX YACTKA
MOJIEKYJI TPUALMITIIIEPOITIB, B SIKUX BCl TpU e€dipHI 3B'I3KY YTBOPEHI 3aTUIIKAMHU
OJIHIET 1 Ti€T K KUPHOI KUCJIOTH, Ty’Ke HeBenuka. Maiixke BCi BOHU € 3MIIIaHUMU
AIUITIIIEPOTIAMHU.

®ocdoainiam - cxmagHi dimiad, ckiaaaHi edipu 6araToaTOMHUX CHOUPTIB 1 BUIIHUX
KUPHUX KHUCIOT. MICTATh 3amumok (ocGopHOi KHUCIOTH 1 CIOJYyYEeHY 3 HElo
J0JTATKOBY T'PYIy aTOMIB p13HOI XIMIYHOT IPUPOIH.

®ocdoainazu - pepmeHTH, KIacy Tifpoias, Kl TiAPOTI3YyIOTh CKiIagHoedipHUil 1
docdoedipuuii 38'13ku B CTPYKTYp1 HoCoimiaiB.

Jlimazm - QgepmeHTH, Kiacy TilpoJia3,lio TiIPOJI3YIOTh CKIaAHOEe]ipHi 3B'S3KU B
CTPYKTYP1 TPHUALIUITIILIEPOITIIB.

Jlimorene3 - MeTa0oOJIYHUN MPOLIEC CHHTE3y TPUALMITIILEPOTIB 3 TIIIEPUH-3-
docdaty 1 3aTUNIKIB KUPHUX KUCIOT, IKUI MPOXOAUTH B KUPOBIM TKaHUHI, MEYIHII
Ta 1HIIUX CUCTEMAaX.

AIMNIONMTH - KJIITHUHH, 3 SKOi B OCHOBHOMY CKJIAQJA€TbCs JKUPOBA TKaHUHA 1 SIKI
OepyTh y4acTh y KUPOBOMY OOMiHI, MalOTh 3JaTHICTh HAKOMWYYBaTU XUPH, 1110 B
NOJAJIBIIOMY BUKOPUCTOBYIOTBCS OpraHi3MOM 1Jisi BUPOOJEHHs eHeprii. € JBa
PI3HOBHJIM AJUIOLMTIB: OLTl KUPOBI KIITUHU 1 Oypl XHUPOB1 KIITHUHHU. BignosigHO
0111 1 Oyp1 aJUIIOIUTH YTBOPIOIOTH OLTy 1 Oypy )KHMpPOBY TKaHUHY.

JInmoJtiz - MeTaboIyHUI MPOoIEC PO3UIETUICHHS TPUALMIITIILIEPOIIB Ha iX CKJIaJI0BI:
YKUPHI KACJIOTH 1 TITILEPHH 1T JI€I0 JINa3H.

LainepyH - HaWOpoCTIIMK MPEACTABHUK TPUATOMHHUX CHHUPTIB 3  (POPMYIIOIO
C3Hs(OH)s, sikmii mpuCyTHIN SIK 3a/IMIIOK Yy TpHAIMIriinepoaax i y docdaruaHoi
KHUCJIOTH.

AZIpeHaJIiH - OCHOBHHUII TOPMOH MO3KOBOI PEUOBMHHU HAJHMPKOBUX 3aJI03, a TAKOX
Helpomeniatop. 3a XiMIYHOIO Oy/lOBOIO € KaTexoiamiHOM. BmiuB ajpenalniHy Ha
OOMIH JIII/IIB MOJISTA€ B aKTUBAIIIT JITOJI3Y 1 TAJIbMYBaHHS JIITIOTEHE3Y.

I'mokaron - ropMoH anb(da-KITHH OCTPIBIB JlaHrepranca miANLTYHKOBOT 3aJI03H.
3a XiMIYHOIO OyJOBOIO TJIIOKAaroH € MEeNTUAHUM TOPMOHOM. BIUIMB TriitoKaroHy Ha
OOMIH JIIMI 1B MOJISATa€e B aKTUBAIIIT JIIMOJII3Y 1 TaJIbMyBaHHS JIIIIOTEHE3Y.

IHcysniH - TOpMOH MENTHUIHOT MPUPOJU, YTBOPIOETHCS B O€Ta-KJIITHMHAX OCTPIBLIB
Jlanrepranca miAIUTYHKOBOI 3ajl03U. BIuB 1HCYJiHY Ha OOMIH JINIJIB MOJSTAa€E B
aKTHUBAIIIl JIIMOreHe3y 1 ralbMyBaHHS JIIOTI3Y.

EHTeponuTH - 3arajibHa Ha3Ba psAAy KIITHH €MITENI0 KUIIeYHUKa. PO3pi3HAIOTH Taki
TUMA ~ EHTEPOLMTIB:  KaWMHCTI  EHTEPOLMUTH,  KEJIMXOMOMIOHI  E€HTEPOLMTH
(kemuxomomiOHUX  KIITHUHHW), eHTepouuTd amuaodineHi  (kmituau  [lanera),
eHTeporuTa Oe3kamucTi 1 iHII. KalMUCTI €HTepOIuTH Chemiami3yloTbes Ha
IPUCTIHKOBOMY TPaBJIECHHI 1 BCMOKTYBaHHI. MaioTh BHCOKY NpU3MaTU4YHY (popmy.
CkJaatoTh OCHOBHY Macy KJITHH emiTelito KuieuyHuka 1 10 90% KIITHH BOPCHUHOK.
Takoxx B HHUX BiIOyBa€TbCAd PECHHTE3 €K30T'€HHUX JIMIAIB 1 YTBOPEHHS
XHIJIOMIKPOHIB.
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Bumii skupHi KucJoTH - HaTypaibHi (IPUPOJIHI) 1 CHHTETUYHI KapOOHOB1 KUCJIOTH
amipaTUYHOTO PSATY 3 YUCIIOM aTOMIB BYTJICIIO B MOJICKYJI1 HE MEHIIIe 6.

Hacu4eni KUpHI KUCJIOTH - XUPHI KUCJIOTH, IO HE MICTATh MOABIMHMX 3B'S3KIB.
Kupu, 1110 MicTSITh 6arato HACMYEHUX JKUPHUX KUCJIOT (CTE€ApUHOBY, MAIBMITUHOBY),
Hampukiag OapaHsye cajno, 0pU 3BUYAlHIA TeMIepaTrypl MaroTh TBEpAY
KOHCHUCTEHIIIIO.

HenacuueHi :KUPHi KHCJIOTH - XUPHI KHUCJIOTH, IO MICTATh OAHY a0o0 KiJIbKa
MOABIMHUX 3B'SI3KIB; J0 HHMX BIJHOCATHCS OJIETHOBA, JIHOJIEBA, JIIHOJEHOBA 1
apaxiJoHOBa KUCIOTH. Maca, 0 MIiCTSITh BEJTUKHUI BiICOTOK HEHACHUEHUX KUPHHUX
KHUCTIOT, IPY KIMHATHINA TEMIEpaTypl MalOTh PiIKY KOHCHUCTEHIIIIO.

IMansMiTHHOBA KHCI0TA - (TekcagekanoBa kuciora) CH3(CH,)14COOH - HaiibimbI
MOIIMPEHA B IPUPO/Ii OTHOOCHOBHA HACHYEHA KapOOHOBA KHCIOTa (KUPHA KHUCIIOTA).
Comni Ta epipu MagTbMITHHOBOT KHCIOTH MAalOTh HA3BY MaJbMITATH.

CreapuHoBa KucJ0Ta - (OKTaJleKaHOBa KHCIIOTa) - OJHOOCHOBHa KapOOHOBA
KucioTa anidaruunoro psay, uo Bianosigae popmyii Ci7HzsCOOH. Comi Ta edipu
NaJIbMITHHOBOT KUCJIOTH Ha3UBAIOTHCS CTEApaTH.

OxaeinoBa kmcaora -  (uuc-9-okrameneHoBa  kucinora) Ci7H3sCOOH -
MOHOHEHACHUYEHA XKUPHA KHUCIOTa. BIHOCUTHCA 10 Ipynu omera-9 HeHaCHYeHUX
KUPHUX KUCIIOT.

JlinosieBa KmcJ0TA - OJHOOCHOBHA KapOOHOBa KHCJIOTa 3 JBOMA 130JbOBAHUMU
noasiiinuMu  3B's3kamu Ci17H3:COOH. BimHocuThbess [0 oMera-6-HeHacHYEHUX
KUPHUX KUCIIOT.

JliHos1IeHOBa KHMCJIOTa - OJHOOCHOBHA KapOOHOBA KUCJIOTA 3 TPbOMA 130JIbOBAHUMHU
noaBiHuME 3B'a3kaMu, C17HogCOOH. a-JliHoJIeHOBa KHCJIOTA BiJHOCUTLCS 10 TaK
3BaHUX HE3aMIHHUX JKHPHUX KHCJIOT 1 BIIHOCHUTHCS JIO KJacy oMera-3-HeHaCHYeHUX
KUPHUX KUCJIOT.

ApaxigoHoBa kucJgora. /[ aeskux TBapuH € HE3aMiHHOW. JIIOICHKUM OpraHi3zm
MOX€ CaMOCTIHO CHHTE3yBaTH ii 3 HE3aMIHHOi OMera-6-HeHacH4yeHOl JIHOJIEBOi
KHCJIOTH.

KapniTun - nomunkoBo HazuBatoTh BiTamin BT, Bitamin B11 - mpuponna pedoBuna,
CriopiiHeHa 3 BiTaMiHamu Tpynu B. B opranismi JroauHM NpUCYTHIA B TKaHWHAX
MOTIEPEYHO-CMYTAaCTUX M'A31B 1 MeuiHKU. € (HakTopoM METadONIYHUX TMPOIIECIB, SIKi
3a0e3neuyoTh MATPUMKY akTUBHOCTI Kodepmenty A (KoA) 1 OepyTb ywacTh B
NEePEHECEHH]1 3aJIUIIKIB )KUPHUX KUCIIOT KP13b MITOXOHAPIabHI MEMOpaHH.
B-OxucjieHHs1 BUIIUX KMPHUX KUCJIOT - CeNUM(IUHUN HIJIAX KaTa0omi3My KUPHUX
KHUCJIOT, MPU SKOMY BIJ KapOOKCHJIBHOIO KIHIS KUPHOI KHCIOTH MOCIIJOBHO
BIJIOKPEMJIIOEThCA 1O 2 aroma Byrieuwro y Burisaal anetwi-KoA. Metabomiunuii
IUIAX - -OKUCJIEHHS - HA3BaHUM TaK TOMY, IO PEakKilli OKUCICHHS KMPHOT KUCIOTU
BIIOyBalOTbCs  y [-ByrieneBoro aroma. Peakiii [-OKuCIEHHS 1 MOJAJIBIIOrO
okucneHas anetwi-KoA B I[TK cimyxate ogHUM 3 OCHOBHUX JDKEpEN €Heprii ais
cuntesy AT® 3a mexanizMoMm OKHCHOTO (ochopuitoBanHs. -OKUCICHHS KUPHUX
KHUCIIOT BiJIOYBA€THCS TUTBKU B a€POOHUX YMOBAX.

IMManbmiTaTcuHTa3a - MyJIbTU(PEPMEHTHUI KOMIUICKC, KU Oepe y4acTh B CHHTE31
MaJbMITUHOBOT KHUCIIOTH, € TUMEPHUM OUIKOM 1 CKJIAJA€ThCS 3 JIBOX OJHAKOBHX
MOJTIMENTHTHUX JIaHITIoTiB. Ko)keH MOHOMEp MICTHTh 3 KaTaTTHYHUX JOoMeHa Ha N-
kiHil (keroarmicunTtaza (KS), manonur-aneruwnrpancdepaza (MAT) 1 nmerigpartasu
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(DH)) 1 4 nomena nHa C-kinmi (enoinpeaykraza (ER), ketoammnpenykraza (KR),
anun-Hecyunit 610k (ACP) 1 Tioectepasza (TE)). 1li nBa CcTpyKTypHUX KiacTtepa
PO3JIICHI BEIMKUM IIEHTPATIBHUM perioHoM (0u3bko 600 aMiHOKHCIIOT).
Jlecarypauisi - poiiec YTBOPEHHSI HEHACUYEHOTO 3B'SI3Ky MIXK aTOMaMM BYTJICIIO B
MOJIEKYJI1 dKUPHOI KUCIIOTH.

KetoHoBi Tija - rpymna npoaykTiB 0OMiHY PEYOBHH, K1 YTBOPIOIOTHCS B IMEUIHIN 3
anetmi-KoA: ameron  (mpomanon) [H3C-CO-CHs], ameroomroBa  kmciora
(ameroamerar) [H3C-CO-CH,-COOH], OGera-rimpokcumacisHa  kuciiota  (f-
ruapokcudytupar) [H3C-CHOH-CH,-COOH]

KeTonemist - miiBuiieHui BMICT B KpOBI KETOHOBUX TUI. BuHUKae Takuii cTaH npu
BaXxKii hopMi IyKpoBOro aiabery abo rojoryBaHHi.

Keronypisi - (aueroHypis) - MiJBUIICHE BUBEACHHS KETOHOBUX TUI 3 CEUEIO;
CTIIOCTEPIraeThCs MPH IyKPOBOMY Aia0eTi, OTPYEHHSX alleTOHOM, TOJIOAYBaHHI 1 T. 1.
O3Haka paHHBOTO TOKCUKO3Y 1 M3HBOTO TOKCUKO3Y (T€CTO3Y) BariTHUX.

XoJiecTepoJa - opraHiyHa Crojiyka, IpUpOJHUN CTEpPOil, 110 MICTUTHCA B KIITUHHUX
MeMOpaHax BCIX JKUBHX OpraHi3MiB, 3a BUHSTKOM TpuOIB Ta Oe3'siepHUX KIITHH
(MpokapioTH).

B-IT'OMK-penykraza -  B-rinpokcu-f-mermarayrapuia-KoA-penykraza -
perynsaTopHuii (pepMEHT CHHTE3Y XOJIECTEPHHY, KU KaTajizye NEepeTBOpPEHHs [3-
rigpokcu-f-metunriayrapui-KoA B MEBaTOHOBY KHCIIOTY.

7KoBYHi KHCJI0TH - MOHOKapOOHOBI T1IPOKCUKHUCIOTH 3 Kjacy crepoiniB. KoBuHI
KHUCJIOTH - MOX1H1 X01aHOBO1 KUCI0TU C23H3COOH, 1110 BIAPI3HAIOTHCS THUM, 1110 J0
il KUIBIIEBO1 CTPYKTYP1 MPUETHAH] T1IPOKCUIIBHI TPYIIH.

CrepoinHi ropMoHu - rpymna (i3ioJoriyHO aKTUBHHUX PEYOBHUH (CTAT€Bl TOPMOHH,
KOPTUKOCTEPOiId Ta 1H.), IO PETYIIOIOTh MPOIECH KUTTEMISIBHOCTI Y TBApUH 1
JTOIUHU. Y XpeOeTHUX CTEpOiJHI TOPMOHHM CHUHTE3YIOTHCS 3 XOJECTEPUHY B KOpI
HAJHUPKOBUX 3ayI03, KJiTWHax JleWaira ciM'sHUKIB, B (pojikyiax 1 >KOBTOMY TiJi
SI€YHUKIB, a TaKOX B TuiarneHTi. CTEepoimHl TOPMOHHU MICTATBHCS B CKJAIl JIIIIHUX
Kpareiab aJuIoNUTIB 1 B IUTOIUIa3Mi Y BUIBHOMY BUTJIAML. Y 3B'SI3KYy 3 BHUCOKOIO
TMO(MUIBHICTIO  CTEPOiJHI TOPMOHIB BIJHOCHO JIeTKO JUMYHIYIOTH Uepes
Ia3MaTUdHI MEMOpaHW B KPOB, a MOTIM MPOHUKAIOTH B KIITUHU-MilIeHl. J[o HuX
BIJIHOCSITHCS: KOPTUKOCTEPOIAN, MIHEPATOKOPTUKOIU, YOJOBIYl Ta >KIHOYI CTaTEBI
TOPMOHH.

Bitamin D3 - xojexaabumugepoos - XKUPOPO3UMHHHUM BITaMiH. YTBOPIOETHCS B
mkipi mig  giero Y®O-npoMeHiB 3 7-A€TiAPOXOJieCTepUHy. €  MOINepeTHUKOM
KaJIBLIUTPIONy - TOPMOHY, SIKMi Oepe ywyacTb B 0OMiHI Kaiblito 1 ¢ochopy B
OpraHi3Mmi.

ATepocKJiepo3 - XpOHIYHE 3aXBOPIOBAaHHS apTepiii eNacTUYHOTO 1 M'SI30BO-
€JIACTUYHOTO THITY, IO BHMHHMKA€ BHACIIJIOK MOPYIICHHS JINIAHOTO OOMIHY 1
CYNPOBOIKYETHCS BIJIKJIAJIEHHSAM XOJIECTEPUHY 1 JeAKUX (Ppakifiii JimompoTeiaiB B
1HTUMI cyauH. BigknaaeHHs GopMyrOThCs Yy BUTIISA1 aTEPOCKIEPOTUYIHHUX OJISIIIOK.
KoediunieHT areporeHHocTi - oauH 3 HeOaraThOX IHTETPAIbHUX IMOKA3HUKIB, IO
JI03BOJISIE OIIIHUTH PU3UK PO3BHUTKY aTepoCKieposy. SABisie co00r0 BiTHOIICHHS
PI3HUIIl 3araJIbHOTO XOJIECTEPUHY B KPOBI 1 XOJIECTEPHUHY JIMOMPOTEIHIB BUCOKOT
IIUJIBHOCTI 70 XOJIECTEPHHY JIIMOMPOTEiHIB BHCOKOI miibHOCTI. Koedimient
aTEpPOTreHHOCTI MOBHMHEH OyTH B Mexax Bia 2 10 2,5. [Ipu koediiieHTi aTepOreHHOCTI
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3-4 € moMipHa WMOBIPHICTh PO3BUTKY aT€pOCKIIEPO3y, MPU BEIUUYMHI OublIe 4-X -
BHCOKa HMOBIPHICTb.

O:xXupiHHA - BIJKJIAQJCHHS >XUPY, 30UIBLIEHHS Macu Tijla 3a PaxXyHOK >KUPOBOI
TKaHWHU. B 1maHWil 9ac OXUPIHHS PO3MVBIIAETBCSA SIK  XPOHIYHE OOMIHHE
3aXBOPIOBAHHS, 110 BUHUKAE B OyAb-SIKOMY BiIll, II0 MPOSBISETHCS HAAJTUIIKOBUM
30UTBIICHHSIM MacH TiJIa MEPEeBaXXHO 33 PaXyHOK HAIMIPHOTO HAKOMUYEHHS >KUPOBOL
TKaHWHM, 110 CYPOBOKYETHCS 30UTBIIIEHHSIM BUMA/IKIB 3araJIbHOT 3aXBOPIOBAHOCTI 1
CMEPTHOCTI HACEJICHHS.

IykpoBuii aiader - Tpyna EHIOKPUHHUX 3aXBOPIOBaHb, IO PO3BUBAIOTHCS
BHACHiIOK abcomoTHOI abo BIAHOCHOI HEAOCTAaTHOCTI TOPMOHY 1HCYJiHY, B
PE3YNBTATI YOTO PO3BUBAETHCS TIMEPTIIIKEMIs - CTIHKE 301JIBIIEHHS BMICTY TJIFOKO3H B
KpOBI.

Coinroninign - me Kjac JIMIAIB, MO BIJHOCATHCA 10 TMOXIIHUX anihaTHIHHX
amiHOCTIUpPTIB. BOHM TpaloTh BaXXIUBY poOJib B Mepefadl KIITUHHOTO CUTHAITY 1 B
KJIITUHHOMY  posmi3HaBaHHI. OCHOBY CQIHTOMNIMIAIB CTaHOBUTHh  C(QIHTO3MH,
MOB'S3aHUM  aMiJIHUM 3B'SI3KOM 3 allWJIBHOIO TPYINoOI0 (HalpUKIad, 3 >KHUPHOIO
KucioTor0). [Ipu oMy KiIbKa MOXKJIMBUX PaJMKaIiB MOB's3aH1 31 CHIHTO3MHOM 32
paxyHOK edipHoro 3B's13Ky. HaiinpocTimuii npeacTaBHUK ChIHTOMIIIIB - LIepaMi.
Coinroainizosm - rpyna JTI30COMHHX XBOPOO HAKOMMYEHHS, IIOB'S3aHUX 3
NOPYIIEHHSIM ~ MeTa0oJIi3My  CIHTOJNIMIAIB, BIAHOCUTBCA JI0 KJacy XBOpoO
HakomW4eHHs1 mimiaiB (mimigo3ax). OCHOBHMMH TpEeACTAaBHUKAMM I€i TPYNH €
xBopoOa Himana - Ilika, xBopoba ®abpi, xBopoba Kpabbe, xBopoda ['oiie, xBopoba
Tes - Cakca 1 MeTaxpoMaTH4HA JIEUKOAUCTPOPis.
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Chapter 5
AMINO ACID AND PORPHYRIN
METABOLISM

Po3aun 5
METABOJII3M AMIHOKHUCJIOT 1
IHOP®IPUHIB
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5.1
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 nebiuuty OpHITUH-KapOaMoinTpaHnchepasu, ane HE
kapbamoindocdarcunrerasu, €:

A. HabOpsk mo3ky

B. 3menmenns Hitporeny cedoBuHU KpoBi

C. I'imepamoHnieMist

D. ITigBuieHHs rIyTaMiHy KpOBl

E. Oporaunnypis
[IpaBunbpHa BimmoBias: OpoTaruaypis — 3aXBOPIOBAHHS, MPU SKOMY HAKOITAYY€ETHCS
OpOTOBa KHCJOTa B OpraHi3Mi 3 HACTyMHUM BHUAUICHHSM 13 ceueto. JlaHe
3aXBOPIOBAHHS € pe3ynbTaTOM 3HIDKCHHSIM aKTUBHOCTI
opotardochopudosunrpancdepasu, sika KaTaaizye IepeTBOPESHHS OPOTOBOI KHCIOTH
B OPOTHUIAWJIOBY  KHCJIOTy, a00  BHACIiOK  HEIOCTAaTHOCTI  OPHITHH-
kapbamointpanchepasu. Y  BUNAAKy  3MEHIICHHS  aKTHBHOCTI  OPHITHH-
kapbamointpanchepasu CIIOCTEPITAETHCS: rinepaMoHieMis, TT1IBUILIEHHS
KOHIIEHTpAIlli TJIyTaMiHy B KpOBI, 3HIDKEHHS HITporeHy Cce4oBMHU B KpOBI,
M1JBUIIICHHS KOHIIEHTpAIlii OpOTOBOI KUCIOTH, HAOPSK MO3KY, CYJJOMH, KOMA.

5.2
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.

Sxa pedoBHHA HE EKCKPETYETHCS 3 OPTaHi3MYy JIFOAUHU?
A. Biotun
B. KoGamramin
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C. depym

D. Hiammu
[IpaBwibHa BiAMOBiAL: B HOpMI 3aBsikM HAIBHOCTI (DEPUTHHY Ta T€MOCIICPUHY 10HH
bepymy 3HaXOAATHCS Y 3B’ s13aHIN (OPMI 1 HE €KCKPETYIOThCS 13 OpraHi3My.

5.3

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

A. Arginase and argininosuccinate lyase

B. Xanthine oxidase and guanine deaminase

C. Glutamate dehydrogenase and glutaminase

D. Argininosuccinate synthetase and ornithine transcarbamoylase

E. Aspartate aminotransferase (AST) and carbamoyl phosphate synthetase | (CPS-1)
The answer: Aspartate is produced by AST and carbamoyl phosphate by CPS-I.

Axi depmMeHTH BIANOBINAIOTH 3a MPOAYKYBAHHS MpsSMUX JoHOPIB HiTporeny B
MpoILIeCi CHHTE3y CEUYOBUHU?

A. ApriHasa Ta apriHiHOCYKIIMHaT/I1a3a

B. KcanTtnHokcuaasa Ta ryaHiHjae3aminasa

C. I'myramataerinporeHasa Ta riiyTamiHaza

D. ApriHiHO-CyKIIMHATCUHTETa3a Ta OpHITHH-KapOoMoinTpaHchepasa

E. Acnapraraminorpancdepasa ta kapOamoindocdaTcuHTeTaza
[IpaBunbpHa BiAMOBIIb: AcnapTraraMmiHOTpaHc(epasza KaTali3ye peakililo YTBOPEHHS
acmapTaTy TpH TEpEHECeHHI amiHOTpynu BiJ JOHOpa Ha OKcaloarerar.
KapOamoindochar yrBOproerbcsi BHacHiAok Aaii kapbamoindocharcunterasu [ y
NEepILii peakiii OpHITUHOBOTO IIUKITY.

5.4
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.

UYepes nBa [1HI MicAs BUIKMCKU 3 TMOJIOTOBOTO OYAMHKY Y HOBOHAPOKEHOIO
MOYMHAETHCS TIMEPBEHTWIISIIISL, PO3BUBAETHCS TIMOTEpMist 1 HAOpSK MO3KY, 1 BiH
BIIaJla€ B KOMY. AHasi3 cedl BHUSIBUB BHUCOKUN pIBEHb TIJIyTaMiHy Ta OpPOTOBOI
kucnotd. HitporeH ceyoBMHM B KpoOBI HUX4Ye HOpMH. HemocTaTHICTH SIKOTO
dbepMeHTy HalliMOBIPHIIIIE CIIOCTEPITAETHCA Y €T TUTHHH?

A. [luTornnazmMaTHYHOT TIIyTaMiHa3U
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B. [uromna3zmaruyHoi kapOamoindocdarcuurerasu

C. [uTomna3MaTHIHOI OpOTaTAEKapOOKCHUIa3n

D. MitoxonapiansHOi KapoamoindocharcuHTeTasn

E. MitoxoHapiaibHOI OpHITHH-KapOaMoiaTpaHchepasu
[IpaBwibHa  BigmoBiAb: BpaxoByroum 3a3HadeHi CHMOTOMH, TOPYIIYETHCS
(GYHKITIOHYBaHHS IIMKJIy CEYOBHMHOYTBOPCHHS, a MiBUIICHA KOHIICHTPAIIsI OpOTATy
CBIIYUTH NP0 ACPIIUT OpHITUH-KapOaMoinTpaHcdepas.

5.5
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-piyHOro 4os0BiKa € PIIKICHUI PElECUBHUN CTaH BUCOKOTO PU3HKY TPOMOO3y
Ta 1HCYJBTY INIMOOKHUX BEH. TaKOXX HEIIOAaBHO HOMY MPOBENU 3aMiHY €KTOMIYHHUX
JiH3. Y HBOTO HOpPMaJbHUM TeMaTOKPUT 1 HE Ma€ O3HAK MErajo0JacTHOiI aHeMii.
MyrTatis KogyBaHHS IKOTO (DepMEHTY, IIBUIIIE 3a BCE, BUKJIUKAE 1€ 3aXBOPIOBAHHSA?

A. IlucratioHIHCHHTA3H1

B. IN'omonucreinmeTunTpanchepasu

C. ®i6puiny

D. Jlizunokcunasu

E. Jlerinporenasu alpha-KeTOKHUCIOT 3 pO3ragy>KEHUM JIAHI[FOTOM
[IpaBwibHa BianmoBiAb: llucratioHiHcuHTa3za. 'oMonucTeiH, cyOcTpar Ijis IOTO
(dbepMeHTy, HaKONMUUYYEThCS, 3O0UIBIIYIOUM PpHUBUK TPOMOO3y TJIMOOKMX BEH 1
MOPYLIYIOYN HOpMaJIbHE 3IIABAHHS Gb10putiny. Hediuur
TOMOLMCTEIHMETUITPAHCPEPA3U MOXKE BHUKIMKATA TOMOLIMCTHHYPIIO Ta PO3BUTOK
Merano0JIacTHON aHeMii.

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
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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.

Y 49-piyHOrO 4YONOBIKA € PIAKICHUN PEIIECUBHHUM CTaH BHCOKOT'O PU3UKY TPOMOO3y
Ta 1HCYJIBTY TVIMOOKHMX BEH. TaKOXX HEIIOAaBHO WOMY IPOBENN 3aMiHYy €KTOIIYHHX
JiH3. Y HBOTO HOPMAaJbHUN TE€MATOKPHUT 1 HE Ma€ O3HAK MEraJio0JIaCTHOW aHeMii.
AHaJi3 aMiHOKHUCIIOT TIa3MHU IIHOTO TAIll€HTA, IIBHUIIE 32 BCE, BUSBUTH aHOMAJIbHO
1BUIIEHUH PIBEHb...:

A. nizuny

B. neliuuny

C. MeTiOHIHY

D. opHituny

E. nucreiny
[IpaBmiIbHA BIANOBIIb: 3 HABEICHMX aMIHOKHCJIOT TUIBKH METIOHIH PO3MaIa€ThCs
[ITXOM bi o) TOMOIIMCTEIHY/IIUCTATIOHIHY. 3a YMOB HEJIOCTAaTHOCTI

[MCTATIOHIHCUHTA3U CIIOCTEPIra€ThCs TMIJBUIIEHHS KOHIIEHTpAIlli METIOHIHY B
J1a3M1 BHACJIIIOK aKTHBALlll TOMOLUCTEIHMETUITpaHCcPepa3u HaJIUILIKOM cyOcTpaty
(roMonuCTEIHY).

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 YOJOBIKY 3 TEHETUYHHMM 3aXBOPIOBAHHSAM IPU3HAUEHO OIEpaliio i3
3aMIHM Ta30CTErHEBOro Cyriol0y BHachigok aptputy. Ilig dac omeparii Xipypr
BiJ3HAYMB TEMHY IlirMEHTaIil0 (OXPOHO3) B XpsAuli. Moro OXpoOHOTHYHHMIA apTpHT,
IIBU/IIIE 32 BCE, BUKJIMKAHUN OKUCIICHHSIM 1 TTOJIIMEPHU3AIlIEI0 HAUJTUIIKY. ..
TOMOT'€HTU3UHOBOI KUCIIOTH

OpPOTOBO1 KUCJIOTH

METUIMAJIOHOBOI KUCIIOTH

CEYOBOI KUCJIOTH

acKOpOIHOBOI KHCIIOTH

moowz
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[IpaBunbHa BIAMOBIAL: Y JAOPOCIMX 3 AIKANTOHYPIEIO CIOCTEPIraeThCs PO3BUTOK
OXPOHOTMYHOTO apTPUTY BHACHIIOK A€PIUUTY OKCHUJA3M T'OMOTE€HTHU3UHOBOT
KHUCIIOTH.

5.8

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-CoA
Glutamate l
I\, PN —
/ }cmate
Isocitrate \
I:I +— Maleylacetoacetate
— |
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
l — i

Pyruvate
Phenylalanine

[

Alanine

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-THKHEBOro XJIOIMYHKA, 3JI0POBOTO IMPH HAPOHKCHHI, MOYMHAIOTH PO3BUBATHCS
CUMIITOMH KETOAIua03y, OJIOBOTAa, MISBICTh, CyaoMu 1 rineproHis. Cedya Mmae
XapakTepHHUM 3amax kieHoBoro cupomny. Ilonoxenns sikoi mitepu (C, G, |, E, A) Ha
MaJTFOHKY HHYKYE TTOB'SI3aHO 3 KIITHIYHUMH CUMIITOMaMH Y JUTHHU?
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Valine _.. Propionyl-CoA
Isoleucine

l =]
Methylmalonyl-Cof
Glutamate 1
\, P
/ Succinate
Isocitrate \
I:I +—— Maleylacetoacetate
/ Homogentisate
Malate T
Acetyl-CoA / Tyrosine
[ —

I =

Phenylalanine

Pyruvate

I ™

Alanine

[TpaBuiibHa BiANOBiAb: XBOpoOa KJIEHOBOTO CHPOIY ACOLIIOETHCA 3 MOPYIIEHHSIM
nerpajamii = po3raly>KeHHX  aMIHOKUCIOT  (BIICYTHIH  ()epMEHT  OKHCHOTO
JIeKapOOKCHIIIOBAHHST KETOKHCIIOT), SIKI MAlOTh OyTH OTpHMaHi 3 PO3raly:KCHHX
aminokucnot (Val, Leu, Ile) micns TpaHcamiHyBaHHS. [X HaKONMYEHHS BUKIUKAE B
OpraHi3Mi IUTHHU HU3KY BHUIIE BKa3aHUX KIIIHIYHUX CUMIITOMIB.

Valine —n— Propionyl-CoA
Isoleucine
|
Methylmalonyl-CoA
Glutamate ]'
=N, PN —
— \
/ Succinate
Isocitrate \
I:I «——— Maleylacetoacetate
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
! — s
Pyruvate
T Phenylalanine

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.

JlutiHa 3 OUTMM BOJIOCCSAM, OJIAKUTHHMH O4YMMa 1 OJIIUM KOJIBOPOM OOIHJUS
JOTPUMYETHCS CTICIIAIBHOI MI€TH, B AKIA OJHA 3 HE3aMIHHUX aMiHOKHCJIOT CHIIBHO
oOMexkeHa. OMy HakasanmM YHHMKATH TIPOJAYKTiB, IUTYYHO ITiJCOJOKEHHX
acrlapraMoM. Bu3HauTe JaTHMHCBKY JITEpy B  HABENEHIM cXemi, sKa BIJIOBIIA€E
TCeHETUYHOMY 1e(DEeKTy Y JUTHHH:
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Valine _.. Propionyl-CoA
Isoleucine

|
Methylmalonyl-CoA

Glutamate l
\, PN

] \

/ Succinate

Isocitrate

I:I +——— Maleylacetoacetate
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
I — e
Pyruvate
T Phenylalanine

Alanine

[IpaBunpHa BiANOBIIb: Y AUTHHH (PEHIIKETOHYpISA; aclapTaM MICTUTh (DeHUIaJaHIH.
VY umx nitedt moke OyTH CBITIIE BOJIOCCS, OJIAKUTHI 04l 1 O KOJIp OOIuyYs,
OCKUJIbKH Y HUX HEJJOCTATHHO CUHTE3YETHCSA MEJIaHIH 3 TUPO3UHY.

vaine ~ —{cl—%-—» Propionyl-CoA
Iscleucine
|
Methylmalonyl-CoA
Glutamate J'
\ P
I \
/ Succinate
Isocitrate \
I:I «——— Maleylacetoacetate
/ Homogentisate
Malate T
Acetyl-CoA / Tyrosine
! — e
Pyruvate
T 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
Iscleucine

|
Methylmalonyl-Co&A
Glutamate J'
EIAN N
I \
/ Succinate
Isocitrate \
I:I +———— Maleylacetoacetate
— I
Homogentisate
Malate T
Acetyl-CoA / Tyrosine
! — e

Pyruvate
Phenylalanine

[

Alanine

XPpOHIYHO XBOPUM 3HAXOAMUTHCS Ha TPUBAIOMY (JIOMAIIHHOMY) TMapeHTEpaIbHOMY
XapuyBaHHI. ¥ HBOTO PO3BUHYBCS META0OJIYHMI anuao3, Omiauil kKojaip oOanyus,
JyCKaTUil JIepMaTuT, ajoneinis (BumaaiHHsA Bojoccs). Ll cuMnToMu 3HUKAIOTH TPU
nonaBaHHl Ol0TuHY (BiTamiHy B7) 10 XuBWIBHOI piauHU. Bu3HauTe NaTHMHCBKY
JITEPY, KA BiAMOBINAa€ (hepMEHTY MEPETBOPEHHS, IKU MICTUTh O10THH:

[MpaBuibHa BiAMoBiAL: Ha miarpami nuine oxHa Oi0THH-3ayIexHa peakiis (iTepa F).
biotunzanexxuuit  hepMeHT — mnpomioH1T-KoA-kapbokcuiiaza, sKa YTBOPIOE
MeTuaManoHuI-KoA.

Valine —p Propionyl-CoA
lsoleucine

|
Methylmalonyl-CoA
Glutamate J'
J— |
I \
/ Succinate
Isocitrate \
I +——— Maleylacetoacetate
| | |
Homaogentisate
Malate T
Acetyf—(:; | l/ Tyrosine
1
Pyruvate E]
T EI Phenylalanine
Alanine
5.11

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
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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. B1, deficiency
IS not most likely in this presentation.

Y KIHKM Ha 7-OMy MICALl BariTHOCTI MEPIIOI0 JUTHHOIO PO3BUHYJIACh aHEMIS.
JlaGopaTopHi aHaJi3W CBIOYAaTh MPO 3OUIBIICHHS: CEPEeaHBOTO 00’€My KIIITHH-
CpUTPOLIUTIB, KOHIICHTpAIlli TOMOLMCTEIHYy B CHPOBATIl KpOBI, KUTBKOCTI
rinepcerMeHTOBaHUX HEUTPOP1IiB, a TAKOXK1 3MIHEHY MOP(OIOTito JEKITbKOX 1HIIUX
THUIIIB KJIITHH KpoBi. HallOuIbI1 BIpOTITHOIO TPUYUHOIO aHEMI] €T )KIHKH €. ..

A. nedinuT GomieBoi KUCIOTH

B. nedimuT 3amiza

C. nedinut riaroko30-6-pocdataeriaporeHazu

D. nedimut niankobanaminy (Bi)

E. oTpyeHHs cBUHIIEM
[IpaBwibHa BiNOBiAL: Merano0aacTHa aHeMis 1 IMIJIBUIIIEHUN BMICT CUPOBATKOBOTO
TOMOLIMCTEIHY Yy BariTHOI KIHKM CBIAYWTH Ipo AedpiuutT ¢onaty. Jdedinur 3amsa
BUKIIMKA€ MIKPOIUTApHY, TIMOXPOMHY aHEMil0 1 He TIABHUINYE KOHIICHTPAIIIO
romorcteiny. Jledinut Biz B 1boMy BUMaIKy HE € HAHIMOBIPHIIIIUM.

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 B, but not folate for activity.
Macrocytic anemia, elevated homocysteine, and macrocytic anemia can be caused by
B12 or folate deficiency.

VY 64-piyHOi KIHKM TE€MaToJIOr [IarHOCTYBaB MakpouuTapHy aHemiro. JKiHka
rojmonyBana. KoHIleHTpalliss rOMOIMCTEIHY Ta METHJIMaloHaTy B KpOBI Ta cedl
MiJBUIIEHA, a4 AKTUBHICTh TPAHCKETOJIA3W B EPUTPOIMTAX Hrkua 3a Hopmy. lllo
Kpallle 3a BCE CBIIYUTH IPO TE€, IO aHEMis IOB’s3aHa 3 IMEPBUHHUM AediruTomM
iaHokoOanaminy (Bi2)?

A. MakponutapHa aHeMmist

B. IligBumeHuii BMiCT METHUJIMAJIOHATY
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C. Husbka aKTUBHICTh TPaHCKETOIa31

D. [TixBuieHui BMiCT TOMOIIUCTEIHY

E. lNomonyBanHs
[IpaBmibHa  BigmoBiab:  Kodepmentom  mertunMmanoHini-KoA  myrtasum €
JIe30KCHaJICHO3WIKOOaIaMiH — MOX1He BiTaMiny Bip, ane He donaT. MakporurapHa
aHeMis, TIJIBUINECHHS TOMOIMCTEIHY 1 MaKpOIUTapHa aHEMis MOXYTh BUHUKATH
BHACHIIOK AeinuTy Bitaminy Biy abo domnaty.

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 Bi, 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 B, deficiency, not a result of it.

Y 64-piyHOi KIHKM TEMaToJIOT JIarHOCTYBaB MakKpoIHUTapHy aHemito. JKiHka
rojonyBana. KoHUeHTpaliss roMOLMCTEIHY Ta METHJIMaloOHaTy B KpOBI Ta cedl
MIJBUILIEHA, & AKTUBHICTh TPAHCKETOJAa3W B €PUTPOLMTAX HIKYA 32 HOpMY. SIKIIO
Nall€HTKA HE JIKyBaTUMETbCS, $KI MATOJOrIYHI 3MIHM CIOCTEPIraTUMYThCS
BHACIIOK jJedinuTy BiTaminy Bi,?

A. Tlporpecytoua nepudepudna Heliponaris

B. ITomarpa

C. Cunapom Bepnike-Kopcakosa

D. PyitnyBaHHs napieTaIbHUX KIIITUH

E. KpoBoTOUuBICTH sSICEH 1 BUNIAAIHHS 3y0iB
[IpaBunpHa BignoBiab: Ilporpecytoua nepudepuyna Heliponartis. PyliHyBaHHA
napieTajbHUX KIITHUH TaKOX MOXe OyTH, ajie 1e € mpuuuHoro Aehinuty Bio, a He
HIOr0 pe3yabTaToM.

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.
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YKaxiTh TPOAYKT, SKUM YTBOPIOETHCS MiA €I apTiHIHCYKIMHATIIa3¥ B LMK
CEUYOBHUHO YTBOPEHHS:

A. ApriHiHCyKIIMHAT

B. ®ymapar

C. ApaxuHOBa KHCJIOTa

D. CeuoBuHa

E. Opnitun
[TpaBunbHa BignoBiab: Gymapar.

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.

VYkaxiTe cyOcTpaT 1 Kepeno €eHeprii sl CUHTE3y JIeJIbTa-aMiHOJIEBYIIHOBOI
KHCJIOTH B CUHTE31 rema:

A. Tloppipun

B. I'muun

C. I'myramin

D. Acnaprar

E. Cykuunin-KoA
[TpaBunbHa BianoBias: CyknuHUT-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 Bg-dependent transamination of alpha-
ketoglutarate.

BkaxiTe pedyoBHHY, sfKa TMEPETBOPIOETHCS HA TIyTaMaT B peakilli, mo mnoTpedye
KoepMeHTHOT hopmu mipuaokcuny (Be):

A. IIlaBeneBo-o11TOBa KUCJIOTA

B. ®ymaposa kuciora

C. I'mytapoBa kuciota

D. Anbda-Kerormyrapar

E. ['myramin
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[IpaBwibHa BiANMOBIb: [TyTamaT yTBOpro€Thes mij Jier0 Be-3amexHoil TpaHcamiHa3u
3 anb(a-KeTorIyTapary.

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?

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 Bg deficiency. delta-Aminolevulinate
synthase, the first enzyme in heme synthesis, requires vitamin Bg pyridoxine).

VY 62-piuHOrO YOJIOBIKA, IO JIKYETHCS BiJl TyOEpPKYJIbO3y, PO3BUIIACS MIKPOIIMTapHA
rinoxpomHa asemis. PiBeHb depiTUHY MIABUINEHUA, 1 HASBHUM BHUPAKEHUM
cuAepo0s1acTo3. 3HMKEHHS  aKTUBHOCTI  SIKOTO 3  HAacTynHuUX (hepMEHTIB
HaMIMOBIpHIIIE BIMOBIJAE 32 AHEMIIO Y II€T JIFOAUHU?

A. [lutoxpomokcuasza

B. [utoxpom-P450-okcumasza

C. IlipyBatkiHa3za

D. [enpTa-aMiHOJIEBYJI€HATCUHTA3a

E. Jlisumokcuaasa
[IpaBmipHa BiamoBiags: CuaepoOiacTHa aHEMIis Yy JIIOAWHHU, IO JIKYETHCS BiJ
TyOepKyIh03y (130H1a3UI0M) HaWiMOBIPHIIIIE PO3BUBAETHCS Yepe3 HECTady BITaMIHY
B6. nenpra-AMiHONEBYyJ€HATCHHTA3a, NEpHIMA (QEPMEHT B CHHTE3l TeMy, — €
ipUIOKCHH3aICKHUM (Bs-3amexHuit).

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

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).
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VY 48-piuHOro 4oJioBika BUHUKJIA YEpEeBHA KOJiKa, OUTb y M’s3ax 1 BToma. Ilicisa 3-
THXKHEBOIT TOCIITaNi3allii, CIOYaTKy OyJjia J1arHOCTOBAaHA rocTpa nepeMi>kHa nmopipis
Ha OCHOBI BHCOKOTO PiBHS JeNbTa-aMiHOJIEBYJIeHOBOI KuciaoTu. [lomanpmmii anamis
IIUPKYJTIOI0YNX EPUTPOIUTIB TallieHTa Mmokaszas, mo 70% MICTHIN TiABUIICHUN
piBeHb  HUHK-IpoTOnOpdipuHy, 1 JiarHO3 OyB  BUIpaBieHUM. BkaxiTh
HaWIMOBIPHIIIUN J1arHO3

A. poronopdipis

B. Bpomkena eputponoerrnuna nopdipist

C. oTpy€eHHS CBHHIIEM

D. 3anexuicts Big 0apOiTypartiB

E. Hecraua 3amiza
[IpaBunpHa BimmoBige: CBuHenp 1HTIOYE Qepoxenarady (MABHIIYE ITUHK-
npotodopdipuH) 1 JenbTa-aMiHOJIEBYJICHATAETiApa3y (MiABHUILEHHS JenbTa-
aM1HOJIEBYJIEHOBOT KUCIIOTH).

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

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-TWKHEBOro HEMOBJS MEpioJUYHA OJIOBOTA 1 CyJOMH. Y HBOTO TakoxX Oyiu
eMi30/IM KPUKY Ta TinepBeHTWSALil. HeMoBms misaBe Mk emizogamu. OOCTEKEHHS
BUSIBUIO 30UIBLICHUI JKMBIT, a aHall3 KpOBl CBIAYUTH MPO 3HWKEHY KUIBKICTh
uuTpyaiHy 1 Hitporeny ceyoBuHM KpoBi. SKi iHIINI KJIIHIYHI PE3yJNbTaTH MOKHA
OYiKyBaTH Yy I[bOTO HEMOBJISTH?
A. 3amxenuii pH KpoBi Ta KpUCTaIM CEYOBOi KUCIOTHU B eyl
B. 3amxennii pH kpoBi Ta miABUIIIEHUH PiIBEHb MOJIOYHOI KUCJIOTH B KPOBI
C. [linBumennii piBeHb TIAyTaMiHy KpOBI Ta MIABUIIEHUN PIBEHb OPOTOBOI
KHUCIIOTH B Cevl
D. IligBuinennii aMOHIaK KpOBi Ta MiJBUIIEHA CEYOBHMHA B cedl MeranoOimacTHa
aHeMis 1 MMiJIBUIIIEHA METUJIAMOHIMHA KHUCJI0Ta B KPOBI
[IpaBunbHa BinmoBias: HemoBis mae nedekT B 1UKIII CEUOBUHU, KU € HACIIIKOM
HecTaul OpHITHH-KapOamoinTpaHchepasu. Hecraua opHiTUH-KapOaMoinTpaHchepasu
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cTajga 0 MPUYUHOK 3HUKEHOI KIJIBKOCTI MPOMDKHHUX MPOJYKTIB LMKy CEYOBUHH,
BKJIIOUAIOYN 3HWKCHE YTBOPEHHS CEYOBMHH, Ha IO BKa3ye 3HIKeHUN Hitporen
ceyoBMHHU KpoBi. Hecraua  opHiTHUH-KapOamoinTpaHchepasn Moxke OyTH
J1arHOCTOBaHAa Ha  IMJCTAaBl  MIJBUIICHHS  OPOTOBOI  KHCJIOTH, OCKIJIbKH
kapOoMoindochaT HAKOMUUYETHCA B MITOXOHAPISIX KJIITHH MEYIHKU 1 HAAXOAUTH J0
IUTOIJIA3MH Ta BKJIIOYAETHCS y CHHTE3 MIPUMIJHMHIB, MPOMIKHUM METa0O0IITOM
SKOTO € OPOTOBA KUCIIOTA.

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-PiuHuii 4YOJOBIK CKApXKUTHCA CBOEMY CIMEMHOMY JIIKapl0 Ha CKJIQJHOCTI
MepecyBaHHs, 1[0 PO3MOYAIUCh HEMIOJaBHO. BiH 3BUIBHEHUH  MpalliBHUK
MIIPUEMCTBA, SKUW B OCTaHHE mpaitoBaB 4 poku toMmy. Ilicis onutyBaHHS, HOTO
JPY>KUHA PO3IOBLTA, IO BIH «HE MOXE MEepecyBaTHCs, K Mir panimey. dizuyne
00CTeXEHHS BUABUIIO, IO Y 69-pidHOro 4ooBika 3 HagMipHOIO Baroro kido3. HMoro
X0J1a 3JJAEThCSI IOCUTH MOBUILHOIO 1 MIUPOKOI. Y HBHOTO TAKOX TPEMOP Yy CIHOKOIO.
[Ilo 3 mepeniueHoro € MPUYUHO BUHUKHEHHS 3a3HAYEHUX CUMITTOMIB?

A. Jlerpanaiiisi aMiHOKHCJIOT

B. IlopymieHHs y cuHTe31 KaTexoJlaMiHiB

C. Jlerpanaris raHriio3u/IiB

D. Cunte3 npocrariaHauHiB

E. Herpanariist cinrosimiaip
[IpaBmibpHa BiAnOBiAL: JlaHWI BUITAJIOK € OINMHKC MallieHTa 3 XBopoOoro IlapkiHcoHa,
ska Oyna cnpuyrHeHa JaereHepariero substantia nigra. Ile npusBoauTh 10 Hecrtadi
nopaMiHy B MO3Ky 1 CHOpPHYMHAE TPEeMOp Yy CIIOKOK, OpaauKiHE3ito,
HIECTIPHENOAIOHUIM pyX CYIJIOOIB PyK 1 >KOPCTKICTh MycKynatypu. Kpim Toro,
MAIIEHTH YacTO BHU3HAYAIOTHCS SK Taki, IO MAalOTh «MAacCKOIIOMIOHI OOIHUUs.
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Hodamia € ogHMM 3 KaTeXOJaMiHIB, SKUH CHHTE3YEThCS y 3arajbHOMYy MHUIAXY 3
HOPAJAPCHAIIHOM 1 aIpEHAJIIHOM.

96



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'imocapiit

TpancaminyBanHs - 6ioxiMiuHa (hepMEHTATUBHA Peakilisi 000OPOTHOIO MEPEHECECHHSI
aMIHOTPYITH 3 aMIHOKHCIIOTH Ha KETOKUCIIOTY 0€3 IPOMIXKHOTO OCBITH amiaky.
Je3aMiHyBaHHS - ()EPMEHTATUBHUN MPOLIEC BUAAIECHHS aMIHOTPYI BiJI MOJEKYJIH
aMIHOKHCIIOTH 3 YTBOPEHHSM KETOKUCIIOT, T1IAPOKCUKUCIOT, KAPOOHOBUX KUCIOT 200
HEHACHUYCHUX KapOOHOBUX KHUCIIOT.

o-JlekapOoKcHIIOBAHHA - (DEPMEHTATUBHUIN MPOLIEC BIAMICIUICHHS KapOOKCUIIBHOI
rpynu aMiHOKHCIIOT y BUrisiai CO2 3 yTBOpeHHSIM O10T€HHHUX aMiHIB.

BioreHHi amiHu - pe4oOBHHH, 110 YTBOPIOIOTHCS B OpraHi3mi TBapuH ab0 POCIMH 3
aMIHOKUCIIOT TpU iX JeKapOOKCUIIIOBaHHI (BUIAJICHHI KapOOKCHIIBHOI TPYIIN)
dbepMeHTamMu AeKkapOOKCHIIa3 1 BOJIOIIFOTh BUCOKOIO 010I0TIYHOIO aKTUBHICTIO.
OcHoBu llIndda (a3omeruniB) - N-3amimieHi iMiHH, OpraHiuyHI CIIOJYKH 3arajibHOL
popmymu R'R?C=NR?3, B skux a30T 3B'13aHMI 3 apHILHOIO a00 ANKIIBHOIO TPYHOIO,
aJjie He 3 BOJIHEM.

KeTorenni aMiHOKHCJIOTH - aMIHOKHUCIIOTH, B Tpoileci OOMiIHY SIKUX B Oprai3Mi
YTBOPIOIOTHCS KETOHOBI T1J1a; 1O HUX BITHOCSATHCS MPOJIiH, JEHIMH 1 1H.

I'JIloKkoreHHi aMiHOKMCJIOTH - aMIHOKMCIIOTH, IO MEPEHIKOIKAI0Th YTBOPEHHIO B
OpraHi3Mi KE€TOHOBHMX TIJ (Qll€TOHY, alleTOOLTOBOX KHUCIOTH 1 B-TIApOKCHUMACISIHOI
KUCJIOTH). [l0o HUX BIAHOCSTHCS ajaHiH, apriHiH, acmapariHoBa KMCJIOTa, CEPUH 1 1HIII
IJIIKOT€HHI aMIHOKHUCJIOTH, TOOTO aMIHOKHMCIOTH, B TIpoleci OOMIHY SIKHX
YTBOPIOETHCS TIIFOKO3a 1 HE YTBOPIOIOTHCS XIMIUHI CHOJYKH, II0 MICTSITh Yy CTPYKTYpi
KETOTPYIIH.

I'10K030-a71aHiHOBUH LMK - TIPU PO3IICTUICHHI M'S30BUX O1IKIB yTBOPIOIOTHCSA
aMIHOKHCIIOTH, 0araTo 3 SIKMX MEePETBOPIOIOTHCS BiApa3y B MipyBaT abo CIIOYATKy B
OKcaJsloalerar, a moTiM B mipyBaT. OCTaHHIN MEPETBOPIOETHCS B alaHiH, HA0yBalOUN
aMIHOTPyIy BiJ] IHIIUX aMIHOKHCIJIOT. AJIaHIH 3 M'Si31B MEPEHOCUTHCS KPOB'IO B
MEYIHKY, /€ 3HOBY TEPETBOPIOETHCS B TMIPyBaT, SKUW YACTKOBO OKHUCIIOETHCS 1
YaCTKOBO BKJTFOYAETHCS B TIIIOKOHEOTEHE3 (TJIF0K03a B M'si3aX — MipyBaT B M'si3ax —
aJlaHIH B M'si3aX — aJlaHiH B NEYiHI{l — TJII0OK03a B MEYIHI — [JII0K03a B M's3aX).
Koedinientr pne Pirica (Bimome Takox sk AcAT/AnAT 1 ACT/AJIT) -
CHiBBiAHOLIEHHs1 akTUBHOCTI cupoBaTkoBUx ACT (acnmapraramiHoTpaHcdepasa) i
AJIT (ananinaminoTpancdepasa).

Huka ceyoBunun a0o opuHiTiHOBUHM 1uKI (mukia Kpeoca-I'ensenaiita) -
MOCJIIJIOBHICTh OIOXIMIYHMX peakiliii ccaBUIB 1 JAESIKUX pud, B pe3ynbTari SKOi
a30TOBMICHI MPOIYKTH PO3MaAy NEPETBOPIOIOTHCS B CEUOBHHY, SIKa B CBOIO UEPry
BUIITISIETHCS HUPKAMU.
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l'inepamoniemias - 16 mnOpylIeHHd OOMIHY pEYOBUH, IO BHSBISETHCS B
HEJIOCTAaTHOCTI (PEPMEHTIB LIUKIY CEYOBHHHM, IO MPUBOJIUTH 10 OTPYEHHS OpraHizMy
aMi1aKoM.

HiTpyainemissi -  cmagkoBe  3aXBOpPIOBaHHS,  IMOB'si3aHe 3 AedEeKTOM
apTiHIHCYKIIMHATCUHTETA3H 1 MIPOSBIIIETHCS BUCOKUM PIBHEM 10HIB aMOHIIO B KPOBI.
MeHiKeTOHYpisl - PIIKICHE CHAJKOBE 3aXBOPIOBaHHS Tpymnu (epMEHTOIATIH,
MOB's3aHE 3 TOPYIICHHSIM METa00i3My (DeHITaIaHIHy.

AJIKANITOHYPisl - CHaJKOBE 3aXBOPIOBaHHS, OOYMOBJICHE IOPYIICHHSM CHHTE3Y
OKCHJa3d TOMOTEHTHU3MHOBOI KHCJIOTH 1 XapaKTepU3YEThCA pO3JaoM OOMIHY
TUPO3HHY 1 €KCKPEIIIEI0 3 CEUCI0 BEMUKOT KITBKOCTI TOMOT€HTU3MHOBO1T KUCIIOTH.
AabOini3M (3 nat. Albus - Oinuit) - mpUpoKEHa BiJCYTHICTh MITMEHTY MEJaHIHY,
SKHUH 1o/1a€ 3a0apBIEHHS MIKip1, BOJIOCCIO, paiilyKHOI 1 TIrTMEHTHOTO 00OJIOHOK OKa.
T'oMouucTUHYpiss - 1€ CHaAKOBE 3aXBOPIOBAHHS, IO XapaKTePU3YETHCS
MOPYIICHHSIM OOMIHY METIOHIHY.

JleiinmHo3 (po3raixyKeHO-JIAHIIOTOBAa KETOHYpis, XBOpoOa cedi 13 3amaxom
KJICHOBOT'O CHPOITY, XBOpo0Oa KJIICHOBOTO CHPOIY) - BPOJKEHHUM Je(EeKT MeTaboI113My
aMIHOKHCJIOT, [0 MPU3BOAUTH J0 IOSBH B CE€Ul BEJIMKOI KUIBKOCTI BajliHy, JEUIIMHY,
130JIeHIIMHY 1 aJ0130JICUIIMHY, BHACIIJIOK 4YOTO BOHa HaOyBae 3amaxy KJIEHOBOTO
CHUpOILY.
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