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[TEPEJIMOBA

3anponoHOBaHW 30ipHUK TECTOBUX 3aB/IaHb 3 TMOSCHEHHSMU 3 JUCIHUILTIHHA
«blonoriuna Ximis» MICTUTh BIIpeAaroBaHUi Ta JOOMPAIbOBAHUN TEPEKIaa
tectoBux 3aBnanb USMLEStep 1.

VY 30ipHUKY MOJAHO OpPWTIHAJIBHI TECTOBI 3aBlIaHHA AHTJMCHKOIO MOBOIO 1
BiJIOBITHUI IM MepeKiIal yKpaiHChKOIO Ta POCICHKOI0 MOBaMH, a TAKOXK MOSICHEHHS
70 TeCTiB 1 Tjocapiii, SKI aJanToBaHi A CTYJIEHTIB creuiagbHocTed 222
«Menumunay 1 228 «Ilegiatpis». CTyneHTaM peKOMEHIYEThCS ONPaIlbOBYBATH 3MICT
TECTOBUX 3aBJaHb HE TUIBKM MOBOIO HAaBYaHHS, aJie 1 aHTJIIHCHKOI MOBOIO, TOMY IO
3a pumoramu EJIKI BoHM MaioTh 3HATH aHIMMIMCHKY TEPMIHOJOTIIO YCIX JAUCLHUILIIH,
SIK1 CKJIQIafOTh 1CITUT.

Asmopu

[MTPEJNCJIOBUE

[IpenyioxkeHHBIN COOPHUK TECTOBBIX 3aJaHUI C MOSICHEHUSMU TIO JUCITUTUINHE
«buonoruueckas XuMHs» SBISIETCA PEJAKTUPOBAHHBIM U TIOPaOOTaHHBIM IIEPEBOJOM
TecToBbIX 3amanniit USMLEStep 1.

B cOopHuKe naHbl OpUTMHAJIbHBIE TECTOBBIC 3a/1aHUs HA AHTJIMICKOM SI3bIKE U
COOTBETCTBYIOIIMM KM TEPEBOJ HAa YKPAaMHCKOM M PYCCKOM S3bIKaxX, a TaKKe
IIOSICHEHUSI K TEeCTaM M IJIOCCAPHUM, KOTOpBIE aJalTUPOBAaHbI Uil CTYAECHTOB
cnennanbHOcTen 222 «MemuunHa» u 228 «lleguatpus». CTyieHTaM pEKOMEHIYETCS
00s13aTeIbHO MPOopadaThIBaTh COIEPKAHNE TECTOB HA AHTJIMHCKOM SI3bIKE, TaK KakK 110
TpeOOBaHUSIM KM HEOOXOAMMO 3HAaThb AHIJIMHCKYI0 TEPMHUHOJIOTHIO JIt00Oi
JOVCLHUIUIMHYA, KOTOPast BXOJUT B K3aMEH.

Asmopul



Chapterl
GENETIC CODE. MUTATIONS.
TRANSLATION

Poszmur 1
IT'EHETNYHUM KO/. MYTAI_IIi.
TPAHCJIALIA

I'maBa 1
IT'EHETUYECKUMN KOJ. MYTAIIUUN.
TPAHCJIAIUSA



1.1
Which of the following terms is used to describe a disease that, from generation to
generation, shows a decrease in the age of onset and an increase in the severity of
symptoms?

A. Acception

B. Assumption

C. Anticipation

D. Mutation
The answer: The mutant alleles in certain diseases, such as Huntington disease,
fragile X syndrome, and myotonic dystrophy, differ from their normal counterparts
only in number of tandem copies of a trinucleotide. In these diseases, the number of
repeats often increases with successive generations and correlates with increasing
severity and decreasing age of onset, a phenomenon called anticipation. For
example, in the normal Huntington allele, there are 5 tandem repeats of CAG in the
coding region. Affected family members may have 30-60 of these CAG repeats. The
normal protein contains 5 adjacent glutamine residues, whereas the proteins encoded
by the disease-associated alleles have 30 or more adjacent glutamines. The long
glutamine tract makes the abnormal proteins extremely unstable. A major clinical
manifestation of the trinucleotide repeat expansion disorders is neurodegeneration of

specific neurons.

Skuit 13 HaBEACHUX HUXK4YE TEPMIHIB BUKOPUCTOBYETHCS JJIsi OMHUCY 3aXBOPIOBAHHS,
SIKE B1Jl TOKOJIIHHS /10 TIOKOJIIHHS MPOSIBIISIETCA y OUIBII paHHBOMY Billl Ta 3 OUIBII
BUPaXXEHUMHU CUMIITOMaMuU?

A. TlpuiinstHe

B. [Ipumnymene

C. IlepenbauyBane

D. Myraris
Bipna BianoBias: MyTaHTHI ajei y XBOPUX 3 TaKMUMM IaTOJIOTIsIMU, K XBOpoOa
XaHTIHITOHA, CHHAPOM KpHXKOi X XpPOMOCOMH Ta MIOTOHIYHA AUCTpPOdis,

BIJIPI3HSIIOTHCSA BiJI CBOiX HOPMAaJbHUX AHAJIOTIB TUIHKM KUIBKICTIO TaHJEMIB KOIIIM
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TPUHYKJICOTHU Y. [Ipu 1IUX 3aXBOPIOBAHHIX KUIBKICTH MOBTOPIB YacTO 301JIbIITYETHCS
y KOKHOMY HACTYITHOMY TIOKOJIIHHI Ta KOPENIOE 31 301IbIICHHSIM CTYTEHS TSXKKOCTI 1
3MEHILIEHHSM BiKy TIOYaTKy 3aXBOpIOBaHHs. Taki 3axXxBOPIOBaHHsS I03HAYAIOTHCS
TEPMIHOM «HepeadauyBaHi». Hampukian, y HopManbHOMY ajneni XaHTIHITOHA 1ICHY€E
5 tangemuux noBTopiB CAG B Koayrouidl AUISHI. YpakeHI WICHH CIM'T MOXYTh
Matu 30-60 takux moBTOpiB. HopmanbHUN O1IOK MICTUTH BIAMOBITHO 5 CYyMIXKHUX
3aJMIIKIB TIIyTaMmiHy, TOAl K OUIKH, KOJIOBaHI MOB'S3aHUMHU 3 XBOPOOOIO aeisiMH,
MaTh 30 abo Oinble CyMDKHUX IJIyTamiHiB. JIOBr'Mil TpakT TriayTamiHy pOOHTH
aHOMaJbHI OUIKM HAJ3BUYAiHO HECTaOUTbHUMHU. ['OJIOBHUM KJIIHIYHUM MPOSBOM

TPUHYKJICOTUTHUX PO3JIAiB € Hepoaereneparlis cnenudiuHux HeMpOoHiB

Kakoli M3 mpeqiokKeHHBIX TEPMUHOB HCHOJIb3yeTCs M OMHMCAHUS 3a00JeBaHMUS,
KOTOPOE€ OT MOKOJICHUSI K TMOKOJIEHUIO MPOSIBISETCS B O0Jiee paHHEM BO3pacTe W C
0oJee BhIpaKEHHBIMU CUMIITOMAaMM?

A. Ilpuemnemoe

B. [IpenmnonoxxeHHoe

C. IIpenckazanHoe

D. Myranus
[IpaBunbHBIN 0TBET: MyTaHTHBIE aJUIeNId MIPU HEKOTOPBIX 3a007€BaHUAX, TAKUX KaK
0one3Hp XaHTUHITOHA, CHHIPOM XpYyNKod X XpOMOCOMBI M MHOTOHHYECKas
TUCTpO(Hs, OTIMYAIOTCS OT CBOUX HOPMAJBHBIX AaHAJIOTOB TOJIBKO YHCIOM
TaHJEMHBIX KONuM TpuHykieotuaa. [Ipu 3Tux 3a001€BaHUSIX YMCIO TOBTOPOB YaCTO
YBEJIMYHMBACTCS B MOCIEAYIOIIUX TOKOJEHUAX W KOPPEIUPYeT C YBEIHMYECHHEM
TSOKECTH M yMEHBbIIEHHWEM Bo3pacTa Hadaja. Takue 3abosieBaHus 0003HAYAIOTCS
TEPMUHOM «IIpeAcKa3aHHble». Hanpumep, B HOpMaibHOM ajuiesie XaHTUHITOHA B
KoJupytole obnactu uMmeercss 5 TanaeMHbIX 1MoBTopoB CAG. IlopakeHHbIE 3TUM
3aboneBaHMeM WieHbl ceMbu MoryT wumeTh 30-60 Takux moTopoB CAG.
HopMmanbHblil 60K COAEPKUT 5 CMEXKHBIX TIIyTAMHUHOBBIX OCTaTKOB, TOTJa Kak
OeJIKK, KOIUPYEMbI€ aJUIeIIMU, aCCOLIMMPOBAHHBIMHU € 3a001eBaHueM, UMetOT 30 wiu
00J1€€ CMEXHBIX INIyTaAMUHOB. JIMHHBIN TNIyTAMUHOBBIN TPAKT JIEJIA€T aHOMAaJbHbIE

Oenku KpaitHe HecTaOMIbHBIMUA. OCHOBHBIM KIIMHUYECKUM MPOSIBIICHUEM HapyIICHUN
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TPUHYKIICOTUAHBIX  IMOBTOPOB  ABJIACTCA HeﬁponereHepauI/Iﬂ CHGHI/I(bI/I‘I@CKI/IX

HEUPOHOB

1.2
Vitreous humor is formed from which type of collagen?
A. Type |
B. Type Il
C. Type Il
D. Type IV
The answer: Colagens present in the vitreous humor are types Il, V, X1, VI and IX.

SIkuii THI KOJIareHy € y CKJIaJi CKJIOMOoA10HOTro Tijia oKa?

A. Tun |

B. Tun Il

C. Tun I

D. Tun IV
Bipra BigmoBigs: CkionomiOHe TUIO € MPO30por0, 0e30apBHOIO, KETATHHOBOIO
Macol0, sIKa 3alOBHIOE TIPOCTIP B OIIl MiXK JIIH30I0 1 CITKiBKOI0. BOHO oTOYeHEe mapom
KOJIareHy, sSIKMi Ha3MBA€ThCS CKIIOMOAI0HOK MEMOPAHOI0, 1110 BIIOKPEMITIOE HOTO BiJT
pemitu oka. L{s1 memOpaHa ckiiajae 4oTUpH M'ATUX 00CATY OYHOTO si0myka. D10puiu
KOJIareHy TPUKPIIUTIOITh CKJIONOAIOHE TiJI0 A0 IUCKY 30poBoro Hepma. KomareHw,

MPUCYTHI B ckionoAionomy timi, € Tunamu I, V, XI, VI 1 IX

Kaxko¥ Tin konnareHa BXOJMT B COCTaB CTEKJIOBUIHOTO TeJjia ria3a’?
A. Tum |
B. Tum Il
C. Tun Il
D. Tuno IV
[IpaBwibHBIM  oTBeT: KoJareHsl, NPUCYTCTBYIOIIME B CTEKJIOBHUIHOM TeJe,

npeactaBistoT coooit Tumsl 11, V, XI, VI u [X



1.3
In the genetic code of human nuclear DNA, one of the codons specifying the amino
acid tyrosine is UAC. Another codon specifying this same aminoacid is

A. AAC

B. UAG

C. UCC

D. AUG

E. UAU
The answer: Because of wobble codons for the same amino acid often differ in the
third base. Option B would be acceptable, except that it is a stop-codon.

VY cknami mroacekoi simeproi JIHK oawH 3 KO70HIB, 10 BIAMOBITAE 32 TEHETHYHUM
KOJIOM aMIHOKHCJIOTI Tupo3uH, € UAC. [HIIMM KOIOHOM, IO BIATMOBIAAE IIH XKe
aMIHOKHUCIIOTI €

A. AAC

B. UAG

C. UCC

D. AUG

E. UAU
Bipna BianoBiae: OmHi€0 3 BIACTHBOCTEW T€HETUYHOTO KOAY € BUPOKEHICTH - OJ[HA
aMIHOKHCJIOTa MOXKE KOJYyBaTHCSl KiJbkoMma TpuIieTaMu (amiHokucior - 20,
MOJKJIMBUX CMHUCJIOBHUX TpUILIETIB - 61), [IpaBuio BUpOKEHOCTI TEHETUYHOTO KOY:
SKIIO JBa KOJOHM MAalOTh JBa OJIHAKOBUX TMEPIIMX HYKJICOTHUIU, a iX TpeTii
HYKJICOTH/]] HAJICKUTh 10 OJIHIET TPYNHU a30TUCTUX OCHOB (ITypUHIB UM IIPUMIJIUHIB),
TO BOHHU KOAYIOTh OJIHY 1 Ty % amiHokicioTy. Came UAU mae takuii cknaf. (3 1poro
MpaBUJIa € JBa BUKIIOUYCHHS: KOJoH AUA BiJNOBiga€e HE METIOHIHY, a 130JICHITUHY Ta

UGA, sikuit Bianosigae He TpunTodaHy, a € TePMIHYIOUUM)

B renetnueckoMm kone aaepHoit JJHK uvenoBexka oqHUM U3 KOJOHOB, ONPEACIISIOMINX
aMUHOKHUCIO0TY TUpOo3uH, sBisieTcss UAC. [IpyruM KoJOHOM, ONPEIETSIOMUM 3TY Ke

AMHUHOKUCIIOTY, ABJISACTCA



A. AAC

B. UAG

C. UCC

D. AUG

E. UAU
ITpaBwibHbIl  oTBeT: OOHUM U3 CBOMCTB T'€HETHUYECKOTO KOJAA  SIBISIETCA
BBIPOXKJAEHHOCTh - OJJHA AaMHHOKHCIOTAa MOXET KOAUPOBATHCS HECKOJIbKUMH
TPUIUIETaMH (TaK KaK aMHHOKHUCIOT — 20, BO3MOYKHBIX CMBICTIOBBIX TPHUILIETOB - 61).
[IpaBUiO BBIPOKIEHHOCTH TE€HETUYECKOIO KOJla: €CJIM JiBa KOJAOHA HMMEIOT JIBa
OJIMHAKOBBIX MEPBBIX HYKJIEOTHIA, & UX TPETHH HYKJIEOTH] NMPUHAIJIEKUT K OJHOU
rpynne a30TUCTBIX OCHOBAHMUU (IIypHMHOB WJIM NUPHUMUIMHOB), TO OHU KOJIUPYIOT
onHy U Ty ke amuHOokuciory. MmMenno UAU wumeer Takoii cocrtas. (M3 3Toro
opaBwia €cTh JABa HUCKIOUeHUus: KojgoH AUA COOTBETCTBYET HE METHOHHHY, a
mzonennHy 1 UGA, KOTOpbII COOTBETCTBYET HE TpunTodaHy, a sBisercs

TEPMUHUPYIOILIHM )

14
Accumulation of heme in reticulocytes can regulate globin synthesis by indirectly
inactivating elF-2. Which of the following steps is most directly affected by this
mechanism?

A. Attachment of spliceosomes to pre-mRNA

B. Attachment of the ribosome to the endoplasmic reticulum

C. Met-tRNAimet binding to the P-site

D. Translocation of mRNA on the ribosome

E. Attachment of RNA polymerase Il to the promoter
The answer: elF-2 designates a protein factor of the initiation phase in eukaryotic
translation. The only event listed that would occur during this phase is placement of
initiator tRNA in the P-site.
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HakonuueHHs reMy B PETHKYJIOIUTAX MOXKE PEryJloBaTH CUHTE3 IJI00IHY HUISTXOM
Henpsimoi  iHakTuBamii elF-2. Skuii 3 HacTymHMX eTamiB CHHTE3y OLlIKa
0e3mocepe/IHbO MOPYIIYETHCS 32 IUM MEXaHI3MOM?

A. Tlpuennanns crutaiicocom no npe-MPHK

B. IpukpinierHs puO0COMH 10 €HAOIIIA3MATHYHOTO PETHKYIIYMY

C. 3p's3yBannsa Met-tRNAimet 3 P-calitom

D. Tpancnokauis MPHK na pubocomi

E. [Ipuennanns PHK-nomimepasu 11 1o mpomoTtopy
Bipra BignoBigs: elF-2 mo3nawae OinkoBwii dakTop (a3m iHImiamii TPaHCIAIl
eykapiotiB. @DyHKI€O 1bOro ¢akropa € po3mimieHHs y P-caiiti pubocomu

iHimaTtopHoi MeTioHUT-TPHK, sixka nmo3navaerscst Met-tRNAimet

Hakomyenue MoJjiekyal T'eMOB B PETHKYJIOLUTAX MOXET PEryjIupoBaThb CHUHTE3
ro0uHa myTteM KocBeHHOM uHakTuBaiuu elF-2. Kakolh u3 ciemyromux miaroB
OOJIBITIE BCETO 3aBUCUT OT ATOTO MEXaHU3Ma

A. Tlpucoenunenue crutaiicocom kK pe-MPHK

B. Ipukpennenue puboCcoM K HIOTIA3MATUIECKOMY PETUKYITyMY

C. CesseiBanue Met-tRNAimet ¢ P-caiitom

D. Tpancnokauus MPHK Ha puGocome

E. IIpucoenuuenne PHK-nonmumepasel II k mpomotopy
[IpaBwibHbIM OTBeT: €lF-2 o0o3Hauaer OenkoBbI (akTop ¢a3sl WHULHUALMN
TpaHCISIIMHU dyKapuoT. DyHKIMEeH 3Toro dakTopa sSBIsSETCS pa3MelieHue B P-caiite

pubocombl nauIaTOpHON MeTHOHUI-TPHK, kKoTOpas o6o3naugaetcs Met-tRNAimet

1.5
A nasopharyngeal swab obtained from a 4-month-old infant with rhinitis and
paroxysmal coughing tested positive upon culture for Bordetella pertussis. He was
admitted to the hospital for therapy with an antibiotic that inhibits the translocation of
the 70S ribosomes on the mRNA. This patient was most likely treated with

A. Erythromycin

B. Tetracycline
11



C. Cloramphenicol
D. Rifamycin
E. Levofloxacin
The answer: Erythromycin is the antibiotic of choice for pertussis. It inhibits

translocation.

Hazodapunrianbauii Ma3ok, oTpuMaHuil BiJ 4-MIiCAYHOTO HEMOBISITH 3 PUHITOM 1
apoKCHU3MaJIbHUM KallIeM BHSBHBCS TO3UTHBHUM Ha KyjabTypy Bordetellapertussis
(koxmromr). Bim OyB rocmitamizoBaHuWid 1 HOMy MpH3HAYEHO AHTUOIOTHK, MIO
npurHiuye Tpancnokaiiito 70S pudocomu na MPHK. [l nikyBaHHS LbOTO MaIli€HTa,
HaWOLIBII BIPOTiHO, OyIe BUKOPUCTAHO

A. Eputpominus

B. Terpanuxmiin

C. Xnopamdenikon

D. Pudaminun

E. JleBoduiokcaruu
Bipna BianoBine: EpuTpoMinuH € aHTHOIOTHKOM, SIKM BUOUPAIOTH IS JTIKYBaHHS

KokJtomry. Bin ranemye Tpancnokaiiito pudbocom Ha MPHK y mpokapioTi

Ma3ok U3 HOCOTJIOTKH, IOJYYEHHBI OT 4-MECSYHOTO peOeHKa C PHUHUTOM H
apOKCHU3MAIBHBIM KalllIeM, JJall TIOJIOKUTEIIbHBIN pe3ysbTaT Ha KynbTypy Bordetella
pertussis. OH OBLT TOCHUTAIM3UPOBAH JiA JIEYCHHS AHTHUOMOTUKOM, KOTOPBIM
uHTHOupyeT TpaHcuokanuio pudocom 70S na MPHK. Jlns neyenus storo manueHTa,
Haubosiee BEPOSITHO, Oy/I€T UCIIOJIBb30BAHO

A. DputpoMuLrH

B. Terpanuxiua

C. Xnopamdenuko

D. Pudamurun

E. JleBoduiokcaruu

12



[IpaBunbHBIM  OTBeT: [l JedeHHs] KOKJIIOIIA HUCIHOJIb3yeTCsl  aHTHOMOTHUK
sputpomuiind. OH TOPMO3UT TpaHchokanui pudocombl Ha MPHK Ha cragum

SJIOHT AU TPAHCIAIIUHA Y ITPOKAPHUOT

1.6
A 25-month-old Caucasian girl has coarse facial features and gingival hyperplasia
and, at 2 months of age, began developing multiple, progressive symptoms of mental
retardation, joint contractures, hepatomegaly, and cardiomegaly. Levels of lysosomal
enzymes are elevated in her serum, and fibroblasts show phase-dense inclusions in
the cytoplasm. Which of the following enzyme deficiencies is most consistent with
these observations?

A. Golgi-associated phosphotransferase

B. Lysosomal a-1,4-glucosidase

C. Endoplasmic reticulum—associated signal peptidase

D. Cytoplasmic a-1,4-phosphorylase

E. Lysosomal hexosaminidase A
The answer: Characteristic symptoms of I-cell disease. Note release of lysosomal

enzymes into serum, which would not be seen in the other deficiencies.

25-MicsiluHAa KaBKa3bKa [IBYMHKAa Mae€ TpyOl pUCH OO0IMY4Ys Ta TIHTIBaJIbHY
rinepriasiro. Y 2-MiCAYHOMY Billl TOYadd PO3BUBATHCS MHOXXHHHI TPOTPECUBHI
CUMIOTOMU PO3YMOBOI BIJCTAJIOCTi, CYIJI000BI KOHTPAKTYpH, TremaTOMEramis Ta
KapaioMerainis. PiBeHb Ji30coMallbHUX (PEPMEHTIB Y CUPOBATIIl KPOBI MiABUIICHUH, Y
¢i0pobacTax  BUSIBISIOTBCSA  IIUTHbHI  BKIIOYEHHS B IuToIuiasmi. IlposiBu
HEJOCTAaTHOCTI  SIKOTO 3  (PEpPMEHTIB  HAWOUIbLI  Y3rOJKYIOTbCS 3  LIUMHU
CIIOCTEPEKEHHSIMU ?

A. T'onpxi-acortiioBana ¢ochorpancdepasza

B. JlizocomanbHa a-1,4-rimroko3umasa

C. CurnasibHa NenTU/a3a, MOB'sI3aHa 3 €HJ0MIa3MaTUYHUM PETUKYITYMOM

D. Hurommazmatuyna o-1,4-hochopuiasza

E. JlisocomanpHa rekco3zaminigaza A
13



Bipna BignoBige: OmnucaHo xapakTepHi cUMOTOMH [-KIITUHHOI  XBOpoOHU
(mykomimimo3 II) - cmagkoBOro 3axBOpIOBaHHS, MO BITHOCHUTHCS O JII30COMHHX
XBOpoO HakomuueHHs. KIliHIYHA KapTHHA PO3BUBAETHCA B pe3yibTari JedekTy
dochotpanchepazu - depmenty amapaty [onpmki. MertabomiuHa poyib IHOTO
dbepMeHTy TosiArae B MPHUEIHAHHI CHEMU(IYHOT MITKH 10 KaTaboIiTHUX (EepMEHTIB
J130COM, 1110 PO3IICTUIIOIOTH OJIITOCaXapyIu, JIIMIH 1 TI1KO3aMIHOTJIIKaH! BCEpearH1
kmituHU. be3 1mie€i MiTku mi3ocomanbHi (pepMEHTH 3aMmicTh TOro, mo0 OyTu
HalpaBJICHUMHU Yy J130COMH, MOTPAIUIAIOTh Y MDKKIITHHHUM MPOCTIP 1 KpPOB.
HenocrtatHicts  depmeHTiB B Ji30cOMax MPU3BOJAUTH JO  HAKOMHYCHHS
HEPO3MICTUICHUX MAaKpPOMOJIEKYJI. B pe3ynbTrari HAaKONMWYEHHS IMX PEYOBHH B

Ji30coMax (POPMYIOThCSI XapaKTepHI BHYTPIIIHBOKIITUHHI BKIIFOUEHHS - «|-KIIITHHU

25-MecsiuHasi KaBKa3CKas J€BOYKa WUMeEET TpyOble YepThl JIMIAa U THHTHBAIBHYIO
runepruiazuo. B 2-MecsYHOM BO3pacTe Hadald pa3BUBAThCSI MHOXKECTBEHHBIC
MPOTPECCUBHBIC CHUMITOMBI yYMCTBEHHOM OTCTaJOCTH, CYCTaBHBIE KOHTPAKTYPHI,
remaroMeragius H KapAunOMeraius. YpPOBEHb JH30COMAaJbHBIX (EPMEHTOB B
CBIBOPOTKE KPOBH TOBBIIICH, B (hruOpob1acTax HAOIIOIA0TCSI TUIOTHBIE BKITFOYCHUS B
nuToruiazme. [IposiBIeHrs HEJOCTaTOYHOCTH Kakoro w3 ¢GepMeHTOB Haunbosee
COTJIACYIOTCS C 3TUMHU HAOIIOIEHUSIMU?

A. Tonbmxu-accoruupoBannas ¢ocdorpanchepasa

B. JIuzocomanpuas a-1,4-rmroko3umas3a

C. CurnanbHas eNTHIa3a, CBSI3aHHAS C SHOIUIA3MATHIECKUM PETHKYITYMOM

D. Huromma3zmatnyeckas o-1,4-hochopunaza

E. JIuzocomanbHas TeKCO3aMHHH A3 A
[TpaBuibHbIl oTBeT: OnucaHbl XapaKTepHblE CUMOTOMBI [-KJeTOYHOUM OoJie3HU
(Mykonunuao3 Il) - HacmeacTBEHHOrO 3a00JICBaHMS, OTHOCSIIETOCS K JIN30COMHBIM
Oone3HsM HakorieHus. KinmHudeckass kKapTHHA pa3BUBAeTCs B pe3yibTaTe aedeKTa
docdoTpancdepassl - dhepmenta anmapara ['onpmku. Merabonmnueckass pojib 3TOTO
dbepMeHTa 3aKITtoYaeTcsl B MPUCOSAMHEHNN CIeM(PHUECKON METKH K KaTaOOJIUTHBIM
dbepMeHTaM  JM30COM,  PACIICIUISIONIMX  OJUTOCAaxapwiabl,  JUMUIALI U

TJIMKO3aMHUHOTJIMKAHbl BHYTPU KJIETKU. be3 3T0il MeTKu nmu30comManbHble (epMEHTHI
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BMECTO TOT0, YTOOBI OBITh HAIIPABJIEHHBIMH B JIU30COMBI, II0IIA/1al0T B MEXKKIIETOUHOE
IPOCTPAHCTBO M KPOBb. HemocTaTrouHOCTh (PEPMEHTOB B JU30COMAaxX MPUBOAMUT K
HAKOILJICHUIO HEPACIIEIJIEHHBIX MaKpOMOJIEKYJl. B pe3yibrare HaKOIUIEHHMS 3TUX
BEIIECTB B JIM30coMaxX (OPMUPYIOTCA XapaKTEpPHbIE BHYTPUKICTOYHBIE BKIIOUYEHHUS -

«|-KjeTKkny

1.7
Parahemophilia is an autosomal recessive bleeding disorder characterized by a
reduced plasma concentration of the Factor V blood coagulation protein. Deficiency
arises from a 12 base-pair deletion in the Factor V gene that impairs the secretion of
Factor V by hepatocytes and results in an abnormal accumulation of immunoreactive
Factor V antigen in the cytoplasm. In which region of the Factor V gene would this
mutation most likely be located?

A. 5" Untranslated region

B. First exon

C. Middle intron

D. Last exon

E. 3'Untranslated region
The answer: Decreased factor V secretion and a corresponding accumulation of
cytoplasmic antigen suggest a defect in the translocation of the nascent protein to the
endoplasmic reticulum. This implies a mutation in the N-terminal amino acid signal

sequence required for targeting to the ER and encoded by the first exon of the gene.

[Taparemodumist - xBopoba OBpeHa, TeMOpariyHUi J1aTe3, XapaKTEePU3YEThCS
nedimuroMm (aktopa V 3ropTaHHS KpoBi (TPOAKIENEpPUH); YCIAIKOBYETHCS 3a
ayTOCOMHO-pEIleCUBHUM  TUNOM. JlepinuT BuHMKae BHacHioK jenemii 12
HYKJIEOTHIIB y TeH1 (akTopa V, 110 moripirye cekperito pakropa V rematonuTamu i
MIPU3BOJUTH 0 aHOMAJILHOTO HAKOMUYEHHS IMyHOPEAKTUBHOTO aHTUTEHY (hakTopa V
B IIUTOIUIa3Mi. Y SKIi AUISHIN TeHa dakTopa V HalOIbII IMOBIPHO pO3TaIlloOBaHa 115
MyTauis?
A. 5'- HetpanciboBaHa AUISHKA
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B. Ilepunii ek30H

C. Cepenniii iIHTpOH

D. OcranHiii ek30H

E. 3’-HerpancnboBana aiisiHKa
Bipna BianoBiae: 3amKeHHs cekpertii (hakTopa V 1 BIAMOBIIHO HOTO HAKOMTWYEHHS K
[UTOIJIA3MATUYHOTO aHTUTEHY B1I0YBAETHCS Y pe3yJIbTaTi MOPYIICHHS TPAHCIOKAIIil
3pOCTAlOYOr0 TOJIMENTUAY Y eHJOIUIa3MaTHYHui peTtukynayMm. lle Bkasye Ha
MyTaIlil0 B JUISHIN, IO KOAYye N-KIHIIEBY CHUTHAJIbHY MOCHIJIOBHICTh OlIKa, sKa
3a0e3nevyye MOCTTPAHCISALINHUN TpaHCHOPT MONINENTUAY Yy EHIOMIa3MaTUYHUN

peTuKyayM. BoHa € CKIa0BOIO EPIIOTO €K30HY I'eHa

[Taparemoduus - 6one3np OBpeHa, TEMOPpPArvyeCKUil AMATE3, XapaKTEPHU3yeTCs
nepuutoM ¢daktopa V CBepThIBaHHSA KpPOBH (IIPOAKIICIEPUHA) HACIEAYeTCs IIOo
ayTOCOMHO-PEIECCHBHOMY THUITy. JlepHuIMT BO3HWMKAaeT BCIENCTBUE neienuu 12
HYKJICOTHJIOB B TeHE (hakTopa V, 4TO MPUBOJMT K YXYIIICHUIO cekperuu (paktopa V
remaToIUTaMy U, KaK CIEACTBHE, K aHOMATbHOMY HAKOIUICHUIO UMMYHOPEAKTUBHOTO
anTurena (akrtopa V B mutoruiazme. B kakom ydacTtke reHa daktopa V HamOoiee
BEPOSITHO PACIOJIOKEHA 3Ta MyTalus?

A. 5'- HeTtpaHcnupyeMblil yuacTOK

B. IlepBslii 3k30H

C. Cpenuuii UHTPOH

D. [Mocneauuii 3k30H

E. 3'-Herpanciupyemslii yuacToK
[TpaBwibHbIl oTBeT: CHIKEeHHE cekpenmu (aktopa V M COOTBETCTBEHHO €T0
HAKOIJICHUSI KaK IIUTOTUIa3MAaTUYECKOTO AaHTHTEeHAa TIPOMCXOJIUT B PE3yIbTaTe
HapyIICHUS TPAHCJIOKAIMK PACTYIIEr0 TMOJHIENTHAa B OHAOIUIA3MATHUECKHUN
PETUKYITyM. DTO YKa3blBaeT Ha MYTAIMIO B 0O0JIACTH, KOAUPYIOMIeH N-KOHIIEBYIO
CUTHAJIbHYIO MOCJICIOBATEILHOCTh Oernka, KOTOpas obecrieunBaeT
MOCTTPAHCIISAIMOHHBIN TPAHCIIOPT MOJIUIICTITHAA B DHAOIUIA3MATHUECKUNA PETHUKYITYM.

OHa sByIsIeTCS COCTaBIIAIONIEN MTEPBOro 3K30HA IeHa
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1.8
Collagen, the most abundant protein in the human body, is present in varying
amounts in many tissues. If one wished to compare the collagen content of several
tissues, one could measure their content of

A. Glycine

B. Proline

C. Hydroxyproline

D. Cysteine

E. Lysine
The answer: Hydroxyproline is found uniquely in collagen. Although collagen is also

rich in glycine, many other proteins contain significant amounts of glycine.

Komaren, naimommpeHimuid OIOK B oOpraHi3mi JIOJWHU, TPUCYTHIA y pPI3HUX
TKaHWHax. J[Jig MOPIBHSHHS BMICTY KOJIar€HY Yy PI3HMX TKaHWHAX JOLUIBHUM OyJe
BU3HAYATH BMICT aMiHOKHCIIOTH

A. I'moun

B. Ilponin

C. I'impoxcunpostin

D. Iucrein

E. Jlizun
Bipna BignoBiab: [igpokcunponiH € crnenudiyHUM MapKepoM KojiareHy. Xouda
0COOJIMBICTIO TEPBUHHOI CTPYKTYPH KOJAreHy € Jy>K€ BHUCOKUN BMICT TJIIUHY
(33%), mpore Oararo IHmMMX OUIKIB MICTATh TaKOX 3HAYHI KUIBKOCTI IIi€i

AMIHOKHCJIOTH

Kommaren, camplii  pacnpocTpaHeHHBIH  O€OK B OpraHM3Me  4YeloBeKa,
NPUCYTCTBYIOIIUI B pa3iIMyHbIX TKaHsX. J[Js cpaBHEHUS coAepKaHHs KOJUIareHa B
pa3iMuYHBIX  TKAaHAX  1enecooOpa3HbiM  OyAeT  ONpeneNsaTh  COJIEep)KaHHUe
AMHHOKHCIIOTHI
A. I'munuu

B. IIponun
17



C. I'mppokcunpoaux

D. IMucreun

E. Jluzun
[TpaBuibHbI  OTBeT: [MAPOKCHUNPONUH SBASETCS CHEHUPUUYECKUM MapKepoM
KoJutareHa. XoTs OCOOCHHOCTBIO MEPBHYHOM CTPYKTYpbl KOJIJIareHa €cCTh OYEHb
BbICOKOE cojepkaHue rinuuuHa (33%), OonHAKO MHOTME JApyrue OENKH Takke

COACPIKAT 3HAYNUTCIIbHBIC KOJIMYCCTBA ATON aMHMHOKHUCIOTHI

1.9
A 6-month-old infant is seen in the emergency room with a fractured riband subdural
hematoma. The child’s hair is thin, colorless, and tangled. His serum copper level is
5.5 nM (normal for age, 11-12 nM). Developmental delay is prominent. A deficiency
of which enzyme activity most closely relates to these symptoms?

A. Lysyl oxidase

B. Prolyl hydroxylase

C. y-Glutamyl carboxylase

D. Phosphotransferase in Golgi

E. a-1,4-glucosidase
The answer: The child has Menkes disease, in which cellular copper transport is
abnormal and produces a functional copper deficiency. Lysyl oxidase in collagen
metabolism requires copper. His fragile bones and blood vessels result from weak,

poorly crosslinked connective tissue.

6-MicsiuHEe HEMOBJIS IOCTABJICHO Y BIIUICHHS! HEBIJKIIAIHOI JIOTIOMOTH 3 TIEPEJIOMOM
pebpa Ta cyOmypanpbHOIO TemaroMoio. Bomoccst nutuHuM TOHKE, Oe30apBHE 1
3arurytane. KoHieHTparlist 10HiB Mijll B CHpOBATIIl KPOBI ckianae 5,5 HM (Hopma st
1boro Biky - 11-12 uM). BinzHavaeThcs 3aTpuMKa po3BUTKY. JlepinuT aKkTUBHOCTI
AKOTO (pepMEHTY HaNOUIBII BIPOT1AHO MPU3BOJUTH 10 LIUX CUMIITOMIB?

A. Jlizuinokcuaasa

B. Ilponiarinpokcunasa

C. y-rnmyraminkapbokcuiaza
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D. ®ocdorpancdepasza amapary ['onbmki

E. a-1,4-rimroxo3muaasa
Bipna BianmoBigs: Y auTuHM XBopoOa MeHkeca - TOPYIICHHS KIITHHHOTO
TPAHCTIOPTY Mifi, TPHU SIKOMY CIIOCTEpPIra€TbCsl YMOBIIBHEHHS POCTY, MATOJIOTII
HEPBOBOI CHUCTEMH, a TaKOXX XapaKTepHE 3aKpydyBaHHS BOJIOCCS, 3a IO 1€l cTaH
TAaKOX Ha3MBAIOTh «XBOPOOOK Ky4epsIBOTO BOJOCCS». BUHHMKae (QyHKIIOHATHHHMA
nedinut miai. Jlizunokcuaasa npuitMae yqacTb y HOCTTPAHCISALIHHOMY «J103p1BaHHD)
kojareny. Lleit ¢epMeHT MICTUTBH y SKOCTI KO(hakTopy 10HU Mial. Kpuxki KiCTKHU 1
KPOBOTOUYMBICTh CYAMH AWTUHU € HACIIAKOM MOpPYIIEHHS (OpMyBaHHS MILHOTO,
XKOPCTKO (piKCOBaHOTO 3aBASKA (YKINT JM3WUIOKCHAA3W KOJAreHy - Ba)XJIHBOI

CKJIJIOBO] CIIOJIYYHOI TKAHUHU

6-MecsuHbIN MJIaJIeHEl] TIOCTaBJIeH B OT/IEJICHUE HEOTIOKHOM MOMOIIM C MEePEIOMOM
pebpa u cyOmypanbHOM remaTomoil. Bosiockl pebeHka TOHKHE, OECIBETHBIC U
3anyTtanHele. KoHIeHTpanyss MOHOB MENM B CBIBOPOTKE KPOBU COCTaBIAET 5,5 HM
(Hopma miisg aToro Boszpacrta - 11-12 uM). OTmeuaercs 3aaepxka pazputus. dedurur
aKTUBHOCTH Kakoro pepMeHTa HanboJsee BEpPOSTHO MPUBOIUT K ITUM CUMIITOMAaM?

A. JIusunokcuaasza

B. IIponunruapoxcumnasza

C. y-I'myramunkapOokcuiasza

D. ®ocdorpanchepasza anmapara ['onbaxu

E. o-1,4-rmroxo3mngasa
[TpaBuibHbIl OoTBeT: Y pebOenka Oone3Hb MeHKkeca - HapylIeHHE KIETOYHOTO
TpaHCIIOpTa MEIW, MpPU KOTOPOM HAOJIOAAETCs 3aMEUIEHHE pPOCTa, MAaTOJOTHU
HEPBHON CHCTEMBI, a TAK)KE XapaKTEPHO 3aKPYyUYHUBAHUS BOJIOC, 3@ YTO 3TO COCTOSIHHE
TaK)K€ Ha3bIBAIOT «O0OJIE3HBIO KYAPSIBBIX BOJIOC». Bo3HuKaeT (yHKIMOHATBHBIM
nebunut Memu. Jluzwiokcujaasa NpPUHMMAET ydyacThe B MOCTTPAHCISIIMOHHOM
«CO3pEeBaHUM» KOJUIareHa. JTOT (EPMEHT COIEPKUT B KauecTBe KO(aKTopa HOHBI
Meu. Xpynkhe KOCTU M KPOBOTOYMBOCTH COCYIOB peO€HKa SBISIETCS CIIECTBUEM
HapyHIeHus POPMUPOBAHUS TPOYHOTO, KECTKO (PUKCUPOBAHHOTO Onarogaps Gpykuuu

JIM3WJIOKCUIA3bl KOJUIareHa - BaXKHOM COCTABJIIOMIEN COETMHUTEIILHOU TKAaH!
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1.10
Respiratory tract infections caused by Pseudomonas aeruginosa are associated with
the secretion of exotoxin A by this organism. What effect will this toxin most likely
have on eukaryotic cells?

A. Stimulation of nitric oxide (NO) synthesis

B. ADP-ribosylation of a Gs protein

C. ADP-ribosylation of eEF-2

D. ADP-ribosylation of a Gi protein

E. Stimulation of histamine release
The answer: Pseudomonas and diphtheria toxins inhibit eEF-2, the translocation

factor in eukaryotic translation.

Indexuii nuxanpbHUX NUIAXIB, BUKIMKaHI Pseudomonas aeruginosa, acoriiiioBani 3
CEKpeIli€l0 EK30TOKCMHY A 1M opranizmMoMm. Skwii BIiauB Oyae 3AiHCHIOBATH
BKa3aHUW TOKCUH Ha €yKapiOTUYH1 KIIITUHU?

A. Ctumysinis cunaTe3y okcuay azory (NO)

B. ADP-pu6o3umtoBanss 011Ky Gs

C. ADP-pu6o3untoBanns eEF-2

D. ADP-pu6o3umoBanss 011Ky Gi

E. Ctumymnsiiisi BUBUIbHEHHS TCTaMiHy
Bipna BianoBigs: Ek3oTokcuH A miceBAOMOHA 1 AUPTEPIHHUN TOKCUH MPUTHIYYIOTh
aktuBHICTh €EF-2 — GinkoBoro (akropy crajii emoHramii TpaHCHLIl eyKapioTiB.

DyHKIII€ 1IHOTO (aKTOPy € TpaHcaokallis pubocomu Ha MPHK

WMudexkuu  nbIxaTedbHBIX — IyTeH, BbI3BaHHBIe PSeudomonas  aeruginosa,
aCCOIMUPOBAHBI C CEKPEIMe 3K30TOKCHMHA A 3THM opraHu3moM. Kakoe BimsHHE
OyAeT OCYLIeCTBIIATh yKa3aHHBIM TOKCUH Ha 3yKapHUOTUYECKUE KIETKH?

A. Ctumyisiius cuate3a okcuaa azoty (NO)

B. ADP-pu6o3unuposanue 6enka Gs

C. ADP-pu6o3unupoBanue eEF-2
20



D. ADP-pu6o3unupoBanue 6enka Gi

E. Ctumynsuusi BBICBOOOKIECHHUS THCTaAMUHA
[IpaBwiIbHBIM OTBET: ODK30TOKCUH A TICEBAOMOHaA W JAUGTEPUMHBIA TOKCUH
noJIaBJs0T akTUBHOCTH €EF-2 - GenkoBoro Qaxkropa cTaauu 3J0HTAIMH TPAHCISILIUN

sykapuoT. DyHKIHEH 3TOro GpakTopa SBISIETCS TpaHcaokaius puoocombel Ha MPHK

1.11
A 4-year-old toddler with cystic fibrosis (CF) is seen by his physician for an upper
respiratory infection with Pseudomonas aeruginosa. He is started on oral
ciprofloxacin and is referred to a CF center as a potential candidate for gene therapy.
Prior genetic testing of the patient identified the mutation causing CF as a 3-base-pair
deletion in exon 10 of the CF gene. The nucleotide sequences of codons 506-511 in
this region of the normal and mutant alleles are compared below.
Codon Number 506 507 508 509 510 511
Normal Gene ATC ATC TTT GGT GTT TCC
Mutant Gene ~ ATC ATe T GGT GTT TCC

3-base deletion
What effect will this patient’s mutation have on the amino acid sequence of the
protein encoded by the CF gene?

U c A G

ULy el Lt L uc,;u} y u

" uuc}"“f 0cC Lge | UACS ™ | UGS | €
L& LCA LAATY o UGA  Siop | A
uu:a}'-f'“ UGG L-.GG} RueE T | G
Goe Gec Eaos Ms | EC c
HE L A = B

C  con - CCA}P":' CAAY . | CGA Al | A
cUG CCG c,ﬁ.a} win L oeG G
AL ACU sl L. AGU } . U

A .ﬂ.u:}lla aCC L gy, .u.m:;} Asn Gt e | g
ALLA ACA AAA AGAT . A
AUGT Mat | ACG Aaa | Lys AGG [T e
Sy, &Y, W ey |
A%, " b | % |

G Gua 8 Goa M Gaa G | GGA el B
GUG GO Gagf Bt GGG G

A. Deletion of a phenylalanine residue with no change in C-terminal sequence

B. Deletion of a leucine residue causing a change in the C-terminal sequence
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C. Deletion of a phenylalanine residue causing a change in the C-terminal
sequence
D. Deletion of a leucine residue with no change in C-terminal sequence
The answer: Deletion of CTT results only in the loss of Phe 508; Ile 507 and the C-
terminal sequence are unaltered because ATC and ATT both code for lle (the coding

sequence is unchanged).

4-piuHnii MamoK 3 KicTo3HUM (iopo3om (K®) - iHma Ha3Ba MYKOBICIIMIO3 -
OTJISIIAETHCS JIIKapeM 3 MPHUBOAY 1H(EKIII BEpXHIX TUXATbHUX LUISXIB, BUKIHUKAHOT
Pseudomonasaeruginosa. Ilamienty cnoudatky Oyli0 TpH3HAYEHO MEPOPATHLHO
UnpodIoOKCcaliH 1 HampaBieHO Yy JilarHOCTUYHUU 1eHTp K® sk moTeHmiiHoro
KaHIWUJaTa Ha TeHHy Tepamito. l[lomepenHe TreHEeTHYHE TECTyBaHHS IMAIlIEHTA
imenTudikyBasio MyTalito, 1mo Bukiaukae K®, sk npeneuito 3 HykieotuaiB y 10
ex30H1 reHa K®. Hykneoruani nocmimoBHOcTi koaoHiB AunsHku JIHK 506-511
HOPMAJIbHUX 1 MYTaHTHUX aJieJiel MOPIBHIOIOTHCA HUXKYE, JIe KpanmkaMH MO3HAYEHO
Jenenio 3 HyKJICOTH 1B

Homep komony 506 507 508 509 510 511

Hopmaneauii ren ATC ATC TTT GGT GTT TCC

Mytantauii reH ATC AT e T GGT GTT TCC

Slkuii BIUIMB MaTUME MyTallisl IIbOrO MAaIllleHTa Ha aMiHOKUCJIOTHY IOCIHIJOBHICTb

O11Ka, 1o KoayeTbesi TeHom KD?

U c A G
UL weU wau T, LIGLI} , u
U uuc}"“f 0cC Lge | UACS ™ | UGS | €
ULA UCA LI She UGA  Ston A
uu:a}'-f'“ LCG L-.GG} RueE T | G
&he cee SacS M | Gac c
HE L A = B
C  con - CCA}P":' CAAT coa 1979 A
CUG Cea c:,qa} GIn | cGG G
AU ACU Al L. | AGU } LU
A | AUC e ace kg .u.m:;} Asn | pecd 5 | g
AL ACA, AdA AGAT . A
AUGT Mat | ACG Aaa | Lys AGG A e
Y, e, e sy U
G e aval o Alg | o + Gy
GUA GCA GAAY o),  GGA A
GUG [EL{E [ETTE] GEGE G

22



A. BiacyTHICTb 3ayMiIKy QeHiananiny 6e3 3MiHu C-KiHIEeBO1 MOCIiIOBHOCTI
B. BiacyTHicTh 3anumiky JeHIMHY, M0 NPU3BOAUTH A0 3MiHM C-KiHIIEBOI
IMOCJI1IOBHOCTI
C. BiacyrtHicth 3anmumiky (eHuIanaHiHy, M0 MPU3BOAUTH A0 3MiHA C-KiHIIEBOI
ITOCJIIJIOBHOCTI
D. BincytHicTb 3anumiky Jiekiuay 6e3 3minu C-KiHIIEBO1 MTOCTIJOBHOCTI
Bipna Binnosins: Bunanenns CTT npusBoauts Tinbku no Brpatu Phe 508; Ile 507 Ta
C-kiHIIeBa TOCJIJIOBHICTh HE 3MiHeH1, Tomy 1o obuasa Tpurietu ATC ta ATT

KonyroTh Ile

4-11eTHUIM MaJIbII ¢ KUCTO3HBIM (puopo3om (KD) - npyroe HazBaHue MYKOBUCIIUIO3 -
OCMATpPUBAETCS BPAuOM MO TMOBOAY HMH(EKIUU BEPXHUX JIbIXaTEIbHBIX IyTEH,
BbI3BaHHOM Pseudomonas aeruginosa. [TanrienTy cHayana ObL1 HA3HAYEH MEepopaIbHO
nUnpoduiokcaliid ¥ OH Obul HampaBieH B aAuarHoctuyeckuid neHtp KO kak
NOTEHUUATIbHBIA KaHIUAAT HAa TeHHYI0 Tepanuio. [IpenBaputenbHOE T€HETHYECKOE
TECTUPOBAHUE MAalMeHTa WIASHTU(UIMPOBATIO MyTaluio, Bbi3biBatomyto Kd, kak
nenenuro 3 HykieotugoB B 10 sk3ome rena K®. HykneoruaHele
nocyenoBaTeabHOCTH KooHOB ydactka JIHK 506-511 HOpManbHbIX M MYTaHTHBIX

aJjuieneun CPAaBHHUBAIOTCA HHUXKC, I'’/I€ TOYKaAMHA o0o03HaueHa ACJICnA 3 HYKJICOTUI0B

Homep komony 506 507 508 509 510 511
Hopwmanensiii ren ATC ATC TTT GGT GTT TCC
Myrtantupiii ren ATC ATe T GGT GTT TCC

Kakoe BausiHHE OKa)XXeT MyTaousa 9TOro IanmueHTa Ha aMHUHOKHCIIOTHYRO

MOCJIEI0BATEIBLHOCTD OelKa, KoiupyeMoro reaom Kd?
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U c A G

UL ucu AUl uc_au} ) u
U uuc}"“f‘ 0cC Lgo | UACS ™ | UGCIS™ | €
UUA UCA LA St UGA  Sop A
uu:a}'-f'“ = L-.G-G} WEuee Tp | g
T AME W CRE W
A [T = £
C | cya e CCA}P":' CAAT .. caa 49 a4
cUG COG n::,qa} GIn | cag G
ALIL ACL mxu} nm.} . u
A .«mr;}llu ACC gy, | AAC Asn | pecf e | g
AUA ACA ABA AGAT | A
AUGT Mat | ACG AnGf s AGo fAT
A TR
GUC GCC E] i Y C
G Gd-‘-".}l"'lal GCA}”"“ GAAY o),  GGA }‘:"*-J A
GUG GO GAG GGG e

A. OtcyrctBue  ocratka (eHunananuHa 0e3  u3MeHeHus  C-KOHIIEBOU
MOCIIEA0BATEIHLHOCTH
B. OrcyrcTBHEe ocTaTka JIeHWLMHA, YTO MPUBOAUT K H3MEHEHUI0 (C-KOHLEBOM
MOCIIEA0BATEIHLHOCTH
C. OrcyrcTBUE oOCTaTKa (EeHWIaJaHUHA, YTO MPUBOAUT K u3MeHeHuto C-
KOHIIEBOM 110OCJIE0BATEIBHOCTH
D. OrcyrcrBue OCTaTKa JEeUAHA oe3 VU3MEHEHHUS C-koHLEeBOM
NOCJIEA0BATEIBHOCTH
[MpaBunbubiii otBeT: enenus tpuriera CTT mpuBoaut Tombko K yrpare Phe 508;
Ile 507 ta C-kxoHIeBas IOCIICOBATEILHOCTh HE HW3MEHSIOTCS, MOTOMY 4YTO 00a

tpumieta ATC u ATT xoaupyror Ile

1.12

A 10-year-old boy with severe progressive skin ulceration, decreased resistance to
infection, and impaired cognitive ability has been diagnosed with a genetic deficiency
of the enzyme prolidase. Mutation analysis has identified a single base substitution at
the 3’ end of intron 6 of the mutant allele as well as deletion of a 45-base exon (exon
7) in the prolidase cDNA. Which type of gene mutation was most likely inherited by
this boy?

A. Frameshift mutation

B. In-frame mutation
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C. Missense mutation
D. Nonsense mutation
E. Splice site mutation
The answer: A base substitution at an intron-exon junction, which leads to the

deletion of an entire exon is indicative of a splice site mutation

VY 10-piuHoro xjom4mka 3 TSDKKOIO MPOTPECYIOUOI0 BUPA3KOI LIKIPH, 3HUKEHOIO
CTIHKICTIO 10 1H(EKI[IH 1 MOPYIICHHSM KOTHITUBHUX 310HOCTEH OYJI0 A1arHOCTOBAHO
reHeTuyHuil nediuut GepMeHTy mnpoiigasu. ['eHeTnyHuil aHami3 MyTaliid BUSBUB
OJIMHOYHY 3aMiHy a30THCTOi OCHOBHM Ha 3'-KiHIII 6 IHTPOHY MYTAHTHOTO ajiejs, a
TaKoX JeJelilo 7 eK30Hy, KWW ckiaagaeTbes 3 45 HykieoTwaiB. Taki 3MiHU
BIIOYIMCS Y CTPYKTYpl TeHy mponina3u. SIKuil Tunm TeHHOi MyTauii HaiOLIbII
IMOBIPHO yCHIaJKyBaB el XJIOMUUK?

A. Myrariis, 1o npu3Bea 10 3CyBY paMKH 3UUTYBaHHS

B. ymmikamis

C. MiceHnc myTaris

D. Honcenc myTrartis

E. Myrariis caiity criaiicunra
Bipna BianoBige: 3amiHa a30THUCTOI OCHOBU Yy 3'€JlHaHHI IHTPOH-EK30H, fKa

MIPU3BOUTH J0 BUJIAJICHHS BCHOTO €K30HA, CBIAYUTH MPO MYTAIIII0 CANTY CIIalicuHTa

VY 10-1eTHET0 Majab4MKa C TSKEIONW MPOrPECCUPYIOIIEH S3BOM KOXKH, MOHUKEHHOU
YCTOMYHMBOCTBIO K MH(PEKUUSM U HapyLIEHHMEM KOTHUTHBHBIX CIOCOOHOCTEH OBLIO
JTUArHOCTUPOBAHO TeHETHYeCKud nepuuut depMmenta mnponuaasbl. ['eHeTHuecKHit
aHaJlM3 MyTaluil OOHApYXWI OAMHOYHYIO 3aMEHY a30THCTOrO OCHOBaHHUS Ha 3'-
KOHIIE 6 MTHTPOHA MYTAHTHOI'O aJUIEJIA, & TAKXKE JEJIECIHI0 7 DK30Ha, KOTOPBIM COCTOUT
u3 45 HyKIeoTHIOB. Takue U3MEHEHUs MPOU30LUIM B CTPYKTYpE I'€Ha MpPOIUAa3bl.
Kakoli Tun renHoi MyTaniuu HanboJjee BEpOsiTHO YHACIEAOBA 3TOT MATbUYHK?

A. MyTtanus co CIBUTOM PaMKH CUUTHIBAHUS

B. Hymnukanus

C. Muccenc myranus
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D. Houcenc myrarus

E. Myrtauus caiita cruiaiicuara
[IpaBwiIbHBIM OTBET: 3aMeHa a30THCTOTO OCHOBAaHMS B COEAMHEHUM HHTPOH-IK30H,
KOTOpasi IPUBOANT K YAAJICHUIO BCETO K30HA, CBUACTEIBCTBYET O MYyTAIlMU CalTa

CILIaliCUHTA
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Glossary

Anticipation is a phenomenon in which the mutant alleles in certain diseases differ
from their normal counterparts only in number of tandem copies of a trinucleotide. In
these diseases, the number of repeats often increases with successive generations and
correlates with increasing severity and decreasing age of onset.
Huntington's diseaseis an inheriteddiseasethat causes the progressive degeneration
of nerve cells in the brain. It has a broad impact on a person's functional abilities and
usually results in movement, cognitive and psychiatric disorders.There are 5 tandem
repeats of CAG in the coding region in the normal Huntington allele. Affected family
members may have 30-60 of these CAG repeats. The normal protein contains 5
adjacent glutamine residues, whereas the proteins encoded by the disease-associated
alleles have 30 or more adjacent glutamines. The long glutamine tract makes the
abnormal proteins extremely unstable.
Fragile X syndrome is an inherited intellectual disability caused by a mutation in the
fragile Xmental retardation 1 (FMRZ1) gene on the Xchromosome, most commonly an
increase in the number of CGG trinucleotide repeats in the 5' untranslated region of
FMR1. Fragile X syndrome is a hereditary disorder affecting mostly males.
Myotonic dystrophy is a long-termgenetic disorderthat affects musclefunction.
Symptoms include gradually worsening muscle lossand weakness. Muscles often
contract and are unable to relax. Other symptoms may include cataracts, intellectual
disabilityand heart conduction problems. Myotonic dystrophy is one of several
known trinucleotide repeat disorders. The affected gene is called DMPK, which
codes for myotonic dystrophy protein kinase, a protein expressed predominantly in
skeletal muscle In myotonic dystrophy, there is an expansion of the cytosine-
thymine-guanine(CTG) triplet repeat in the DMPKgene. Between 5 and 37 repeats is
considered normal, while individuals with between 38 and 49 repeats are considered
to have a pre-mutation and are at risk of having children with further expanded
repeats and, therefore, symptomatic disease. Individuals with greater than 50 repeats
are almost invariably symptomatic, with some noted exceptions. Longer repeats are
usually associated with earlier onset and more severe disease, a process known as
anticipation.
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Gene is a fundamental physical and functional unit of heredity. A gene is an ordered
sequence of nucleotides located in a particular position within the genome that
encodes a specific functional product (a protein or RNA).

Genome is all the genetic material of a particular organism, its size is generally given
as its total number of base pairs or as its total number of genes.

Genetic code is the term we use for the way that the four bases of DNA--the A, C, G,
and Ts--are strung together in a way that the cellular machinery, the ribosome, can
read them and turn them into a protein. In the genetic code, each three nucleotides in
a row count as a triplet and code for a single amino acid. So each sequence of three
nucleotids is code for an amino acid. And proteins are made up of sometimes
hundreds of amino acids. So the code that would make one protein could have
hundreds, sometimes even thousands, of triplets contained in it.

Properties of the genetic code:

* tripletness - a significant unit of code is a combination of three nucleotides (triplet
or codon);

* continuity - there are no punctuation marks between triplets, that is, information is
read continuously;

* non-overlapping - the same nucleotide cannot be included simultaneously in two or

more triplets (an exception is for some overlapping genes of viruses, bacteria and
mitochondria that encode several proteins read with a frame shift);

» specificity - a particular codon corresponds to only one amino acid;

* degeneracy - several codons can correspond to the same amino acid;

* collinearity - the codon sequence corresponds to the amino acid sequence in the
encoded protein;

* universality - the genetic code is the same for the vast majority of biological
systems (there are exceptions: ciliates, mitochondria - that's why the genetic code is
called quasi-universal).

Codon is a specific sequence of three consecutive nucleotides that is part of the
genetic code (in DNA or mRNA) and codes for a specific amino acid.

Anticodon is a specific sequence of three consecutive nucleotides that is part of a
tRNA molecule that is complementary to an mRNA codon.
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Codon-anticodon interactions occur between triplet (codon) of mRNA (which
serves as an instruction on the order of the amino acids during the formation of the
amino acid chain) and triplet (anticodon) of tRNA with attachedamino
acid(correspondingthe codon). tRNAs act as "adapters" for the recognition of amino
acids in the translation process. Thus, the specificity of the translation is determined
by the codon-anticodon interaction between codon of the mRNA and anticodon of
tRNA, as well as the specificity of the aminoacyl-tRNA synthetase that attach the
amino acids strictly to their respective tRNAs (for example, GGU codon corresponds
to anticodon CCA intRNA, but this tRNA will only be attached to the amino acid
glycine).

MRNA is a molecule that can move from the nucleus to the cytoplasm of cells that
serves as the crucial connecting message between information contained in the gene
and protein synthesis. The structure of RNA is similar to that of DNA. The mRNA
molecule serves as a template for the specific amino acid sequence of a protein.
tRNA is the key adaptor molecule needed for translation.

Gene mutation is a permanent alteration in the DNA sequence that makes up a gene.
Mutations can result from DNA copying mistakes made during cell division,
exposure to ionizing radiation, exposure to chemicals called mutagens, or infection
by viruses.

Frameshift mutation is a type of mutation involving the insertion or deletion of a
nucleotide in which the number of deleted base pairs is not divisible by three.

Point mutation is when a single base pair is altered.

Missense mutation is when the change of a single base pair causes the substitution
of a different amino acid in the resulting protein. The code gets misinterpreted.
Nonsense mutation is the substitution of a single base pair that leads to the
appearance of a stop codon where previously there was a codon specifying an amino
acid. It is a genetic mutation in a DNA sequence that results in a shorter unfinished
protein product.

Deletion is a type of mutation involving the loss of genetic material. It is when a pair

of the nucleotide gets deleted in the DNA sequence.
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Duplication is a type of mutation that involves the production of one or more copies
of a gene or region of a chromosome.

Substitution is a type of mutation where one base pair is replaced by a different base
pair.

Insertion is a type of mutation involving the addition of genetic material. It is an
addition of one or more nucleotide base pairs into a DNA sequence.

Translation is the process of polypeptide chain of protein synthesis from amino
acids on the messenger RNA (iRNA, mRNA) astemplate.

Translation protein factors are a group of proteins that directly participate in the
translation process, but are not embedded in the structure of the ribosome, in contrast
to the multiple ribosomal proteins. They have a variety of functions, are easily
associated with the mRNA-ribosomal complex and, after performing a certain action,
dissociate from the complex. Translation factors are necessary for all stages of the
translation: initiation, elongation, termination. They are divided into: initiation factors
(IF or elF for eukaryotes), elongation factors (EF or eEF), termination factors (RF or
eRF).

Initiation factors IF3 (elF3) binds to the 30S (small) subunit of ribosome and in this
way prevents the association with the 50S large subunit. It also recognizes the special
MRNA sequences: 1) the initiation codon 5’-AUG-3’; 2) Shine-Dalgarno sequence
that is complementary to the sequence in ribosomal 16S RNA. Thus mRNA is fixed
on the ribosome.

Initiation factor IF2 (elF2) interacts with fMet-tRNA (Met-tRNA), fixs it in the P
site (splitting GTP), completes the assembly of the complex: ribosome+ mRNA +
formylmethionyl-tRNA (Met-tRNA).

Elongation factor EF-Tu (analogue in eukaryotes is eEF1a) - binding of aminoacyl-
tRNA to the ribosome by hydrolysis of GTP.

Elongation factor EF-Ts (analogue in eukaryotes is eEF1) — help in releasing of
GDP from EF-Tu-GDP (eEF10).

Elongation factor EF-G (analogue in eukaryotes eEF2) - translocation of ribosome
(hydrolysis of GTP used).
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Termination factors RF1 and RF2 recognize stop codons; RF3 hydrolyzes peptidyl-
tRNA, as a result is releasing of the synthesized peptide. GTP is used. Termination
factor in eukaryotes is single. It is eRF.
Ribosomes are an important organoid of the living cell. By chemical nature, it is a
ribonucleoprotein. Ribosome collects all the components of the protein synthesis
system. It works as a tape-long mechanism: the protrusion of the mRNA within the
ribosome allows it to read from it genetic information and translate it into the primary
protein structure. The ribosome effectively has two kinds of tRNA binding sites.
Only tRNAMet can bind to the P (peptidyl - for peptidyl-tRNA) site, and this only
occursduring the initial formation of the functional ribosome (initiation). Allother
aminoacyl-tRNAs enter at the A (aminoacyl - for aminoacyl-tRNA) binding site.
After formation of the peptide bond (this doesn’t require GTP hydrolysis),the tRNA
with the growing peptide attached is moved (translocated) to the other site (this does
require GTP hydrolysis).
Peptidyltransferase is a ribozyme integrated into the peptidyltransferase center of
the 50S (60S) subunit of ribosome, which catalyzes the transpeptidation
reaction.Result is in an extension of the growing polypeptide chain to one amino acid.
The activity of peptidyltransferase is associated with the 23S (28S) rRNA of a large
ribosomal subunit.
Translocase or elongation factor G (EF G) is enzyme that moves the mRNA
molecule along the ribosome in the translation process: peptidyl-tRNAis moved from
A-site to P-site in the ribosome. This action is provided by energy of GTP hydrolysis.
Next aminoacyl-tRNA can be attached to the free A-site to continue the build-up of
the polypeptide chain.
Antibiotics are chemicals that are produced by microorganisms and can inhibit
growth and cause the death of bacteria and other organisms. The antimicrobial action
of antibiotics has a selective nature: they act stronger on some organisms, others are
weaker or not at all.
Rifampicin binds to the B-subunit of prokaryotic RNA polymerase and suppresses it.
Due to such selectivity, rifampicin acts only on bacteria and is a drug for the
treatment of tuberculosis. The rifamycin produced by Streptomyces bacteria and its
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semi-synthetic derivative rifampicin inhibit specifically the initiation of transcription.
These antibiotics do not prevent the binding of RNA polymerase to the DNA
template. Rifampicin interferes with the formation of the first phosphodiester bond in
the RNA chain. In this case, the antibiotic practically does not affect the elongation of
the chain. It should be noted that the recently discovered antiviral effect of rifamycin
allows it to be used in the treatment of trachoma, which is caused by a DNA-
containing virus.

Tetracyclines block the A-site of the ribosome and deprive it of the ability to bind to
aminoacyl-tRNA. The mechanism of antimicrobial action of tetracyclines is related to
inhibition of protein synthesis by bacterial ribosomes and is carried out as follows:
tetracyclinesinterrupt the binding of aminoacyl tRNA to the acceptor site of the
MRNA-ribosome complex. This blocks the inclusion of the following amino acids in
the polypeptide chain and inhibits the synthesis of the protein. Thus, the bacteriostatic
effect is carried out. In addition, tetracyclines bind ions of bivalent metal Ca?* and
Mg 2*. This leads to the inhibition of metal-dependent enzyme systems of organisms.
Chloramphenicol (levomycetin) has a similar action: it violates the attachment of the
aminoacyl-tRNA to peptidyltransferase site located in the 50S-subunit of the
ribosome. The interaction of tRNAanticodon with codon of 30S-subunit mRNA is
not disturbed. As a result, peptidyltransferase does not interact with its substrate -
aminoacyl-tRNA, and the peptide bond is not formed. In this way, the activity of
peptidyltransferaseis decreases.

Erythromycin binds to the 50S-subunit of the ribosome and inhibits the
translocation.

Toxins - poisonous substances produced by living cells or organisms. They differ in
structure and mechanism of action,they have the ability to interact with biological
macromolecules (such as enzymes or receptors) of the organism in which they
penetrated. Toxins have the ability to change the functioning of their target
molecules: either decrease or, conversely, increase their activity

Pseudomonas and diphtheria toxins inhibit the synthesis of proteins in the mucosal
cells of throat and larynx. Some strains of this pathogenic microorganism receive a

toxin gene from a bacterial virus called B-phage, which infects a bacterium and
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induces the synthesis of toxic for human single-stranded protein. The toxin is cleaved
into 2 fragments, one of which is enzyme ADP-ribosyltransferase, in the cytoplasm
of host cells under the influence of proteolytic enzymes. Enzyme ADP-
ribosyltransferase catalyzes the transfer of ADP-ribose residue from NAD* to OH-
group of serine residue in the eEF2 (elongation factor) molecule. Inactivation of the
factor suppresses the promotion of the ribosome along the mRNA at the translocation
stage. As a result, the growing polypeptide chain remains in the aminoacyl center of
the ribosome. Thus, the biosynthesis of proteins in infected cells of the mucosal cells

of throat and larynx is stopped.

I'nocapiii
«IlepeadauyBaHi»3axXBOPIOBAHHS - TAKUMTEPMIHOMIIO3HAYAIOTHCSKITIHIUHI BUITAIKH,
KOJIMMYTaHTHIaJIe1yX BOPUX3TaKUMHUIIATOIOTiSIMH
BIJIPI3HAIOTHCSBIICBOIXHOPMAIbHUXAHAJIOT1BTUIBKUK1IBKICTIOTAH1I€MiBKOTIIUTPUHYK
aeotuay. I Ipunnx3axBoprOBaHHIXKUIbKICTHIIOBTOPIBUACTO301IBITYETHCIYKOKHOMYHA
CTYITHOMYTIOKOJIIHHITAKOPEII0€31301IbIIIEHHAMCTYTICHATSXKKOCT113MEHIIIEHHSIMBIKYTT
OYaTKy MPOSIBY CUMIITOMIB
XBopo06a XaHTIHITOHA € CMaJIKOBUM 3aXBOPIOBAHHSM, SIKE BUKIIUKAE MPOTPECYIOUY
JleTeHepallil0 HEPBOBUX KIITHH y MO3KY.lIpu 1boMy 3axBOproBaHHI BIJOYBarOThCS
rMOOKI TMOpyIIeHHA (QYHKIIOHATBHUX 3II0HOCTEH JIOAMHM 1 3a3BUYail 1€
NPU3BOJIUTH A0 PYXOBHM, KOTHITMBHHMM 1 MCHUXIYHHUX po3ianiB.IcHye 5 TaHmeMHUX
noBTopie CAG B KOAyrO4iil MOCTIAOBHOCTI HOPMAJIBHOTO ajenss XaHTIHTTOHA.
[Toctpaxknani unenu cim'i MoxyTb Matu 30-60 takux noeropiB CAG. Hopmanbuuii
O17I0K MICTUTh 5 CYMDKHHUX TJyTaMIHOBHUX 3aJIUIIKIB, TOM1 SIK OUIKH, SIKI KOAYHOThCS
aJleJsIMU, acoIlIfOBaHMMHU 3 3aXBOPIOBaHHSM, MaioTh 30 abo Ouible CyMiXKHHX
rIyTaMiHiB. JIOBrui TJyTamMiHOBOi TpakT poOOUTh aHOMajbHI OUIKM BKpai
HECTaOUIbHUMU.
Cunapom kpuxkoi X XpPOMOCOMHM € CIAJKOBUM MOPYILIECHHSM, BHUKIMKAaHUM
MyTalli€l0 B TeHi po3yMoBoi BiacTamocti 1 kpuxkoiX xpomocomu (FMRL1).
Haityactimme ne BigOyBaeTbcs uyepe3 30UIBLIEHHS KUIBKOCTI TPUHYKJICOTHIHUX

noBTopiB CGGB 5'-HerpancivoBaHiiausHl reHa FMR1. Cungpom kpuxkoi X-

33



XpPOMOCOMH € CHAJKOBUM 3aXBOPIOBAHHSM, IO MPOSBISIETbCS 3/1€01IBIIOTO Y
YOJIOBIKIB.

Miotoniuna jgucTtpodiss - 1€ TEHETUYHE 3aXBOPIOBAHHA, TNIPU  SIKOMY
CIIOCTEPIraloThCs MOPYIICHHS CPYKTYpH Ta (yHKIiOHyBaHHS M'si3iB. CUMOTOMHU
BKJIIOYAIOTh TOCTYNOBE 3MEHIICHHS M'S30BOi Macu 1 cialOkicTb. M's3u yacTto
CKOPOYYIOThCS, aJle HE MOXYThb PO3CJIa0UTHUCA. [HII CUMOTOMH MOXYTh BKJIFOUATH
KaTapakTy, pO3yMOBY BIACTANICTh 1 NpoOJieMH 13 CEpLEBOI0 MPOBIAHICTIO.
MioTtoniuHa 1UCTpO(disi € OHUM 3 JEKIIbKOX BIJOMHUX MOPYIIEHb TPUHYKICOTUIHUX
MOBTOpiB. YpakeHui reH HasuBaeTbcss DMPK.Bim koaye 0110k MiOTOHIYHOT
nucTpodii, IKU eKCIIPECy€eThCsl IEPEBAXKHO B CKENETHHX M'sizax. [Ipu MioTOHIUHIM
nuctpodii  BiIOYBAa€ThCS TMOJOBKEHHS IOCIHIJIOBHOCTI  TPHUILJIETHOTO TIOBTOPY
nuto3uH-TuMiIH-TyaHiH (CTG) B reni DMPK. Big 5 mo 37 moBTOpiB BBaKaeThCs
HOpMaJIbHUM, y TOM 4ac sk moau 3 38-49 moBTOpamMu MarOTh Ipe-MyTalliio 1
PU3HKYIOTh MaTW JIT€d 3 JIOJAATKOBUMHU TOJOBKEHUMH TIIOBTOpaMH 1, OTXKE,
CUMIITOMATUYHUM 3axBoproBaHHsAM. Ocobu 3 Ounbmr HiX 50 moBTOpaMH IHX
TPUIUIETIB Maibke 3aBXAM € CUMITOMATHYHUMHM, 32 JESAKUMHU BUHATKamu. [loBin
NOBTOPH 3a3BUYail TMOB'A3aHi 3 OUIBII pPaHHIM MOYaTKOM 1 OUIBII BaXKUM
3aXBOPIOBAHHSM, K€ Ha3UBAIOTh Nepe10auyBaHUM.

I'en € ¢pynnamentanbHOO (Hi3UYHOIO 1 (PYHKIIOHAJHHOK OJMHUIICIO CITaJIKOBOCTI.
['en sBnsie co0O0I0 BHOPSAKOBaHY MOCTIIOBHICTh HYKJICOTHUIIB, PO3TAIIOBAaHUX B
MIEBHOMY TIOJIO)KEHH1 B T€HOMI, SIKUW KOJIy€ KOHKPETHUN (DYHKI[IOHATbHUNA MPOJYKT
(6imox a60 PHK).

I'enom - 1e Bechb TCHETHMYHMA Marepial KOHKPETHOTO OpraHi3My, HOTO pO3Mip
3a3BUYall 3a/1a€ThbCd SIK 3arajbHa KUIBKICTh MMap HYKJIEOTHUIIB ab0 $K 3arajbHa
KUIBKICTh TeHiB. Hampukiaj, reHoM JTIOAUHU MOXe OyTH OXapaKTepU30BaHO TakK:
JBAJILIATH JIBI ayTOCOMH, JIB1 CTaTeBl XpoMocoMH X 1 Y, a TaKOX MITOXOHJpiajdbHa
JHK mictars pa3oM npubnusHo 3,1 Miapa map HyKJI€OTHAIB, SKi ckianaTb 20-25
TUCSY aKTUBHUX T'EHIB.

I'eneTnunnii kox - 1e crnoci® 3amucy reHeTuyHoi iHdopmanii B MOCIIJOBHOCTI
nykieinoBux kucior (JJHK abo PHK) mpo crpykrypy mominmentumiB (6inkiB). Y

KOHKPETHOMY CEHC1 TeHETHYHHMH KOJ - 1€ BIAMOBIAHICTE MK TPHUIUICTHUMH
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kogonamu MarpuuHoi PHK (m-PHK) 1 aminokucioramMmu KoJoBaHOro OifKa, IO
3aaeThesi KogoBoro Tabmunero. Yotupu tunm nmykieotuaiB JHK - A, C, G 1 T
MOB's3aHI OJWH 3 OJIHUM TaKWM YHMHOM, IO KIITHHHUNA OCIOKCHHTE3YIOUMH amapar
MOJKE€ 1X MPOYUTATH 1 310paTh MOJIMENTHAHUN JaHLIOT OUTKa 3 aMIHOKHUCIOT. Y
TeHETUYHOMY KOJ1 KOKHI TPU HYKJICOTUIY MOCIHLJIb BBAXKAIOTHCS KOJOHOM 1 KOAYIOTh
OJIHY aMiHOKHCJIOTY. BIJTKM CKIIamaroThes SK MPaBUIIO 3 COTEHb aMiHOKUCIIOT. Takum
YUHOM, TTOCJTIIOBHICTh HYKJICTHOBOT KHUCJIOTH, IO KOAY€E OJUH 010K, MICTUTh COTHI,
1HO/[1 HABITh TUCSY1 TPUILJIETIB.

BiacTHBOCTi reHETHYHOTO KOIY:

* TDI/IHJ'ICTHiCTB - 3HA4YyIIOK OAWMHHUICIO KOJAY € IHO€AHAHHSA TPbOX HYKJ'ICOTI/II[iB

(TpuIIeT ad0 KOIOH);

e 0OE3MEePEepBHICTL - MDK TpPUILIETAMH HEMa€ PpO3IUIOBUX 3HAKIB, i1H(pOpMaIlis

3UUTYETHCS OE3MEPEPBHO;

* TUCKPETHICTH - OJIUH 1 TOM K€ HYKJICOTH HE MOXKE BXOAUTH OJHOYACHO 0 CKIIATY

IBOX a0o Oulplle TPUIUIETIB (BUHATOK - AJIs JIEAKHX TEHIB BipyciB, OakTepii i
MITOXOHApIN, Yy SKUX TEHH MOXYTh IIEpEeKpHBATUCSHI TaKUM  UYHHOM
KOAYETBCSACKIIbKA OLTKIB, 3UNTYBAHHI3ICHIOETHCS 31 3CYBOM PaMKH);

o croenndivHicTh (OJHO3HAYHICTH) - IEBHUH KOJOH BIAMOBIJA€ TIABKH OJIHIN

aMIHOKHCJIOTI,

* BUPOJDKEHICTh (HAAMIPHICTB) - OAHIN 1 TiH e aMIHOKHUCIIOTI MOK€ BIAIMOBIIATH

JIEK1IbKa KOJOHIB;

* KOJIHEAPHICTH - MOCIIIOBHICTh KOJOHIB BIAMOBIAAE TTOCIIIOBHOCTI aMIHOKHUCIIOT B

KOJIOBAaHOMY O1JIKY.

* VHIBEPCAJIBHICTh - TEHETUYHUM KOJ €AUHUN [JIs1 TEePEeBaKHOT OUIBIIOCTI

010JI0T1YHHUX cHCTeM (€ BUHATKH: 1H(PY30pii, MITOXOHAPIi — TOMY OUIBII TOYHO Oyne
HA3MBATH T'€HETUYHHI KOJ KBa31yHIBEPCAIbHHM).

Konon - crnemnmdiuyHa MOCTITOBHICTE 3 TPbOX HYKJICOTHIIB, SKa € YaCTUHOIO
reaeruyHoro koay (B JIHK a6o MPHK) 1 konye KOHKpeTHY aMiHOKUCIIOTY.
AHTHUKOIOH — crenudiyHa MOCTII0BHICTh 3 TPhOX HYKJICOTHIIB, SIKA € YaCTHHOIO

monekynu TPHK, ta kommiementapaoro kogony MPHK.
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KonoH-aHTHKOA0HOBI B3aeMO/11i Bi10YBalOThCs MK TpurieTamMu (kogonamu) MPHK
(fKa CIOYXXUTh IHCTPYKIIED TMPO TMOPAJOK AaMIHOKHCIOT TpU  CKJIaJaHHI
aMIHOKHUCJIOTHOTO JIAHIIOTa) TaTpuiieTaMu (aHTUKOgoHaMu) amiHoarmiI-TPHK
(tfPHK 3 mnpuemgnanuMu 10 HHX KOBJICHTHHUMH 3B'S3KaMU  aMiHOKHCIIOTAMH,
BimnmoBimHUMHU KomoHYy). TPHK nmiroTh sk «amanmrepw» mjis  pO3Mi3HABAHHS
aMIHOKHUCJIOT B Tiporieci TpaHcismii. Takum YWHOM, creuu(iuyHICTh TPaHCIALIl
BU3HAYAETHCS KOJOH-aHTUKOJOHOBUMH B3aemMomisiMu MK komoHamu MPHK Ta
antukonoHamu amiHoanuia-TPHK, a Takox cneuudiunictio aminoanuia-TPHK-
CUHTETA3, SKi 3 BHCOKOK TOYHICTIO TMOB'S3YIOTh aMIHOKHCJIOTH 3 BIJMOBITHUMHU iM
TPHK (manmpuknan, tak sk komon GGU ianosimae antukogony CCA B TPHK, no
miei TPHK mae 6yTu npuenHana TUIbKA aMiHOKHCIIOTA TIIIMH).

MPHK (matpmuna PHK) - 1me moiekyma, sika MOXKe IMEpeMillyBaTUCS 3 sjpa B
UTOIUIa3My KJIITUHU, CIYXUTh HAWBAXKIIMBIIIOK CIIOJYYHOIO JJAHKOIO MpuUIiepeaadi
iHpopMmarrii, mo wMictuthes B reHax JHK TaBUKOpHCTOBYEThCS Yy CHHTE3I
nomnentuay Oinka. Crpykrypa MPHK cxoxa na crpykrypy HAHK. Moxkna
posrisinati BukopuctanHsa mosiekynu MPHK y sikocti matpumi ans dopmyBaHHS
MIEBHOT aMIHOKHCIIOTHOT ITOCTIIOBHOCTI O1JIKa.

TPHK (tpancnoptaa PHK) € xmouoBot0 Momekynorw-agantepom, HEOOX1THOK IS
JIEKOIyBaHHS T11]1 yac TpaHcsiii. BoHa € monimepom pubonykieo3uamonodocdaris,
3'eqnanux (pocdomiedipauMu 3B'I3KaMU, MICTHTH HAWOUIBINY KITBKICTH MIHOPHHUX
a30TUCTUX OCHOB (y TOPIBHSAHHI 3 IHIIUMH HYKJIETHOBUMHU KHUCIIOTaMHU), TPAHCIIOPTYE
1 Ipe3eHTY€ BIAMOBITHUM i1 32 TEHETUYHUM KOJOM aMIHOKHCIIOTHHM 3aJIUIIOK.
I'enHa myTauisi € NMOCTIHHOIO, 3aKpimieHo0 3MiHO B mocmigoBHocTi JIHK, sika
CTAHOBUTH IeH. MyTallli MOXXyTh BUHUKHYTH B PE3YJIbTAaTi MOMHUJIOK KOIIIOBAHHS
JIHK, momymieHux mij yac MOAUTY KJIITHH, BIUIMBY 10HI3YIOUOTO BHUIIPOMIHIOBaHHS,
BILIMBY XIMIYHHMX pe4OBHH (MyTarcHiB) a0o 3apayKeHHs BipycaMu.

MyTanisi 3cyBy paMKH 34UTYBaHHS - 1I€ TUI MyTallii, [0 BKJIIOYAa€ BCTaBKy abo
BTpary (IeNieuilo) HYKICOTUAY,IpU SAKiM YuCIO BUAAJIEHUX abo0 JOJaHUX Map
HYKJICOTH/IIB HE IUIUTHCS Ha TPH.

ToukoBa MmyTauis - 1€ TOW BUTIAJOK, KOJIH 3MIHIOETHCS OJHA TTapa a30TUCTHUX OCHOB
nykieotuais JJHK.
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MicceHc-MyTaniss BUHUKAE, KOJIM 3aMiHa OJHIET mapu a3zotuctux ocHOoBB JIHK
OPU3BOAUTh JO 3aMiHM OJHIE] AaMIHOKMCIOTH Ha IHIIy B MOJINENTHI,
HIOCUHTE3Y€EThCS. Y TBOPIOETHCA Ne(DEKTHUM MOTINENnTH/I.

HoHnceHc-myTanisi - 11e 3aMiHa OJHI€T Mapy a30TUCTUX OCHOB, SIKa MPU3BOIUTH JO
NOSIBU CTOM-KOJOHY BTOMY MiCLi, J€ paHime OyB KOJOH, SKUWA BH3HAYae
amiHokuciory. lle renernyna myrariisa B nociigoBHocti JIHK, sika npu3BoauTh 10
OUIBIII KOPOTKOTO HE3aKIHYEHOTO MOJIMENTHIHOTO JIAaHIIOTa.

JeJenisn - TUN MyTaIlii, MOB'I3aHUM 3 BTPATOIO0 T€HETUYHOTO Martepiany. [Ipu oMy
napa KOMIUIEMEHTapHUX HYKJICOTH/IB BUAAISEThCs 3 mociainoBHocTi JJTHK.
JAynjikanis - e Tan Myraiii, Ipu sSIKoMy 30UTBIIYETHCS KUTBKICTh KON reHa ado
HaBITh 1IJIOTO (pparMeHTa Xpomocomu.Jlyruiikaiii MOXKYTb BiOyBaTHUCS B MeXax
OJIHI€T 1 Ti€l )X XpOMOCOMH a00 BUHUKATH B PE3yJbTaTl MEPEHECEHHS KOMil IUISHKA
XpPOMOCOMHM Ha 1HIIY XpoMocoMy (TpaHcmosuilii). [loBTopu, 1m0 BUHUKIM B OAHIN
XpPOMOCOMi, MOXYTh PO3TAIlIOBYBaTUCA y BHUIJISAI NpAMUX a00 1HBEPTOBAHUX
TaHAEMHHUX NOBTOpiB. Bumaaku Oaratopa3oBHX NOBTOPEHb IUISHKA XPOMOCOMH
YTBOPIOIOTHCA  3aBIsIKM  amIuTidikaiii — CHHTE3y JACKUIBKOX KOIIM TeHy 1
BOynoByBaHHs ix y mociigoBHicTh JJHK. B pesynbrari mymuikamiii yTBOPIOIOTHCS
NOBTOPIOBAaHI HYKJICOTHIHUX TOCHTIIOBHOCTI, KJIAcTepud TEHIB Ta MYJIbTHUTCHHI
ciMelcTBa.

3aMiHa HYKJI€0THAY — MOXKe OyTH MpOCTOr0 (ITypuWH HAa MypUH a0o0 MipUMIIWH Ha
MIPUMIJIMH), 1 HA3UBAETHCA TPAH3UINIEI a00 CKJIAJHOK (3aMiHA MTypHH HA MIPUMIIUH
a00 HaBIMaKM) 1 HA31BAETHCSI TPAHCBEPCIEIO.

[HCcekprisi (BCTaBKa) - 1€ THI MyTalii, IO BKJIIOYAE JIOJaBaHHS TEHETUYHOTO
Marepiainy. [le mogaBanHs ofHi€T a00 JEKUIBKOX HYKJICOTHUIHUX Tap B MOCIIIOBHICTh
JIHK.

Tpaucasimia sBisie co00 TPOIIEC CHUHTE3Y MOJIMENTUIHOTO JaHIora Oinka 3
aminokuciot Ha MaTpuuHiiit PHK (MPHK)

BinkoBi ¢akTopn TpaHcaAUii OpeaCTaBISIOTE CcO000 Trpymy OUIKIB, SKi
OesnocepeIHbO OEpyTh y4acTh B MpOIIeCl TPaHCIALIl, ajge HEe BOYIOBYIOThCSA B
CTPYKTYpYy puOOCOMH, Ha BIIMIHY BiJl 0e3Jiul puOocOMHUX O1IKiB. BOHM BUKOHYIOTH

pizHOMaHITHI (QyHKIi, Jerko acoriThes 3 MPHK-pubocoMHuM komruiekcom i
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MiCJIE BUKOHAHHS TEBHOI Jii JUCOIIIOIOTH Bif Komiuiekcy. dakTtopu TpaHCHAIil
HEOOXIHI JJIA BCIX €TamiB I[bOTO MPOIECy: 1HIIiaIli, exonraiii, Tepminarii. Boan
noAistoThesl Ha: pakropu iHimamii (IF a6o elF mns eykapior), dakropu emoHrarrii
(EF a6o eEF) ta ¢pakropu Tepminaiii (RF ado eRF).

®daxrop inimianii 1F3 (elF3) 3B's13yeThes 3 Maior0 CyOOIMHUIICIO PUOOCOMH 1 TAKUM
YUHOM 3amo0irae ii acorfiamii 3 BEJIUKOI cyOoauHHIEel0. BiH Takoxx po3ii3Hae
cuemianbHi ociigoBHocti MPHK: 1) xomon iwimiarnii 5'-AUG-3 '; 2) nmocigoBHICTh
[Taitna-JlanrapHo, sika KOMILUIEMEHTapHa MOCIiI0BHOCTI pubocomansHoi 16S PHK.
Takum unnom MPHK ¢ikcyeTscs Ha pubocomi.

daxrop inimiamii 1F2 (elF2) B3zaemonie 3 fMet-TPHK (Met-tPHK), dikcye ioro B
P-caiiTi (po3meroroun GTP), 3aBepiirye 30ipky KoMIwiekcy: pubocoma + MPHK +
dopminmetionin-TPHK (Met-TPHK).

dakTop enonramii EF-Tu (anamorom y eykapiotiB € €EFla) 3abesmeuye
3B'si3yBaHHs amiHoanuia-TPHK 3 pubocomMoro,3a0e3nedyeTbcsi €HEpriero TiApoiizy
GTP.

daxTop eaonraunii EF-Ts (ananor y eykapiotiB - eEF1B) cnpusie 3BuibHeHHI0O GDP
3 aktuBHOTO IIeHTpY EF-TU (eEFl0).

®akrop enonramii EF-G (anamor y eykapiotiBeEF2) 3mificHroe TpaHciokaritito
(nepemiiieHHs) pubocoMu Ha Tpu Hykieotuay MPHK, BukopucToBy0un AJid 1IbOTO
eHeprito rigpomizy GTP.

®akropu Tepminanii RF1 1 RF2 posmiznators cron-kogonu; RF3  rimpomnizye
nentuani-TPHK, B pe3ynbTaTi 40ro BUBUIBHSAETHCS CUHTE30BaHUN
MOJTIMEeNTH . BUKOPUCTOBYEThCIG TP.MakTop TepMiHaiii y eykapiot ogun — €RF, BiH
noeHye yci QyHKIIT OKpEMHUX MPOKAPIOTHUYHMUX (PAKTOPIB TEpMiHAIli 1 HE MOTpeOye
eHeprii Hykiaeo3uaTpudocdaris.

PubGocoma - BaXJIuBHI OpraHoil >KUBOI KIITHHU. 3a XIMIYHOKO TPHUPOJIOI0 IIe
pubonykienporein. Pubocoma 006'enHye BCI KOMIIOHEHTH CHUCTEMH CUHTE3y OlIKa.
Bona nparttoe sik ctpiukoBuii MmexanizMm: npotsaryBanas MPHK Bcepeauni pubocomu
JO3BOJISIE 3YMTYBATU 3 HEl FeHETHUYHY 1H(OpMAI0 1 NEePeBOJAUTH ii B MEPBUHHY
CTpYKTypy Oinka. Pubocoma mae nBa caiftu 38's3yBanns anui-TPHK. Tineku tRNA-

Met moxxe 3B's3yBaTuCs 3 caiitoMm P (mentuauibHui 1eHTp - ana nentuami-TPHK), i
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11e BIOYBAEThCA TUIBKM I 4Yac MOYaTKOBOI cTajli ¢opmyBaHHs (YHKIIOHAIBHOI
pubocomu - imimiamii. Iami aminoanun-TPHK BxomsaTe B caiiT 3B's3yBaHHS
A(aminoanuiapHui 1IeHTp - 11 aminoanuia-TPHK). Ilicist yrBopeHHS menTHIHOTO
3B's13ky (e He Bumarae rigpomizy GTP), TPHK 3 mnpukpimenum 3pocTarounm
NEeNTUIOM TIEPEMIIIY€eThCS  (TPAHCIOKYETBCS) N0 IHIIOrO CaWTy (IS ILbOTO
BUKOPHUCTOBY€EThCs eHeprisGTP).

HenTuanarpancdepaza € puO0O3UMOM, IHTETPOBAHUMY MENTUIMITPaHCEpa3HU
teHtp 50S (60S) cyOoauuumI puOOCOMH, KM KaTadi3ye peakiliio TPaHCIeNTHIALIi.
Pe3ynbraTtoM € MOJOBKEHHS 3pPOCTAI0YOro MOJIMENTHAHOTO JIAHIIora Ha OJHY
aMIHOKHCIIOTY. AKTHBHICTh TentuauiaTpaHcdepasu mos'szana 3 23S (28S) pPHK
BEJINKOT prOOCOMAILHOI CYyOOAMHUII].

Tpanciaoka3za abo ¢akrop enonramii G (EFG) - ne depment, skuii nepeminrye
mosekyny MPHK B3goBx pubocomu B mporeci Tpancasaiii: nentuauia-TPHK
nepemimyetbess pazom 3 MPHK 3 A-caiity B P-caiitr B pubocomi. Ilg ais
3abe3neuyeThest eHeprieto riaponizy ['TO. Hactynna aminoamun-TPHK moxe Oytu
pHUeTHAHA IO BUTRHOTO A-CallTy Ui TPOJOBKEHHS HAPOIIyBaHHS MOIMETTHIHOTO
JaHIIIOTA.

AHTHOIOTHKH - 1€ XIMIYHI PEUOBWHHU, SKI BHUPOOJIAIOTHCS MIKpOOpraHi3Mamu i
MOXXYTh NPHUTHIYYBAaTH pICT 1 BUKJIMKATH 3arulOenb OakTepil 1  IHIIUX
Oprasi3MiB.AHTUMIKpOOHa Misi aHTUOIOTHKIB Ma€ BHOIPKOBHUI XapakTep: Ha OJHUX
OpraHi3MiB BOHH Ji10Th CHJIBHIIIE, HA IHIIUX - cj1aliiie abo He A1I0Th 30BCIM.
Pudamninun 3B's3yetscs 3 P-cybonununero npokapiotnunoi PHK-momimepasu 1
npurHidye ii. 3aBAsKU Takiil CEJIEKTUBHOCTI pU(aMMIIMH i€ TIIBKKA Ha OGakrtepii 1
BUKOPHUCTOBYETHCS ISl JIIKYBaHHS TyOepKyiabo3y. PudamMuimh, mo mpomyKyeThes
OakTepiamu  Streptomyces, 1 Horo HamiBCUHTETHYHE TMOXiAHE pUaMIiLUH
creniudiyHo 1HrIOYIOTH 1HIMiaIio TpaHckpumili. [{i aHTHOI0OTMKKM He 3amo0irarTh
3B'szyBanHsg PHK-momimepasu 3 JIHK-matpunero. Pudamninua mnepenikokae
yTBOpeHHI0 nepuioro ¢ocdonaiediprnoro 38's13ky B ganmo3i PHK. B npomy Bumagky
aHTHOIOTHK MPAaKTHYHO HE BIUTUBAE Ha MOJOBXKEHHs jJaHmora. Ciia 3a3Ha4uTH, 110
HEJAaBHO BUSABIICHUHN MPOTUBIPYCHUI ePeKT pudamilrHy J03BOJSIE BUKOPUCTOBYBATH

HOTO 1JIs JTIKYBaHHS TPAXOMH.
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Terpanukiainm OoKy0Th A-caiT pubocomMu 1 TM030aBISIOTH HOr0 3JaTHOCTI
3B'si3yBatucs 3 amiHoauwi-TPHK. Mexanism aHTHUMIKpOOHOT aAii TeTpanuKIiHy
MOB'SI3aHUM 3 TIPUTHIYEHHSIM CHHTE3y Oulka OakTepiaJbHUMH puOOCcOMaMHu 1
3MIACHIOETBCS. HACTYIMHUM YHWHOM: TETPALMKIIHUA TEPEKPUBAIOTh 3B'S3yBaHHs
aminoauni-TPHK 3 A-caiitom kommnexkcy MPHK-pu6ocoma. Lle 6510kye BKiIrOueHHs
HACTYITHUX aMIHOKUCIOT B TMOJIMENTUIHUN JAHIIOT 1 MPUTHIYYE CUHTE3 OlIKa.
Takum  9MHOM  3IIACHIOETHCS — OakTtepioctatnunuii  edekr. Kpim  Toro,
TEeTPALMKIIIHU3B'A3yI0Th 10HM JBOoBaIeHTHHX MeTaniBCa?taMg?*. Lle npu3BoauTh 10
NPUTHIYCHHS METaJI0-3aJIeKHUX (PEPMEHTHUX CUCTEM OPTaHi3MiB.

Xisopamdenikos (JeBOMILETUH) MOpylIye MpuKpimieHHs aminoanuia-TPHK mo
caiTty nenTuauiaTpaHcdepasu, posramoBaHoMy B S50S-cy0oauHuUI PUOOCOMH.
Bzaemonis antuxononyaminoanmi-tPHK 3 kogonom 30S-cy6omunuii MPHK ne
nopyuyeTtbes. B pesynbraTi nentuamiTpancdepaza He B3aemoie 3 ii cyocTpaTrom -
aminoanms1-TPHK, 1 menTuaHuii 3B'130K HE YTBOPIOETHCS. TakuM YMHOM, aKTHUBHICTh
nenTUaAnATpaHchepasu 3HUKYETHCS.

Eputrpominun 3B'si3yetbest 3 50S-cyOomunuiiero  pubOCOMH 1 MPUTHIYYE
TPaHCIIOKAIIIIO.

TokcuHu - OTpyHHI pPEYOBHHM, IO BHUPOOJISIOTHCA >KUBUMH KIITHHAMH a0o0
opraHizamMamMu. BoOHM pO3pI3HSAIOTHCS 3a CTPYKTYpOIO 1 MEXaHI3MOM [iii, MaroTh
3/IaTHICTh B3a€MOJIATU 3 O10JOTITYHUMH MaKpOMOJIEKYyJIaMH (TaKuMHU SIK (pepMeHTH
abo pelenTopu) opraHizamy, B SIKMl BOHU IPOHHUKIW. TOKCHMHM MaroTh 37aTHICTb
3MiHIOBaTH (DYHKI[IOHYBaHHSI MOJICKYJI-MillleHeH: a00 3MEHITyBaTH, a00, HaBIIaKH,
301IBIIYBATH X aKTUBHICTb.

Pseudomonas i audrepiiini TOKCHMHM TPUTHIYYIOTh CHHTE3 OUIKIB B KIIITHHAX
CIM30BO1 0O0OJIOHKH ropJiia 1 TopTaHi. Jesiki mTamMu 1uX MaToreHHUX MiKpOOPTaHi3MiB
OTPUMYIOTh T€H TOKCHUHY BijJ OakTepiaJiIbHOTO BIpycCy, 3BaHOTO [-darom, skuit
3apakae OakTepii 1 1HAYKYE CHHTE3 TOKCHUYHOTO IS JIFOAWMHHU OJHOJIAHIFOTOBOTO
Oinka. B mMromiasmi KIITHH-TOCIOAAPIB M1 JAI€I0 MPOTEONITUYHUX (PEPMEHTIB
TOKCUH PO3LICTUIIOEThCS Ha 2 (QparmeHTta, ogHuM 3 skux € (epment AJ|D-
pubosmirpanchepasza. epment AJlD-pubo3untpanchepasa karanizye mepeHECCHHS

samuiiky AJI®-pubosu Bim HAJI" no OH-rpymi 3anumiky cepuny B mosiekyii eEF2
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(dakTop enonrarii). [HakTUBaIlisS (paKTOpa MPUTHIYYE MPOCYBAHHSI PUOOCOMHU Y3/10BXK
MPHK Ha crazii Tpancnokarii. B pe3ynbTaTi 3pocTarounii MOMINENTUIHUN JaHIIOT
3QJIMIIAETHCS B aMIHOAIIMIIBHOMY IIEHTp1 pubocomu. TakuM 4nHOM, 010CUHTE3 OLJIKIB

B 1H()IKOBAaHMX KJIITHHAX CJIM30BOT OOOJIOHKH TOpJia 1 TOPTaH1 MPUITUHSAETHCS.

I'noccapui
«Ilpeacka3anHble» 3a00J€BaHUS - TaKUM TEPMUHOM 0003HAYAIOTCS KIMHUYECKHE
Clly4yau, KOTJla MyTaHTHBIE aJJIEJIM MPU HEKOTOPHIX 3a00JIEBAHUSAX OTIMYAIOTCS OT
CBOMX HOPMaJbHBIX aHAJIOIOB TOJBKO YHMCIIOM TaHAEMHBIX KONUN TPUHYKJIEOTHAA.
[Tpu 3THX 3a00JEBaHUSAX YMCIO MOBTOPOB YAaCTO YBEIUYMBACTCS B IOCIEAYIOLINX
MOKOJIEHUAX U KOPPENHUPYET C YBEIMYEHUEM TSHKECTH M YMEHBUIEHHWEM BO3pacTa
HayaJia MpOsIBJICHUS] CAMIITOMOB.
bosie3nb XaHTHHITOHA SBJISICTCS HACIEACTBEHHBIM 3a00J€BaHUEM, KOTOPOE
BBI3BIBAET IIPOTrPECCHUPYIOLIYIO JIETEHEPALMI0 HEPBHBIX KIETOK B Mosre. IIpu stom
3a00JIEBaHUU TPOUCXOJAT IIyOOKHE HapylIeHUS (PyHKIHOHAIBHBIX CIIOCOOHOCTEN
YeJIOBEeKa U 0OBIYHO ATO MPHUBOJAUT K ABUTATENIbHBIM, KOTHUTUBHBIM U MCUXUYECKUM
pacctpoiictBam. CymiectByet 5 TanAaeMHbIX TOBTOpoB CAG B Konupytoleid o0iactu
B HOpMaJIbHOM ajuiesie XaHTHHITOHA. [locTpagaBuine wieHbl ceMbu MOTYT UMETh 30-
60 Takux mnoBTOpoB CAG. HopmaibHbli O€JIOK COAECPKUT S5 CMEKHBIX
[NIyTAMMHOBBIX ~ OCTAaTKOB, TOrjJa Kak  Oelkd, KOJAWPYEMbIe  aJuIeysiMH,
acCOLIMMPOBAHHBIMU C 3a0o0sieBaHueM, UMeIOT 30 nuiau 0ojee CMEXHBIX TTTyTAMUHOB.
JUIMHHBIM ~ TJIyTaMUHOBBIM  TPakT  JIeJaeT  aHOMallbHble  O€JKM  KpaiiHe
HECTAaOWIHHBIMU.
Cunapom xpynkoii X XpOMOCOMBI SBIISIETCS HACJIEACTBEHHBIM HAPYLIEHHUEM
WHTEJUIEKTa, BBI3BAHHBIM MYyTalWeld B T€HE XPYNKOM X XpOMOCOMBI YMCTBEHHOM
orctaioctu 1 (FMR1) na X-xpomocome. Yaiie Bcero 3TO HPOUCXOIUT H3-3a
YBEIIMYECHHUS KOJWYECTBA TPUHYKICOTUAHBIX NOBTOPOB CGG B S'-HeTpaHCIupyeMoi
obnactu rena FMR1. CunnpoM Xxpynkoil X-XpoMOCOMBI SIBJISIETCS HACJIEICTBEHHBIM
3a00JIeBaHUEM, TTOPAKAIOIIMM B OCHOBHOM MY>KUMH.
Muoronnueckas aucrpogus - OSTO TeHeTHUecKoe 3abojeBaHue, TIpH

KOTOpOMHapyHicHa (bYHKHHH MBIIIIILI. CuMnToMbl  BKJIFOYAIOT  ITOCTEIICHHOE
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YMEHBILIEHNE MBIIIEYHON MacChl M €1a00CTh. MBIIIIBI YaCTO COKPAIAOTCS, HO HE
MOTYT pacciiaduThcs. Jpyrue cCUMOTOMBI MOTYT BKJIFOYATh KaTapakTy, YMCTBEHHYIO
OTCTaJIOCTh ¥ MPOOJIEMBI C CEPACYHON TPOBOAUMOCTBI0. MUOTOHMYECKast 1UCTpOodus
SBJISIETCS. OJHMM M3 HECKOJBKMX M3BECTHBIX HAapyLIEHUH TPUHYKICOTUIHBIX
noBTopoB.  Ilopaxkennbin reH  HaseBaeTca DMPK, kortopeii  kommpyer
OPOTEMHKMHA3y MHOTOHMYECKOM aucTtpopuu -  O€JOK, 3SKCIPECCUPYyEMBbIH
IPEUMYIIECTBEHHO B CKEJETHBIX Mblmuax. llpu muoToHnMyeckoil auctpoduu
IPOUCXOAUT PaCIIUPEHUE TPUIUIETHOTO MOBTOpa LUTO3UH-TUMUH-TyaHuH (CTG) B
rese DMPK. Ot 5 10 37 noBTOpOB CUMUTAETCS HOPMAJIbHBIM, B TO BPEMS KaK JIFOJIU C
38-49 TnOBTOpPEeHMSIMH HMMEIOT Mpe-MyTallMI0 U PHUCKYIOT HUMETh JeTeld ¢
JOTIOJIHUTENbHBIMU pacIIMpEHHBIMA IIOBTOPAMH U, CJIEI0BATEIIBHO,
cuMIToMaTH4eckuM 3abosieBanueM. Jluma c¢ Oomee dyem 50 moBTOpamMu 3TOTO
TPUIUIETA IIOYTH BCErAa SBJLAKOTCA CUMITOMAaTUYECKUMH, 34 HEKOTOPBIMH
OTMEUYEHHBIMU HCKJIIOUYEHUAMHU. bosiee AIMHHBIE TOBTOPBI OOBIYHO CBSI3aHBI ¢ Oolee
paHHMM HadyaJioM U Oojee TSDKENbIM 3a00JIeBaHUEM, KOTOPOE Ha3bIBAIOT
IIPEICKa3aHHbIM.

I'en sBasercs (yHAaMeHTaIbHONW (Qu3ndyecko M (QYHKUMOHAIBHON eAUMHMIICH
HacJIeICTBEHHOCTH. ['eH mpeacTaBisieT co0oi YopsI0UeHHYIO MOC/IE0BATEIbHOCTD
HYKJICOTHUJIOB, PACIOJIOKEHHBIX B ONPENIECICHHOM IOJIOKEHUU B T€HOME, KOTOPBIH
KOAMPYET KOHKPETHBINA (QyHKIMOHATBHBIN MpoaykT (6enok nmn PHK).

I'eHoM - 3TO BeCch N€HETMYECKUW MaTepuall KOHKPETHOTO OpPraHu3Ma, €ro pasmep
OOBIYHO 3a/aeTcsi Kak oOllee KOJMYECTBO TMap OCHOBAaHMW WM Kak of1iee
KOJIMYECTBO FE€HOB.

I'eHeTnyecknii KOA-STO CHOCOO 3amMUCH  TEHETUYECKOM HMHPOpMalMM B
nocieaoBaTenbHOCTAX HykienHoBbIX kuciotr (AHK wmm PHK) o crpykrype
nonunentuioB (0enkoB). B KOHKPETHOM CMBICIE€ TE€HETHYECKHMH KOJI - 3TO
COOTBETCTBHE MEXJy TpUIUIETHBIMU KojoHamu MatpuyHoii PHK (mM-PHK) wu
aMUHOKHCIIOTAMH KOJMPYEMOTO0 Oelika, 3ajjaBaeMoe KOJI0Bo TabuIieil. YeTsipe Trma
nykieotunoB JJHK - A, C, G u T cBs3adbl Apyr ¢ ApyroM TakuM o0Opa3oM, 4TO
KJIETOYHBIA OE€JIOKCHUHTE3UPYIOIIUN amnmapaT MOKET HX MNpOYUTaTb M coOpathb

MMOJIMIICUTUIHYIO IICIIb Oejika U3 aMUHOKHCIOT. B renernueckom KOJC KaXXJbIC TPpH
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HYKJICOTHIA TIOAPS CUUTAIOTCS KOJOHOM M KOJIUPYIOT OJHY aMHUHOKHCIIOTY. benku
COCTOSIT KaK TMPaBUJI0O W3 COTEH AaMHHOKHCIOT. TakuMm o00pa3oMm, HYKIEHHOBAs
KHCJIOTa, €€ MOCIe0BATEIbHOCTh, KOTOPasi KOJUPYET OJUH O€JIOK, COJEPKUT COTHH,
MHOT/Ia 1K€ THICAYU TPHUILJIETOB.

CBolCTBa TEHETHYECKOI'O KOJa:

® TPHUILJIICTHOCTh- 3Haqameﬁ CHHHHHeﬁ Koga ABJIACTCA COYCTAHUC TpéX

HYKJICOTHUOB (TPUILIET WA KOJIOH);

b HCTIPCPBLIBHOCTb- MCXKAY TPHUINICTAMWM HCET 3HAKOB IIPCIIMHAHMA, TO CCTb

uH(OpMaIUsl CYUTHIBAECTCS] HEMPEPHIBHO;

b HCTICPCKPLIBAEMOCTb- OJMH MW TOT XKE HYKICOTHIA HC MOXCT BXOIAUTH

OJIHOBPEMEHHO B COCTaB JIBYX WJIH 00Jjiee TPUILIETOB (UCKIIOUEHHUE - JJIsI HEKOTOPBIX
NEPEKPHIBAIOLINXCA T€HOB BUPYCOB, OAaKTEpHl 1 MUTOXOHIPUN, KOTOPBIE KOJUPYIOT
HECKOJIBKO OEJIKOB, CUMTHIBAIOLINXCS CO CIBUTOM PAMKH);

. cuennGUIHOCTh _(OHO3HAYHOCTDB)- OINPEICIEHHBIH KOJOH COOTBETCTBYET

TOJILKO OJHOW aMUHOKHCJIOTE,

b BBIPOXACHHOCTD (I/I36BITO‘IHOCTB)- OHHOﬁ U TOH K€ aMHUHOKHCJIOTE MOXKET
COOTBETCTBOBATH HECKOJIBKO KOJOHOB,

® KOJJIMHCAPHOCTD - HoCJICA0BAaTCIABbHOCTD KOJOHOB COOTBCTCTBYCT

MMocCJICA0BATCIIbHOCTH aMUHOKHCIIOT B KOAUPYCMOM 66.]11(6;

® YHUBCPCAJIIbHOCTD - FeHETUYCCKUM KO (1051051 pInIb: | IO 4aBJIATOIICTO

OOJILIIMHCTBA  OHMOJIOTHYECKHX  CHCTEM  (€CThb  MCKIIOUEHHS:  HUH(Y30pHH,
MUTOXOHJPHH — IO3TOMY I'€HETUYECKHUI KOJI Ha3bIBAIOT KBA3WYHUBEPCAIbHBIM.
Kogon mpencraBisier coOoi  cHerupUYEcKyl0 IOCIEI0BaTeIbHOCTh W3 TpeX
IOCJIE0BATEIbHBIX HYKJICOTHJIOB, KOTOpasi SIBJSETCS YacThIO T€HETUYECKOTo Ko/ia (B
JIHK nmm MPHK) 1 konupyeT KOHKPETHYIO0 aMUHOKHUCIIOTY

AHTHKOJOH TIpEACTaBiIAeT co00M crneun(puyYecKyro MOCIeI0BaTENIbHOCTh U3 TpEX
IIOCJIEIOBATEIBHBIX HYKIJICOTUIOB, KOTOpas sBisAeTca 4YacTbio MoJekyinsl TPHK,
KoMmIuiementapHoun kogony MPHK.

Ko10H-aHTHKOIOHOBBIC B3aMMOJCHCTBHSA  IPOUCXOAAT MEXAY TPHUILIETOM
(komoHom) MPHK (KOTOpBIl CITy>)KMUT MHCTPYKLUHMENH NO MOPSAKY aMUHOKHUCIIOT MpU

dbopMHUpOBaHUNM AMHHOKHUCIOTHOM Iienu) u TpuruietoM (antukogoHom) TPHK ¢
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MPUCOEAUHEHHOW aMHUHOKHUCIOTOM (cooTBeTcTBYMOIIEH KOA0HY).TPHK nefictByroT
KAaK «aaanTtepsDy sl paclio3HAaBaHUS aMUHOKHCIIOT B IIPOLECCE TPAHCIALUMA. Takum
o0pazoM, CHeuUu(PUUHOCTh TPAHCISIIUU ONPENEIseTCs KOJOH-aHTUKOJIOHOBBIM
B3aumozenucreueM wmexay koaoHom MPHK wu antukomonom TPHK, a Taxxke
cnenupuaHocTeio amuHoarmI-TPHK-cuHTeTa3, KOTOphIE TOYHO TOAOUPAIOT W
CBSA3BIBAIOT AMHHOKHUCIOTHI ccooTBeTcTByommMMunM TPHK (Hampumep, Tak kak
kogoH GGU cootBerctByer antukonoHy CCA B TPHK, Tok 3toii TPHK nomxna
OBITh IPUCOEIMHEHA TOJIBKO AMUHOKHUCIIOTA TJIUIMH).

MPHK - 310 MOnekyna, KOoTopasg MOXKET NEPEMEIIAThCA U3 SApa B LUTOILIA3MY
KJIETOK, KOTOpasi CIYKUT Ba)KHEHIIMM CBS3YIOIIMM 3BEHOM MEXIy HH(QOpMAaIHei,
cojiepkaieiicss B reHe, U cuHTe3oM Oenka. Ctpykrypa PHK moxoxka Ha cTpykTypy
JAHK. Mounekyna MPHK ciyxut mMarpunein ams onpencieHHOM aMUHOKHMCIOTHOU
MOCJIEIOBATEIBHOCTU OeIKa.

TPHK siBiisieTCSsl KITFOUEBOM MOJICKYJIOM-a/1allTepOM, HEOOXOIUMOM JIJIsl TPAHCIISILIUH.
I'ennast MmyTaums sBIs€TCS MOCTOSIHHBIM M3MEHEHUEM B ntocaenoBarenbHoct JIHK,
KOTOpasi COCTaBJIsieT reH. MyTaluu MOTyT BO3HHMKHYTh B pe3ysbTare OIIMOOK
xorpoBanusa JIHK, nomymeHHbIX BO BpeMs JeleHUs KIETOK, BO3IEHCTBUS
VOHU3UPYIOIIETO W3Jy4YEeHUS, BO3ACHUCTBHUS XUMHUYECKUX BEIIECTB, HAa3bIBAEMBIX
MyTareHaMH, Win 3apaKEHUSI BUPYCAMH.

MyTauus ¢cABUra paMKU CYUTBIBAHMS - 3TO TUIl MYTallMU, BKIIOYAOIINN BCTABKY
WU JIEJIEHHUI0 HYKJIEOTHAA MPU KOTOPOM YHMCIIO YHAJIEHHBIX WM BCTABJICHHBIX Iap
HYKJICOTUJIOB HE JIETIUTCS HA TPHU.

Touyeynass myraums - 3TO TOT cCily4ail, KOIZla HW3MEHSETCA OJHA Iapaa3OTUCTBIX
ocHoBaHui HykiaeotuaoB JTHK.

Muccenc-MmyTanusi BOSHMKAeT, KOT/1a 3aME€HA OJHOW Mapbl OCHOBAHUM IIPUBOJUT K
3aMeHE OJHOW aMUHOKHUCIIOTHI IPYroil B CUHTE3UpyeMoM nonunentuae. Oopasyercs
nedeKTHBINA MONTUIETTH/I.

HoHcenc-MyTanmst - 3TO 3aMEHAa OJHOM Iapbl OCHOBAHWM, KOTOpPAas NPUBOAUT K
MOSIBJICHUIO CTOIN-KOJJOHA B TOM MeECTe, IJie paHee ObUl KOJOH, OIpPEACIISIONIMA
AMUHOKHUCIIOTY. DTO reHeTudeckas mytanus B nocieaosareinbHoctd JIHK, koTopas

IPUBOJUT K O0Jiee KOPOTKON HE3aKOHUEHHONMOIUIETITUIHON LIEMH.
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Jeneuus - TUII MyTanyu, CBA3AHHBIM C MOTEPEU T'€HETHUYECKOro marepuana. Ilpu
ATOM Mapa KOMIUJIEMEHTAPHBIX HYKJICOTHAOB YJajsieTcsl W3 MOCJIEeI0BaTEIbHOCTH
JHK.

Ayniaukanuss - 3T0 TN MYTalUy, KOTOPBIM BKJIIOYAET MPOU3BOJCTBO OJHOW WU
HECKOJBKHUX KOMUU TeHa Win (pparMeHTaXpOMOCOMEI.

3ameHa - 3TO TN MyTalHH, KOr/Aa OJHA [apa OCHOBAHUM 3aMEHSIETCS APYTrou napoi
OCHOBaHUHU.

BceraBka - 5T0 TN MyTalllK, BKIIOYAOMIMK J00aBIE€HUE T€HETUYECKOTO MaTepuaa.
D10 no0aBieHWE OJHOW WM HECKOJBKUX HYKJICOTHUIHBIX TIap OCHOBAaHUU B
nociegoBareabHoCcTh JJTHK

Tpauncasiuusi npeacTaBisieT cOO0M Mpolece CUHTE3a MOJIMIENTUHIHON 11enn Oeka u3
amMuHOKHCIIOT Ha MaTpuaHoii PHK (MPHK)

BbesakoBble (pakTOPbI TPAHCIASNMH MPEACTABISAIOT COOON Tpynmy OEIKOB, KOTOPBIE
HEIMOCPEACTBEHHO YYACTBYIOT B IPOLECCE TPAHCISLHMM, HO HE BCTPAUBAKOTCA B
CTPYKTYpy puUOOCOMBI, B OTIMYHE OT MHOXECTBa pPHOOCOMHBIX OenkoB. OHHU
BBITIOTHSIIOT MHOXECTBO (PYHKIMM, Jierko accoruupyiorcs ¢ MPHK-puGocomubM
KOMIUIEKCOM M TIOCJI€ BBINOJHEHUS OMNPEIEICHHOTO EUCTBUS JUCCOIUMUPYIOT OT
KoMIiekca. MakTopbl TPAHCISIIIMU HEOOXOAMMBI 1T BCEX ATANlOB ATOTO IpoIliecca:
WHULMAIMSA, DJIOHTalus, TepMuHanus. OHU MOJpa3iensioTcs Ha: (aKTOpbI
uaunmanuu (IF wmm elF nmns sykapwor), daxrtopwer anonranmuu (EF umm eEF),
daxrtopsl TepmuHanuu (RF wim eRF).

®axrop nnnuunanuu IF3 (elF3) csa3piBaeTcs ¢ Manoit cyobenuuuiieid puboCoOMbI U
TakKuM 00pa3oM MPENOTBpAIlaeT €€ accoIuaIuio ¢ O0oybloi cyowreaunuieii. OH
TaKke pacro3HaeT crneluaibHbie nocienoBarenbHocTd MPHK: 1) kogon nHunmanum
5’-AUG-3 ’; 2) mocnenoBarensHocTh lllaiina-/lanrapHo, KoTopas KOMIUIEeMEHTapHa
nocjeaoBaTeabHOCTH  pudbocomanbHoi  16S  PHK. Takum o6pasom MPHK
bukcupyetcs Ha puboCcoMe.

®akrop ununuanuu IF2 (elF2) B3aumopeiictByer ¢ fMet-TPHK (Met-TPHK),
buxcupyer ero B P-caiite (pacmemisis GTP), 3aBepmaer cOOpKy KoMILIEKCA:

pubocoma + MPHK + popmunmernonmn-TPHK (Met-TPHK).
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daxTop r1oHraunu EF-TuU (ananorom y sykapuot sBisietcsa eEF1a) obecnieunBaet
cBa3piBanue amuHoalul-TPHK ¢ pubocomoii mytem rungposnsza GTP.
daxkrTopyaonranuu  EF-Ts (anmanor y osykapuwor - eEFI1B) cnocobctByeT
ocBoboxaernto GDP u3 aktuBHOTO 11IeHTpa EF-Tu (eEF1a).

®aktop »auaonrauum EF-G (anmamor y osykapwor eEF2) ocymectBisier-
TpaHcioKaluo(nepeMelieHre) pubocoMsl Ha Tpu HykiaeotunaMPHK, ncnons3ys s
3TOro 3Hepruto ruapoinsa GTP.

®aktopbl TepmuHanun RF1 u RF2 pacno3naror cron-kogoHsl; RF3 rugponusyer
nentuauia-TPHK, B pesynpraTe 4ero BbICBOOOXKIACTCSI CHHTE3HMPOBAHHBINA TETITHL.
GTP ucnonb3yercs. @akTop TEPMUHAIIMH Y SYKApHOT OquHapHbI. JT0 eRF.
PubGocoma- BaxHBI OpraHowj >XUBOW KiIETKU. [lo XUMHYECKOW HOpuUpoae 3TO
pubonykieonporend. Pubocoma coOupaer Bce KOMIIOHEHTBI CHCTEMBI CHHTE3a
oenka. OH paboTaeT Kak JICHTOUHBIM MexaHusM: mpoTsaruBanune MPHK BHyTpu
pUOOCOMBI TIO3BOJISIET CYUTHIBATh C HEE T'€HETUYECKYI0 MHPOPMALIUIO U NEPEBOIUTH
ee B MEPBUUHYIO CTPYKTYpy Oenka. Pubocoma mmeeT aBa cailta CBSI3bIBaHUS alluil-
TPHK. Tombko tRNA-Met MoxeT cBs3bIBaTbCs ¢ caiiltom P (mentumun - 1os
nentuauia-TPHK), u 310 mpoucxoauT Tonbko BO BpeMsi HaualbHOTO OOpa30BaHUs
dbyHKIIMOHATBEHOW puOOocoMbl (MHUNManus). Jpyrue amuuoanuia-tTPHK Bxomst B
calT cBs3biBaHus A (amuHoauun - mia amuHoauun-TPHK). Ilocne oOpazoBanus
nenTuaHOM cBsa3u (3r0 He TpeOyer runponusa GTP), TPHK c mpuxpemnenasiM
paCTyIIUM TMENTHIIOM NepeMelIaeTcsl (TPaHCIOUUPYETCs) B APYrol cauT (aJist 3TOro
tpeOyercs ruaponus GTP).

HenTuauarpancdepasa mnpeacraBisiecT coOol puOO3UM, HHTETPHUPOBAHHBIN B
nentuguitpanchepazusii neHtp S50S (60S) cyObeauHUIBI PUOOCOMBI, KOTOPBIMA
KaTAIM3UPYET PEaKlUHUI0 TpaHCHenTuaanuu. Pe3ynbraToM SBISETCS YIJIUHEHUE
pacTymieid TMOJMIENTHIHONM IeNd Ha OAHY aMHUHOKHCIOTY. AKTHBHOCTb
nentuauiTpancdepasbr cBsazana ¢ 23S (28S) pPHK OGombmioit pubGocomanbHOM
CyOBETUHUIIBI.

Tpanciaokaza unu ¢dakrop snonrauuu G (EF G) - 310 depmeHT, KOTOpPHBIi
nepemeriaet mojekyiry MPHK Brons puGocomsl B mporiecce TpaHCSAIUN: TTeTITH IA-

TPHK mnepememaercs wu3 A-caiita B P-caiit B pubocome. D10 nelicTBue
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obecneuuBaercs sHepruen ruaponusa ['Td. Crnenyromas amuHoarmi-TPHK moxer
ObITh TpUCOeAVHEHAa K CBOOOTHOMY A-CaiiTy M NPOAOIKEHHUS HapalluBaHUS
MOJUNENTUIHON LIETIH.

AHTHOMOTMKM - DOTO XWUMHYECKHE BEIIECTBA, KOTOPBIC BHIPAOATHIBAIOTCS
MUKpPOOpPTaHU3MAaMH W MOTYT MOJABIATh POCT W BBI3BIBATH TMOENh OakTepuil u
OPYTrUX  OpraHu3MOB. AHTUMUKPOOHOE  JIeCTBHE  AHTUOMOTUKOB  HOCHUT
n30UpaTeNbHBIA XapaKTep: Y OJTHUX OPTaHU3MOB OHU JICUCTBYIOT CHUJIbHEE, Y IPYTUX
ciabee UM He IEUCTBYIOT BOBCE.

Pudamnuuun cBs3biBaeTcs ¢ P-cyObenuHuieit npoxapuotumueckorn PHK-
MoJIMMepa3bl W TOAABISIET ee. bmaromaps Takol CENeKTUBHOCTH pPHUDAMITHIINH
JEUCTBYET TOJBKO Ha OAKTEPUU U SIBISETCS JIEKApCTBOM I JIeUeHUs] TyOepKyIiesa.
Pudamurun, npoaynupyemsiii 6akTepusmu Streptomyces, U €ro moJTyCHHTETHIECKOES
NpOu3BOJIHOE  pudaMnUIMHA  CHEUUPUUYECKHM  UHTUOUPYIOT  HWHHUIMAIUIO
TPAaHCKPUINIMU. OTU aHTHOMOTUKM HE TnpenoTBpamatoT cBs3biBanune PHK-
nonumepassl ¢ JIHK-matpuneit. Pudamnunmu npenstcTByeT oOpa3oBaHUIO MEPBOH
bochonurupnoii cesa3u B nenu PHK. B aToM ciaydae aHTUOMOTHUK MPAaKTUUYECKH HE
BIUsCT Ha ynnuHeHue Inenu. Creayer OTMETHTh, YTO HETABHO OOHAPYKEHHBIM
MPOTUBOBUPYCHBIN 3 (PeKT prudamuiiHa Mo3BoOJSIET UCTIOIB30BATh €r0 IS JICUCHUS
TpaxoMsbl, BeI3biBaeMoi JJHK-conepskammm Bupycom.

TerpauukjJuHbl OJOKUPYIOT A-CaliT pUOOCOMBI M JIMIIAIOT €r0 CIOCOOHOCTH
cBsa3biBaThcsi ¢ amuHoanmiI-TPHK. MexanusmM  aHTUMUKPOOHOTO  JI€MCTBUS
TETPAIIUKINHOB CBSI3aH C WHTHOMPOBAHMEM CHHTE3a Oelika OaKTepuaaIbHBIMH
pubocoMaMy M OCYIIECTBIISETCS CIASAYIOIMMM 00pa3oM: TETPAIMKIUHBI MPEPHIBAIOT
cBs3biBaHue amuHoanwibHOM TPHK ¢ akuentopusiM caittom komrmuiekca MPHK-
pubocoma. D10  ONOKHpPYET  BKJIIOUEHHWE  CICAYIOMUX  aMUHOKHUCIOT B
NOJIMMIENITU/IHYI0 1Ielb W HMHrubupyer cuHTe3 Oenka. Takum  oOpaszowm,
Oaktepuocratuueckuit 3ddext ocymiecTBiasercs. Kpome TOro, TeTpaluKIMHBI
CBA3BIBAIOT HOHBI JAByXBaleHTHoro wmeramna Ca?* u Mg?'. Dro npuBOauMT K
MHTUOMPOBAHUIO METAJIJIO-3aBUCUMBIX (PEPMEHTHBIX CUCTEM OPraHU3MOB.
Xnopamdenukoa (JICBOMUIETHH) O0JIagaeT aHAJIOTUYHBIM  JIEHCTBUEM: OH

Hapymaer npukperieHue amuboarmn-TPHK k  caiity mentuauntpancdepassl,
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pacmnonoxxeHHomMy B 50S-cyOneaunuiie pudbocombl. Bzanmoneiicteue tRNAanticodon
¢ kxomoHoMm 30S-cyobemuuuinst MPHK  ne wmHapymeno. B pesynbrarte
nentTuauITpancdepaza He B3auMOACHCTBYET ¢ ee cyocTparoM - amuHoauuin-TPHK, u
nenTuaHas CBA3b  HE  oOpasyercs. Takum  oOpa3zom, aKTUBHOCTH
nenTUaAUATpaHchepa3bl CHUKACTCA.

ODpuTpoMHuIMH CBs3biBaeTca ¢ S50S-cyObeauHuieii puOOCOMbI U HMHTUOUPYET
TPaHCJIOKALHIO.

TokcuHBbI - S70BUTHIE BELIECTBA, BbIpaOAThIBAEMbIE >KHUBBIMHU KIIETKAMHU WU
opranu3mamu. OHU Pa3IMYAIOTCS MO CTPYKTYPE U MEXaHU3MY JEHCTBUS, 00IaJaloT
CIIOCOOHOCTBIO B3aUMOJIEHCTBOBATH C OMOJIOTMUYECKUMH MAaKpOMOJIEKYyJIaMu (TaKUMU
KaK ()epMEHThI WM PELENTOpPbl) OPraHu3Ma, B KOTOPBI OHM MPOHUKIHU. TOKCHUHBI
001a/1al0T CIOCOOHOCTBIO U3MEHATh (PYHKIIMOHUPOBAHUE MOJIEKYJI-MUILIEHEH: THO0
yYMEHbBIIaTh, 100, HA0OOPOT, YBEIUYUBATH CBOIO AKTUBHOCTb.

Pseudomonas u nudrepuiinble TOKCUMHbI HHTUOUPYIOT CUHTE3 OCJIKOB B KJIETKaxX
CIIM3UCTON 00O0JIOUKH Topiia U ropraHd. HekoTopble mTamMmbl 3TOr0 HNaTOTE€HHOTO
MHUKpPOOpraHu3Ma IMOJIy4YaroT T'eH TOKCMHA OT OAKTEpHAIIbHOTO BUPYyCa, HA3bIBAEMOIO
B-baroM, KOTOpBIM 3apakaeT OakTEpUIO U HHIAYLHUPYET CHUHTE3 TOKCUYHOTO JIJIst
YeJIoBeKa OJIHOLIeTIOYeyHOro Oenka. TOKCHH pacuierisieTcss Ha 2 (parMenTa, OJHUM
u3 KOTOphIX siBisgercs pepmeHT AJlD-pubosmnrpanchepasa, B HUTOIIIA3ME KIIETOK-
X0351eB MMOJA JEWCTBUEM MpoTeonuThdeckux ¢GepmeHtoB. Depment AJ[D-
pubosunTpancdepasa karanuzupyer nepeHoc ocrarka AJ[D-pubossr ot HAJ+ k
OH-rpynne ocrtatka cepuna B mojekyne eEF2 (dbaktop snonranum). UHakTuBaims
dakTopa TOHaBIAET MNpOABIKCHHE pudocombl Baoab MPHK Ha cragum
TpaHcloKalu. B pe3ynbrare pacrymias MNOJUNENTHAHAS LENb OCTaeTcs B
aMUHOAITWJIPHOM IIeHTpe pubocombl. Takum oOpazom, OwocuHTe3 OETKOB B

WH(PUITMPOBAHHBIX KJIETKAX CIU3UCTON 000J0UKHU Topjia U TOPTAaHU MPeKpaIiaeTcs.
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2.1
A patient with manic depressive disorder is treated with lithium, which slows the
turnover of inositol phosphates and the phosphatidyl inositol derivatives in cells.
Which of the following protein kinases is most directly affected by this drug?

A. Protein kinase C

B. Receptor tyrosine kinase

C. Protein kinase G

D. Protein kinase A

E. Protein kinase M
The answer: The description best fits the PIP2 system in which protein kinase C is

activated.

[TaiieHTa 3 MaHiaKaJIbHUM JICIPECUBHUM PO3JIaJIOM JIIKYIOTh JIITIEM, 1110 YIIOBUIBHIOE
nepeTBopeHHs GocdaTiB 1HO3UTOMY 1 TOXIAHUX (PochaTUINUI-IHOZUTOIY B KIITHHAX.
Ha sky 3 HacTymHuUX NpOTeiHKIHA3 HaWOUIbII Oe3MmocepeiHbO BIUIMBAE IIEH
npemnapar?

A. TIpoteinkinaza C

B. Penenirop Tupo3uHKiHA3U

C. Ilpoteinkinaza G

D. Ilpoteinkinaza A

E. IIporeinkinaza M
Bipua BignoBigs: IIpoteinkinaza C CTUMYIIOETHCS JTUANMAITIIIEPOSIOM, SKHIMA
yTBOPIOETHCS 3 (pocharunumn-inosuton-4,5-nudocdary npu aii pochomninazu C, Tomy
el ¢GepMeHT Haiikpamie BianoBigae docharummtinosuronaudpocharHiii(DIDy)

CHUCTEMI.

[TarmeHTa ¢ MaHHWaKaIbHBIM JETPECCUBHBIM PACCTPONUCTBOM JIeUaT JTUTHEM, KOTOPBIN
3aMmemiisier mpeBpamieHre (GochaToB HWHO3ZWTONA W MPOU3BOAHBIX (ochaTtuaui-
WHO3UTOJa B KIeTKaX. Ha Kakyro U3 cleaylonmx MNpOTeUHKWHA3 Hauboee
HEIMOCPEICTBEHHO BIUSAET ATOT Mpenapar?

A. Ilporennkunasza C
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B. Peuenrtop TMpo3WHKUHA3bI

C. IIporeunkunaza G

D. [IporennkuHaza A

E. IIporennkunaza M
[IpaBwibHbll  oTBeT: IlpoTemHkmHaza C cTUMyIHpPyETCS AUALMITIHIIEPOJIOM,
KOTOpBI oOpasyercs u3 docharuamn-uHosuton-4,5 mudocdara npu JAeHCTBUU
dochomunazer  C, m1O’TOMY  3TOT  (PEpPMEHT JIydllle BCEro  OTBEYaeT

bocharuammmnozutonaudocharaoit (PUD2) cucreme.

2.2
Tumor cells from a person with leukemia have been analyzed to determine which
oncogene is involved in the transformation. After partial sequencing of the gene, the
predicted gene product is identified as a tyrosine kinase. Which of the following
proteins would most likely be encoded by an oncogene and exhibit tyrosine kinase
activity?

A. Nuclear transcriptional activator

B. Epidermal growth factor

C. Membrane-associated G protein

D. Platelet-derived growth factor

E. Growth factor receptor
The answer: Although any of the listed options might be encoded by an oncogene, the

“tyrosine kinase” description suggests it is likely to be a growth factor receptor.

Kimituay nmyxJvHU JIOJUHM 3 JIEMKeMiero OyiM TMpoaHali30BaH1 Il BU3HAUYCHHS
TOTO, SIKMI OHKOTEH Oepe y4uacTh y Tpancdopmaiiii. [Ticyis 4acTKOBOTO CEKBEHYBaHHSI
reHa, BU3HAYWIN, IO MepeadadyeHrM MPOAYyKTOM TeHa € THUPO3WHKiHAa3a. Skuid 3
HACTYITHUX OUIKIB, UMOBIpHO, OyJe 3aKOAOBaHWN OHKOT€HOMI Horo (yHkIis Oyje
NOB’s3aHa 3 aKTUBHICTIO THPO3WHKIHA3U?

A. SInepHuil TpaHCKPHUIILINHUN aKTUBATOP

B. Eninepmanbuuii pakTop pocty

C. Memb6pano-acomiiioBanuii G 6110k
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D. TpomOouuTapauii hakTop pocTy

E. Penerirop dakropa pocty
Bipna BianoBigs: Xoua Oyap-sSKMK 3 TepepaxoBaHUX BapiaHTIB MoXe OyTu
3aKO0JI0OBaHMI 3a JJOTIOMOTOI0 OHKOTEHY, CJIOBO "THPO3WHKIHA3a" HABOAUTH HAa TYMKY,
mo 1ie, WMOBIpHO,perenTtop (akTopa pocTy, TOMY IO TPH KOHTAKTI IHOTO
penienTopy 3 (hakTOpoM poCTy BiH mouyuHAE (HOCHOPHITIOBATH 3aITUIIKH THPO3UHY

IHIIMX OUTKIB KJIITHHU, TOOTO BUKOHYE (DYHKIIIFO THPO3UHKIHA3H.

Knetkn omnyxomu denmoBeka C JieMikeMHel ObUTM  MPOAHATU3UPOBAHBI IS
oTpezieNieHus! TOro, KaKoi OHKOTEH yyacTBYyeT B TpaHcopmaruu. [locie yactuuHoro
CEKBCHUPOBAHMS I'€HA, ONPEIEIIWIIN, YTO MOTEHINUAIBHBIM IIPOYKTOM I'€Ha SIBJIACTCS
Tupo3uHkrHa3a. Kakoil u3 cienyrommx OeIKOB, BEPOSITHO, OKaXKETCS 3aKOJAMPOBaH
OHKOT'€HOM U IIPOSIBUT AKTUBHOCTb TUPO3UHKHUHA3BI?

A. SInepHbli TPaHCKPUIIIMOHHBINA aKTUBATOP

B. OnuaepmanbHblil pakTop pocTta

C. Mem6panoaccoruupoBanHblii G 0eok

D. TpomOomuTapHsbIii hakTOp pocTta

E. Penentop daxtopa pocra
[IpaBunbHbIl OTBeT: XOTA J000H M3 MEPEUYHUCICHHBIX BapHUAHTOB MOXKET OBITH
3aKOJMPOBAH C MOMOIIBI0O OHKOreHa, cloBO "Tupo3nHKHHA3a" HABOJUT HA MBICIb,
YTO 3TO, BEPOSATHO, peuentop (axkrtopa pocra, TaKk Kak MPU KOHTAKTE 3TOrO
peuentopa ¢ (HakTopoM pocTa OH HauMHaeT (HOCPOPUIUPOBATH OCTATKU THPO3WHA

APYTrux OCIKOB KJICTKH, TO €CTh BBIIIOJIHACT (I)YHI(I_[I/IIO THPO3UHKHWHA3BI.

2.3

Tumor cells from a person with leukemia have been analyzed to determine which
oncogene is involved in the transformation. After partial sequencing of the gene, the
predicted gene product is identified as a tyrosine kinase. A kinetic analysis of the
tyrosine kinase activities in normal and transformed cells is shown below. Which of

the following conclusions is best supported by these results?
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A. The tumor cell kinase has a higher-than-

normal affinity for ATP
Normal i
cells B. A kinase gene has been deleted from the
N tumor cell genome
C. A noncompetitive inhibitor has been
Tumor — ovnthesized in the tumor cells
cells
& D. A kinase gene has been amplified in the
1/[ATP]

tumor cell genome

E. The tumor cell kinase has a lower-than-normal

affinity for ATP
The answer: Because the y-axis is 1/V, a smaller value for the 1/V means an increase
IN Vinax. An increase in Vimax (With no change in Km) means an increase in the number
of enzymes (a kinase in this problem). Gene amplification (insertion of additional
copies of the gene in the chromosome) is a well-known mechanism by which
oncogenes are overexpressed and by which resistance to certain drugs is developed.
For instance, amplification of the dihydrofolate reductase gene can confer resistance

to methotrexate.

Knituau nyxJvHU JTIOJUHM 3 JIEWKeMiero OyiM IpoaHali30BaHi1 JjIsi BU3HAYCHHS
TOTO, SIKHI OHKOTeH Oepe y4dacTh y Tpancdopmaitii. [Ticyis 4acTKOBOTO CEKBEHYBaHHS
reHa, BHU3HAYWJIM, IO IepeadadyeHuM TMPOAYKTOM TeHa MICas TpaHCAi €
TUpo3uHKiHa3a. KiHeTnyHMil aHami3 akKTUBHOCTI THUPO3MHKIHA3W B HOPMAaJbHHUX 1
TpaHC(OPMOBAHUX KJIITUHAX TIOKa3aHUM HmK4e. SIKI 3 HACTYIMHHUX BHUCHOBKIB
HalKpale TATBEPIKYIOThCA IUMH pe3yJIbTaTaMu’?
A. Kinaza nyxJIMHHHUX KJIITHH Ma€ BHILY 3a
HOPMY criopiiHeHICTh 10 ATD
NMormal )
cells B. Ten kiHa3u OyB BHUJAJCHUI 3 TEHOMY
1V MyXJTUHHUX KITITHH

C. B nyxiMHHMX KIITHHaX YTBOPIOETHCA

Tumor  pexkoHKYpeHTHHI iHTiGiTOp
cells
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D.I'en kiHa3u aMIuTiiKy€e€ThCs B TEHOMI MMyXJIMHHUX KJIITUH
E.Kinaza nyxnuanux ximitTuH Mae adiHicTh 70 AT®, dxa € HUXK4Y0IO 3a
HOpMAaJIbHY

Bipua BiamoBins: OckinbkH Bich «y» mo3HaueHa 1/V, menmie 3HadeHHS 1/Vijax B
KITITHHAX TYXJIMHA O3HA4Ya€ 301MbIICHHS Vmax. 30UTBIICHHS Vmax (0€3 3minm Kp)
O3Hauae 301IbIIECHHS KIJIBKOCTI (hepMeHTIB (KiHa3u B il 3aaa4i). AMIutidikaiis reHa
(BCcTaBKa JOJaTKOBHX KOTI T'eHa B XpOMOCOMY) € JOOpE BiIOMUM MEXaHi3MOM, 3a
SKMM OHKOT'€HH HaJIMIPHO EKCIPECYIOThCS, 1 3a JOIMOMOTOI0 SIKHX PO3BUBAETHCS
CTIMKICTh 10 JeAKHX JIKapchbKux 3aco0iB. Hampuknan, ammmidikaiis TeHa

IUTiapodonaTpeykTa3uMOoKe HalaBaTH CTIMKICTh 10 METOTPEKCaTy.

Knetkn omyxonmu denoBeka ¢ JielikemMHed ObUIM MPOaHAIM3UPOBAHBI  JJIs
OIpeZieNIEHUs TOT0, KaKOW OHKOTEH y4yacTBYeT B TpaHcpopmarnuu. [locie yactuunoro
CEKBCHUPOBAHMS I'€HA, ONPEIEIIWIIN, YTO MOTEHIUAIBHBIM ITPOJYKTOM I'€Ha SIBIIACTCS
TUPO3UHKNMHA3a. KNHETUYECKNI aHAJIN3 AKTUBHOCTH TUPO3UHKHHA3bI B HOPMAJIbHBIX
U TpaHC(OPMHUPOBAHHBIX KJIETKaxX IMoKa3aH Huxke. Kakue U3 ciemyromux BbIBOJOB

JIydiacC MOATBCPIKAAIOTCA 9TUMHU pGBYJ'IBTaTaMI/I?

A. Kunaza omyxoJeBbIX KJIETOK HUMEET BBIIIE
HOPMBI cpoACTBO K ATD
Normal
cells B. Ten xuHazpl Obul yHalleH ¢ TeHOMaA
N OIYXOJIEBBIX KJIETOK
C. B onyxomeBeix KieTkax  oOpasyercs
Tumor  yegonkypenTHbI HHrUOGHTOP
cells
A D. T'en kunHa3pl aMIuIMGUIMPYETCS B TE€HOME
1/[ATP]

OITYXOJIEBBIX KJIETOK
E. Kunaza omyXxoneBbIX KIETOK UMEET CPOACTBO K
AT®, Huke HOpMaIBLHOTO

[TpaBunbHbIil oTBeT: TlocKONIBKY OCh «y» 0O03HaueHa 1/V, MeHblllee 3HaUEHUE IJIs
1/Vmax B OIyXOJIEBBIX KJIETKAX 03HAYAET YBEIMUYCHUE Vmax. YBEIHUECHHE Viax (0€3
u3MeHeHuss Km) o3HauaeT yBennueHue KoiauuecTBa ()epMEHTOB (KMHA3bl B 3TOU

3amaue). AMmrdukanys reHa (BCTaBKa JOMOTHUTEIBHBIX KOMUN TeHa B XPOMOCOMY)
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SBJIIETCSI XOPOIIO HW3BECTHBIM MEXAaHU3MOM, MOCPEICTBOM KOTOPOTO OHKOTEHBI
YPE3MEPHO IKCHPECCUPYIOTCSA U C OMOIIBIO KOTOPBIX Pa3BUBAETCS YCTOMUMUBOCTH K
HEKOTOPbIM  JIEKAPCTBEHHBIM  cpeiacTBaM. Hampumep, ammindukanus TreHa

TUTruapodonaTpe1yKTa3bl MOXKET BBI3BIBATH YCTOMYMBOCTh K METOTPEKCATY.

2.4
In a DNA sequencing project, an openreadingframe (ORF) has been identified. The
nucleotide sequence includes a coding region for an SH, domain in the protein
product. This potential protein is most likely to...:

A. Bind to an enhancer region in DNA

B. Be a transmembrane hormone receptor

C. Transmit signals from a tyrosine kinase receptor

D. Bind to an upstream promoter element

E. Activate a soluble guanylate cyclase enzyme in vascular smooth muscle
The answer: Proteins with SH, domains might bind to the insulin receptor substrate-1
(IRS-1) to transmit signals from the insulin receptor, a tyrosine kinase type of
receptor. P1-3 kinase is an example of an SH, domain protein. SH, domains are not
involved in DNA binding (choices A and D). Examples of protein domains that bind
DNA include zinc fingers (steroid receptors), leucine zippers (CREB protein), and

helix-turn-helix proteins (homeodomain proteins).

VY mpoekri cexkBenyBanHs JIHK Oyno Bu3HaueHo BiAKpuTy paMKy 3untyBaHHs (BP3).
HyxneoTuana moCHigOBHICTh BKIIOYAE KOMyIO4Wy o0macth mis gomeHy SH> B
O11KoBOMY TIpoayKTi. Llei moTeHmiiHui O110K, IIBUIIIE 32 BCE...:

A. 3B's3yeThcs 3 enxancepHoro autstHKoro B JJHK

B. € peuentopom TpaHcMeMOpPaHHOTO TOPMOHY

C. Ilepenae curnanu Bij perienTopa 3 THPO3WHKIHA3HOKO aKTUBHICTIO

D. 3B's3yeThcs 3 “Uupstream” mpoMoTopOM

E. AkTHBY€ UMTO3071bHUI (EPMEHT r'yaHIIATIMKIA3Y B TJIAJIEHBKUX M'sI3aX CYJIUH
Bipua Bignosinb: binku 3 SH; momenamu MOXyTh 3B'sa3yBatuca 3 cyoctpatom-1

peuentopa iHcymiHy (IRS-1 — Oinkom, sSKuW KOAYETHCS OJHOMMEHHHM TE€HOM,
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pO3TAIIOBAaHUM Yy JIOACH Ha KOPOTKOMY Iuiedi 2-i XpoMocomH) ISl mepenadi
CUTHAJIB BIJ peuentopa IHCYJIIHY, SKHA €pelenTopoM 3 THPO3IUHKIHA3HOIO
aktuBHicTIO. Pocharuaniainosuron-3-kinasa (PI-3) € npukimagom SH; nomeHy OLIKY.
Homenu SH; He GepyTh yuacts y 3B'si3yBanHl JIHK. [lpuxnanu Gi1KOoBUX TOMEHIB,
ki 3B's3yoTh JIHK, BKITIOUaloTh «IIMHKOBI Mambill» (CTEPOigHI perenTopu),
nednuHoBl  3acTiOku  (OUIOKCREB) 1 mpoTeiHn  «cripaiab-TIOBOPOT-CITIPaIby

(romeo1oMeHH1 O171KH).

B npoexre cekBenupoBanus JIHK Obuia onpeneneHa OTKpbITas paMKa CUUTHIBAHHS
(OPC). HykneoTnaHas mociaen0BaTENbHOCTh BKIIIOUAET KOJUPYIOUIYI0 00JacTh AJIs
nomeHa SH B 0eIKOBOM MPOYKTE. DTOT NOTEHIMANIBHBII O€JI0K, CKOpPEE BCETO.....:

A. CesasbiBaercs ¢ sHXxaHcepHo# obnacTeio B JJHK

B. SBnsercs peuentopoM TpaHCMEMOPaHHOIO TOPMOHA

C. Ilepenaet curHaibsl OT PELENTOPa C TAPO3UHKUHA3HON aKTUBHOCTHIO

D. Cesa3biBaeTcs ¢ BOCXOIAIMM IPOMOTOPHBIM 3JIEMEHTOM

E. AxTuBupyer pacTBOpUMBINA (PEPMEHT T'yaHWJIATLHUKIA3bl B IJIaJKUX MBIIILAX

COCYIOB

[TpaBuibHblil otBeT: benku ¢ SHy moMeHamu MOryT CBSI3BIBaThCS C cyOcTpaToMm-1
penenropa uncynuna (IRS-1 — 6enkom, KOTOPBIN KOAUPYETCS OJHOUMEHHBIM T'€HOM,
PacroJIOKEHHBIM Y JIIOIEH Ha KOPOTKOM Iuleue 2-H XpOMOCOMBI) AJis Iepenadyu
CUTHAJIOB OT pELEeNTopa MHCYJWHA, KOTOPBIA SBJISETCA PEUENTOpOM C
TUPO3MHKUHA3HOIO aKTUBHOCTHIO. Docharuaunnnosuroin-3-kunaza (PI-3) sBasercs
npuMmepom SH; nomena Oenka. {omenbr SH; He ywyacTByrOT B cBsizbiBanuu JIHK.
[Tpumepsl OenKOBBIX JOMEHOB, cBs3biBaomUX JIHK, BKIIOYAIOT «LIMHKOBBIE
najgbplb» (CTEPOMJHBIC pelenTophl), JeuiuHoBbe 3acTexku (6enmok CREB) u

MPOTEUHBI «CIUPATIb-TIOBOPOT-CIUPAIbY (TOMEOJOMEHHBIE OCIIKH).

2.5
The diagram below represents a signal transduction pathway associated with

hormone X.
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‘ :
o ———p + Enzyme Second

messenger

Substrate

The receptor for hormone X is most likely to be characterized as a(n)...:

A. Seven-helix transmembrane domain receptor

B. Intracellular receptor with a zinc-finger domain

C. Helix-turn-helix transmembrane domain receptor

D. Transmembrane receptor with a guanylate cyclase domain

E. Tyrosine kinase domain receptor
The answer: The diagram indicates that the receptor activates a trimeric G-protein
associated with the inner face of the membrane and that the G-protein subsequently
signals an enzyme catalyzing a reaction producing a secondary messenger. Receptors
that activate trimeric G-proteins have a characteristic seven-helix transmembrane
domain. The other categories of receptors do not transmit signals through trimeric G-

proteins.

HaBenena nHuie cxema siBisie cOOOK0 HUISIX MPOBEIEHHS CUTHANY, MOB'I3aHUN 3

ropMoHoM X.

‘ :
G ———p 4 Enzyme Second

messeanger

Substrate

Pertentop ropmony X, MIBHIIIE 32 BCE, XapaKTEPU3YETHCS SIK:
A. TpancmemOpaHHMIi perienTop, U0 MICTUTh CIMCIIpaIbHUX JOMEHIB
B. BHYTpIlIHBOKIITUHHUHN PEIIENTOP 3 IIUHKOBO-MIAJIBIIEBUM JIOMEHOM
C. TpancmeMOpaHHUI peLenTOp 3 IOMEHOM «CIIpaib-TIOBOPOT-CHIPaIb»
D. TpancmemOpanHuil perenTop 3 JOMEHOM I'yaHIIaTIUKIa3u

E. Penentop 3 7OMEHOM TUPO3UWHKIHA3HOT aKTUBHOCTI
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Bipna BignoBiae: Jliarpama mokasye, 110 peLENTOp aKTUBYe TpumepHuit G-OLI0K,
NOB'SI3aHUH 3 BHYTPIIIHBOIO TOBEPXHEIO KIITUHHOI MeMOpaHH, 1 1mo G-0110Kk 3rooM
nepefae curHaig (EepMeHTy, IO KaTaji3ye peakiilo YTBOPEHHS BTOPUHHOTO
MeceHmkepa. TpaHcMeMOpaHHI pPeLenTopu, sKi aKTUBYIOTh TpuMepHi G-0u1kw,
MalOTh XapakTepHI CIM CHipalbHUX [OMEHIB. [HINI Kareropii penentopiB He

nepeaoTh CUTHAIM yepe3 TpuBUMIpHI G-OUIKH.

HpI/IBCI[CHHa}I HHKE CXEMa IpCACTaBILICT coboit IIyTb IPOBCACHUA CHIHAJA,

CBSI3aHHBIM C TOPMOHOM X.

‘ :
o ———p + Enzyme Second

messenger

Substrate

Peuenrop ropmona X, ckopee BCero, XapakTepu3yercs Kax. ..

A. TpancmemMOpaHHBI peLENITOP, KOTOPBIM COACPKHUT CEMb CIHPATbHBIX
JIOMEHOB
BHYTpHUKIIETOUHBIN pEeLeNTOP C HMHKOBO-ITAJIBLEBBIM JJOMEHOM

TparncmeMOpaHHBIN PEIENTOP C IOMEHOM «CITUPATh-TIOBOPOT-CITUPAITH)

OO0 W

. TpancmemMOpaHHBIN pelenTop ¢ AJOMEHOM I'yaHUJIIUKIa3bl
E. Peuenrop ¢ 1oMEHOM THUPO3UHKUHA3HON aKTUBHOCTHU

[IpaBribHBIN OTBET: Jlnarpamma IOKa3bIBaeT, YTO PELIENTOP AKTUBUPYET TPUMEPHBIN
G-06enoK, CBs3aHHBIA C BHYTpPEHHEH MOBEPXHOCTHIO MeMOpaHbl, U 4To G-0€JoK o
BpEMEHEM IepellaeT CHUrHald (epMeHTy, KOTOPBIH KaTaIU3UpPYEeT pPEaKUuio
oOpa3oBaHMsI ~ BTOPUYHOIO  MECCEH/Kepa. TpaHCMeMOpaHHbIE  pELENnTOpHI,
aKTUBUpYymoLMe TpuMepHble (-O€nKy, MMEIT XapaKTEpHbIE CEMb CIUPaJIbHBIX
JIOMEHOB. /[pyrue xareropuu penenTopoB HE NEPENar0T CUTHAIBI Yepe3 TPUMEPHbIC

G-0enkmn.

2.6
A 58-year-old man with a history of angina for which he occasionally takes

isosorbide dinitrate is having erectile dysfunction. He confides in a colleague, who
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suggests that sildenafil might help and gives him 3 tablets from his own prescription.
The potentially lethal combination of these drugs relates to:
A. Isosorbide Dinitrate: activates nitric oxide synthase in vascular endothelium.
Sildenafil: inhibits guanylate cyclase in vascular smooth muscle.
B. Isosorbide Dinitrate: activates nitric oxide synthase in vascular endothelium.
Sildenafil: inhibits guanylate cyclase in corpora cavernosa smooth muscle.
C. Isosorbide Dinitrate: releases cyanide as a byproduct. Sildenafil: inhibits
cGMP phosphodiesterase in corpora cavernosa smooth muscle.
D. Isosorbide Dinitrate: activates guanylate cyclase in vascular smooth muscle.
Sildenafil: inhibits cGMP phosphodiesterase in vascular smooth muscle.
E. Isosorbide Dinitrate: activates the ANF receptor in vascular smooth muscle.
Sildenafil: inhibits protein kinase G in vascular smooth muscle.
The answer: Isosorbide Dinitrate: activates guanylate cyclase in vascular smooth
muscle. Sildenafil: inhibits cGMP phosphodiesterase in vascular smooth muscle.
Nitrates may be metabolized to nitric oxide (NO) that activates a soluble guanylate
cyclase in vascular smooth muscle. The increase in cGMP activates protein kinase G
and subsequently leads to vasodilation. Sildenafil inhibits cGMP phosphodiesterase
(PDE), potentiating vasodilation that can lead to shock and sudden death. Although
sildenafil has much higher potency for the cGMP PDE isozyme in the corpora
cavernosa, it can also inhibit the cGMP PDE in vascular smooth muscle. Nitric oxide
synthase (choices A and B) is the physiologic source of nitric oxide in response to

vasodilators such as acetylcholine, bradykinin, histamine, and serotonin.

VY 58-piuHoro 4osioBika 3 aHAaMHE30M CTEHOKapli, JJIs JIIKyBaHHsS SKO1 BIH 1HO/II
npuiiMae 130copOiy IOUHITPAT, CHOCTEPIraeThCs epeKkTHiIbHAa auchyHkKiis. Bin
PO3IOBIIAE 1Ie KOJIe31, SKUM MPUITYCKaE, o nMpenapat cuiaeHadia Moxe JOTTOMOTTH 1
nae 3 TaOJeTKW 3 WOro BJACHOTO IPU3HAYCHHS IBOMY YOJOBHKY. I[lOTEHIIIHHO
JeTanbHa KOMOIHALlIS UX MpenapariB MOB’s13aHa 3 HACTYITHUM:

A. [30copbimy IUHITpAT aKTUBYE CUHTA3y OKCHIY a30Ty B CYJUHHOMY €HAOTEIIi.

Cunpnenadin: iHriOye TyaHIIATIIMKIIA3y B TJIAJIKMX M'sI3aX CYJIUH
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B. [30copbiny nuHITpaT aKTHMBYE CHHTa3y OKCHUIY a30Ty B CYyJIMHHOMY €HIOTEIIi.
Cunpaenadin: iHTiOye TyaHIIATIIMKIIA3y B KABEPHO3HUX TJIaX TIAJAKUX M'SI31B

C. I3ocopOiay AuHITpAT BUAUIIE IiaH1 SIK MOOIYHUN nmpoaykT. CunaeHadis: iHri0ye
dochomiectepazy nl M® y rmagkux M's3ax KaBEpHO3ZHUX T1IT

D. [3ocopOiny nuHITpaT akTUBYE TyaHUIATUMKIA3y B TJAIKUX M'A3aX CYy/AMH.
Cunnenadin: iHrioye nl Md-docdomaiecrepasy y riagkux CyJIHHHUX M'si3aX

E. [3ocopOiny nunuitpar: aktuBye peuentop ANF B rmagkux wm's3ax cyauH.
Cunnenadin: iHrioye nporeinkinazy G B IIaJIKUX M's3axX CYyJIUH.

Bipna Bignosinb: [30cop0igy AMHITpAT aKTUBY€E T'yaHUIATIMKIIA3y B IJIaJKUX M'A3aX

cynud. Cungenadin: inrioye ul Md-docdoniectepasy y riagkux CyAMHHUX M's3aX.

Hitpatu MoxyTh MmeTaboumizyBatucs a0 okcuay HiTporeny NO, 1m0 axkTuBye

PO3UYMHHY TyaHIIATIMKIA3Yy B IIAJKUX M's3ax cyauH. 30imbineHHs nl M® akTuBye

npoTeinkinazy G 1 3rojJioM NMpu3BOAUTH 10 Bazoauiataiii. CungeHadgina OpurHidye

ul'M®-pochoaiecrepazy (PJIE), mNOTEHIIOIOYM Ba3zoaujIaTaIlllo, IO MOXE

OpU3BECTH JI0 IIOKY 1 pamnToBoi cMepTi. Xoua cuijaeHadin Habarato Oiiblie

MOTEHIIII0E€ aKTUBHICTh 130eH3uMy I M®-OJIE B corpora cavernosa, BIH TaKOX

Moxe iHrioyBatu nl M®O-OJIE y rmankux M's3ax cyauH. CuHTa3a OKCUIY a30Ty €

(b1310JIOTIYHUM JIKEPEJIOM OKCHY a30Ty Y BIJIMOBIIb HA 10 BA30MUIATATOPIY, TAKUX

K alleTUIIXO0JIIH, OpauKiHIH, TICTaMiH 1 CEPOTOHIH.

Y 58-meTHero MyKYMHBI C aHAMHE30M CTEHOKAapJuu, OT KOTOpPOW OH WHOT/A

OpUHUMAET M30COopOMAa AWHUTPAT, HaOmomaercs SpekTuwibHas auchyskuusa. OH

pacckasbIBaeT 3TO KOJUIEre, KOTOpBIM MpeArnojaraeT, 4ro CHJIACHApUI MOXKET

IIOMOYb U JIaeT eMy 3 TabJIeTKu ¢ ero cobcTBeHHOro HazHaueHus. [loTeHiumanbHO

cMepTebHasi KOMOMHAIMS 3TUX MPENapaToB CBSA3aHa CO CIACAYIOLUIUM:

A. U3ocopbuaa OuHHUTpAT: aKTUBUPYET CHUHTa3y OKCHAA a30Ta B COCYIUCTOM
spotenuu. CungeHaQwi: WHTHOMpPYET TYaHWINMKIA3y B TIAJAKUX MBIIIIAX
COCYJIOB.

B. M3ocopbuna nuHUTpAT: aKTHBUPYET CHHTA3y OKCHZA a30Ta B COCYAHMCTOM
spotTenuu. CunneHaduia: MHTUOMPYET TyaHWILHMKIAa3y B KaBEPHO3HBIX Telax

rJIaIKUX MBIIIIII.
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C. U3ocopbuna [OUHUTpAT: BBIAEISET LMAHWJ KaKk IOOOYHBIA  MPOIYKT.
Cunpenadun: wunruompyer dochoamdcrepasy nul'M® B Tmagkux MBIIIIIAxX
KaBEpHO3HBIX TEJl.

D. U3ocopbuga OuUHUTpAT: aKTUBUPYET TyaHWJIIIMKIA3y B TJIaJAKUX MBIIIIAX
cocynoB. Cunnenapun: wunrubupyer ¢ocdonuscrepasy ul’M® B riaaakux
COCYIUCTBIX MBIIIIAX.

E. U3ocopOuna auHuTpar: aktuBupyer peuentop ANF B mmagkux Mbloiax
cocynoB. CunneHadun: MHruOMpyeTr NpoTeMHkHHasy G B IJIaJKUX MBIIIIAX
COCYJIOB.

[TpaBuibHbI oTBeT: HuUTpaThl MOryT MeTabOaM3MpoBaThes 10 okcuaa azora NO,

AKTUBUPYIOLLETO PACTBOPUMYIO TI'yaHMJIATHMKIA3y B IVIAJKHUX MBIIIIAX COCYAOB.

VYBennuenue koHneHTpauuu ul M® aktuBupyer npoTenHkuHa3zy G U BIIOCIIEICTBHH

npuBoaUT K Bazoawnaranuu. CuaaeHadun noaasiseT nl Md-docdhoaudcrepasy

(DJ13), moTeHIMpys Ba3oAMIATAIIMIO, YTO MOKET MPUBECTH K IIOKY W BHE3AMHOM

cMepTu. XO0Ts cuiiieHapuI UMeET ropasio 0oJblliee MOTeHIMUPYIOIIee IeHCTBUE Ha

aKTUBHOCTh H303H3MMa LI M®D-OJ[D B corpora cavernosa, OH TaKXke MOXKET
uaruouposath Ul M®-OJ[D B rmagkux mbimmax cocynoB. CuHTa3a okcuaa a3oTa

ABIIACTCA (PU3MOJIOTUYECKUM MCTOYHHKOM OKCHJa a30Ta B OTBET Ha JEHCTBHE

Ba3oqUJIaTaTOpPOB, TAKUX KaK allCTHUIIXOJIHH, 6pa,Z[I/IKI/IHI/IH, IrMCTaMVH U CCPOTOHHH.
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Glossary
Adenylate cyclase— is a key enzyme in the adenylate cyclase system that contains 12
transmembrane domains.lt catalyzes cleavage of ATP to cAMP and pyrophosphate.
Amplification —is the process of making additional copies of chromosomal DNA
sections containing specific genes or segments of structural heterochromatin.
Amplification may be as a response of cells to a selective effect of some medicines
(for example, when the cell exposed to methotrexate). Amplification is one of the
mechanisms of activation of oncogenes in the process of tumor development, for
example, oncogene N-myc in the development of neuroblastoma.
Angina —is a clinical syndrome characterized by chest pain due to myocardial
ischemia, usually caused by physical exertion or stress (pain, however, may also
occur spontaneously) and not associated with cardiomyocyte necrosis. It is a
manifestation of insufficient oxygen supply regarding myocardial needs.
An oncogene —is a gene whose product can stimulate the formation of a malignant
tumor. Mutations that cause the activation of oncogenes increase the chance that the
cell will turn into a cancer cell. It is believed that tumor suppressor genes protect cells
from cancer degeneration, and thus the cancer occurs either in the case of tumor
suppressor genes or in oncogenes.
A receptor— is one or a group of protein molecules (glycoproteins) that is highly
specific for the corresponding hormone.
DNA (deoxyribonucleic acid) —is a macromolecule that provides storage,
transmission from generation to generation and implementation of a genetic program
for the development and functioning of living organisms. The DNA molecule stores
biological information in the form of a genetic code consisting of a nucleotide
sequence. DNA contains information about the structure of different types of RNA
and proteins.
DNA sequencing —is the determination of the nucleotide sequence in a DNA strand.
It is used to decipher genes and enter this information into the data bank and further

interpret it by bioinformatics methods.
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Guanylate cyclase.Two major classes of guanylate cyclase (GC) are known:
membrane-bound and soluble. The membrane-bound forms GC-A, GC-B and GC-C)
contain extracellular receptor domains that recognize specific peptide ligands, atrial
natriuretic factor (ANF) and related peptides: GC-A binds ANF and brain natriuretic
peptide (BNP) and GC-B binds C-type natriuretic peptide (CNP). GC-C binds the
endogenous peptide guanylin, as well as a heat-stable bacterial enterotoxin (STa). The
membrane-bound receptors contain an intracellular kinase-like domain that binds
ATP and a catalytic domain that synthesizes cGMP from GTP. The soluble forms
contain the catalytic domains only, a and B subunits, and are activated by nitric oxide
(NO). Catalytic activity of soluble guanylate cyclase is dependent on the presence of
both a and B subunits. Primary messengers lead to activation of NO synthesis by
increasing cellular levels of Ca2*, which in conjunction with calmodulin activates NO
synthase. Primary messengers increase cellular Ca?* levels in most cases by
depolarizing neuronal membranes and thereby activating voltage-dependent Ca?*
channels and increasing the flux of Ca2* into the cell via nerve impulses, glutamate,
acetylcholine or substance P. In some cases, Ca?" can enter the cell directly via
ligand-gated ion channels, as with NMDA glutamate receptors. Primary messengers
also can regulate cellular Ca?* by stimulating Ca?* release from intracellular stores.
Hormones —are biologically active substances that are produced by specialized cells
of the endocrine glands, enter the blood or lymph, regulate the metabolism and
physiological functions of the body.

lonotropic receptors —membrane-bound receptor proteins that respond to ligand
binding by opening an ion channel and allowing ions to flow into the cell, either
increasing or decreasing the likelihood that an action potential will fire.

Leukemia —is an oncological malignant disease of blood cells that affects the bone
marrow and other blood-forming organs of both humans and animals. The main
symptom of leukemia is a large proportion of leukocytes. These cells, which have
degenerated and lost the protective functions of normal leukocytes, destroy healthy
cells, after which the victim becomes defenseless from any infection. Treatment is

performed by irradiation and cytotoxic drugs to suppress the degeneration of
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degenerated cells or bone marrow transplantation. The concept of leukemia is
synonymous with the concept of leukemia.

Metabotropic receptor is a type of membrane receptor of eukaryotic cells that is
coupled with the function of G-proteins to form some secondary messengers. It may
be located at the surface of the cell or in vesicles.

Phosphatidylinositol-3-kinase (PI-3, phosphoinositide-3-kinase) —is an enzyme
that catalyzes the transfer of a phosphate group from an adenosine triphosphate
molecule to the 3-D position of the phosphatidylinositol inositol ring. The resulting
lipid products, the most important of which is phosphatidylinositol-3,4,5-triphosphate
(PIP3), are a secondary mediator and provide signal transmission from the membrane
inside the cell. There are three classes (I, Il and I11) of phosphatidylinositol-3-kinases,
which differ in substrate specificity and products. The most well-studied class |
kinases, they are heterodimers of regulatory and catalytic subunits. These enzymes
can be activated by G-protein-associated receptors and receptor tyrosine Kkinases.
After ligand binding, receptor tyrosine kinases autophosphorylate tyrosine residues in
their cytoplasmic domains. The phosphoinositide-3-kinase regulatory subunits
contain the SH, domain, which allows them to recognize and bind phosphorylation of
receptor tyrosine kinases. As a result, kinases are found in the immediate vicinity of
the membrane, and therefore their substrates, so begins the synthesis of
phosphatidylinositol-3-phosphates.

Phospholipase C (PLC) —is an enzyme involved in the inositol phosphate
(phosphoinositide) signaling cascade. It catalyzes the hydrolysis reaction of a minor
structural membrane phospholipid phosphatidylinositol-4,5-diphosphate. In this
reaction, two of the three secondary messengers of this cascade are formed, inositol-
1,4,5-triphosphate and diacylglycerol.

Protein kinase C —is a family of protein kinase enzymes that are involved in
controlling the function of other proteins through the phosphorylation of hydroxyl
groups of serine and threonine amino acid residues in these proteins, or a member of
this family. PKC enzymes in turn are activated by signals such as increases in the
concentration of diacylglycerol (DAG) or calcium ions (Ca?*). Hence PKC enzymes

play important roles in several signal transduction cascades. The PKC family consists
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of fifteen isozymes in humans. They are divided into three subfamilies, based on their
second messenger requirements: conventional (or classical), novel, and atypical.
Conventional (c)PKCs contain the isoforms a, BI, PII, and y. These require Ca?*,
DAG, and a phospholipid such as phosphatidylserine for activation. Novel (n)PKCs
include the §, €, 1, and 0 isoforms, and require DAG, but do not require Ca?* for
activation. Thus, conventional and novel PKCs are activated through the same signal
transduction pathway as phospholipase C. On the other hand, atypical (a)PKCs
(including protein kinase M{ and VA isoforms) require neither Ca?* nor diacylglycerol
for activation. The term "protein kinase C" usually refers to the entire family of
isoforms.

Secondary mediators (messengers) —are biomolecules that transfer information
from the hormone (primary messenger) to the effector systems of the cell.

Target cells —are cells that have a receptor for the corresponding hormone and that
specifically interact with them through specific receptor proteins.

The insulin receptor —it is tetramer consisting of four subunits of two types and is
designed as ayf3,.Alpha-subunits contain insulin binding site. Beta-subunits contain
domens with tyrosine kinase activity tophosphorylate proteins in the tyrosine -OH
groups.

The target tissue —is a tissue in which the hormone causes a specific biochemical
(physiological) reaction.

Transducer proteins (G proteins or N proteins) — are intra-membrane proteins that
receive a chemical signal from a receptor modified by interaction with a hormone or
mediator and cause changes in the functional activity of cell effector systems across
secondary messengers mostly.

Tyrosine kinase —is an enzyme of a subclass of protein kinases, a group of kinases
(phosphotransferase). Tyrosine kinases catalyze the transfer of phosphate residue
from ATP to the tyrosine residue of specific target cell proteins. Tyrosine kinases are
one of the most important links in the cell signaling system. In addition to its need for

healthy cells, this enzyme also promotes tumor growth.
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I'nocapiii
AleHIaTHUKIa3a — KIIOYOBUH (EpPMEHT aJCHUIATIUKIA3HOI CHUCTEMH, SKH
MICTUTh 12 TpaHncmeMOpaHHUX jAoMmeHiB.BiH karanizye posmermieHHs AT® na
HAM® Ta nipodocdary.
AmMmigikanis— nporec YTBOpeHHS JOAaTKOBUX KOMiH IUIIHOK XpoMmocoMHoi JIHK,
AKI MICTATh TIEBHI TEHHM ab0 CEerMEHTH CTPYKTYPHOTO TeTEePOXPOMATHHY.
Ammutidikariist Moke OyTH BIAMOBIAAK KIITHH HAa CEJICKTUBHY [0 ACIKUX JIIKIB
(HampukJam, mpu Aii MeToTpekcaTy). AMrutidikallis — OJMH 3 MEXaH13MIB aKTHBallii
OHKOTEHIB B TIPOLECI PO3BUTKY NYyXJWHHU, HANpHUKIAJ, OHKOreHa N-myc mpu
PO3BUTKY HEUPOOIACTOMMU.
Binku-Tpancaykropu (G-6iiku a6o N-Oiiky) — BHYTpIITHBOMEMOpPaHHI OLJIKH, SKi
COpUHMAIOTh XIMIYHMH CHTHaJd B TOPMOH-PELENITOPHOTO KOMIUIEKCY, Ta
CHPUYHUHSIOTH 3MIHH (PYHKI[IOHAJIbHOI aKTUBHOCTI ()EPMEHTATUBHUX CUCTEM KJIITHHU
Kp13b BIUIMB HA HUX BTOPUHHUX MECEHJIXKEPIB.
BropunHi mnocepenHuku (MeceHmaxepu) — OilOMOJIEKynH, WO MEpPenarTh
iHQopMallito BiJT TOpMOHY (IIEPBHHHOTO MECEHKepa) Ha eQdEeKTOpHI CHUCTEMH
KJIITUHHU.
I'yaninaTuukiasa. BigoMi n18a ocHOBHI kiacu ryaninarinukiasu (GC): memOpaHHO
noB'si3aHa Ta po3unHHa. MemOpano3B's3ani popmu GC-A, GC-B 1 GC-C) mictath
MO3aKJIITHHHI IOMEHH PELENTOPIB, SIKI PO3MI3HAIOTH CHENU(IYHI MENTUIH] JITaHIuU:
nepenacepauuil Hatpiypernunuii ¢akrop (ANF) Tta cnopigneni nentumu: GC-A
3B'siz3ye ANF Ta nHatpitypetmunuit nentug Mo3ky (BNP) ta GC-B mnos'sazye
Hatpiypernuanii nentug C-tuny (CNP). GC-C moB'sizye €HIOTGHHUH TENTH]T
I'yaHUTIH, a TakKoX TEePMOCTIHKMK OakTepialbHHI  eHTepoTOKCHMH (STa).
Memb6pano3B'szani GC-A, GC-B 1 GC-C MicTiaTh BHYTPINIHBOKIITUHHAN JOMEH,
nomiOHMit 10 KiHas3u, skuil 3B's3ye AT® Ta kaTamiTUUHUIA OMEH, KU CHUHTE3YE
CGMP 3 GTP. Po3uunH1 ¢popMU MICTATH JIMIIE KaTATITUYHI JOMEHU, CyOOIUHHUIII O 1
B 1 aktuBytothcsi okcugoMm azotry (NO). KartamithynHa akTHBHICTH PO3YMHHOI
I'yaHUIATIMKIIa3U 3aJIeKUTh BiJ HAsSBHOCTI AK 0, Tak 1 B cyOoaunuis. [lepBunHHI
MECEH/KepU TMpU3BOAATh A0 akTuBaiii cuHTesy NO 3a paxyHOK MiABUILECHHS

KiiTuHHOTO piBHA Ca2 +, M0 B moeaHaHH1 3 KanbMoayniHOM akTuBye NO-cuHTa3y.
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[lepBuHHI MeceHKepH 30UIbIIYIOTh KIITUHHUM piBeHb Ca2+ y OUIBIIOCTI BUNAIKIB
3a paxyHOK JenoJisipu3alii HeWpOHHUX MEMOpaH 1 TUM caMuM akTuByloTh Ca2+-
KaHaIM Ta 30UIbIIyI0Th MOTiK Ca2+ B KJIITHHY 3a JIOTIOMOT'OK0 HEPBOBHX IMIYJIbCIB,
riyTamary, aneTwixominy abo cyocranmii P. ¥V nmesxkux Bumagkax Ca2+ moxe
NOTPAIUIATA B KJIITHHY O€3MocepeHbO 4Yepe3 10HHI KaHAIM K1 MOBS PYHKINEIO 3
peuentopiB NMDA nns rioyramary. IlepBuHHI MECEH/KEpU TaKOXK MOXKYTh
perymoBatu  kimitTuHHMA  Ca2+,  crumymoroud  BuBUIbHeHHs — Ca2+ 3
BHYTPIIIHBOKIITAHHUX CXOBHIII.

T'opMoHM — 11¢ 610J0T1YHO aKTUBHI PEYOBUHH, 10 BUPOOISIOTHCS CHEIiali30BaHUMU
KJIITUHAMHU 3aJ103 BHYTPIIIHBOT CEKpellii, TOCTYMalTh Y KpoB a00 My, peryoTh
00MiH pedoBHH 1 (i310710T14HI PYHKIIIT OpraHi3Zmy.

JHK (ne30xkcupu0oHyKjIeiHOBA KHCJI0TA)— MaKpOMOJIEKYyJa, IO 3a0e3neuye
30epiranss, rnepeavy 3 MOKOJIIHHS B IMOKOJIIHHS 1 peajiizalliio reHeTUYHOI IporpaMu
pPO3BUTKY 1 (yHKUIIOHYBaHHS >KMBHX oprani3miB. Monekyna JHK 306epirae
OlosioriyHy iHGOpMAIII0 y BHUIVIAI TEHETUYHOTO KOJy, IO CKJIQJA€EThCA 3
nocnigoBHocTi HykieotudiB. JJHK wmictuth iHdopMamiio mpo CTPyKTypy Ppi3HUX
BuaiB PHK 1 OuikiB.

IncyninoBuii penenTop —iie TeTpamep, IO CKIATAETHCS 3 YOTHPHbOX CYOOJMHHIIb
JIBOX THUIIB 1 HaBeneHUU K a2PB2. Anbda-cyOOIUHUII MICTATH CAMT 3B'A3yBaHHS
iHCynmiHy. bera-cy0oauHUIN MICTATh JOMEHU 3 THUPO3WHKIHA3HOK AKTHUBHICTIO [0
docdopmntoBanns OUIKiB y rpynax -OH THpO3UHOBUX 3aUIIKIB.

IonoTponHi peuentopm — 1e MeMOpaHHI PELENTOPHI OUIKH, SKI pearyioTh Ha
3B'SI3yBaHHS Jiranay (TOpMoHy, a00 HepoMeI1aTopy), BIAKPUBAIOUM 10HHUNA KaHAT 1
JO3BOJISIIOUM  10HAM HAAXOAMTH B KIITHHY, 30UIBIIYIOYH, a00 3MEHIIYIOYH
WMOBIpHICTh (DOPMYBaHHS MOTEHITIATY Jii.

KaiTuHu-mimeni — 1me KIITHHM, SKI MapOTh OUIKH-pELENTOpU JI0 BiATOBITHUX
TOPMOHIB Ta CHEeUU(IYHO B3a€MOJIIIOTH 3 HUMHU.

Jleiikemisi— OHKOJIOTIYHE 3JIOSIKICHE 3aXBOPIOBaHHS KIITHH KPOBI, IO Yypaxkae
KICTKOBHI MO30K Ta 1HIIII KPOBOTBOPHI OpraHu fK JrOJeH, Tak 1 TBapuH. OCHOBHOIO
O3HAKOIO JIEMKeMIi € BEeJTMKa MPOIOPIIis JEHKOUUTIB, 1110 JereHepyBaiu 1 BTpaTHIU

3axvCHI QyHKIT HOPMAJBHUX JICHKOIUTIB. BOHU 3HUIIYIOTH 3I0POB1 KIIITUHHU, TICIIS
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4oro Opra”izaM crae 0e33aXuCHUM Tepea  Oynb-skow 1H(ekiieo. JlikyBaHHS
IPOBOAUTHCA 3@ JOMOMOIOI0 ONPOMIHEHHS 1 IIMTOTOKCHMYHUX TWpenapariB Aiis
NPUIYIIEHHS PO3MHOXKEHHS KIITHH, IO JereHepyBaiu, abo TpaHCIIaHTAIli€l0
KICTKOBOTO MO3KY. CHHOHIMOM MOHSTTS JIEHKEMisl BBAXKAIOTh MOHATTS JIEUKO3.
MertaboTponHuii peuentop - e TUI MEMOPAHHOTO PELENTOpa €yKapiOTUYHHUX
KIITHH, SKUH TOeAHYeThCcsl 3 (yHKIIE0 G-O1IKIB yTBOPIOBAaTH [IeAKI BTOPHUHHI
MeceHKepu. BiH MoXe po3TamoByBaTHCS Ha MOBEPXHI KIITHUHUA a00 y KIIITHUHHUX
BE3HKYJax.

OHKOreH— TeH, MPOAYKT eKCIpecii SKOro MOXKE€ CTUMYIIOBAaTH YTBOPCHHS
3JI0AKICHOT TTyXJIMHU. MyTallii, 110 BUKJIWKAIOTh aKTUBAI[I0 OHKOT'EHIB, IT1IBUIIYIOTh
IIaHC TOTO, MO KJIITKA TMEPETBOPUTHCSA B PAKOBY KIITHHY. BBakaeThcs, MO TeHH-
Cynpecopd NyXJWH 00epiraloTh KIITHHU BiJ PAKOBOTO MEPEPOHKEHHS, 1, TaKUM
YUHOM, paK BUHHUKAE ab0 B pasi MOpYyIIEHHS pOOOTH T'€HIB-CYyNpPeCcOpiB MyXJIKH, a0o
IIPU MOSIBI OHKOTEHIB.

IIporeinkinaza C— cimeilcTBO MpoTeiHKIHA3, (EPMEHTIB, $KI 31HCHIOIOTH
dbochoputoBaHHd aMIHOKUCJIOTHUX 3QJIMINKIB CEPUHY Ta TPEOHIHY B MOJIEKyjax
OiNKiB, 1 , TaKUM YHMHOM, O€pyTh yYacTh y CHUTHaJbHUX KacKaJaxX KIITHH.
[Iporeinkinazu C akTUBYIOThCS TaKUMU CHUTHAJaMH, SIK 3POCTAHHS KOHIICHTpAIlii
Auanuariinepony abo iomiB kaneuito (Ca?t). Bigomo Oimeme 10-tv  i30(popm
npoteinkinasu C. IX migpo3aiNsioTh Ha TPU MiArPYIH 33 TMIIOM aKTHBALIi: KIaCH4Hi
npoteinkiHazn C — s akTUBaIlii MOTPIOHI AWAIMITIILEPOJ, 10HU KaJbIliio 1
docdominia docharuamicepun; HoBiI npoTeinkiHazu C — 1y akTUBAIlli MOTPiOHI
JMALMITIILEpo, ane He noTpiOHi ionn Ca?*; arunosi nporeinkinaszu C — notpiden
dbocharuanicepu, ajie He MOTPIOH1 HI TUALMIITIIIIEPOJI, Hi 10HH KaJIbIIiIO.

Peuentop — 1me oana abo rpyma OUIKOBUX MOJIEKYJ (TJIIKOMPOTEiHIB), SIKI €
crietp1YHUMH CTOCOBHO KOHTAKTY JI0 BIJIIIOBIJIHOTO TOPMOHY.

JAHK cexBeHyBaHHSI — METO]] BU3HAYCHHSI MTOCIIIOBHOCTI HYKJICOTH/IIB Y JIAHIIOTY
JIHK. Bin BUKOPUCTOBYETBCS JJIsl TOCTIIHPKEHHS MOCIIIOBHOCTEH T€HIB 1 3aHECEHHS
miei iHpopMmanii 1m0 OaHKy JaHUX Ta i1 MOJANbIIOl I1HTEpHpeTalii MeToAaMu

O1oJ10T14HOT 1H(HOPMATHUKH.
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CreHokapaisi— 1€ KJIIHIYHUN CHHIPOM, IO XapaKTepU3YEThbCs OoJieM y TpyIHIN
KJIITII BHACJIIJIOK 11IeM1i MioKap/ia, BUKJIMKAHOT 3a3BUYail (P13MYHUM HaBaHTAKEHHSIM
abo ctpecom (O11b, OJTHAK, MOXKE TAKOXK BUHUKATH CIIOHTAaHHO) 1 HEe OyTH MOB’S3aHOT
3 HEKpo3oM KapaiomiornuTiB. CTEHOKap/is € HACHIAKOM HEJIOCTaTHhOTO MOCTaYaHHS
KHCHIO Y MIOKap/1 BiTHOCHO MOTPEOHU.

Tupo3unkinaza— ¢depMeHT NiAKIacy MNpoTeiHKiHa3, Tpynu dochoTpanchepas.
Tupo3uHKkiHa3M KaTami3yloTh mepeHeceHHs ¢ocdaTHoro 3amumky Bin ATD Ha
TUPO3MHOBUH 3aJIMIIOK CHEHU(PIYHUX KIITUHHUX OLIKiB-MimeHe#. J{ist THpo3uHKiHa3
— OJIHE 3 HAlBaXKJIMBIIIUX JJAHOK Y CHCTEMI Mepeayl CUTHAIIB B KIITHHI.
Tkanuna-mimenb, — 11 Taka TKaHWHA, B SKId TOPMOH BHKJIMKAE CHEeUU(PIUYHY
010ximMiuHy ((Pi310JI0TIUHY) PEAKIIiIO.

®ocoainaza C (PLC)- depmenrt, skuil 3anyuyeHuid y iHo3uToddochaTHUN
(pocdoino3uTHAHMI) CUTHAIBHUIA Kackad. BiH karamidye peakilito TiIpoiizy
MIHOPHOTO CTPYKTYpHOro memOpaHHoro Qocdomimniay dochaTuanniHo3nTon-4,5-
mudocdary. Y miil peakiii yTBOPIOIOTHCS JBa 13 TPbOX BTOPHUHHUX MECEHKEPIB
JIAHOTO Kackaay — 1Ho3uTon-1,4,5-tpudocdar ta auanuarmnepo.
®ocharuaniainosuron-3-kinaza (PI-3, docdoinosurua-3-kinaza)— depmenr,
KWW KaTami3zye nepeHeceHHs ¢ocdaTHOT IPpyNu 3 MOJEKYIH aneHo3untpudocdary
Ha 3D-mosioKeHHS 1HO3UTOJIBHOTO KUIBIS (ocharuaunino3urony. YTBOpeHI B
pe3ynbTari JINiJHI MPOAYKTH, HAWBAXKIMUBILIMM 3 SKUX € (ochHaTUAMIIHOZUTOI-
3,4,5-tpudocdar (PIP3), BiH € BTOpHHHUM MOCEPEIHUKOM 1 3a0e3neuye mnepenady
CUTHAIIy BIJ MeMmOpaHu BcepeauHy KiaiTuHu. Bunpiisiotes Tpu knacu (I, 1T 1 III)
dbochaTuanITiHO3UTON-3-KiHa3, SKi PO3PI3HIIOTHCS 3a CyOCTPATHOIO CIIEIU(ITHICTIO 1
npoaykramu. Haitbinem nobpe BuBueHi PI-3-kiHasu | kimacy, BOHU mpeacTaBIsIOThH
co00I0 TEeTepOoaUMEpH PETyJIATOPHUX 1 KaTamTUYHUX cyOomauHuib. Lli dbepmentu
MOKYTh aKTUBYBATHUCS PEIETITOPAMH, acoliiioBaHUMH 3 G-0171KaMu, 1 pelenTOPHUMHU
TUpo3uHKiHa3aMu. PerynstopHi cyboauuuili GochoiHO3UTHAIB-3-KiHa3 MICTATh SHo-
JIOMEHHU, K1 JO3BOJISIOTH iM JII3HABATHCS 1 MOB'SI3yBAaTH 3aTUIIKK (OCHOTUPO3UHY

pelenTOpHUX TUPO3MHKIHA3. B pe3ymnbTari 1i KiHa3u BUSIBIAIOTHCS B Oe3MocepeHiil
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OJIM3BKOCTI B MeMOpaHM, a 3HAYUTh 1 CBOiX CyOCTpaTiB, TaK MOYMHAETHCS CUHTE3

docharuamninosuton-3,4,5-pocdary.

I'imoccapuit
AlCHWIAaTOMKJIAa3a—  KIIOYEBOM  (JEpMEHT  aJeHWIATUUKIA3HOM  CHCTEMBI,
conepskauuii 12 tpancmeMOpaHHbIX 1oMeHOB. OH Katanusupyert pacueruienne ATO
10 TAM® u nupocdocdara.
AMIIMpUKanUsA— [polecc o00pa3oBaHUs JOMNOJHUTEIbHBIX KOMMHA Yy4acTKOB
xpomocomHoi JIHK, koropble coaepkaT omnpeAesieHHble TI'eHbl WU CErMEHTHI
CTPYKTYpHOTO Te€TepoXpoMaTHHa. AMIUTU(UKALINUSI MOXKET ObITh OTBETOM KJIETOK Ha
CEJIEKTUBHOE JIeHiCTBUE (HAIpHUMeEp, IIPU ACUCTBUM METOTpeKcaTa). AMIIU(pUKaLUs
3TO OJMH M3 MEXaHW3MOB AKTHBAllMM OHKOI'€HOB B IPOLIECCE Pa3BUTHUS OIyXOJH,
HanpuMep, OHKoreHa N-myc npu pa3BUTHH HEHPOOIACTOMBI.
Beaku-tpancaykropsl (G-0eaxu wiam N-Oejikm)— BHyTpUMEMOpaHHbBIE O€JKH,
KOTOpBIE BOCHIPUHUMAIOT XUMUYECKUI CUTHAJI OT pelenTopa, MOAUPHUIMPOBAHHOTO
32 CYET B3aUMOJIEHCTBUS C TOPMOHOM WM MEAUATOPOM, M BBI3BIBAIOT MU3MEHEHMSI
(GYHKIIMOHATBHOW aKTUBHOCTH 3((EKTOPHBIX CHUCTEM KIETKH 4epe3 JAeicTBHe
BTOPUYHBIX MECCEHPKEPOB.
BropuuHbie 1nocpeIHUKH (MecceHIKepbl)— OMOMOJIEKYNBI, IE€peAaroIIne
uHpopMaIoo OT TOpMOHa (MIEPBUYHOTO MECCEHKepa) Ha A(DPEKTOPHBIE CUCTEMBI
KJICTKHU.
I'yanmiaaromkiaa3da. V3BecTHbl J1Ba OCHOBHBIX Kiacca ryaHunatuukiassl (GC):
MEMOpPaHHOCBSI3aHHBIM U PAaCTBOPUMBIA B 1IUTO30Je. MeMOpaHOCBs3aHHbIE (POPMBI
GC-A, GC-B u GC-C) conepkaT BHEKJICTOYHBIE JAOMEHBI PEIENTOPOB, KOTOPHIE
pacro3HarT crenuduueckue NENTHIHBIE JUTaHBL: peaCcepIHbINA
HaTpuilyperudeckuii gakrop (ANF) u poncrBennsie nmentuibl: GC-A CBsI3bIBacT
ANF wu mnarpuitypernueckuii nentua Mo3ra (BNP ) u GC-B  cBszwiBaer
Hatpuitypetudeckuii nentus C-tumna (CNP). GC-C cBs3bIBaeT 3HAOTCHHBIA MENTH]T
TYaHWIMH, a TakXke TEepPMOCTOMKHIA OakTepuanbHblii 3HTepoTOKCHH (STa).
Mewmbpannocsizanasie GC-A, GC-B u GC-C coaepkat BHYTPUKICTOYHBIN JOMEH,

no/TI0OHBIN KHHA3€e, KOTOphIi CBs3biBaeT AT® M KaTalUTUYECKUN JTOMEH, KOTOPBIN
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cunre3upyetr cGMP u3 GTP. PactBopumbie popMbl cofepKaT JIUIIb KaTaTUuTHYECKUE
JOMEHBbI, CyObeOuHHMIIBI 0 ¥ [ © aKkTuBHpPYyrOTCS okcuaoMm azota (NO).
Karanutuyeckas akTUBHOCTb pAacTBOPUMOM (POPMBI T'yaHUJIATIMKIIA3bl 3aBUCHUT OT
HaIM4Msl Kak o, Tak ¥ [ cyOpenunuil. llepBuuHBIE MECCEHDKEPHl TPUBOIAT K
aktuBauuu cuHTte3a NO 3a cueT MOBBIIIEHUS KIETOYHOro ypoBHs Ca2+, 4To B
COYETaHUU C KaIbMOIYJIMHOM akTUBUpPYET NO-cuHTazy. [lepBuuHbBIE MECCEHIKEPHI
YBEJIIMYUBAIOT KJIETOUHBbIM ypoBeHb (Ca2+ B OOJIBIIMHCTBE CIIy4aeB 3a CYET
JEnoJIIpr3alil HEHPOHHBIX MEeMOpaH M TeM cambiM akTuBUpyroT Ca2+ -KaHaubl,
yBennuuBaroT NoTok Ca2+ B KIETKY C MOMOIIbI0O HEPBHBIX UMITYJIbCOB, IIyTamara,
aneTUIXoauHa uiu cyoctanuuu P. B HekoTopsix ciyudasx Ca2+ MOXeT monajaath B
KJIETKY HEMOCPEACTBEHHO YE€pe3 MOHHBIE KaHaJbl, KOTOPbIE CBSI3aHbI C (DYHKIIHEH
peuentopoB NMDA mia royramara. [lepBUYHBIE MECCEHIKEpPBI TAaKKE MOTYT
peryiupoBath ypoBeHb kieTouHoro Ca2+, ctumyiupys BbicBoOOXxaeHue Ca2+ u3
BHYTPHUKJIETOYHBIX XPAaHUJIUILLL.

T'opMOHBI— 3T0  OWOJOTrMYECKM  AaKTHUBHBbIE  BEILIECTBA,  BbIpaOAThIBAEMbIC
CIICLMAIM3UPOBAHHBIMA  KJIETKAMU  KEJIe3 BHYTPEHHEH CEKpelHH, KOTOphIE
MOCTYNAIOT B KPOBb WM JUMQY, PETYIUPYIOT OOMEH BEIIECTB U (PHU3UOJIOTHUECKUE
(GyHKUIMU OpraHu3ma.

JHK (ne30xkcupnOoHyKjIeMHOBAasE KHCJI0TA)— MaKpoOMOJEKysa, oOecreunBaromias
XpaHeHue, Tepefavyy M3 MOKOJICHUS B TOKOJEHHUE U peaIM3alHI0 TeHETUYECKOU
IpOrpaMMbl pa3BUTHSA U (YHKIIMOHUPOBAHUS KUBBIX opraHu3MoB. Monekymna JIHK
COXpaHseT OMOJOTMYECKYI0 MH(POPMAIIMIO B BUJI€ TEHETUYECKOTO KO/a, COCTOSILIErO
u3 nocnenoBatenbHocTH HykieotusoB. JIHK conmepxut nndopmaruio o CTpykType
paznmuunbix BUs10B PHK 1 Genkos.

NucyanHoBBIH penentop— 3TO TETpamep, COCTOSIIHUNA M3 YEThIpEX CYObEeIHHMIL
JBYX THUIIOB MpEJCTaBICHHBIN B BHUIe 02PB2. Anb(a-cyObeTuHUIbI COJEpKaT CalT
CBSI3bIBAHUSI MHCYJMHA. beTa-cyObeuHUIIbI COAEpKaT JOMEHBI C THPO3UHKUHA3HOIO
AKTUBHOCTBIO, ydacTBytomue B (ochopunupoBanuu rpymnn -OH B TUPO3WHOBBIX
ocTaTkax 0elKoB, (PYHKIMS KOTOPBIX KOHTPOJUPYETCS UHCYTHMHOM.

HonoTponHble penentopbl— 3TO0 MEMOpPaHHbIE PELENTOPHBbIE OENKH, KOTOpHIE

pearupyroT Ha CBSI3bIBaHHE JUTaHaa (TOPMOHA, WIM HEUpOMeauaTtopa), OTKphIBas
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VOHHBII KaHaJl ¥ TIO3BOJISASI HOHAM TIOCTYNATh B KJIETKY, YBETUYMBAs WM YMCHbBINAS
BEPOSITHOCTHh (POPMUPOBAHUS TTOTCHIIHAJIA JEHCTBUA.

KileTkn-MHuIeHu— 3T0 KJIETKH, KOTOPhIE UMEIOT PEIENTOPhl K COOTBETCTBYIOIIEMY
TOPMOHY U CIIEIU(UIESCKH B3aUMOICHCTBYIOT C HHM.

JleilikeMusi— OHKOJIOTUYECKOE 3JI0KQYECTBEHHOE 3a00JICBaHUE KIETOK KpOBH,
KOTOPOE MOpakaeT KOCTHBIA MO3T U JPYTHe KPOBETBOPHBIC OpraHbl KaK JIFOJIEH, Tak U
KUBOTHBIX. OCHOBHBIM TPU3HAKOM JIEHKEMHUH SIBJISETCS BBICOKAS KOHIICHTPAIIHS
JICMKOIIMUTOB, KOTOpPHIE JCTCHEPUPOBAIM ¥ TOTEPSIIM  3allUTHBIE (QYHKIUH
HOPMAaJIbHBIX JIEHKOIIUTOB. Takue JEHKOIMTH YHHUTOXKAIOT 3I0POBbIE KIETKH, ITOCIIEe
Yero OpraHu3M CTAaHOBHUTCS O€33alIMTHBIM TMepes, 0ok uHpeknuen. Jledenue
IPOBOJAMUTCA C TIOMOIIBI0 OOMyYeHHUS W IUTOTOKCHYECKUX TpenaparoB Jis
MO/IABJICHUS] PA3MHOKEHUS KJIETOK, KOTOpPbhIE JEreHEpUpPOBAIM, WIH IIyTeM
TPaHCIUTAHTAIIMK KOCTHOTO Mo3ra. CHHOHUMOM TIOHSTHS JICUKEMHUS CUHUTAIOT
IIOHSATHUE JICUKO3.

MeTaGoTponHblii penenTop - 3TO TUII MEMOPAHHOTO PELENTOPa 3YKAPUOTHIECKUX
KJIETOK, KOTOpBI coueraercs ¢ (pyHkiuei G-0enkoB ¢ oOpa3oBaHUEM HEKOTOPHIX
BTOPHYHBIX MECCEHKEPOB. OH MOXKET pacroyiaraTbCs Ha TOBEPXHOCTH KJICTKU WIIH
B BE3UKYJIax.

OHKOreH— 95TO TeH, NPOIYKT DOKCIPECCHH KOTOPOTO MOXET CTUMYJIHPOBATH
oOpa3oBaHHE 3JIOKAYECTBEHHON OMyXoaW. MyTamnuu, BBI3BIBAIOIINE AKTHBAITUIO
OHKOTCHOB, IOBBINIAIOT IIAHC TOTO, YTO KJIETKA MPEBPATHTCSI B PAKOBYIO KIICTKY.
CuuTaercs, 4TO TEHBI-CYMPECCOPHI OMyXOJel O0eperarT KIETKH OT PaKOBOTO
MEePEPOXKACHUSA, W, TaKUM O0Opa3oM, paK BO3HUKAET JHMOO B Clly4ac HapyIICHHS
paboOThI TEHOB-CYMPECCOPOB OIMYyXOJIEH, TN TIPH MOSBICHUH OHKOTEHOB.
IIporemnkunaza C— ceMEiCTBO NPOTEMHKHHA3, (EPMEHTOB, OCYIICCTBIISIFOITUX
dbochopunupoBaHusi aMUHOKUCIOTHBIX OCTaTKOB CEpUHA W TPEOHWHA B MOJIEKYyJax
OenkoB, M, TakUM OOpa3oM, OHU YYAaCTBYIOT B CHTHAJIBHBIX KacKaJaxX KIICTOK.
[IporennknHazpl C aKTUBUPYIOTCS TaKUMH CHUTHAJIaMH, KaK POCT KOHIICHTPAIHH
TUAIWITIUIEposly uian uoHoB kKambiusa (Ca2+). M3BectHo Oonee 10-tu m3odopm
nporenHkuHa3pl C. VX moapa3fensioT Ha TPU MOATPYIIIBI MO THIY AKTHBAIIMH:

KIACCHUYCCKUC IIPOTCHUHKHHA3bI C - I UX aKTHBAIWMKW HYXKHBI JHAOAITIALOCPOII,
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MOHBI Kanbls U pochonunuy dhocharuauncepus; HOBble NMpoTeMHKKUHA3bI C - JIs
WX aKTUBAllMM HYKHBI JHANWITIHAICPOJ, HO HE HYXHbl MOHBI (Ca2+; aTUIIUYHBIC
npoterHkuHasbl C - 171 UX aKTUBALMU HY>KeH (ochaTuIuICeprH, HO HE HYKHbI HUA
TUAITAITIIUIIEPOIT, HA HOHBI KaJIbITHA.

PeuenTop— 5T0 01Ha UK rpymma OEIKOBBIX MOJEKYN (MIMKONPOTEUHOB), KOTOPHIE
SIBISIIOTCSL  CTIENU(PUYECKUMH B KOHTAKTE€ IO OTHOIIEHWIO K COOTBETCTBYIOIIEMY
TOPMOHY.

JAHK cexBeHMpoOBaHHe — METO/1 ONPEACIICHUS TIOCIE0BATEIbHOCTH HYKICOTHIOB B
nenu JIHK. On wucnone3yercs s paciiu@poBKH TE€HOB, 3aHECEHUS OTOU
nHdpopmaruu B OaHK JaHHBIX M €€ JajJbHEHINeH WHTEepIpeTaliu METOIaMU
OMoJIOrMYeCcKOr HHPOPMATHKH.

CreHokapausi— 5TO KIMHUYECKUM CHHAPOM, XapaKTepu3YIOIIUics O0JIsIMU B
IPYAHON KIIETKE BCIICJICTBUE WIIEMUU MHOKapJa, BHI3BAHHOW OOBIYHO (hHU3HUECKOM
Harpy3koi wim crpeccoMm (00Jib, OJHAKO, MOYKET BO3HHKATh CIOHTAHHO) U MOXET
OBITh HE CBs3aHa C HEKPO30OM KapAHMOMUOUUTOB. CTEHOKapIUs SBISETCS CIIEICTBUEM
HEJI0OCTATOYHOTO OTHOCUTENIBHO MOTPEOHOCTH CHAOKEHHUS KMCIOPOI0OM MHUOKap/A.
Tupo3unkunaza— dbepMeHT nojikiacca MPOTEUHKUHA3HI, IPyIIIBI
dbochoTpancdepaszsl. TUPOZMHKUHAZBI KATATU3UPYIOT TTepeHoC GocdaTHOTO OcTaTKa
oT AT® Ha TUPO3UMHOBBIE OCTATKHU CHEIUPUUECKUX KIETOUYHBIX OEIKOB-MUIIECHEH.
JlelicTBHE TUPO3MHKHHA3 — OJHO M3 BAXXHEUIIMX 3BEHBEB B CHUCTEME IIEpEIAud
CUTHAJIOB B KJIETKE.

TkaHb-MHMIIEHb— 3TO TakKas TKaHb, B KOTOPOM FOPMOH BbI3BIBAET CHEIU(PUUYECKYIO
OMOXUMHUYECKYIO ((PU3HOIOTHUECKYIO) PEAKITUIO.

®ochoaunaza C (PLC)— depmeHT, KOTOphIM BOBIeUeH B HMHO3UTOJ(DOChHATHBIHN
(pochouHO3UTHIHBIN) CUTHANIBHBIN Kackald. OH KaTadu3upyeT peakifio THIpPOIu3a
MUHOPHOTO CTPYKTYpHOro MemOpaHHOro ¢ocdonununa GpochaTuamimHo3uTon-4,5
mudocdara. B 310l peakiuu 00pa3yroTcs ABa U3 TPEX BTOPUYHBIX MECCEH]IKEPOB
JAHHOT'0 Kackajaa — uHOo3UToJ-1,4,5-tpudocdar u quanuiriuiepo.
®ocharuananno3uros-3-kunaza (PI-3, ¢ochouno3ntua-3-kmnaza)— QepmeHr,

KOTOpbIM  KaTanu3upyer mnepeHoc  QocdaTHOW  Tpynmbl U3 MOJIEKYJIbI
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anenosuHTpudocdara Ha 3-D-nonoxenue MHO3UTOJIHHOTO KOJIBIIA
docharunununozurona. OOpazywoomuiics B pe3yibTare JIMINUAHBIA MPOAYKT
dbocharuammao3uTon-3,4,5-rpudocdar (PIP3) sBasiercss BTOpUUHBIM MMOCPETHUKOM
U obecrneunBaeT mnepefady CUrHalia OT MeMOpaHbl BHYTPh KJIETKH. Boiaensior Tpu
knacca (I, 11 u II) dochaTununmHo3uTON-3-KUHA3BI, KOTOPBIE Pa3IUYaAOTCS IO
cyocTpatHoi crneruduuyHocTH U npoaykTtaMm. Hawbonee xopomo wusyudensl Pl-3-
KMHa3bl | Kiacca, OHM MPEACTaBISIOT COOOW TeTepOIUMEpPHI PEryISATOPHBIX U
KaTaJIUTHYECKUX CYObEIUHUIL. DTH GEPMEHTHI MOTYT aKTHBUPOBATHCS PEIEITOPAMH,
accouuupoBaHHbiMH ¢ (G-OenkaMu W PEHENTOPHBIMH  THPO3UHKHUHA3AMHU.
Perynaropusie cyOwenunuiiel  hochonHo3uTHI-3-KUHA3BI coAepkaT SHi-momew,
KOTOPBI TO3BOJSIET WM y3HaBaTh M CBS3BIBATH OCTAaTKH  (OCPOTHPO3MHA
pEeLeNTOPHbIX ~ TUPO3MHKHHA3. B pesynbrare  KuWHa3bl  OKa3bIBAIOTCS B
HETIOCPEICTBEHHOM OJM30CTH OT MEMOpAaHbI, a 3HAYUT U CBOMX CyOCTPaTOB, MPHU UX

aKTHBAIlUM HAUMHAETCs CUuHTE3 pochaTuaninnmHo3nuTon-3,4,5-gocdara.
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