MIHICTEPCTBO OXOPOHH 3/I0POB’SI YKPATHU
3AIIOPI3bKUI TEPXKABHUIN MEJUKO-®APMALIEBTUYHUN YHIBEPCUTET

KA®EJIPA BIOJOI'TYHOI XIMII

J. I'. Ianuenxo, H. I1. Pyasko, H. B. Kpicanosa

bionoriyHa ximia

Yactunua 2

3BIPHUK TECTOBUX 3ABJJAHb
3 HOSICHEHHSIMU
JUISL TIJITOTOBKU CTYAEHTIB crieliaibHocTel 222 «MenunHay, 228 «IlemiaTpis»

no €JIKI (English language proficiency test)

Zamopixoks, 2024



YIAK 577.1(079.1)
1-23
3ameepooiceno Ha 3acioanti Llenmpanvroi memoouunoi Paou 3/[MPY
(npomoxon Ne 3 6i0 «22» momoeo 2024 p.)

i PEKOMEHO08AHO OJISl BUKOPUCIMAHHSL 8 OCBIMHLOM) NPOYeC]

KoJsiekTuB aBTOpIiB:
/. I'. Iseanuenxo — n-p bapm. Hayk, mpodecop;
H. II. Pyovko — xana. 6i011. HayK, CT. BUKJIaady;

H. B. Kpicanosa — xaua. 6i01. HayK, TOLIEHT.

Penensentn:
O. B. I'anyesa - 3aBimyBayka Kadeapy MaTtojaoriqHoi ¢izionorii 3 KypcoM HOpMasbHOI (izionorii
3IMDY, 1-p men. HayK, MPodecopka,;

A. I'. Kannaywenxo - 3aBigyBad kadenpu Qpi3koiaoigHoi XimMii 1-p Gapm. Hayk, mpodecop

IBanuenko 1. I'.
1-23 Bionoriyuna ximis. Yacrtuna 2 : 30ipHMK TECTOBMX 3aBJaHb 3
MOSICHEHHSAMM Ui TIATOTOBKH CTYJEHTIB crHerianbHocTed 222 «MenunuHay,
228 «Ilemiatpist» mo €JIKI (English language proficiency test)/ /1. I'. Isanuenko,
H. I1. Pyasko, H. B. Kpicanosa — 3anopixoks : [3AMOV], 2024. — 117 c.

YAK 577.1(079.1)

©Komnektus aBTopis, 2024
©3anopi3pKuii Iep>KaBHUN METUKO-
dapmarieBTHUHIH yHiIBepcHTeT, 2024



Content \ 3micrT

IHEPEIIMOBA . ... e

Chapter 1. PURINE AND PYRIMIDINE NUCLEOTIDE METABOLISM \
Pozgin 1. METABOJII3M IIYPUHOBUX TA INIPUMIIUHOBUX
HYKJIIEOTHIIB. . ... e

Chapter 2. NUCLEIC ACID STRUCTURE AND ORGANIZATION. DNA
REPLICATION AND REPAIR. GENETIC STRATEGIES IN
THERAPEUTICS \ Posmin 2. OPTAHIBALIA TA CTPYKTYPA
HYKJIEIHOBUX KUCJIOT. PEILUIIKAIIIAA TA PENAPAIIIS JHK.
TEHETHUYHI CTPATETTI BTEPAIII..........................oco

Chapter 3. TRANSCRIPTION AND RNA PROCESSING. REGULATION
OF EUKARYOTIC GENE EXPRESSION. TECHNIQUE OF GENETIC
ANALYSIS \ Poszmin 3. TPAHCKPHUIILISI I PHK INTPOLECHUHTI.
PEI'VJIALISA EKCHPECII EYKAPIOTUYHUX TEHIB. METOJIU
TEHETHYHOI'O AHAJII3Y ...

Chapter 4. GENETIC CODE. MUTATIONS. TRANSLATION \ Poszin 4.
TEHETUYHUN KO MYTALIL. TPAHCJISIIIS . ....oooooooieeeeeeee.

Chapter 5. BIOCHEMISTRY OF HORMONES \ Po3ain 5. BIOXIMISI
TOPMOHIB. ...,

PEKOMEH/JIOBAHA JIITEPATYPA. ...,

18

40

69



HHEPEIMOBA

30ipHUK TECTOBHUX 3aBJlaHb CKJIAJEHO BUKJIajadamMu Kadeapu 010J0TT9HOT XiMil
JUTsT BUKOPUCTAHHS CTYJACHTAaMU 2 KypCcy MeAWYHHUX (DaKyIbTeTiB, SIKI BHUBYAIOTH
Oiooriuny ximiro. Jlauuii 301pHUK MICTUTh PI3HOMAaHITHI TECTOBI 3aBJIaHHS 3 YCIX
TeM, 110 BXOJATh JO 3MICTy PO3Aiay 2 poOo4oi mporpaMyd HaBYaJIbHOI JTUCIHUILUTIHU
«biomoriuaa ximisi»y cmemianpHOCTe 222 «Meagumuaay Ta 228 «llemiaTpis».
PexoMeH1I0BaHO /10 BUKOPHUCTAHHS CTYJEHTaMH B CaMOCTIHHIM poOOTI Mmia dac
MIATOTOBKH O KOYKHOTO 3 3aHATHh (KOHTPOJBHI POOOTH PO3MOMAUICHI O 3aHATTSX),
JJIS. KOHTPOJIIO 3aCBOEHHSI 0a30BHX TEM 1 ISl MiJCYMKOBOTO KOHTPOJIIO 3aCBOEHHS
3HaHb 3 PO3JLTY 2.

3a J0MOMOIroK TECTOBOTO MaTepianay CTYJIEHTH MaloTh MOKJIUBICTH TIHOIIIE
3aCBOITH TEMY, SKy BHBYAIOThb, IPOBECTH CAaMOKOHTPOJIb, Yy pa3l BHSIBICHHS
HE3PO3YMUINX JUIS CTYJEHTa IHUTaHb, 3BEPHYTHUCS 3a JOTIOMOTOI0 J0 BHKJajgadya Ha
PaKTUYHOMY 3aHATTI. Y pe3ysbTari Takoi GopMH pOOOTH CTYAEHT A00PE rOTY€EThCA
70 TIJICYMKOBOTO KOHTPOJIO 3 pO3AUTYy 2, J0 KOMIUIEKCHOTO ICOUTYy Ta [0
niuensiiHoro icnuty «KPOK 1.

VY 30ipHUKY MOJAaHO TECTOBI 3aBJAaHHS AHTJIIMCHKOIO MOBOIO 1 BIAMOBIIHUN iM
MepeKiaJl yKpPaiHChKOI MOBOIO, MOSICHEHHS 10 TecTiB 1 Tiocapiih. CTyneHTam
PEKOMEHY€EThCSI ONPAIlbOBYBATH 3MICT TECTIB aHIJIHCHKOIO MOBOIO, TOMY WO 32
Bumoramu €JIKI iM HEoOXiAHO pO3yMITH aHIIMCHKY TEPMIHOJOTIIO KOMXHOI
JVCLUUILTIHY, SIKa BXOJUTH JI0 ICTIUTY.

3micT 30ipHHKa TECTIB BIJNOBiJIa€ poOOYiN Mporpami HaBYAJIbHOI AUCLMILIIHU
«blojoriuna ximis» IS MATOTOBKH MAariCTpiB creriaabHocTer 222 «MeauuHay,

228 «Ileniatpis». Ta OXOILTIOE BC1 TEMH PO3ILTY 2.



Chapter 1
PURINE AND PYRIMIDINE NUCLEOTIDE
METABOLISM

Po3zmin 1
METABOJII3M ITYPUHOBUX TA
HIPUMIIMHOBUX HYKJIEOTHU/IIB



1.1
A 6-month-old boy becomes progressively lethargic and pale and shows delayed
motor development. Laboratory evaluation reveals normal blood urea nitrogen
(BUN), low serum iron, hemoglobin 1.6 g/dL, and leukopenia. His bone marrow
shows marked megaloblastosis, which did not respond to treatment with iron, folic
acid, vitamin Bj,, or pyridoxine. His urine developed abundant white precipitate
identified as orotic acid. The underlying defect causing the megaloblastic anemia in
this child is most likely in which of the following pathways?

A. Homocysteine metabolism

B. Pyrimidine nucleotide synthesis

C. Urea synthesis

D. Uric acid synthesis

E. Heme synthesis
The answer: Pyrimidine nucleotide synthesis. Megaloblastosis associated with low
hemoglobin content (1.6 g/dL) indicates megaloblastic anemia that is not due to
deficiency of folic acid, vitamin B, (because megaloblastosis did not respond to
treatment with iron, folic acid, vitamin Bi,, or pyridoxine). Accumulation of orotic
acid arises because pyrimidine nucleotide synthesis is abnormal: UMP is not
produced in required content. But UMP is precursor for dTMP and other pyrimidine

deoxyribonucleotides that are required for DNA synthesis.

6-MiCSAYHMI XJIOMUUK CTAa€ MPOTPECYIoUe MIISIBUM, OJIIUM 1 MPOSBIISE€ YHOBUIBHEHUH
pPYXOBUI PO3BUTOK. 3a JOMNOMOTOI JAa0OpaTOPHOI JIarHOCTUKU  BUSBIIEHO
HOpMaJbHUIA TOKAa3HUK a30Ty CEUYOBHHM KpOBI, HHM3bKE CHPOBATKOBE 3ali30,
remMorsio0iH 4,6 r/nm, 1 neiikoneHito. OyHKIIsA KICTKOBOIO MO3KY CYIPOBOJIKYETHCA
METrajio0JIaCTHOM aHEeMi€r0, SKa HE JIKYE€ThCS 3ali30M, (OTIEBOIO KHCIOTOO,
BiTamiHOM B12 a60 mipumokcuHoM. B cedi XBOpOro yTBOPIOEThCS PsICHUH O1Mid ocaf,
11eHTU(IKOBAHUI K OpOTOBa KHCIIOTa. B SIKOMy 3 HAcCTyNmHHMX NUIAXIB HaO1JIbII
HMOBIPHO TIPOSIBIISIETHCS OCHOBHUM JE(EKT, 110 BUKIUKAE METAI00IACTHY aHEMIIO Y
i€l JTUTHHA?

A. MeTta0o:113M rOMOITUCTETHY



B. CunTe3 nipuMiIMHOBUX HYKJICOTH/IIB

C. CunTte3 ce4yoBUHU

D. Cunre3 ce4oBOi KUCIOTH

E. Cunres rema
[IpaBuibHa BinmoBiab: CHHTE3 MIPUMIAMHOBUX HYKICOTH[IB. MeranobmaacTos,
MOB’s3aHUM 13 HU3BKUM BMICTOM TeMorioOiny (4,6 r1/mi), BKasye Ha
MeranoOJacTUYHy aHeMilo, Ska He 3yMoBJeHa aedinmuToM (omie€BOi KHCIOTH,
BiTaminy B12 (ockinpku Merango0jiacTo3 HE pearyBaB Ha JIIKYBaHHS 3alli30M,
¢domnieBOIO KUCIOTOIO, BiTamiHOM B12 abo mipuaokcunom). HakomuueHHS 0pOTOBOI
KHCIIOTH BUHUKAE Yepe3 Te, 1[0 CUHTE3 MiPUMITUHOBUX HYKJICOTHIIB HCHOPMATbHHM:
YM® He BUpoOIsIEThCA B HEOOX1THIHKOHIIEHTpaIli. Ae YM® € monepeHUKOM JIJIst
dTM® Tta iHmIHX MIPUMITAHOBUX JAE30KCHPUOOHYKJICOTHIIB, HEOOXITHUX IS

cuntezy JHK.

1.2
Patients with Lesch-Nyhan syndrome have hyperuricemia, indicating an increased
biosynthesis of purine nucleotides, and markedly decreased levels of hypoxanthine
phosphoribosyl transferase (HPRT). The hyperuricemia can be explained on the basis
of a decrease in which regulator of purine nucleotide biosynthesis?

A. ATP

B. GDP

C. Glutamine

D. IMP

E. PRPP
The answer: IMP is a feedback inhibitor of PRPP amidophosphoribosyl transferase,
the second reaction in the biosynthesis of purine nucleotides. IMP is formed by the
HPRT reaction in the salvage of hypoxanthine. If feed-back control of PRPP
amidophosphoribosyl transferase is not promoted normally there is over production
of purine nucleotides in the basal pathway. This event causes the extensive

breakdown of purine nucleotides to uric acid with hyperuricemia development.



[Tamientu 3 cunapomom Jlema-Hixana maroTh rinepypukemito, M0 CBIIYUTH IPO
MiABUIICHUN OI10CHHTE3 IyPHUHOBUX HYKJICOTHIIB 1 TMOMITHO 3HUXEHHH pPIBEHb
rinokcanTuHpochopudozunrpanchepaszu (I'OPT). Ha miactaBi 3MEHIIEHHS SKOTO
perynaropa 610CHHTE3y MMyPHUHY MOKHA TOSCHUTH T1IEPypPUKEMIIO?

A ATD

B.IT®

C. I'mrotamin

D. IM®

E. TOPT
[IpaBunbpHa BianoBigs: IM® — iHr101TOp 32 NPUHLMIIOM 3BOPOTHOTO 3B’s13Ky DPIID
amigodocdopubosmi-tpanchepazu, @epMeHTy Apyroi peakiii B  OlOCHHTE3I
ypPUHOBUX HYKJIEOTUI1B. IM®D dacTkoBO (pOpMy€ETHCS 3 TIIOKCAHTHHY B PE3YJIbTATI
peakiii, sKy Katamidye rinokcantuHdochopudosmirpanchepaza (I'OPT). SAxmio
3BOpoTHUI KOHTpOJb DPIId-aminodochopubdosun-Tpancdepazn HE BUKOHYETHCH,
YTBOPIOETHCS HAATUIIOK IMyPUHOBUX HYKJICOTHAIB B KIITHHI 32 PaXyHOK T'OJIOBHOTO
NUIAXY CHUHTE3a MypIHOBUX HYKJIEOTHIIB. Ll momis cnpuuvHse aKTUBHHUM po3maj

MyPUHOBUX HYKJICOTHIIB IO CEYOBOI KUCIOTH 3 PO3BUTKOM TiIIEPypPUKEMII.

1.3
A 12-week-old infant with a history of persistent diarrhea and candidiasis is seen for
a respiratory tract infection with Pneumocystis jiroveci. A chest X-ray confirms
pneumonia and reveals absence of a thymic shadow. Trace 1gG is present in his
serum, but IgA and IgM are absent. His red blood cells completely lack an essential
enzyme in purine nucleoside degradation. The product normally formed by this
enzyme is:

A. Guanine monophosphate

B. Hypoxanthine

C. Inosine

D. Xanthine

E. Xanthine monophosphate
The answer: Inosine. The child most likely has severe combined immunodeficiency
8



caused by adenosine deaminase deficiency. This enzyme deaminates adenosine (a
nucleoside) to form inosine (another nucleoside). Hypoxanthine and xanthine are

both purine bases, and the monophosphates are nucleotides.

HemoBnst 12-TwkHIB 3 iCTOpi€ro CTIMKOI giapei Ta KaHIUI03y OOCTEXKYETHCS OO0
iH(Dekii auxaapHUX NUIIXIB Pneumocystis jiroveci. PeHTren rpyaHoi KIITKA
HiATBEp/DKYE MMHEBMOHIIO 1 BUSBISAE BIACYTHICTH TUMIYHOI TiHI. CiioBa KUIBKICTb
IgG npucytHs B Hioro cuposariil, ane IgA 1 IgM BiacyTHi. B epuTponnrax moBHICTIO
BIJICYTHIA €CEHIllalbHU (QEepMEHT HEOOXIMHUW JUIa Jerpajaiii ITypHHOBOTO
Hykieo3uay. IIpomykrom, sikuii 3a3BU4ail yTBOPIOETHCS LIUM (PEPMEHTOM €:

A. T'yaniny monodocdar

B. I'imokcanTun

C. Ino3un

D. Kcantun

E. Kcantuny Mmonodocdar
[IpaBmipHa BiAmoBiAb: [HO3MH. Y JWUTHHM IIBWAIIE 3a BCE BHHHUKAE BAXKHM
KOMOIHOBaHUW 1IMyHOAE(IIUT, BUKIMKAHUA HEJOCTATHICTIO a/ICHO3MHJIE€3aMIHA3H.
Leit depmeHT ne3amiHye aAeHO3UH (HYKJIEO3WI) 3 YTBOPEHHSM 1HO3MHY (1HIIOTO
HYKJI€03uay). ['IMOKCaHTHH 1 KCAaHTHH € MMypUHOBUMHU OCHOBaMH, a MoHO(dochatu €

HYKJICOTHUaMU.

14
The anticancer drug 6-mercaptopurine is deactivated by the enzyme xanthine oxidase.
A cancer patient being treated with 6-mercaptopurine develops hyperuricemia, and
the physician decides to give the patient allopurinol. What effect will allopurinol have
on the activity of 6-mercaptopurine?

A. Enhanced deactivation of 6-mercaptopurine

B. Enhanced elimination of 6-mercaptopurine as uric acid

C. Enhanced retention and potentiation of activity

D. Decreased inhibition of PRPP glutamylamidotransferase

E. 6-mercaptopurine will not be deactivated



The answer: Because allopurinol inhibits xanthine oxidase, the 6-mercaptopurine will

not be deactivated as rapidly.

[IpotunyximaaMA  mpenapaT 6-MEpKaNnTONypUH JC3aKTHBYETHCS — (PEPMEHTOM
KCAaHTHHOKCH/Ia3010. Y XBOpPOr0 Ha pakK, 00 OTpUMye 6-MEpKanTOIypHH,
PO3BUBAETHCS TINEPYpUKEMIsl, 1 JIIKAp BUPINIYE JIaTH MAIiEHTy aJJIONMypuHONI. K
BIJTUBAE AJUIOMYPUHON Ha aKTUBHICTH 6-MEpKaNTOMypUHY?

A. Tlocunena nezakTuBallis 6-MepKanTonypruHa

B. IligBuieHa eximMiHaIlisa 6-MEepKaNTOMYPUHY SIK CEYOBOI KUCIIOTH

C. IokparmieHe yrpuMaHHS Ta MMOCHJICHHS aKTUBHOCTI

D. 3umwxkenHs iHri0yBanHs riryramiamigoTpancdepazu OPIIO

E. 6-mepkanTonypuH He Oy1e 1e3aKTHBOBAHHIMA
[IpaBunbHa BiAnoBiab: OCKIIBKM aJIOMYPUHOJ 1HTIOyE KCAaHTUHOKCUIA3y, 6-
MEpKaNTOnypuH He OyJe /e3aKTUBOBAaHW TaK IIBUIKO, $K 3a BIJICYTHOCTI

AJJTOIYpUHOJIA.

1.5
The anticancer drug 6-mercaptopurine is deactivated by the enzyme xanthine oxidase.
A cancer patient being treated with 6-mercaptopurine develops hyperuricemia, and
the physician decides to give the patient allopurinol. Resistance of neoplastic cells to
the chemotherapeutic effect of 6-mercaptopurine would most likely involve loss or
inactivation of a gene encoding:

A. Thymidylate synthase

B. Hypoxanthine phosphoribosyltransferase

C. Purine nucleoside pyrophosphorylase

D. Orotic acid phosphoribosyltransferase

E. Adenosine deaminase
The answer: HPRT is required for the transformation of 6-mercaptopurine as drug
toits ribonucleotide that inhibitsthe purine synthesis. The other enzymes listed are not

targets for this drug.

10



[IpotunyxiuHHMiA  mpenapaT 6-MEpKaNnTONYpUH JE€3aKTUBYETHCS  (PEpPMEHTOM
KCAaHTHHOKCH/Ia3010. Y XBOpPOro Ha pakK, 00 OTpUMye O6-MEpKanTOIypHH,
PO3BUBAETHCS TIMEPYpPUKEMis, 1 JIKap BHUPIIIYE AaTH MAIll€EHTy aJUIOMypPHHOIL.
CTiiKiCTh  HEOIUIACTHYHHUX  KIITHH JI0  XIMIOTEpaleBTHYHOTO  edexty  6-
MEpKanTomypruHy HailiMOBIpHiIe Oyje ToB's13aHa 3 BTPATOr0 a00 iHAKTUBAITIEIO TEHY,
10 KOJIYE:

A. TumigmnatcuaTasy

B. I'imokcanTundocdopudosmirpanchepasy

C. ITipodochopunazy mypruHOBOTO HYKICO3UTY

D. ®ochopubozuntpanchepaszy opoToBOi KUCIOTH

E. AneHo3uHaeaMiHazy
[MpaBunpHa BignoBins: [inokcantuadochopudosmnrpanchepaza (I'OPT). 'OPT
HEOOXITHUN JI1 TEePETBOPEHHS O-MEPKaIlTONMypUHY SIK JIKapChKOrO Mpenapary B
Horo puOOHYKJIEOTH[, SIKMW 1HTIOye CHHTE3 NypPUHOBHX HYKJICOTHIIB. [HI

nepesiueHi (PepMEeHTH He € MIIIEHHIO JJI LbOTo Mpenapary.

11



Glossary:
Adenosine deaminase— is a key enzyme in catabolism of adenosine (2-
deoxyadenosine) in living organisms and plays an extremely important role in the
regulation of immunity in mammals by hydrolytically convertionof corresponding
nucleosides into inosine (2-deoxyinosine) and ammonia.
Adenosine monophosphate (AMP)- is a nucleotide composed from nitrogenous
base adenine linked by N-glycosidic bond with pentose sugar D-ribose containing at
5’-position phosphate group.
Blood Urea Nitrogen (BUN). A blood urea nitrogen (BUN) test measures the
amount of nitrogen in human blood that comes from the waste product urea. Urea is
made when protein is broken down in human organism to form free amino acids that
undergo deamination with the formation of toxic ammonia. Urea is made from
ammonia in the liver and passed out of human body in the urine. A BUN test is done
to see how well liver andkidneysare working. If kidneys are not able to remove urea
from the blood normally, the BUN level rises.Heart failure, dehydration, or a diet
high in protein can also make the BUN level higher. Liver disease or damage can
lower the BUN level. A low BUN level can occur normally in the second or
thirdtrimester of pregnancy.
Allopurinol- is a structural analogue of hypoxanthine, irreversible competitive
(suicide) inhibitor of xanthine oxidase.
Hemoglobin— is a hemoprotein placed in erythrocytes to transfer respiratory gases.
Its normal content is: for men,13.5 to 17.5 grams per deciliter; for women,12.0 to
15.5 grams per deciliter. Normal ranges for children vary with age and sex.
Hyperuricemia—is an abnormally high level of uric acid in the blood. In the pH
conditions of body fluid, uric acid exists largely as urate, the ion form. The amount of
urate in the body depends on the balance between the amount of purines eaten in
food, the amount of urate produced within the body, the amount of urate that is
excreted in urine or through the gastrointestinal tract. In humans, the upper end of the
normal range is 360 umol/L (6mg/dL) for women and 400 pmol/L (6.8 mg/dL) for

men.
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Hypoxanthine (6-oxypurine)— is intermediate metabolite of purine nucleosides
breakdown in living cells, which is oxidized by the enzyme xanthine oxidase to
xanthine and further to uric acid.

Hypoxanthine-guanine phosphoribosyltransferase (HPRT)- is an enzyme that
converts purine bases — guanine and hypoxanthine to the corresponding
mononucleotides IMP and GMP with the use of 5-phosphoribosyl-1-pyrophosphate.
These reactions are found in

Guanosine monophosphate (GMP)- is a nucleotide composed from nitrogenous
base guanine linked by N-glycosidic bond with pentose sugar D-ribose containing at
5’-position phosphate group.

Diarrhea— is a pathological condition (clinical symptom) in which unformed or
infrequent faeces occur three or more times a day (or more often than usual for a
particular person).

Immunoglobulins (antibodies)— are a kind of blood plasma proteins that are
synthesized mostly by lymphocytes in humans in response to foreign or potentially
dangerous microorganisms or substances (antigenes). In mammals, there are five
classes of immunoglobulins— 1gG, IgA, IgM, IgD, IgE, which are differ in structure
and amino acid composition and the effector functions that they perform.

Inosinic acid (IMP)- is a nucleotide that is monophosphate of the corresponding
ribonucleoside of hypoxanthine.

Xanthine oxidase— is an aerobic oxidoreductase with a molecular weightof 270
kDa., It has 2 FAD, 2 molybdenum ions, and 8 iron ions bound per one
enzymemolecule. The molybdenum ions are contained as molybdopterin cofactors
and are the active sites of the enzyme. The iron ions are part of [2Fe-2S]
ferredoxiniron-sulfur clusters and participate in electron transfer reactions.
Xanthine— is a purine base that is intermediate metabolite of purine nucleosides
breakdown. Due to the action of xanthine oxidase, xanthine is converted to uric acid.
Leukopenia—pathological state associated with the a decrease in the number of
leukocytes per unit volume of blood.

Megaloblastic anemia— is a disease caused by impaired erythropoiesis due to a some

13
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reasons: 1) deficiency in vitamin Bi,; 2) deficiency in vitamin By, 3) infringements in
nucleotide sythesis. Particularly sensitive to the deficiency of these vitamins is the
bone marrow and tissues of the nervous system.

Mercaptopurine— is a cytostatic drug from a group of antimetabolites, purine
antagonists. Used in oncology for the treatment of malignant tumors, and as an
immunosuppressant.

Orotic acid— is a vitamin substance that participates in the metabolic processes
occurring in proteins and phospholipids, in the conversions of folic and pantothenic
acids, in the metabolism of cyanocobalamin (vitamin Bjy), the synthesis of
methionine amino acids. It is a precursor in the biosynthesis of pyrimidine bases,
participating in the formation of pyrimidine nucleotides — UMF and CTF.
Pneumonia— is a disease characterized by inflammation of the lungs, which occurs
primarily in air bubbles called alveoli. The cause is infection with bacteria, much less
often — viruses and other microorganisms, the defeat of some medical preparations,
the defeat of the lungs in autoimmune diseases, etc.

Gout is a disease that occurs as a result of advanced hyperuricemia (possible genetic
and secondary causes of this phenomenon), which is accompanied by deposition of
urate crystals (tofu) in the body tissues. The accumulation of tofu in the tissue is a
factor in causing the development of inflammation in this tissue.

Uric acid- is the end product of the breakdown of purine nucleotides in humans,
which is excreted mainly in the urine and slightly in the faeces.

Lesh-Nihan's Syndrome (disease)— is an inherited disease characterized by an
increase in uric acid synthesis (in children) caused by a defect in the enzyme
hypoxanthine-guanine phosphoribosyltransferase (HPRT), which catalyzes the re-use

of guanine and hypoxanthine.

I'nocapiii:
A/leHO3uHe3aMiHAa3a— KMOUoBMK  (epMeHT KkaTtabomizMy — ajeHo3uHy  (2-
JI€30KCHA/ICHO3MHY) B JKMBUX OpraHi3mMax 1 Ipa€ BHUKIIOYHO BaXJIHBY pOJIb B

perynsiii IMyHITETY y CCaBIiB, 3JIMCHIOIOYM TIAPOJITHYHE TEPETBOPEHHS
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BIJIMOBITHUX HYKJICO3HU/IIB Y 1HO3UH (2-1€30KCUIHO3MH) Ta aMiak.
AnenosuaMoHopochar (AMDP) — 11e HYKICOTH]I, IO y MOJIIMEPI30BAHOMY CTaHI
BxoauTh 10 ckianxy PHK ta cknagaetses 3 docdarHoi rpynu 1 afaeHiHy.

Hitporen cedoBunukpoBi (HCK) — Tect BU3HaueHHSI BMICTY HITPOT€HY CEUOBUHU
B kpoBi (HCK) BuMipioe KUIBbKICTb HITPOT€HY Y KpOBI JIIOJIMHU, IO HAAXOIUTH
KiHIIEBOTO MPOAYKTY - ceuoBMHU. Ce4OBHMHA YTBOPIOETHCS MPU PyHHYBaHHI OLJIKIB 1 €
MPOJYKTOM YTHJIi3aIlli TOKCUYHOI'O aMOHIAKy B TMIE€UIHII JIIOJAWMHHU, BUBOJIUTHCS 3
OpraHi3aMy JIOAMHM 3 cedero. HaBemeHuil TecT M03BOJSE JIKapio MNOOAYMTH,
HACKUIbKM J00pe MpauioroTh MEeYiHKa Ta HUPKU MNalfieHTa. SIKI0 HUPKH HE B 3MO31
HOpMaJbHO BHUBECTH Ce€4OBHMHY 3 KpoBi, piBeHb HCK migBumiyetscs. Cepuesa
HEJJOCTATHICTh, 3HEBOJAHEHHsSI a00 J1€Ta 3 BUCOKMM BMICTOM O17Ka TaKOX MOXYTb
nigsumuT piBeHb HCK. 3axBoproBaHHs TME4iHKA a00 ii MOIIKOJKEHHS MOXYTh
3um3utu piBeHb HCK. Huspkuit pienr HCK Moxe croctepiraTucsi y BariTHHUX Y
JIPYroMy 4M TPETbOMY TPUMECTP1 BariTHOCTI.

AJUIOMYPMHOJI — CTPYKTYpPHHMH aHajor TINOKCAHTHUHY, IO € HE3BOPOTHUM
KOHKYPEHTHUM (CYILIMIHUM) IHT101TOPOM KCAHTUHOKCH/IA3H.

I'emorn00in — 11e OLI0K, 11O SIBJSIE COOOI0 NEeMOMPOTETH, MOMIIIEHUI B €pUTPOLIUTU
JUTSL TPAHCTIOPTY HUMH Ta3iB: OKCHTEHY Ta ByTJiekucioro rasy. HopmampHuii BMicT
reMOTJIO0IHY Y KPOBI CTAHOBHTH: IS 4OJOBIKIB 13,5-1,5 T Ha memwmiTp; AJis KIHOK
Bix 12,0 no 15,5 rpam Ha neummitp. HopManeHuii niama3oH uist JiTE€H 3MIHIOETHCS
3aJIE’KHO BiJ BIKY Ta CTaTi.

linepypukeMiss — 11¢ aHOMaJIbHO BHCOKHI pPIBEHb CEYOBOi KUCJIOTH B KpoBi. B
ymoBax pH pinuHM B opraHi3mi ceyoBa KHCIIOTa ICHYE 3HAYHOIO MIpOIO SIK yparT,
ioHHa (popma. KinbkicTe ypaTiB B OpraHi3mi 3aJ€KUTh BiJ OanaHCy MK KUIBKICTIO
MypPUHIB B 1K1, KUJIBKICTIO YpaTiB, [0 YTBOPIOIOTHCS BCEPEANHI OpraHi3My, KUIbKICTIO
yparTiB, SIKI BUAUISIOTHCS 3 CeUero a00 Kpi3b NUIYHKOBO-KHUIIKOBUUN TPAKT. Y JoAeH
BEPXHIi OPIT HOPpMH CTAHOBHUTH 360 MKMOJIB/1 (6 Mr/mt) st xiHOK 1 400 MKMOJIB/IT
(6,8 MI/m1) 17151 YOJIOBIKIB.

l'inokcanTuH (6-oKCMIYPMH)— 1€ TPOMDKHUNA MeTabodIT po3naay IypUHOBUX
HYKJICO3UIB B )KUBUX KIITHHAX, SKUH OKUCITIOETHCA (PEPMEHTOM KCAHTUHOKCHIA3010

B KCAHTHH 1 J1aJii B CEYOBY KHUCIIOTY.
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linokcantun-ryadin ¢ochopudosunrpancepaza (I'®PT)- depment, skuii
3MIMCHIOE TIEPETBOPEHHS MYPUHOBUX OCHOB - TYyaHIHY 1 TIMNOKCAaHTUHY [0
BIIMOBIAHUX MOHOHYKJICOTUIIB — IM® 1 I'M® 3a yuactio S-dpochoprdoszmn-1-
nipodocdary.

I'yvanosuamonogocpar (I'M®P) — ne nykneorna, mo Bxoauts 1o ckinany PHK Ta
CKJIaJiaeThbes 3 hocdaTHOT TpyIH, IyKPY pruOO3H 1 a30TUCTOI OCHOBU I'yaHIHY.
Jliapessi— mMmaToJOTiYHMM CcTaH (KIIHIYHUM CHUMITOM), TpPH SKOMY BHUHHKAIOTh
HeodopMiieH1 abo piJiki BUTTIOPOKHEHHS TpH a00 OuIbllie pa3iB Ha JIeHb (200 JacTire
HDK 3a3BUYail i1 KOHKPETHOI JIFOJIUHM).

ImyHoOr100yJ1inM  (aHTMTLIA)— € pI3HOBUAOM OLIKIB IJIa3MHU  KpOB1, SIKI
CUHTE3YIOThCS 3A€01IBIIOr0o JiM(OIUTAMU KPOBI JIFOAUHH Y BIJAINOBIJIb HA CTOPOHHI
a00 TOTEHIIIHO Hebe3MeyHl MIKpOOPTaHi3MU M PEYOBUHU (AaHTUTEHH). Y CCaBIIIB
ICHY€ I'SITh KJaciB IMyHOTTI00yiHIB - 1gG, IgA, IgM, IgD, IgE, sxi Bigpi3HsAIOTHCS 32
CTPYKTYPOIO Ta aMIHOKHUCIOTHUM CKJIaJOM Ta €(PEeKTOpHUMH (DYHKI[ISIMHU, SIKI BOHU
BUKOHYIOTb.

Ino3unoBa kuciaora (IMP) - ue nykneotus, sikuit € MoHodochaTom BiMOBIAHOTO
PUOOHYKJICO3UTY, SIKHI MICTUTH T1IIOKCAHTHH.

KcanTunokcunaasza - 1e aepoOHa OKCHAOpPEIyKTa3a 3 MOJEKYIsIpHOIO Macow 270
k/la. Bona mictute 2 FAD, 2 ionu moniOneHy Ta 8 10HIB 3aii3a, 3B'SI3aHUMH 3
anopepmerToM. loHn MomibaeHy € KodakTopamu y CKIaai MOMIOIONTEPUHY 1 €
aKTUBHUMH caiitamu (pepmenTy. [oHM 3amiza BXOASTH 0 CKJIAAy 3alli30-CIpYaHUX
kinactepiB [2Fe-2S] deppenokcuny i1 OepyTh ydacTb y peakIlisix IepeHeCeHHs
€JICKTPOHIB MPU OKUCIEHH1 CyOCcTpaTiB (hepMEHTY.

Kcantun — mypwHOBa OCHOBA, IO YTBOPIOETHCS TPHU PO3MAAL MTYPHUHOBHUX
HyKkJeo3uaiB. Ilig di€el0 KCAaHTHHOKCHAAa3W KCAaHTUH TIEPETBOPIOETHCS B CEYOBY
KHCIIOTY.

JlelikomeHisi— TaTOJOTIYHMA CTaH, acoIIMOBaHWUN 31 3HIDKCHHSIM BiJ HOPMH
KUIBKOCTI JIGHKOIIUTIB B OJIMHULIL 00'€MY KPOBI.

Merasno0jacTHa aHeMisi — 1€ NATOJIOTIYHUN CTaH, CHPUYMHEHHN MOPYUICHHSM

EpUTPOTIOE3y BHACHIOK JesSKuX mpuumH: 1) medimut Bitaminy B12; 2) medinut
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BiTaminy B9, 3) mopymieHHsi cunTe3y HyKJIeoTH1B. OCOO0IMBO YyTIHUBI 10 AedIiuTy
IIUX BITaMIHIB KICTKOBHM MO30K 1 TKAHWHU HEPBOBOI CHCTEMH.

MepkanTonypuH— [HUTOCTaTUYHUN TIpemapar 3 TPynud aHTUMETaOOJIITiB,
aHTAroHICTIB MYPHUHIB. 3aCTOCOBYETHCS B OHKOJIOTIi JJis JIKYBaHHS 3JIOSIKICHHX
MyXJIMH, a TAKOX, K IMyHOJICIIPECAHT.

OpoTtoBa KuCI0Ta— METa0OJIT B 010CHHTE31 MIPUMIAMHOBUX HYKICOTHAIB (YMD),
IIPY MOTO0 HAKOTMYCHHI PO3TIISIIA€THCS MATOJIOTIYHUIN CTaH - OPOTOBA aIliAypis.
ITneBMoOHiIsE — XBOopoOa, IS SIKOi XapakTEepHE 3alajieHHs JIETeHb, sIKe B10YyBa€ThCA
nepii 3a Bce y anbBeodiax. [IpuunHoro € 1H(pIKyBaHHS OaKTepiIMH, 3HAYHO PiAlIe —
BIpycaMd Ta IHIIMMH MIKPOOPTraHi3MaMH, YPAKEHHS JESIKUMU MEIUYHUMU
npenapaTamu, ypaxxeHHs JIETeHb MPH ayTOIMYHHUX 3aXBOPIOBAHHSIX TOIIIO.

Ilogarpa — ue xBopoOa, sfKa BHUHMKAE BHACIIZIOK PO3BUHYTOI TiMepypHUKEMIii
(MOJIMBY T€HETHYHI Ta BTOPUHHI NMPUYMHHU LOTO SBUINA), SIKA CYNPOBOKYETHCS
BIJIKJIAJJaHHAM B TKaHWHAX OPraHi3My KpHUCTamiB ypaTiB (Todycu). HakonuueHHs
To(yCiB € PaKTOPOM CIIPUUMHEHHS PO3BUTKY IpoIleca 3anajieHHs B L1€X TKaHUHI.
CeuoBa KHCJI0TA — KIHUEBHUI NMPOAYKT pO3Magy MypPUHOBUX HYKJIEOTH[IB Y JIIOJIEH,
KWW BUBOJUTKLCS 3 OPTaHi3My F'OJIOBHUM YHHOM 13 CE€UEIO 1 TPOXU 3 (pexamisimi.
Cungpom (xBopoOa) Jlema-Hixana — 1€ cHoaakoBe 3aXBOPIOBaHHS, IO
XapaKTEPHU3YEThCS 301IBIICHHSIM BMICTY C€YOBOi KUCIOTH (y JiTel). 3aXBOPIOBAHHS
BUKJIMKaHE JaePeKkToM (QepMeHTy TinokcaHTHH-TyaHiHpochopubosmnrpanchepasu
(IT®T), saxkuii Karajmizye peakiii MNOBTOPHOTO BHUKOPHUCTAHHS TyaHIHY 1

TIIOKCAaHTHHY.
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Chapter 2

NUCLEIC ACID STRUCTURE AND ORGANIZATION
DNA REPLICATION AND REPAIR
GENETIC STRATEGIES IN THERAPEUTICS

Po3nain 2
OPI'AHIBAIIA TA CTPYKTYPA HYKJEIHOBUX KUCJIOT

PEIIJIIKAIUS TA PENAPAIIS JTHK
I'EHETHUYHI CTPATEILl B TEPAIIII
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2.1
A double-stranded RNA genome isolated from a virus in the stool of a child with
gastroenteritis was found to contain 15% uracil. What is the percent-age of guanine in
this genome?

A. 15

B. 25

C. 35

D. 75

E. 85
The answer: U = A = 15%.Since A + G = 50%, G = 35%.Alternatively, U = A =
15%, then U + A = 30%, C + G = 70%, andG = 35%.

BusBneno, mo reHoM jaBoiaHiokkoBoi PHK, Buminenuit 3 Bipycy |y
BUTIOPOKHEHHAX JUTHHU 3 TACTPOECHTEPUTOM, MICTUTD 15% ypanumny. SIKuii BiICOTOK
TyaHiHy B IbOMY I'€HOM1?

A. 15

B. 25

C. 35

D. 75

E. 85
[IpaBunpha BignoBigs: U = A = 15%. Ockimbku A + G = 50%, G = 35%.
AnprepHatuBHo, U = A = 15%, Toni U+ A =30%. C+ G =70%,1G =35%.

2.2

What is the structure indicated below?
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OH OH

A. Purine nucleotide

B. Purine

C. Pyrimidine nucleoside
D. Purine nucleoside

E. Deoxyadenosine

The answer: A nucleoside consists of a base and a sugar. The figure shows the

nucleoside adenosine, which is the base adenine attached to ribose.

Ska cTpykTypa BKazaHa HUKYE?

MNHz
]
N"'/-' ‘ \>
N
M M
17
o
OH OH

A. IlypuHOBUI HYKJICOTH]T

B. [lypun

C. IlipuMiguHOBUI HYKJICO3U/T
D. [lypunoBuii HyKJI€03HU]

E. Jle3okcuaaeHo3uH
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[IpaBunbHa BignoBias: Hykneo3upa ckianaerbcs 3 OCHOBM 1 MoOHocaxapuny. Ha
MaJIOHKY MOKa3aHUW HYKJICO3UIHUN aJeHO3WH, 1€ OCHOBOIO € aJICHIH, IPHUETHAHUN

710 puOO03H.

2.3
Endonuclease activation and chromatin fragmentation are characteristic features of
eukaryotic cell eath by apoptosis. Which of the following chromosome structures
would most likely be degraded first in an apoptotic cell?

A. Barr body

B. 10-nm fiber

C. 30-nm fiber

D. Centromere

E. Heterochromatin
The answer: The more “opened” the DNA, the more sensitive it is to enzyme
attack. The 10-nm fiber, without the H1, is the most open structure listed. The
endonuclease would attack the region of unprotected DNA between the

nucleosomes.

AKTHBaIlIS €HAOHYKJea3u 1 (parMeHTailisi XpoMaTUHy € XapaKTEPHUMH O3HAKAMH
pYWHYBaHHS €yKaplOTUYHOI KJIITUHU arnonTo30M. fIKi 3 HACTYNHUX XPOMOCOMHHX
CTPYKTYDp, IIBUIIIIE 32 BCE, OYIyTh IETPaJOBaHI CIIOYATKy B allONMTUYHINA KIIITUHI?

A. Tino bappa

B. 10-um BosokHa

C. 30-aM BoJIOKHA

D. lentpomepa

E. 'erepoxpomaTun
[IpaBunbsHa BignoBiab:Yum Oinbmie "Bimkpurta" JIHK, Tum Oinbmn gyTiamBa BoHA 10
eH3uMHO1 aTtaku. 10-HM BosiokHO 0e3 H1 € HaiOuibil BiAKPUTOI CTPYKTYPOIO.

Ennonykieasa arakyBana 6 o6nacts Hezaxuienoi JJHK mix nHykineocomamu.
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2.4
A medical student working in a molecular biology laboratory is asked by her mentor
to determine the base composition of an unlabeled nucleic acid sample left behind by
a former research technologist. The results of her analysis show 10% adenine, 40%
cytosine, 30% thymine and 20% guanine. What is the most likely source of the
nucleic acid in this sample?

A. Bacterial chromosome

B. Bacterial plasmid

C. Mitochondrial chromosome

D. Nuclear chromosome

E. Viral genome
The answer: A base compositional analysis that deviates from Chargaff’s rules (%A
= %T, %C = %G) is indicative of single-stranded, not doublestranded, nucleic acid
molecule. All options listed except E are examples of circular (choices A, B and C) or
linear (choice D) DNA double helices. Only a few viruses (e.g. parvovirus) have
single-stranded DNA.

CryneHta-Menuka, IO TMpaire B Jgaboparopii MOJIEKYJISpHOi Oio0Jiorii, HOro
BHUKJIaJa4 MPOCUTh BU3HAYUTHU CKJIAJl a30TUCTUX OCHOB 3pa3Ka HYKJIEIHOBOI KUCIOTH
0€3 MITKH, 3aJMIICHOT0 KOJIUIIHIM TEXHOJOTOM JAOCHIKEeHb. Pe3ynbTatu aHamizy
nokazytotb 10% aneniny, 40% uwurosuny, 30% Ttuminy 1 20% ryaniny. Ske
HaNOUIBII BIPOTIAHE IKEPENIO HYKJIETHOBOI KUCJIOTH B IbOMY 3pa3Ky?

A. bakTtepianibHa XxpoMocoma

B. bakrepianbHa mra3mina

C. MiroxoHpiaibHa XpoMocoMa

D. Anepna xpomocoma

E. BipycHuii reHom
[IpaBwibHa BiAMOBiAL: KommosuiiiHuii aHami3 CKJIagy a30TUCTUX OCHOB, SIKUM
BigxuisieTbesl Bifg mpaBuin Yaprapda (% A =% T,% C =% G), € nmoka3HUKOM
OJIHOJIAHIIFOTOBOi, @ HE JIBOJIAHIIIOTOBOI MOJIEKYJIM HYKJIETHOBOI KHUCIOTH. Bci
nepepaxoBaHi BapiaHTH, KpiM E, € mpuxmamamu mukmunux (Bubip A, B 1 C) abo
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nminiaEX (BuOip D) JIHK moasiitHux croipaneit. Tiabku KiJIbKa BipyCiB (HAIIPUKJIIA/,

napBOBipyc) MaroTh ojHonaHiorosy JTHK.

2.5
It is now believed that a substantial proportion of the single nucleotide substitutions
causing human genetic disease are due to misincorporation of bases during DNA
replication. Which proofreading activity is critical in determining the accuracy of
nuclear DNA replication and thus the base substitution mutation rate in human
chromosomes?

A. 3" to 5' polymerase activity of DNA polymerase 6

B. 3'to 5’ exonuclease activity of DNA polymerase y

C. Primase activity of DNA polymerase o

D. 5" to 3' polymerase activity of DNA polymerase 111

E. 3'to 5’ exonuclease activity of DNA polymerase 6
The answer: The 3’ to 5’ exonuclease activity of DNA pol & represents the
proofreading activity of an enzyme required for the replication of human
chromosomal DNA. DNA pol y (mitochondrial) and DNA pol 11l (prokaryotic) do
not participate in this process, short RNA primers are replaced with DNA during

replication, and new DNA strands are always synthesized in the 5’ to 3’ direction.

B nanuit yac BBa)KaeThCs, 10 3HAYHA YACTKa OJIHOHYKJICOTHUIHUX 3aMiIIeHb, IO
BUKJIMKAIOTh TEHETWYHI 3aXBOPIOBAHHS JIFOJAWHH, OOYMOBJIEHA HENPaBUILHUM
BKJIIOUEHHsIM ocHOB mij 4vac perunikamii JIHK. flka kopuryroouya akTHUBHICTh €
KPUTUYHO BaXJIMBOIO i BU3HAYEHHA TOYHOCTI perumkamii saepuoi JHK i,
BIJIMOBIIHO, 023010 3aMillIEHHS PIBHS MYyTalliil B JIFOJICBKUX XpOMOCOMax?

A. 3’ - 5" mommepasna aktuBHicTh JJHK-mmommepasu 6

B. 3'- 5" ex3onykneasna aktuBHicTh JJHK momimepasu y

C. IIpumasna aktuBnicth JJHK-nonimepasu a

D. 5’ - 3’ monimepaszna aktuBHicTh JIHK mommepasu 111

E. 3'- 5 ' ex3onykinea3na aktuBHicTh JIHK monimepasu 6
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[IpaBwibHa BianmoBiab: 3' - 5’ ek3oHykiea3Ha aktuBHicTh JIHK momimepasu o sBisie
c000I0 KOPUTYIOYAaKTUBHICTH (hepMEHTY, HEOOX1THOTO JIJIsl PEeIuTiKaIlii XpOMOCOMHOT
JHK mropuau. JIHK momimepasza y (mitoxonnpianbha) 1 JIHK momimepasza 111
(mpoxapioTu4Ha) He OepyThb y4yacTi y LbOMY Tporeci, Kopotki mpaiimepu PHK
samintooThCs JIHK mig wac permikanii, 1 HoBi nanitoru JIHK 3apxnu cuHTE3yIOTHCS

B HanpsIMKy S’ 110 3.

2.6
The proliferation of cytotoxic T-cells is markedly impaired upon infection with a
newly discovered human immunodeficiency virus, designated HIV-V. The defect has
been traced to the expression of a viral-encoded enzyme that inactivates a host-cell
nuclear protein required for DNA replication. Which protein is a potential substrate
for the viral enzyme?

A. TATA-box binding protein (TBP)

B. Cap binding protein (CBP)

C. Catabolite activator protein (CAP)

D. Acyl-carrier protein (ACP)

E. Single-strand binding protein (SBP)
The answer: TBP and CBP participate in eukaryotic gene transcription and
MRNA translation, respectively. CAP regulates the expression of prokaryotic

lactose operons. ACP is involved in fatty acid synthesis.

[Ipomnideparniiss TUTOTOKCUYHUX T-KIITUH MOMITHO MOTIPIIYETHCS MpHU 1H(IKYBaHHI
HOBOBMSIBJIICHOTO BIpYCY IMyHOAE(IUTY JIOUHH, 1110 o3HavyaeTbess BUUI-V. Jledekr
MPOCTEKYEThCS 10 €eKcrpecii (pepMEeHTYy, KOJOBAHOTO BIPYCOM, SKUN 1HAKTHBYE
sAIepHUN OLIOK KJIITHH-TOCTIONapiB, HeoOxiaHui nis pervmikamii JJHK. Sxuit 6imoxk €
MOTEHIIHUM CyOCTpaTOM JiJist BIpyCHOTO (pepMEeHTY?

A. TATA-60xkc 3B's3ytounii 6iok (TBP)

B. binok, 3B's3ytounii ke (CBP)

C. Karabomnituuii aktuBaropuuii 0110k (CAP)

D. binok-amun-nociit (ACP)
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E. OnHoHnutkoBuii 3B's13ytounii 0110k (SBP)
[TpaBuibHa BianoBias: TBP 1 CBP GepyTh ydacTh y TpaHCKpUMIIT €yKapiOTUYHOTO
reda 1 Tpancisauii MPHK BignosigHo. CAP perymnioe ekcrpecito MpoKapioTUYHUX

ornepoHiB nakTo3u. ACP 6epe yuacTb y CHHTE31 )KUPHUX KHCIIOT.

2.7
The deficiency of an excision endonuclease may produce an exquisite
sensitivity to ultraviolet radiation in xeroderma pigmentosum. Which of the
following functions would be absent in a patient deficient in this endonuclease?
A. Removal of introns
B. Removal of pyrimidine dimers
C. Protection against DNA viruses
D. Repair of mismatched bases during DNA replication
E. Repair of mismatched bases during transcription
The answer: Nucleotide excision repair of thymine (pyrimidine) dimers is deficient in

XP patients.

Jediuut Bupi3za0yuoi eHJOHYKJI€a3u MOXKe MPU3BECTH 10 HAAMIPHOI UYTIMBOCTI J0
yIbTPadioIeTOBOro BUIPOMIHIOBAHHS Y BUIJISAI MIrMeHTHOI kKcepoaepmu (XP). Ski
3 HacTynHuX OGyHKIOIA Oyau O BIACYTHI Yy TMallieHTa 3 HEIOCTATHICTIO i€l
€HJIOHYKJIea3n?

A. BupnaneHHs IHTpOHIB

B. Bunanenus iuMepoB MipyuMiJIUHY

C. 3axucr Big BipyciB JHK

D. Penapariist HeBiAMOBIAHUX OCHOB i1 yac perutikaii JJHK

E. Penapariis HeBiAMOBITHUX IIICTAB i 9ac TPAHCKPHUIIIIIT
[IpaBunbHa BIANOBIAL: BigHOBICHHS 3 HYKJICOTUIHUM BUIAICHHSIM THMIHOBHUX

(MpUMIIMHOBHX) AUMEPIB € NeIIUTHUM Yy XBopux Ha XP.
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2.8
The anti-Pseudomonas action of norfloxacin is related to its ability to inhibit
chromosome duplication in rapidly dividing cells. Which of the following enzymes
participates in bacterial DNA replication and is directly inhibited by this
antibiotic?

A. DNA polymerase |

B. DNA polymerase 11

C. Topoisomerase |

D. Topoisomerase Il

E. DNA ligase30

The answer: Norfloxacin inhibits DNA gyrase (topoisomerase Il).

AHTHUIICEBIOMOHAJIHY A1t0 HOp(]IIOKCAIIMHY TOB'SI3aHO 3 MOT0 3/IaTHICTIO 1HT10yBaTH
TyOJIFOBaHHS XPOMOCOM Y KIIITHHAX, IO IIBUAKO AUIITHCA. SIKUH 3 HACTYyIHUX
dbepMeHTIB Oepe yuacTh y perutikaiii OaktepianbHoi JIHK 1 0Ge3nocepennno
IHT10Y€THCS IUM aHTUO10TUKOM?

A. IHK-nonimepa3za I

B. IHK-nomimepa3a 11

C. Tomoizomepasa |

D. Tonoizomepa3za II

E. IHK-mraza 30

[IpaBunpHa BianoBias: Hopduokcanun npurHiuye JIHK-ripa3y (Tonoizomepasy II).

2.9
Cytosine arabinoside (araC) is used as an effective chemotherapeutic agent for
cancer, although resistance to this drug may eventually develop. In certain cases,
resistance is related to an increase in the enzyme cytidine deaminase in the tumor
cells. This enzyme would inactivate araC to form

A. Cytosine

B. Cytidylic acid

C. Thymidine arabinoside
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D. Uracil arabinoside
E. Cytidine

The answer: Deamination of cytosine would produce uracil.

[{uTo3uH apabiHo3ua (araC) BUKOPUCTOBY€ETHCS AK e(peKTUBHUI
XiMiOTepaneBTUYHUHN 3aci0 MpH paky, Xo4a CTIHMKICTh JI0 IIOTO IMpernapary MOXe 3
4acoM pO3BUBATHUCS. Y MEBHUX BUMAAKAX PE3UCTEHTHICTh MOB'I3aHa 31 301IbIIICHHAM
dbepMeHTy IIMTUIMHOBOI Je3aMiHa3u B MYyXJIMHHUX KiiThHax. lle#t depMeHT
iHakTUBYBaB araC 10 yTBOPEHHs

A. lluto3un

B. Hutuaunosa kuciora

C. TumuauH apaObUHO3HT

D. Ypauun apabinozua

E. Hutuoun

[IpaBunpHa BIANOBIAB: Jle3aMiHyBaHHS LIMTO3MHY MpU3BENO O A0 OTpUMaHHSA

ypauuiy.

2.10
Dyskeratosis congenital (DKC) is a genetically inherited disease in which the
proliferative capacity of stem cells is markedly impaired. The defect has been traced
to inadequate production of an enzyme needed for chromosome duplication in the
nuclei of rapidly dividing cells. Structural analysis has shown that the active site
of this protein contains a singlestranded RNA that is required for normal catalytic
function. Which step in DNA replication is most likely deficient in DKC patients?

A. Synthesis of centromeres

B. Synthesis of Okazaki fragments

C. Synthesis of RNA primers

D. Synthesis of telomeres

E. Removal of RNA primers
The answer: The enzyme is described as an RNA dependent DNA polymerase

required for chromosome duplication in the nuclei of rapidly dividing cells.
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This enzyme is telomerase, a reverse transcriptase, that replicates the ends
(telomeres) of linear chromosomes. None of the other options have reverse

transcriptase activity.

Bpomxenuil quckeparos - 1€ T€HEeTHYHO YCHaJKOBAHE 3aXBOPIOBAHHS, MPHU SIKOMY
npoJripepaTiBHA 37aTHICTH CTOBOYPOBHMX KIITHH TIOMITHO 3HIKeHa. Jledekr
IPOCTEXKYEThCSI Y HEIOCTaTHROMY BHUPOOHHUITBI (epMeHTYy, HEOOXITHOTO MAJis
yOIOBaHHS XpPOMOCOM B siipax KIIITHH, K1 IIBUJAKO MUIAThCA. CTPYKTYpHUH aHami3
MOKa3aB, 110 aKTUBHUU CaWT 1bOTO Oika MicTUTh ogHonaHItoropy PHK, neoOxinny
JUTsL HOpMaJIbHOI KaTamiTH4HOI pyHKIii. Axkuit etan permikanii JJHK, mBuaie 3a Bce,
€ Ne(IIUTHUM Y TAIIEHTIB 3 JUCKEPATO30M?

A. CuHre3 HeHTpomMepiB

B. Cunre3 ¢parmentiB Okazaki

C. Cunte3 PHK-npaiimepin

D. Cunres Tenomep

E. Bunanenns PHK-npaiimepis
[IpaBunpHa Bianosiab: Gepment BuzHauyaeThes sk PHK-3anexna JIHK-nmomimepasa,
sAKa HEOOX1JHa JIJIsi TyOJIFOBaHHS XPOMOCOM B sIApaxX KJIITHH, SIKI MIBUAKO JUIATHCS.
Ileit depmeHT sBIsiE cOOOIO TenoMeEpasy, 3BOPOTHY TPAHCKPUIITA3y, IO PEIUIIKYE
KIiHII1 (TesIoMepH) JHIMHUX XpoMocoM. JKOJIeH 3 1HIIMX BapiaHTIB HE MA€ aKTUBHOCTI

3BOPOTHOI TPAHCKPUIITA3H.

2.11
Single-strand breaks in DNA comprise the single most frequent type of DNA
damage. These breaks are frequently due to reactive oxygen species damaging the
deoxyribose residues of the sugar phosphate backbone. This type of break is
repaired by a series of enzymes that reconstruct the sugar and ultimately reform the
phosphodiester bonds between nucleotides. Which class of enzyme catalyses the
formation of the phosphodiester bond in DNA repair?

A. DNA glycosylases

B. DNA helicases
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C. DNA ligases

D. DNA phosphodiesterases

E. DNA polymerases
The answer: All DNA repair systems use a ligase to seal breaks in the sugar
phosphate backbone of DNA. Although polymerase enzymes make phosphodiester
bonds during DNA synthesis, these enzymes do not ligate strands of DNA.

Opnnomanirrorosi po3puBu B JIHK € Hainommpenimum tunoM nomikopkeHas JTHK.
[li po3puBM YacTO BUKIUKAHI pEAKUIHHO3AATHUMU BHAAMU KHCHIO, IO
MOIIKOJ/KYIOTh 3aJIMIIKHA JI€30KCUPHO03U LYKpOBOi (ocdaTHOi ocHOBH. Lleit Ttun
PO3pPUBY PEMOHTYETBhCS cCepi€to (EPMEHTIB, fAKI PEKOHCTPYIOIOTH ILYKOp 1 B
KIHIIEBOMY MiACYMKY pedopmytoTs ¢GocdomiedipHl 3B'S3KM MK HYKICOTHAAMMU.
Axuii kac depMeHTy Kartamizye yTBopeHHs1 docdoaiedipHoro 3B'si3Ky B pemnapaiii
JIHK?

A. IHK raiko3unaszu

B. IHK T'enikazu

C. JIHK-nira3m

D. IHK docdoaiecrepazu

E. IHK-nonimepasu
[IpaBunpHa Binnmosinb: Bcei cucremu penapanii JJHK BukopuctoByroTh mdirasy mms
VIIUTBHEHHS po3puBiB y QocdaTHo-1ykpoBii ocHoBl JIHK. Xoua depmenTu
nosiMepasu poonsaTe pochomaiedipni 38'a3ku mig yac cunatedy JAHK, ui pepmentu ne

3B's13ytoTh HUTKH /JHK.

2.12
If a patient with cystic fibrosis were to be treated by gene therapy, which type of cells
should be targeted as host cells?

A. Germ cells

B. Epithelial cells

C. Tcells

D. Hemopoietic stem cells
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The answer: The pathogenesis of cystic fibrosis is related to defective chloride

transport in epithelial cells.

Axmo mamierTa 3 Kicto3HUM (DiObpo3om Tpeba JTKyBaTH 3a JOMOMOTOI0 TE€HHOI
Teparii, TO SKUI TUT KJIITHH MOBUHEH OYyTH KIITUHOIO-TOCHoIapeM?

A. 3apoJIKOB1 KIIITHHU

B. EniTenianbHi KITITHHA

C. T-xnituHU

D. I'emonoeTu4Hi cTOBOYpOB1 KIIITUHU

E. B-mmdonutu
[IpaBunpHa BianmoBigs: [latoreHe3 MykoBiCHHMIO3y TOB'si3aHUM 3 JedeKToM

TPaHCHOPTY XJIOPUY B €MITENATBHUAX KIITHHAX.

2.13
A pharmaceutical firm is interested in the bacterial production of thymidylate
synthase in large quantities for drug-targeting studies. An important step in the
overall cloning strategy involves the ligation of synthase cDNA into a plasmid vector
containing a replication origin, an antibiotic resistance gene, and a promoter
sequence. Which additional nucleotide sequence should be included in this vector to
ensure optimal production of the thymidylate synthase?

A. Operator sequence

B. PolyA sequence

C. Shine-Dalgarno sequence

D. Attenuator sequence

E. 3’-splice acceptor sequence
The answer: Incorporation of a Shine-Dalgarno sequence into the expression vector
will promote ribosome binding to the translation start site on the mMRNA produced by

transcription of the cDNA insert.

dapmaneBTuuHa  ¢ipMa  3aIikaBieHa y  OakTeplaJbHOMY  BHUPOOHMIITBI

TUMHUJWIIATCUHTA3W Y BCIHUKHUX KIJTBKOCTSIX JJIs1 I[OCJ'IiI[}KCHI), CIIpSAMOBAHUX Ha
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MEMKAMEHTO3HY CIPSMOBAHICTh. BaXXIMBMM erarnmoM B 3arajibHIid cTpaterii
kJoHyBaHHs € niryBaHHs kJIHK cuHTa3u B mia3migHMiA BEKTOP, 110 MICTUTh ITOYATOK
perutikaiii, TeéH CTIMKOCTI J0 aHTHUOIOTHKIB 1 MHPOMOTOPHY IOCTIAOBHICTh. SKi
JOJTaTKOBl HYKJICOTUIHI MOCIIJOBHOCTI MOBMHHI OyTH BKJIIOYEHI B LIEH BEKTOp JUIs
3a0€3MeUYCHHSI ONITUMATTLHOT POAYKITlT THMUATUIATCHHTA3N ?

A. TlocimoBHICTH OlepaTopa

B. INomamiHOBa MOCTiJOBHICTh

C. INocnigoruicts Shine-Dalgarno

D. IocmimoBHICTh aTTeHIOATOpA

E. 3'-crnaiic-akienTopHanocaigoBHICTh
[IpaBmiibHa BiAMOBiNb: BxiroueHHs mocmigoBHOcTi Shine-Dalgarno y BekTtop
ekcrpecii Oyjie CpusITH 3B'sI3yBaHHIO PUOOCOM 3 MOYATKOBOIO JTUISHKOIO TPAHCIISIT

Ha MPHK, sixy orpumanu tpanckpumnitiero BctaBku kJIHK.

2.14
Restriction fragment length polymorphisms may be produced by mutations in the
sites for restriction endonucleases. For instance, a single base change in the site for
the nuclear Sall produces the sequence GTGGAC, which can no longer be recognized
by the enzyme. What was the original sequence recognized by Sall?

A. GTAGAC

B. GCGGAC

C. CTGGAC

D. GTCGAC

E. GTGTAC
The answer: All options represent single-base changes in the mutant sequence in

the stem, but only choice D reestablishes a palindrome.

[TommopdizM  AOBKHUHM PECTPUKLUIMHMX (PparMeHTIB Moxe OyTH BHU3BAHMM
MyTaIlisiIMAd B JIISHKaX PECTPUKINT Ui eHIoHykiea3. Hampuknax, 3amina omHi€q

OCHOBHU B AunsHIN simepHOro Sall (dbepMeHT pecTpukilii) MPOAYKY€E IMOCTITOBHICTh
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GTGGAC, ska Oinbiie He MoKe OyTH posmizHaHa ¢epMeHToM. Skoro Oyrna
OpUTiHaJIbHA MOCIII0BHICTh, BU3HaHa Sall?

A. GTAGAC

B. GCGGAC

C. CTGGAC

D. GTCGAC

E. GTGTAC
[IpaBmibHa BiAMoOBiAL: Bcl BapiaHTH TPEACTaBISIOTh OJHOOCHOBHI 3aMIHU B

MOCIIJOBHOCTI MYTaHTIB Yy JIaHIIO31, i€ TUIHKU BapiaHT D BiTHOBIIIOE MATIHIPOM.
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Glossary
Nucleic acid is a high molecular weight organic compound formed by nucleotide
residues. The nucleotide sequence determines the primary structure of nucleic acids.
Nucleic acids are present in the cells of all living organisms.
Deoxyribonucleic acid (DNA) is a polymeric natural compound found in the cell
nuclei of living organisms. DNA is a carrier of genetic information. Certain
sequences in DNA correspond to specific genes. DNA is precisely reproduced during
cell division, which ensures the transmission of hereditary traits and specific forms of
metabolism in a series of generations of cells and organisms.
Ribonucleic acids (RNAs) are varieties of nucleic acids. They are high molecular
weight organic compounds formed by nucleotides, which include: adenine, guanine,
cytosine, uracil and ribose sugar and phosphate. In the cells of all living organisms,
RNAs are involved in the realization of genetic information. There are three main
types of RNA: mRNA or iRNA - messenger or informational RNA; tRNA - transport
RNA: - rRNA - ribosomal RNA.
Chromatin is a filamentous complex of DNA, histones and other proteins that form
the basis of eukaryotic chromosomes.
Chargaff's rules are the rules of nitrogenous bases pairing: the molar sum of purine
bases (Adenine, Guanine) is equal to the sum of pyrimidine bases (Cytosine,
Thymine) in any DNA molecule.
DNA denaturation is the transition of DNA from a double-stranded form to a single-
stranded form during the breaking of hydrogen bonds between complementary base
pairs under the influence of high temperatures.
Complementarity is the spatial relationship between two molecules or their parts
each following the lock-and-key principle.In the structure of nucleic acids, two
polynucleotide chains as a result of complementary interaction of pairs of purine and
pyrimidine bases (AT, G-C) form a double-stranded molecule.
Nucleotides are phosphoric esters of nucleosides. Nucleotides consist of a
nitrogenous base: purine or pyrimidine; carbohydrate: ribose or deoxyribose; and one

or more phosphoric acid residues.
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Recombinant DNA - chimeric DNA molecules made up of fragments of different
origin.

Restrictases are group of bacterial enzymes with nuclease activity that specifically
cleave DNA. Restrictases protect bacterial cells against foreign DNA. They are used
in DNAprimary structure determination (sequencing), used for mapping genes; in
genetic engineering to create and clone hybrid DNA molecules.

DNA reduplication is the self-doubling of a DNA molecule or (for some viruses)
RNA, in which the double helix of the molecule is first divided into two
polynucleotide chains, and then daughter strands are formed on each of the chains.
Free nucleotides of the interphase nucleus are collected in accordance with the rule of
complementarity and in this way, DNA duplication of molecules occurs.

The replication fork is the point at which the strands of the parent double-stranded
DNA diverge so that replication can occur.

A palindrome is a DNA sequence that remains unchanged if it is read from left to
right on one of the DNA chains, and on the other from right to left; consists of
adjacent inverted turns.

DNA ligase is an enzyme that catalyzes the formation of a phosphodiester bond
between the 3'-end of one DNA fragment and the 5'-end of another under conditions
when both fragments are complementary paired with the template chain.

DNA polymerase is an enzyme that catalyzes the main reaction in DNA synthesis —
phosphodiester bond formation between substrates deoxyribonucleoside-5'-
triphosphates in the presence of the parental DNA as a template.

Okazaki fragments are short DNA fragments with a length of 1000-2000 bases.
They are formed as a result of discontinuous replication; subsequently covalently join
in a continuous chain.

Reverse transcriptase is an RNA-dependent DNA polymerase synthesized by
retroviruses that can catalyze the synthesis of DNA complementary to RNA.

Primer is a short sequence (often an RNA) that complementary interacts with one of
the DNA strands; forms a free 3'-OH-terminus, using which DNA polymerase starts

the synthesis of the deoxyribonucleotide chain.
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A primosome is a complex of proteins involved in the initiation of Okazaki fragment
synthesis in the process of discontinuous DNA replication; the primosome can move
along the DNA, participating in subsequent acts of initiation.

Exonuclease is an enzyme that hydrolyzes only the terminal phosphodiester linkage
of a nucleic acid.

Endonuclease is an enzyme that can hydrolyze internal phosphodiester bonds in
nucleic acids.

Topoisomerases are a class of isomerase enzymes that affect DNA topology.
Topoisomerases are able to relax supercoiled DNA molecules by introducing single-
or double-stranded breaks with subsequent ligation. However, in some cases,
topoisomerases can introduce negative supercoils or catenans into DNA.

Helicases are a class of enzymes that are found in all living organisms. They belong
to the class of "molecular machines", because they use the energy of hydrolysis of
nucleoside triphosphates (ATP, GTP) to move along the sugar phosphate backbone of
nucleic acids (DNA, RNA, hybrids between DNA and RNA) and the breaking of
intra- or intermolecular hydrogen bonds between the bases.

Single-strand binding proteins (SSB, SSBP) bind to single-stranded regions of
DNA, and prevent complementary pairing. SSB proteins prevent duplex formation
and allow replication fork components to replicate DNA.

Telomeres are the terminal parts of chromosomes. Telomeric regions of
chromosomes are characterized by a lack of ability to connect with other
chromosomes or their fragments and perform a protective function.

Telomerase is an enzyme that adds special repeating DNA sequences (TTAGGGS in
vertebrates) to the 3'-end of the DNA strand at the telomere sites that are located at
the ends of chromosomes in eukaryotic cells.

Reparation is a special function of cells, which consists in the ability to repair
chemical damage and breaks in DNA molecules damaged during normal DNA
biosynthesis in a cell or as a result of exposure to physical or chemical reagents. It is

carried out by special enzyme systems of the cell.
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A plasmid vector is a bacterial plasmid used to transfer a gene or genes of foreign
DNA to a host cell (bacterium) and to ensure the propagation of foreign genes in
these cells.

The Shine - Dalgarno sequence (Shine-Dalgarno box) is a ribosome binding site of
a prokaryotic mRNA. It usually is at a distance of about 10 nucleotides from the
AUG start codon. That was described by Australian scientists John Shine and Lynn

Dalgarno.

I'nocapiii
HyxkJjieiHoBa KHMCJ10TA - BUCOKOMOJIEKYJISIpHA OpPraHiuHa CHOJYKa, SIKa YTBOPIOETHCS
13 3a’numiKiB  HYKJIeoTHAiB. [lOCHIIOBHICT, HYKJICOTHAIB BHU3HAYAE€ TCPBUHHY
CTPYKTYpPY HYKJIEIHOBHX KHCJIOT. HyKJIEiHOBI KHCIOTH MPUCYTHI B KIITHHAX BCIX
YKUBUX OpPTaHI3MiB.
Jle30KCHPHUOOHYKIIEIHOBA KHCJO0TA - BHUCOKOMOJIMEpHAa MPUPOAHA CIIONYKa, IIO
MICTUTBCS B sipax KIITHH kxuBUX opraHi3miB. [IHK - Hoclii reHeTnyHO1 1HQOpMaIii;
okpeMi nuisaku JIHK BignmosizaroTs meeauM reram. JIHK TouHO BiATBOPIOETHCS TpH
pO3MOAUTY KJIITHH, 10 3a0e3Meuye B psAAy MOKOJIHb KJIITUH 1 OPraHi3MiB Iepenady
CHAaJKOBUX O3HaK 1 cnenu@iuHux GopM 0OMIHY PEUOBHH.
PuOoHyk/1€iHOBI KHCJIOTM - THUI HYKJIEIHOBUX KHCJIOT; BHCOKOMOJIEKYJISIPHI
OpraHi4yHi CHOJYKH, YTBOPEHI HYKIECOTHUIAMHU, B SIKI BXOJATb: AaJIeHIH, TyaHIH,
IIMTO31H, YpalmiI 1 MOHOcaxapua pubo3a. ¥ KITHHAX BCiX kuBuX opranizmiB PHK
OepyTh ydacTh B peaiizailii reHeTuyHoi 1H(opmalli. PO3pi3HIIOTE TpU OCHOBHHX
Bunu PHK: - MPHK a6o iPHK - martpuuni a6o indopmamiitni PHK; - TPHK -
tpancnoptHi PHK; - pPHK - pubocomabhi.
XpomatuH - HuUTKONoAiIOHUN komruiekc JIHK, rictoHiB Ta iHmMX OUIKIB, IO
CTaHOBUTH OCHOBY €YKaplOTUYHUX XPOMOCOM.
IMpaBuwio E.Yapragdga - Gionoriuamii 3aKOH, BIAMOBIIHO O SIKOTO B OYIb-SIKHX
mounekynax JIHK monsippa cyma nmypuHoBuUX OCHOB (AneHiH + ['yaHiH) IOpiBHIOE

cymi mipumignHOBHX OCHOB (L{uto3un + Tumun).
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HMenarypanisa JIHK - nepexing IHK 3 aBoxauTdyactoi GopMu B OJHOHUTYACTY TIPHU
pPO3pHBI BOJHEBUX 3B'A3KIB MK KOMIUIEMEHTAapHHMHU MapamMH OCHOB TiJ BIUTMBOM
BHUCOKHX TEMIIEpaTyp.

KommiemeHTapHicTh - NPOCTOPOBAa B3a€MOJONMOBHIOBAHICTH MOJEKyNl abo ix
YacTHH, II0 MPHUBOJIUTH J0 YTBOPEHHsS BOJHEBUX 3B'sI3KIB. Y OyI0BI HYKJIETHOBUX
KHUCIIOT AB1 MOJIHYKJICOTUHUX JIAHIIIOTa B PE3yIbTaTl KOMILUIEMEHTAPHOTO B3a€MO/IIT
nap MypuHOBHX 1 mipuMiguHOBHX OCHOB (A-T, I'-1l) yTBOpIOIOTH ABOXCHIpaIbHY
MOJIEKYITY.

Hyxneoruau - docdopui edipu Hykneo3uniB. Hykneotumum ckiagaroTbes 3
a30TUCTOI OCHOBU: ITYPMHOBOI a00 MIPUMIIUHOBOI, BYTJEBOAY: puOO3U abo
JI€30KCUPUO03H; 1 OTHOTO 200 JEKIIBKOX 3aJUIIKIB (OCHOPHOT KUCIOTH.
PexomoOinanTHa IHK - xumepni monekynu JHK, o cknagarotecs 3 pparMeHTIB
PI3HOTO TIOXOJIKEHHS.

PectpikTasu - rpyna OakTepianibHUX Hykjea3, crnenudigyHo posmerionTs JHK.
Pectpikrasu: - oOepiraiorh OakTepiayibHl KITHHU Big uyxopigaux JHK; -
BUKOPUCTOBYIOTBCS ~ TNPU  BU3HAUEHHI  mepBuHHOI  ctpyktypu  JHK; -
BUKOPUCTOBYIOTHCS JJIs1 KAPTYBAHHS I'€HIB; - BUKOPUCTOBYIOTHCS B T€HHIN 1H)XKEHEpIi
JUTsl CTBOPEHHS 1 KIIOHYBaHHs riopuanux mosekyn JHK.

JHK-penynaikaisi - camonogsoennst mosiekynu JIHK a6o (y aeskux Bipycis) PHK,
Opy SIKOMY TMOJBIMHA CHIpaJlb MOJEKYJIM - CIOYaTKy pPO3AUISETbCS Ha Bl
MOTIHYKJICOTHAHUX JIAHITIOTA, - a TTOTIM Ha KOXKHIN 3 yTBOPEHUX JIAHITIOTIB 3 BUIBHUX
HYKJICOTHU/IIB 1HTEep(pa3HOro sjApa BIAMNOBIAHO [0 MpaBujia KOMILIEMEHTAPHOCTI
a30TUCTHX OCHOB JIOOYIOBYIOTHCS JJOUIPHI JIAHITIOTH.

Buaka penJiikamii - Touka, B SKiil JIaHITIOTH O0aThKIBCHKOI aBOXmaHIorooi JJHK
PO3XOAATHCS JIs TOTO, OO MOTJIa CTATUCS PETUTIKAITIS.

Manunapom - nocnigoBHicTs JJHK, sika 3anuiaeTscss HE3MIHHOIO, SIKIIIO HA OJTHOMY
3 nmanmrokkiB JIHK ii untatu 3miBa HammpaBo, a Ha 1HIIMI CIIpaBa HANBO; CKJIAa€ThCS
3 MPUJIETJIMX OJUH JI0 OJTHOTO IHBEPTOBAHUX MTOBOPOTIB.

JHK-airaza - ¢gepmenT, mo karanizye yrBopeHHs docdomaiedipHux 3B's13KiB MixkK 3'-
KiHieM oxHoro (parmenta JIHK 1 5'-kiHilem 1HIIOro B yMOBax, KOJU OOHIBa

(dbparMeHTa KOMIUIEMEHTApHO CHapeHi 3 JIAHIFOTOM-MaTPHUIIEIO.
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JAHK-nogimMepa3za - depmeHT, sSKuil karajiidye MPOTIKAE€ B MPUCYTHOCTI MAaTPHIIi
peaxiiro cuaTe3y JJHK 3 monepennukis - 1e30KkcupuOOHyKIe03ua-5'-Tpudocdary.
®parmentn Okan3aki - kopotki @parmentu JHK 3aBposxku 1000-2000 ocHOB;
YTBOPIOIOTBCS B pPE3yJbTaTi MEpEepUBYACTOl peIUTiKaiii;, 3roJJOM KOBAJIEHTHO
3'€IHYI0TbCS B O€3MepepBHUN JTAHIIIOT.

3Boporna tpanckpunrtada - PHK-3anexna JIHK-nomimepasa, sika cUHTE3yeTbCs
peTpoBHUpycamu Ta 3aaTHa KatamizyBatu cuate3 JIHK, kommiementapro no PHK.
IIpaiimep - xopoTka nociioBHICTE (dacTto e PHK), kommiementapno B3aemomie 3
onuiero 3 nanioriB JIHK; yrBoproe BimpHUil 3'-OH-KiHelb, BUKOPUCTOBYIOUH KU
JIHK-nonimepasza noynHae CUHTE3 JE€30KCUPUOOHYKIICOTUTHOTO JIAHIIIOTA.
IIpaiimocoma - KoMmIUIeKC OLIKIB, AKi O€pyTh yd4acThb B IHIIIIOBaHHI CHHTE3Y
dbparmenTiB Okaa3aki B npoiieci nepepupuactoi perikaiii JJHK; npalimocoma moxke
nepemimiatucs y3nosx JIHK, 6epyun ygacTs B HACTYMHUX aKTax IHIliaMii.
Ex3onykieaza - depMeHT, sSKkui TiApoii3ye TUIbKA KiHIEBY (ocdoaiedipuuii
3B'A30K HYKJIETHOBOI KUCIIOTH.

Ennonykieaza - ¢depMmeHT, 37aTHUN TiaposidyBaTH BHYTpimHI (pocdomaiediphi
3B'sI3K1 B HYKJICTHOBHX KHUCJIOTaX.

Tomnoizomepa3u - kinac depMeHTIB-130Mepa3, SKi BIUIMBaIOTh, Ha Tomojoriro JJHK.
TomoizoMepasu 37aTHI pelakCyBaTH ToHaacmipanizoBanHi moJekynu JJHK nuisixom
BHECEHHS OJHO- a00 [IBOJAHIIOTOBMX pO3PUBIB 3 TMOJAIBIINM BiJTHOBJICHHSIM
(;iryBanHsIM). Pa3oMm 3 TUM B JESIKUX BHITaJIKaX TOIMOI30MEpa3d MOXKYTh BHOCUTH B
JIHK HeraTuBHI cynepBUTKH a00 KaT€HaHHU.

Xesikazu - knac GpepMeHTiB, sIKi € y BCIX KMBHX OpraHi3MiB. IX BiHOCATH 10 Kjacy
«MOJIEKYJSIPHUX MAITUH», OCKUIBKM BOHM BUKOPHUCTOBYIOTH €HEPTiI0 TiAPOJi3y
nykieosuaTpudocdaris (ATD, I'TD) nns pyxy y3a0Bxk 1ykpohochaTHUM OCTOBOM
nykieinoBux kucinotr (JAHK, PHK, riopunmie mix JIHK 1 PHK) 1 pospusy
BHYTPILIHBO- 00 MIKMOJIEKYJISIPHUX BOJHEBUX 3B'A3KIB MK OCHOBaMHU.

Bisnku, mo 38'a3yiors oanoaanmoroy JIHK (aunri. Single-strand binding protein,
SSB, SSBP) - mnos's3yiorh oaHosanitorosi ¢parmentd JIHK, i 3amoGirarors ix
KOMILJIEMEHTAapHOMY crapoByBaHHIO. OpnHonanirorosi nuissikd  JIHK  marotsb

TePMOJMHAMIYHO OuIbll BUTIAHY (opmy - naymiekc. binku SSB 3amobiraroTh
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YTBOPEHHIO TYIJIEKCY 1 JI03BOJISIIOTH KOMIIOHEHTAaM BWJIKM peIUIiKallii 311iCHIOBATH
perutikariro JJTHK.

Tenomepu - KiHIIEBI JUISHKA XpPOMOCOM. TelOMEpHI JIISSHKH XPOMOCOM
XapaKTEPU3YIOTHCSA BIJACYTHICTIO 3aTHOCTI MO 3'€IHAHHS 3 1HITUMH XPOMOCOMAaMH
abo 1x (hparMeHTaMu 1 BUKOHYIOTb 3aXUCHY (DYHKIIIIO.

Tesnomepaza - ¢pepment, saxuit gogae oco6musi nocaigoBHocti JJHK (TTAGGG y
xpebetanx) no 3'-kinug ganmrora JJHK Ha gingakax Temomep, siki pO3TalIOBYIOTHCS
Ha KIHIAX XPOMOCOM B KJIITHHI.

Penapanisn - ocobmuBa (yHKIS KIITHH, SKa TOJSATAE B 3aTHOCTI BHIPABIATH
XIMIYHI TIOIIKOJKEHHS 1 po3puBu B Mousekynax JIHK, mnomkomxenux mnpu
HopmasibHOMY OlocuHTe31 JIHK B kimiTuHi abo B pe3ysibTaTi BIUIMBY (i3UYHUX 200
XIMIYHMX pEareHTIB. 3MIMCHIOEThCS CIelialbHUMU (EPMEHTHUMHU CHUCTEMaMu
KJIITHHHU.

Ilna3mignuii BekTOp - OakTepiaibHa MUIAa3Mifa, SIKy BUKOPUCTOBYIOTH A
nepeHeceHHsl reHa abo reHiB uyxopianoi JJHK B kmituHy rocnomaps (0akrepiro) 1
sKa 3a0e3rnevye pO3MHOKEHHS YY)KOPITHUX TeHIB B ITUX KIITHHAX.

MocainoBuicte Ilaiina - Jdaabrapuo (anri. Shine-Dalgarno sequence, Shine-
Dalgarno box) - caiit 3B's3yBannss pubocom Ha Mmosekyni MPHK mpokapioris,
3a3BMYail Ha BiAcTaHi Onu3bko 10 HykIeoTumiB a0 craproBoro kojony AUG.

Onucana aBctpaniiicbkumu BdeHUMHU [[>xoHom laitHom 1 Jlina JanbrapHo.
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Chapter 3

TRANSCRIPTION AND RNA PROCESSING.
REGULATION OF EUKARYOTIC GENE EXPRESSION.
TECHNIQUE OF GENETIC ANALYSIS

Po3aun 3
TPAHCKPUIILIA I PHK ITPOLHECHHI .

PEI'YJALISA EKCIOPECII EYKAPIOTUYHUX I'EHIB.
METOJIU '’EHETHYHOI'O AHAJII3Y
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3.1
Which of the following is a co-transcriptional event in RNA synthesis?
A. Addition of a 7-methyl G cap
B. Splicing
C. Poly A tailing
D. Telomers formation
E. Restriction
Answer: Addition of 7-methyl guanosine monophosphate (addition of “cap"). The
formation of "cap" is observed in the process of transcription until the separation of

the polynucleotide chain of the primary transcript from the DNA template.

Sxa mofiis 3 HACTYITHUX CYNPOBODKYE TPAHCKPHIIIIIO MEPBUHHOTO TPAHCKPHUIITY TSI
M-PHK?

A. JlonaBanHs 7-MeTWJI r'yaHO3UMH- MOHOGOChaTy (T0JaBaHHS «KEITYy»)

B. Cnnaticunr

C. TlomianeninyBaHHs

D. ®opMyBaHHA TeTOMEpIB

E. Pectpukuis
[IpaBunpHa BinnoBinb: JlomaBanHs 7-meTwi-ryano3suHMoHodocdary (moaaBaHHS
«Kemy»). YTBOPEHHSI «KEIy» CIHOCTEPITaeThCSl B MPOLEC] TPAHCKPUIILIL 1O MOMEHTY
BIJUTIJICHHST TIOJIIHYKJICOTHAHOTO JIAHIIOTY TIEPBUHHOTO TPAHCKPHUNTY BiJ MAaTpHIlL

JTHK.

3.2
During RNA synthesis, the DNA template sequence TAGC would be transcribed to
produce which of the following sequences?

A. GCUA

B. ATCG

C. GCTA

D. CGTA

E. AUCG
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The answer: GCUA. RNA is antiparallelly produced and complementary to the
template strand. Also remember that, by convention, all base sequences are written in
the 5' to 3’ direction regardless of the direction in which the sequence may actually be

used in the cell.

[Tix yac cuntezy PHK, nocnigosnicte TAGC y noninykieorunnomy janigory JJTHK
Oy/ze BUKOpPUCTaHA I OTPUMAaHHS HACTYITHOI MTOCIITIOBHOCTI B jaHIory PHK?

A. GCUA

B. ATCG

C. GCTA

D. CGTA

E. AUCG
[IpaBunsna Biamosinb: GCUA . Jlanmor PHK dopMmyeThesi aHTUIIapanenbHO 1
KoMIieMeHTapHo a0 ¢parmenty-marpuill JJHK. Takox nam'sraiite, 1o, 3a 3rofoto,
BCl MOCJIAOBHOCTI a30THCTHX OCHOB 3allMCaHl B HaNpsAMKY Bix 5’ mo 3'kiHig,
HE3aJIEKHO BIJ HANpsSIMKy, B SKOMY TIOCHIJIOBHICTh MOXe OyTH (akTu4dHO

BUKOPUCTOBYBATHUCS B KIIITHHI.

3.3
What would be the base sequence of the mMRNA produced using the transcription of
the following sequence of the tryptophan operon: 3° CGTCAGC 5°?

A. 5'...GCAGUCG...3’

B. 5'...CGUGAGC...3’

C. 5'...GCUGACG...3’

D. 5...CGUCAGC...3'

E. 5'...CGUGAGC...3’
The answer is 5'...GCAGUCG...3". Because all nucleic acids are synthesized in the
5" to 3’ direction, mRNA and the coding strand of DNA must each be oriented 5’ to
3’,i.e.,in the direction of transcription. This means that the bottom strand in

this example is the coding strand. The top strand is the template strand.
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Sxoro Oyne mnocmigoBHICTH a3zoTHcTuX ocHOB MPHK,  sdxa yTBOproeThcs 3
BUKOPHUCTAHHAM TPAHCKPHIILIT HACTYIHOT MOCIT0BHOCTI TPUNTO(haH-OTIEPOHY:
3'CGTCAGC 57

A.5'... GCAGUCG... 3’

B.5"... CGUGAGC... 3’

C. 5'... GCUGACG... 3’

D.5"... CGUCAGC... 3’

E.5"... CGUGAGC... 3’
[TpaBunbHa Bignosiae: S '... GCAGUCG ... 3 '. OckiibkH BCl HYKJIETHOBI KUCIOTH
CUHTE3YI0TbCA B HanpsAMKY Bia S5 ' 1o 3’ kinust, MPHK konyerscs nanmrorom JITHK 1
MOBUHHA OyTH Opi€HTOBaHA B HANPSMKY TPAHCKPHUIIILIi , TOOTO B HANIPSIMKY Bia 5 ' 10

3 ' KIHIIA.

3.4
The base sequence of codons 57-58 in the cytochrome B5 reductase gene is
CAGCGC. The mRNA produced upon transcription of this gene will contain which
sequence?

A. GCGCUG

B. GCGCTG

C. CUGCGC

D. CAGCGC

E. GUCGCG
The answer: GUCGCG. Since the sequence in the stem represents the coding strand,
the mMRNA sequence must be identical (except U for T). No T in the DNA means no
U in the mRNA.

[TocmiIoBHICTh a30TUCTUX OCHOB KOJOHIB 57-58 B TeHI MUTOXpoM P5-pemykrasu €
CAGCGC. Sxa mnocaigoBHicTh B Mosekyni M-PHK yTBoproerbcs mpu TpaHCKpuIii
IILOTO reHa?:

A. GCGCUG

B. GCGCTG
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C. CUGCGC
D. CAGCGC
E. GUCGCG
[TpaBunbna BignoBiab: GUCGCG . Ilocmigouicts MPHK moBunHa OyTn

1IGHTUYHOIO 32 MPUHITUIIOM KoMIuiemeTapHocTi (3a BunsiTkoM U st T).

3.5
A gene encodes a protein with 150 amino acids. There is one intron of 1,000 bps, a
5’-untranslated region of 100 bp, and a 3'-untranslated region of 200 bp. In the final
processed mMRNA, how many bases lie between the start AUG codon and the final
termination codon?

A. 450

B. 1,750

C. 750

D. 650

E. 150

The answer: Only the coding region remains to be calculated 3 x 150 = 450.

['en komaye MOMMNENTUAHWM JaAHIIOr OUIKY, sSKui MIicTUTh 150 aMIHOKHCIOTHHX
3aMMIIKIB. Y reHl npucyTHi 1HTpoH 3 1000 map a3oTHUCTHX OCHOB, S5'-HEKOAyrOuda
nocitoBHICTh 3 100 map a30THCTHX OCHOB 1 3'-HEKOyr04a MoCiiIoBHICTh 3 200 map
a30TUCTUX OCHOB. CKUIBKM a30TUCTUX OCHOB NPHUCYTHI B CHHTE30BaHIM MICIA
npouecunry MPHK mix craproBum kogoHoM AUG 1 TepMiHYIOYUM KOJOHOM?:

A. 450

B. 1750

C. 750

D. 650

E. 150
[IpaBunbHa BianoBiab: 450. Komyroua mociiqoBHICTh I TOJIMENTUIHOTO JIAHITIOTA

paxyeTbest TakuM unHoM: 3x150=450.
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3.6
Which of the following protein classes is related to the transcription factor for
steroid receptors?

A. Zinc fingers

B. Helix-turn-helix

C. Leucine zipper

D. Rel domains

E. Alpha-helix
The answer: Zinc fingers. An experimental study using X-ray analysis shows the
presence of a specific conformation in the steroid hormone receptor, which is called

"Zinc Fingers".

Busznaute nomeH OUIKy- CTEpOiTHOTO pelenTopa, KUl BUKOHY€E (DYHKIIII0O KOHTaKTa
31 cienudiyanmu ausakamu JJTHK ripu ctumymsiiii TpaHCKpUIIIIi:

A. 1luaKOBI MankIIi

B. Cnipans-nioBopoT-cripaib

C. JletittmnoBa 3acTiOka

D. Rel nomenn

E. Ansda-cnipanb
[IpaBuwibHa BianoBiAs: I[luHkOBI manbli. ExcnepuMeHTanbHE TOCTIIKEHHS 3a
JIOTIOMOTOI0  PEHTTE€H-CTPYKTYPHOTO aHai3y JOKa3ye HasBHICTh CHEeIU(PIIHOT

KoH(opMmarlii B peenTopi CTepOoiTHOro TOPMOHa, sika Ma€e Ha3By «L{[MHKOBI manbLi».

3.7
Klein-Waardenburg syndrome is a single-gene disorder that includes dystopia
canthorum (lateral displacement of the inner corner of the eye), impaired hearing, and
pigmentary abnormalities. The gene involved is most likely to be a...:

A. Homeotic gene

B. Pseudogene

C. Proto-oncogene
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D. Transgene
E. Tumor suppressor gene
The answer: homeotic gene.Multiple developmental abnormalities due to mutation in

a single gene.

Cunnpom Krneitna-BaapaenOypra € po3naaoM B OJHOMY T€Hi, SIKMM Ma€ HACTYIIHI
nposiBu y mariedTiB: Dystopia canthorum (slatepanpHe 3MilIeHHS BHYTPINTHBOTO
KyTa OKa), MOPYIICHHsS CIyXy 1 aHoMaibHa mirMeHTaris. Llel ren, mBumie 3a Bce,
oyne...:

A. IlceBnorenom

B. IIporo-onkorenom

C. Tpancrenom

D. 'oMeoTHYHUM TeHOM

E. I'en cynpecopa nyxjauHu
[IpaBunbHa BianmoBiae: Llel reH, mBuae 3a Bce, Oy1e TOMEOTUYHUM IFE€HOM. SKIIo
CIIOCTEPITalOTbCSI MHOKHHHI MOPYIIEHHSI B OpPraHi3Mi BHACIIJIOK MyTallii TIJIbKA B

OJIHOMY T'€H1, BIH Ma€ Ha3By «TOMEOTUYHUI reH».

3.8
Enhancers are transcriptional regulatory sequences that function byenhancing the
activity of:

A. RNA polymerase at a single promoter site

B. General transcriptional factors

C. RNA polymerase to enable the enzyme to transcribe through the terminating

region of a gene

D. Transcription factors that bind to the promoter but not to RNA polymerase

E. Spliceosomes
The answer: RNA polymerase at a single promoter site. Specific transcription factors
(e.g., any steroid receptor) bind to specific DNA sequences (enhancers) and to
RNA polymerase at a single promoter sequence and enable the RNA polymerase to
transcribe the gene more efficiently.
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Enxancepu — mne mumsaku JIHK, ski mpu KOHTakTi 31 crieniaabHUMU (DakTopaMu
TPAHCKPUIILII CTUMYJTIOIOTh:
A. PHK-nionimepasy, ckopouyrodH yac ii KOHTAKTy 3 €AUHUM TPOMOTOPOM
B. T'onoBH1 dakTopu TpaHCKPUTIIT
C. PHK-nomimepa3y, 1mo [03Bojise (epMEHTy TpaHCKpUOyBaTH  Kpi3b
TEPMiHYIOUY MTOCIIJOBHICTh TeHa
D. ®akTopu TpaHCKpHMIlli, sSKI 3B'SI3yIOThCS 3 mpomoropom, aine He 3 PHK-
MOJTIMEPA3010
E. Cmnaiicocomu
[IpaBunpua BinnmoBigs: PHK-momiMmepasy, ckopouyrodu 4Yac KOHTAKTy 3 €JIMHUM
npomoTopoM. Crieuudiydi (GakTopu TPaHCKPUMILI (Hanpukiaa, Oyab-sKUH CTEpOil-
peLeNTOPHUM KOMIUIEKC) 3B'SI3YIOThCSA 31 crenudidHuMH mociaigoBHocTamu JIHK
(emxancepamu) 1 go3BossitoTe PHK-momimepasi TpanckpuOyBath TeH OUIbII

e(EeKTHUBHO, IPUCKOPIOYH 11 4aC KOHTAKTY 3 MPOMOTOPHUM CaHTOM.

3.9
A pharmacologist employed by a pharmaceutical company is investigating the
mechanism of action of a new drug that significantly inhibits the division of tumor
cells obtained from patients with acute myelogenous leukemia. He has determined
that the drug serves as a potent inactivator of chromatin-modifying activity that up-
regulates the expression of a cluster of oncogenes in these tumor cells. Which type of
chromatin-modifying activity is most likely stimulated by the enzyme target of this
drug?

A. Acetylation of core histones

B. Binding of histone H1 to nucleosomes

C. Deacetylation of core histone H4

D. Deamination of cytosine bases in DNA

E. Methylation of cytosine bases in DNA
The answer: Acetylation of core histones. Acetylation of nucleosome core histones is

strongly associated with transcriptionally active chromatin. Other modifications
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(choices B, C and E) are associated with down-regulation of gene expression.
Deamination of cytosine in DNA (choice D) is not related to chromatin remodeling

and increased gene expression.

dapmakoor - poOITHUK (hapMalleBTHYHOI KOMITaHii, JOCTIIKY€E MeXaHi3M i1 HOBOTO
npenapary, SKAi 3HAa4HO MPUTHIYYE MITO3 MNYXJIMHHUX KIITHUH, OTPUMAaHUX BiJl
XBOpPHUX HA FOCTPHUI MI€JTOTeHHMH JIeWK03. BiH BU3HAYMB, IO Mpenapar € NOTYKHUM
1HaKTUBATOPOM XPOMATHUH-MOJU(]PIKYIO40i aKTUBHOCTI, MAa€ BIUIMB Ha PETYJISIIIIO
eKcIpecii KjJacTepa OHKOTEHIB Y IUX MyXJIHMHHUX KIITHHAX. SIKW THI aKTUBHOCTI,
o MOAU(IKYE XpOMATUH, HANIMOBIPHIIIE CTUMYIIOETHCA (DEPMEHTOM-MILIEHHIO
bOr0 Mpemnapary?

A. AnleTriIIOBaHHS OCHOBHUX T'ICTOHIB

B. 3B's3yBanns ricrony H1 3 Hykiieocomamu

C. leaueruntoBaHHsI OCHOBHOTO ricrona H4

D. Hde3zaminyBanHsi uuTo3MHOBUX ocHOB B JIHK

E. MeTumoBadas muTo3uHOBUX ocHOB B JIHK
[IpaBwibHa BIANOBiAb: AUETUIIOBAHHS OCHOBHUX TICTOHIB. AIETHJIFOBaHHS
HYKJIEOCOMHHUX TICTOHIB fJpa CHJIbHO TMOB'SI3aHO 3 TPAHCKPUMIIHHO aKTUBHUM
xpoMatuHoM. [Hmn wmommdikamii (iHII BapiaHTH BIAMNOBIACH) TOB'SI3aHl 3
MOHM)KYIOUOIO0 peryJssiuieto excrpecii rediB. Jlezaminamis murto3uny B JHK He

MOB's3aHa 3 PEMO/ICITIOBAHHIM XPOMATHHY 1 €KCIIPECI€0 TeHIB.

3.10
Which of the following is an application of cDNA libraries rather than PCR
technique?

A. Producing transgenic animals

B. Comparing DNA

C. Diagnosing specific viral infections

D. Paternity testing
The answer: Producing transgenic animals. Creation of a library of cDNAI is carried
out as follows: for this purpose, the total MRNA from the cells of a certain type is
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initially allocated. Using reverse transcriptase and oligo-T, complementary to the 3'-
terminal polyA tails of the mRNA as primers, these mMRNAs are used for synthesis of
complementary DNA strands. Further, the cDNA molecules obtained are cloned.
Unlike the genomic, the cDNA clone library contains only the encoding sequences
(exons) of genes and only those genes that are active in cells of this type. The desired
nucleotide sequence among the library of clones can be found by hybridizing cloned
DNA with a radio-labeled DNA probe. The technology of growing a transgenic
animal involves steps: the ovary is placed in a special mixer with foreign DNA
(cDNA) and small silicone-carbide needles. The needles make multiple holes in the
cell, through which the cDNA enters the cell. With this technology, the bull growth
hormone has been introduced into the ovary of many species of animals. Thanks to
this technology, large fish, cows, pigs, rabbits, and sheep have been obtained.

Transgenic animals are created for the production of medical products.

[Ilo 3 HaBegeHOTO HUXKYE € METOJOM 3acTtocyBanHs 010mioTek kJIHK, a He meTogom
[JIP?

A. BupoiyBaHHS TpaHCTCHHHX TBapUH

B. IopiBusiuua JJHK

C. HiarHoctuka cnenupiyHuX BIpYCHUX 1H(DEKITIH

D. TectyBaHHs Ha OATbKIBCTBO
[IpaBunbHa BinnmoBias: BuponryBanHs TpancreHHUX TBapuH. CTBOpeHHs 01010TeKH
kioHiB K/IHK mpoBoasaTh TakuM YMHOM: JJIS I[LOTO CIIOYATKy BHIAUISIOTH CyMapHY
MPHK 13 ximiTuH meBHOTO THNy. BHKOPUCTOBYIOUM 3BOPOTHY TPAHCKPHUIITA3y Ta
oligo-T, mo xomrmaementapHi 10 3'-kiHieBux polyA-xBoctiB MPHK, sik mpaitmepn,
Ha uux MPHK cuntesytore kommuementapui jnanimorn JIHK. [lam otpumani
monekymu kJIHK minmatore kimonyBanHio. Ha BigmiHy Bin reHOMHOI, Oi0mioTeka
kI0HIB kJ[HK MicTUTh TUTBKM KOAYIOU1 TIOCIITOBHOCTI (€K30HM) T€HIB 1 TITbKA TaKUX
IeHIB, $KI € aKTMBHUMU B KIITUHaX jAa”Horo tumy.lloTpiOHy HyKI€OTHAHY
MOCTIAOBHICTH cepel 010110TeKH KIIOHIB MOXKHA 3HAMTH 3a JOTIOMOTOI0 T10pHamu3arii
kinoHoBanoi JIHK 13 pamioaktuBHo Miuenum JIHK-3omm0om.  TexHomoris

BUPOIIYBAaHHS TPAHCTE€HHOI TBAPUHHU Mepe0avae KPOKHU : SUIEKIITUHY MOMIIIAIOTh Y
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crieniayibHy Mimanky pazom i3 uyxkopigHoro JIHK (xJIHK) 1 gpibHuMu cumiikos-
KapOimHUMHU Tonkamu. ['0JKKM poOsATH MHOXKMHHI OTBOpU B OOOJIOHIN, Kpi3b SIKi
kJIHK motparisie B sinekIiTHHY. 3a JOMOMOIOIO 1€l TeXHOJIOr1i OUuYauyuii rOpMOH
pocTy OyB yBeJIeHUH y SIMIIEKIIITUHN 0aratboX BUIIB TBAPUH. 3aBISKH 11 TEXHOJIOTI]
OTPUMAHO BENMKI puUOHM, KOPOBU, CBHHI, KPOJHKHU, BiBIi. TpaHCTeHHI TBapWHU

CTBOPCHO IJIA BI/IpO6HI/IHTBa HpOI[YKTiB MCINYHOI'O 3HAYCHHAI.

3.11

Two sets of parents were friends in a small town and had babies on the same day. The
wristbands of the two similar-looking infants (A and B) were in advertently mixed
at the pediatric care unit. In order to accurately identify the parents of the
respective infants, PCR analysis was performed on samples of blood taken from
the two infants and both sets of parents (Father 1 and Mother 1 versus Father 2 and
Mother 2). Shown below is the analysis of the PCR products by gel electrophoresis.

Parents 1 Parents 2

F1 M1 A B M2 F2

What is the best conclusion from the analysis?

A. A is the child of Parents 1.

B. Ais the child of Parents 2.

C. B is the child of Parents 1.

D. Father 1 (F1) could be the father of both infants.

E. Father 2 (F2) could be the father of both infants.
The answer: A is the child of Parents 1. Among the conclusions offered, only A is
consistent with the results on the blot. Infant A’s pattern shows a PCR product (lower
on the blot) matching F1 and another PCR product (higher on the blot) matching M1.

Neither of infant A’s PCR products match F2 (choices B and E). The upper PCR
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product in infant B’s pattern does not match with either F1 or M1 (choices C and
D). Although unlikely given the situation, another possibility is consistent with the
blot. Infant A could be the child of M2 and F1, although this is not offered as an

option.

JIBoe OatpbkiB OynM JIpy3sMH B MaJICHBKOMY MICTEUKY 1 OTpUMAaJId JITEH B TOM Ke
neHb. bpacieru mux HemMoBIAT (A 1 B) Oy mOMHUIKOBO 3MilllaHi B MeA1aTPUUYHOMY
BigaiieHHi. Jlmg Toro, mo0 TOYHO BHU3HAYMTH OAaTbKIB BIAMOBIAHUX IITEH,
npoBoauiu anani3 [1JIP Ha 3pa3kax kpoBi, B3ATUX y JBOX HEMOBIAT 1 000X HAOOPIB
OarbkiB (Oatbko 1 1 Matu 1 mportu Oatbka 2 1 Marepi 2). Huxkue HaBeneHO aHami3
npoaykTiB [1JIP 3a momomororo renb-enekTpodopesy. SAkuii 3 BUCHOBKIB aHAII3Y €
HalKpamum?:
Parents 1 Parents 2

F1 M1 A B M2 F2

A. A - tutuHa 0aTbKIB 1

B. A - nutuna 0aTbKIB 2

C. B - qutunHa 06aTtbeKiB 1

D. barbko 1 (F1) moxe OyTu 6aTbkoM 000X HEMOBIIAT

E. barbko 2 (F2) moxe 6yTu 6aThkOoM 000X HEMOBIIAT
[IpaBwibHa BiAnmoBiAb: A - nutuHa OathkiB 1. Cepen 3ampornOHOBAaHUX BHCHOBKIB
auiie A BIANOBigae pesyiabTaraMm Ha 070Ti. Ha manmioHky y mamoka A moka3aHun
npoaykT [TJIP (amxkue Ha 610T1), 1o Bignosigae F1, 1 inmmuit mpoaykt [1JIP (Butie Ha
osoti), mo BignoBimae Ml1. Xoxen 3 mpoaykriB IIJIP i HemoBistTH A He
Binnosinae F2. Bepxniit npoaykt [1JIP y mamtonky nutunu B He Bignosigae Hi F1, Hi

M1. He3Baxaroun Ha MaJOWMOBIPHY CHTYallil0, 1HIIA MOXJIMBICTh Y3TOJKYETHCS 3
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onorom. HemoBnst A moxe Oytu nutuHoro M2 1 F1, Xoua 11€ HEe MPOIOHYEThCS SK

BapiaHT BIAMOBIII.

3.12
Paternal relationship between a man and infant can be best determined by the
techniqgue commonly referred to as DNA fingerprinting. Which of the following
sequences is most conveniently analyzed in a DNA fingerprint?

A. Microsatellite tandem repeats (STRs)

B. Histocompatibility loci

C. Centromeres

D. Restriction enzyme sites

E. Single-copy sequences
The answer: Microsatellite Tandem Repeats (STRs). DNA fingerprinting was
developed in 1984 by Professor Sir Alec Jeffries after he realized that you can detect
differences in human DNA in the form of these microsatellites. DNA fingerprinting is
a method that simultaneously detects a number of microsatellites in the genome to
create a unique pattern for an individual. Microsatellite Tandem Repeats (STRs) -

STR sequences are amplified by PCR and analyzed by gel electrophoresis.

['eHeTHYHY CHOPITHEHICTh MK OaThbKOM 1 HEMOBJISIM MOKHA Kpalle BU3HAYUTHU 32
JIOTIOMOTOI0  TeXHIKM, fKka 3a3Bu4ail HazuBaeThesIHK-nmaktunockomia. Sxy 3
HACTYMHUX MOCII0BHOCTEN HAHOUIbII 3py4HO aHai3yBatu y Bigoutky JJHK?

A. Jlokycu ricTOCYMICHOCTI

B. IlenTtpomepu

C. MikpocareniThi TanaemHi nosropu (STRS)

D. Pectpukiiiiai caiitu pepMeHTIB

E. OmgHoxomiitHI OCIITOBHOCTI
Bignosigs: Mikpocarenithi Tanaemui nosropu (STRS). JIHK makrunockormist Oyna
po3pobiiena B 1984 porii podecopom cepom Anekom JIxeddpicoM micis TOro, sK
BiH 3pO3yMiB, 1110 BU MOXKeTe BUsBUTH BiaMiHHOCTI B JIHK nmrogunu, y Burismi mux

MmikpocatemiTiB. JJHK- nakTunockomist - 1€ METOI, SIKMil OJTHOYaCHO BUSIBJISIE OaraTo
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MIKpPOCATEJUIITIB B T€HOMI, 1I0O0 CTBOPUTH YHIKAJIBHUN JJIA 1HAWBiAyyMa I1a0JIOH.
MixkpocareniTai TanaemMHui moBTopu (STRS) - STR mocmigoBHOCTI aMIUTIQiKyIOTh 32

nonomMororo metoay [IJIP 1 aHanmizyroTh 3a JOIOMOTOI0 Iefib-eJIeKTpodopesy.

3.13
Sickle cell anemia is caused by a missense mutation in codon 6 of the 3-globin gene.
Codon number 5 6 7 8
Normal allele CCT GAG GAG AAG
Mutant allele CCT GTG GAG AAG
A man with sickle cell disease and his phenotypically normal wife request
genetic testing because they are concerned about the risk for their unborn
child. DNA samples from the man and the woman and from fetal cells obtained
by amniocentesis are analyzed using the PCR to amplify exon 1 of the 3-globin gene.
Which 12-base nucleotide sequence was most likely used as a specific probe
complementary to the coding strand of the sickle cell allele?

A. CTTCTCCACAGG

B. CCTCACCTCAGG

C. CCTGTGGAGAAG

D. GGACACCTCTTC

E. CTTCTCCTCAGG
The answer: CTTCTCCACAGG. The complementary probe will be antiparallel to

the coding strand of the mutant allele, with all sequences written 5" — 3.

CepnioBUHO-KJIITHHHA aHEMiss OOyMOBJIGHa MICCEHC-MYTaIli€l0 B KOJOHI 6 [-
rJI001HOBHI TEHY.

Howmep konony 5 6 7 8

Hopmanwhuii anmnens CCT GAG GAG AAG

MytantHnii ammens CCT GTG GAG AAG

YomoBUK 3 CEPHOBUAHO-KIITHHHOI XBOPOOOK 1 HOro (hEHOTHUIIOBO HOpPMalibHA
JIPYXKUHA XOYYTh IPOBECTH TI'E€HETUYHE TECTyBaHHS, TOMY IO BOHHM CTypOOBaHI

PU3UKOM BHUHUKHEHHS 3aXBOPIOBaHHS Yy ix MaiOyTHbOi auTuHu. 3pasku JJHK
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YOJIOBUKA 1 )KIHKH, @ TaKOXX KJIITHHH TJI0/1a, OTPUMaHi 3a JJOIOMOTOI0 aMHIOIIEHTO3Y,
aHanizytoTh 3a gomnomororo ITJIP numsixom ammmidikarnii ex3oHa 1 rena B-rioGiny.
Ska TOMHYKJICOTHAHA IOCTIOBHICTh, IIBHIIIE 3a BCE, BUKOPHUCTOBYBamacs SK
cnenuivHui 30H], KOMIUIEMEHTAPHUN KOAYIOUOMY JIAHIIOTY aJUIeysl CEPIOBUIHIX
KIITHH?:

A. CTTCTCCACAGG

B. CCTCACCTCAGG

C. CCTGTGGAGAAG

D. GGACACCTCTTC

E. CTTCTCCTCAGG
Bignosigs: CTTCTCCACAGG. KommiemeHntapHa npoba Oyjie aHTHIapalieIbHO0
KOJYIO4iil MaTpulll MyTaHTHOTO aJUJIEJIsl, IPH bOMY BCl MOCIIJOBHOCTI YUTAKOTHCA Y

HanpsMky 5" — 3’

3.14

MRNA encoding glucose 6-phosphatase was isolated from baboon liver and used to
make a 3P-cDNA probe. DNA was then isolated from marmoset and from human
tissue, digested with a restriction endonuclease, Southern blotted, and probed with the
32p-cDNA. Which of the following conclusions can be drawn from the results of this

analysis shown below?

Marmoset Human
DMNA DMNA
—— —

—
—

A. The glucose 6-phosphatase gene is present in baboon, marmoset and human
liver.

B. Both marmoset and human liver express the glucose 6-phosphatase gene.
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C. There are two glucose 6-phosphatase genes in the human liver.
D. The glucose 6-phosphatase gene is on different chromosomes in the marmoset
and in the human.
E. The human and marmoset tissue used in this experiment is from liver.
The answer: The glucose 6-phosphatase gene is present in baboon, marmoset and
human liver. All 3 tissues contain the gene (the probe was produced from baboon
mRNA, implying the gene is also there). Marmoset is a small Central and South

American monkey with a silky coat and a long nonprehensile tail.

MPHK, mo xomye rmoko30-6-pocdarasy, suaimsumm 3 Tmedinkam 0alyiHIB i
BUKOPHUCTOBYBaIU g BuUrotoBieHHs 3oHAa 32P-k/IHK. Ilorim JHK Bumiasam 3
MapMoO3€Ti 1 3 JIIOJICBKOI TKaHWHU, PO3LIEIUIIOBAIM EHIOHYKJIEAa3010 PECTPHUKIIII,
CTepHIi3yBalid 1 30HAYBaM 3 jgornoMoror 32P-kJIHK. fIki 3 HacTynmHHX BHCHOBKIB

MOJKHa 3pO6I/ITH 3a PC3YJIbTATOM IBOI'O aHaJ'Ii3y, SIKUM HaBGI[eHI/Iﬁ HIDKYE?

Marmoset Human
DMA DMA
—
—

A. T'en rmoko30-6-pocdarasu € npucytaum y 06alyiHi, MapMoO3€Ti 1 B TEUIHII
JIOJTUHA

B. I B MapMo3eTi 1 B IIeUiHIIl JIIOAUHU T'€H TIII0K030-6-hocdaTaszu ekcrpecyeThes

C. VY nedinIi JIOAWHY € 1Ba T€HU TII0K030-6-(hocdarazu

D. I'en rmok030-6-¢gocdarasu 3HaXOAUTHCS Ha PI3HUX XPOMOCOMAaX y MapMo3eTi
1y JIOUHA

E. 3pa3ku moanau 1 MapMy3H, [0 BUKOPUCTOBYIOTHCSA B I[bOMY €KCTIEPUMEHTI, 3

[MEY1HKH

55



Bignoiae: I'en riaroko30- 6-ocdarazu € npucytHuMm y 6abyiHi, y Mapmo3eTi 1 B
NeyviHIl JIoAuHU. Bel Tpu TKaHMHH MICTATH reH (30HA OyB BupoOnenuit 3 MPHK
0a0yiHa, MalouM Ha yBa3i, IO T'e€H TaKoX €). MapMo3eTa — 1€ MaJIeHbKa MaBIia 3
LentpansHoi Adpumi, [liBgenHoi AMepuili 3 IIOBKOBHCTOIO MIKYPOIO 1 JOBTUM

TOHKHNM XBOCTOM.

3.15

A couple seeks genetic counseling because both the man and the woman (unrelated to
cach other) are carriers of a mutation causing B-thalassemia, an autosomal recessive
condition. The couple has one son who is phenotypically normal and has been shown
by DNA analysis to be homozygous for the normal allele. They wish to know
whether the fetus in the current pregnancy will have B-thalassemia. Using a probe for
the B-globin gene that detects a BamHI RFLP(Restriction Fragment Length
Polymorphism), the following results are obtained. What is the best conclusion about

the fetus?

0] | O
=
Fetus
-

A. The fetus has inherited the mutation from the father but not from the mother.

B. The fetus has inherited the mutation from both parents.

C. The fetus has inherited the mutation from the mother but not from the father.

D. The fetus has not inherited the mutation from either parent.

E. The results are inconclusive
The answer: The fetus has inherited the mutation from the father but not from the
mother. Knowing the son is homozygous for the normal allele, one can conclude that
the two restriction fragments shown in his pattern derived from chromosomes without
the mutation. It is also clear that the upper (larger) fragment came from his mother’s

chromosome and the lower (smaller) fragment came from his father’s chromosome.
56



The fetus has the fragment from his mother’s normal chromosome. The other
fragment (to one on the blot) must have come from the father’s chromosome with the
mutation. The fetus therefore is heterozygous for the mutation and the normal allele

of the B-globin gene.

CimMelina mapa Mad Hamip OTPUMATU T€HETHYHY KOHCYJIbTAIII0, TOMY IO 1 YOJOBIK, 1
XKIHKa (HE € poAuYaMH) € HOCISIMH MYTarlii, 0 BUKIJIUKA€E -Tajacemilo ayTOCOMHO-
PELEeCUBHOIO TUIY.Y MOAPYXAKS € OAUH CUH, SKUU € PEHOTUIIYHO HOPMAIBHUM 1 32
nonomororo a”amzy JIHK Oymo mokazaHo, mo BiH € TOMO3UTOTHUM JIS
HOPMAaJILHOTO ayuiessi. BoHu xo4yTh 3HATH, 4K OyJe y TUTII B HACTYMHIN BariTHOCTI
B-tanacemisi? BukopucToByrouM 30HI JUIsi TeHa [-TNI0OIHY, SKUW BUSBISIOTH
meronoM BAMHIRFLP, ortpumani HactynHi pe3ynbratd. Skuil Halkpamui
BHUCHOBOK IPO ILJI1J MOX€e OyTH 3aIporaHOBaH?
[ | O

Fetus

— —
— — —
—

A. Tlnin yemankyBaB MyTarlito Biji 0aTbka, aje He Bl MaTepi.

B. Ilnix ycnaakyBaB MyTallito Bij 000X OaTbKIB.

C. Ilnix ycragkyBaB MyTalliro BiJ Matepi, ajie He BiJ OaTbKa.

D. Ilnix He ycnaakyBaB MyTallito Biji Oyab-sIKOTO 3 OaTHKIB.

E. Pe3synbTaT He € HaaIHHUMHU
Bignosine: [lnig ycmaakyBaB mytailito BiJ 0aTbka, ajge HE Bij maTepi. 3HaIOUH, 110
CHUH € TOMO3UTOTHHUM I HOPMaJIbHOIO aJlJIeisl, MOKHA 3pOOUTH BHCHOBOK, IO J[Ba
(dbparMeHTH pecTpUKIIii, Kl MMOKa3aHl Ha MOro pUCyHKYy, OTPUMaHI 3 XpoMOcoM 0e3
mytarii. Takox 3po3ymino, 1o BepxHii (OuUIbmKi) (parMeHT MOXOAUTH BiJl
XpOMOCOMM MaTepi, a HWXKHIA (MEHIIM) - Bl XpoMOcOMH OaThka. Y IIIoAa €

dbparMeHT 13 3BUYaHOI XpoMocoMH Matepi. [Hmwmil gparmMeHT (BepxHiil Ha OJOTI)
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MOBUHEH OyB TOXOAUTH 3 XpoMOcOoMH Oarbka 3 MyTalier. TomMy LI €

reTepO3UTOTHUM 32 MYTAI€I0 1 HOPMAJIBHUM ajiesieM T'eHa B-rio0iny.
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Glossary
Transcription is the synthesis of ribonucleic acid polynucleotide chain on separated
DNA fragment (template) using mononucleoside triphosphates as substrates under
the action of RNA polymerases. Prokaryotes have one single enzyme named DNA-
dependent RNA polymerase. Eukaryotes have three subtypes of those enzyme.
Holoenzyme DNA-dependent RNA polymerase. RNA polymerase in the phase of
transcription initiation is a holoenzyme containing five subunits. One of these is
named the o-factor and it is the most important in the initiation phase because this
factor fulfills the main purpose of the phase - to join the promoter sequence at the
transcription initiation site and to make unwinding of DNA double-helix (ATP use in
this action). The effect of the o-factor in the RNA polymerase holoenzyme may be
stimulated by a special protein (in English - CAP protein) in the presence of cCAMP.
The core enzyme of DNA-dependent RNA polymerase is formed after the
dissociation of the o-factor from other subunits of holoenzyme, core-enzyme
continues the synthesis of the polynucleotide chain in the elongation phase and,
particularly, in the transcription termination phase.
The promoter. The searching of start point of transcription at initiation phase by
RNA polymerase is performed due to special signal sequences in the polynucleotide
fragment of DNA molecule. These sequences are united under the name of the
promoter. The guanine nucleotide residue is usually present at the start point; its
location is determined by TATA sequence, another signal sequence is named -35
sequence. Typically, it contains the following sequence of nitrogenous bases:
TTGACA. Two types of promoter sequences are considered in eukaryotes: 1) the
main (basal) promoter, which is in the sequence of 40 pairs of nitrogen bases at the
transcription start point; 2) promoter sequence - "upstream" promoter, which is at a
considerable distance from the start point (200 pairs of nitrogen bases above the start
point).
Enhancer is a sequence of nitrogen-base pairs that has an affinity for transcription-
stimulating regulatory factors; it may be located above, below, or inside the gene

being monitored.
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Insulators are sequences of DNA that have 42 pairs of nitrogen bases and may be
located between the enhancer and the promoter, or between the silencer and the
promoter. They help transcription enzymes and transcription regulation factors to
separate and to find out the promoter and enhancer sequences of different genes.
Silencer is a regulatory sequence in a DNA molecule whose attachment to
transcription regulation factors blocks the transcription process.

Zinc-finger conformation. The glucocorticoid-receptor complex acts as a
transcription factor having a "zinc-finger" conformation. Four zinc atoms, each of
them joins a polypeptide chain (finger) through cysteine residues. When a steroid
hormone molecule appears in the cytoplasm of a cell, its receptor must: join the
hormone, form a hormone-receptor complex homodimer, move into the nucleoplasm,
attach to its copy, attach to related DNA sequences, activate transcription factors.
Factor-independent mechanism of transcription termination. According to this
mechanism, RNA polymerase finds terminal sequences on the DNA template that are
rich in GC repeats and encode the reverse repeating of nitrogenous bases in the
synthesized polynucleotide chain. The synthesized sequences, which are
complementary to the repeats, form the spatial conformation of the Loop. This
"hairpin” helps to separate the synthesized chain from the DNA template, because
after the "hairpin” is synthesized a sequence that is rich in AU and not so tightly
attached by hydrogen bonds to the DNA template.

Factor-dependent mechanism of transcription termination. For some prokaryotes,
there is a special Rho -protein with ATPase activity that has affinity for terminal
sequences in the DNA strand. In the termination phase, this protein joins them and,
using ATP, helps to separate the synthesized RNA strand from the DNA template.
Post-transcriptional processing. The product of RNA polymerase Il action - the
primary transcript (engl. - heterogenous nuclear RNA or hn-RNA) undergoes
intensive processing, which consists of three important transformations:

1. At the 5 'end of the primary transcript, 7-methyl-guanine (“cap”) is attached. It
promotes the attachment of m-RNA to the ribosome, enhances its rate of translation,

prevents its destruction by cytoplasmic ribonucleases.
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2. A sequence of 200 nucleotides containing adenine is added from the 3 ' end

(polyadenylation) due to the action of poly-A polymerase. This conversion protects

m-RNA from the destruction of nucleases in the nucleus and in the cytoplasm of the

cell.

3. Splicing: sequences (introns) that do not encode a polypeptide chain are resricted.

Coding sequences (exons) are stitched. These actions are performed by a multi-

enzyme system named the splicosome. The spliceosome consists of five subunits (ul,

u2, u4, u5, ub), each of them contains short nuclear shnRNAs. Formed m-RNA is

attached in the nucleus to a special protein. The product of this action is the m-RNP

ribonucleoprotein, which transports m-RNA through nuclear pores and promotes m-

RNA attachment to the small ribosome subunit.

Eukaryotic genes that encode a sequence of polypeptide chain have:

* eXons - encoding sequences;

* introns are sequences that are excised because they do not encode a polypeptide

chain;

« transcription start point, usually represented by purine mononucleoside phosphate

residue;

« the promoter sequence.

Homeotic gene. If there are multiple disorders in the body due to mutation in only

one gene, it is named "homeotic gene".

Clone DNA (cDNA). The creation of a library of cDNA clones is carried out as

follows: for this purpose, first the total mRNA is allocated from cells of a certain

type. Using reverse transcriptase and oligo-T complementary to the C'-terminal

polyA-tailed of mMRNAs as primers, complementary strands of DNA are synthesized

on these mRNAs. The resulting cDNA molecules are cloned. Unlike the genomic

library, the cDNA clone library contains only the coding sequences (exons) of genes

and only those genes that are active in cells of this type. The desired nucleotide

sequence among the clone library can be found by hybridization of cloned DNA with

a radiolabeled DNA probe.

Transgenic animals. The technology of growing a transgenic animal involves steps:

the ovary is placed in a special mixer with foreign DNA (cDNA) and small silicone-
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carbide needles. The needles make multiple holes in the cell, through which the
cDNA enters the cell. With this technology, the bull growth hormone has been
introduced into the ovary of many species of animals. Thanks to this technology,
large fish, cows, pigs, rabbits, and sheep have been obtained. Transgenic animals are
created for the production of medical products.

Polymerase chain reaction(PCR) is an experimental method of molecular biology
that allows a significant increase in small concentrations of certain nucleic acid
(DNA) fragments in a biological material (sample). In addition to DNA
amplification, PCR allows for many other manipulations of nucleic acids
(introduction of mutations, fusion of DNA fragments) and is widely used in
biological and medical practice, for example, for the diagnosis of diseases
(hereditary, infectious), for establishing paternity, and more.

Microsatellite Tandem Repeats (STRs). These are sites (loci) in nuclear DNA and
DNA of organelles (mitochondria and plastids), consisting of tandemly repeating
monomers less than 9 pairs of nitrogen bases in length and forming fields of less than
1,000 pairs of nitrogenous bases. They are widespread molecular markers in genetic
and genomic studies.

DNA fingerprinting was developed in 1984 by Professor Sir Alec Jeffries after he
realized that you can detect differences in human DNA in the form of these
microsatellites. DNA fingerprinting is a method that simultaneously detects a number
of microsatellites in the genome to create a unique pattern for an individual.
Microsatellite Tandem Repeats (STRs) - STR sequences are amplified by PCR and
analyzed by gel electrophoresis.

BamHI(from Bacillus amyloliquefaciens) is a type Il restriction endonuclease,
having the capacity for recognizing short sequences (6 b.p.) of DNA and
specificallycleaving them at a target site.

Restriction fragment length polymorphism (RFLP). In molecular biology,
restriction fragment length polymorphism is a technique that exploits variations in
homologousDNA sequences, known as polymorphisms, in order to distinguish
individuals, populations, or species or to pinpoint the locations of genes within a

sequence.
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Blotting techniques have been developed to detect and visualize specific DNA,
RNA, and protein among complex mixtures of contaminating molecules. These
techniques have allowed the identification and characterization of the genes in -
volved in numerous inherited diseases. The fragments in the material to be analyzed
(DNA, RNA, or protein) are separated by gel electrophoresis. The smaller molecules
travel faster and appear nearer the bottom of the gel. The bands of material in the gel
are transferred, or blotted, to the surface of a membrane. The membrane is incubated
with a (usually radioactive) labeled probe that will specifically bind to the molecules
of interest. Visualization of the labeled probe (usually by autoradiography) will
reveal which band(s) interacted with the probe. Most typically, DNA restriction
fragments are analyzed on a Southern blot.

DNA labeled probes are radioactively labeled single-stranded DNA molecules that
are able to specifically hybridize (anneal) to particular denatured DNA sequences.
Probes that bind to part of a specific gene region; often produced by cloning cDNA
transcribed from the gene and labeling it with 32P, a radioactive isotope of
phosphorus. Probes that bind to markers known to be in close proximity (closely
linked) to a gene. Probes that bind specifically to a single allele of a gene—allele-

specific oligonucleotide (ASO) probes.

I'ocapiii

Tpanckpunuisi — nporec CUHTE3y MOMIHYKICOTHIHOTO JIAHIIOTa PlOOHYKIIETHOBOT
KUCJIOTU Ha MaTpuil (QparmMenty mnomiHykieotuaHoro jganmpora JIHK 31
3aCTOCYBaHHSAM MOHOHYKJIeo3uATpudocdariB B sikocti cyodcrpatie npu mii PHK-
noyiMepas. Y mpokapioTiB oauH (epment, sikuii mae Ha3By JIHK-3anexxnma PHK-
noJyiiMepasa. Y eykapioTiB iX Tpu TUIA.

Xoaopepment JTHK-3anexnoi PHK-nosimepasu PHK-nonimepasa B ¢hasi inimiaiii
TPAHCKPUIII ysBIIsiE 3 ce0e X0mopEepPMEHT, SKUI MICTUTD I ATh cyooauuuIib. OaHa 3
HUX Ma€ Ha3By O-()aKTop 1 € HAMBAXIJIMBIMIOW Y (a3l iHiIiaIii, ToMy 110 e GpaxkTop
BUKOHY€E TOJIOBHY METY (pa3u — MpUEIHATUCS 10 TPOMOTOPHOI MOCIIIIOBHOCTI B CalTI
1HIIIaIii TPAaHCKPUMIIIT 1 TPOBECTH po3ruieTeHHs: mnojBiiHOoI cripam JHK (Butpatu

AT®). [is o-daktopy y ckiaai xonodepmenty PHK-momiMmepasu MoOXKIHMBO
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CTUMYJIIOETBCS CIICIiaIbHUM TIPOTEeiHOM (aHrjiiicbkoro MoBow - CAP-protein) y
npucyTHocTi HTAMO.

Core-pepment JAHK-3anexnoi PHK-noJsiMmepa3su yTBOprOETHCS MICsA AUCOIAI]
o-pakTtopy Big IHIMX CyOOauHUIL (EpMEHTy, BIH TMPOJOBKYE CHHTE3
MOJTIHYKJICOTUAHOTO JaHIora B ¢asl ejoHraiii Ta, 4acTKOBO, y (a3l TepMiHarlii
TPAHCKPHUIILII].

IIpomotop. Ilomyk crapToBoi Touku iHimamii TpaHckpumiii PHK-momimepasa
BUKOHY€E 3aBJSKU CICIIATBHIM CUTHAILHAM MOCTIIOBHOCTSM Y MOMIHYKJICOTHIHOMY
¢parmenTi monekynu JHK. i mocaigoBHOCTI 00’ €AHYIOTHCS IT1JT HA3BOIO MPOMOTOP
3BUYAtHO B TOYIll 1HIIAII] € MPUCYTHIM 3QJIUIIOK TYaHUIOBOTO HYKJICOTHAY, MOTO
MOJIOKEHHS B JIaHIIO31 AeTepMiHyeTbcsi TATA- MOCHiOBHICTIO, SIKa PO3TAIlIOBAHA
BUIIE TOYKH 1Himiamii Ha 10 map a30TUCTUX OCHOB (apyra Ha3Ba: -10 MOCIIOBHICTS).
[Hmra curHanbHa MOCTIOBHICT, Ma€ Ha3By -35 MOCHIOBHICTh. 3a3BUYail, BOHA
MICTUTh TakKy MOCHIIOBHICTh a3zoTtuctux ocHoB: TTTALA. VYV eykapioTiB
PO3TIIAIAI0Th ABa TUITH IIPOMOTOPHUX IMOCTIAOBHOCTEH: 1) ocHOBHMI (0a3aJbHM)
MPOMOTOP, SIKUH 3HAXOUTHCS B TOCTIAOBHOCTI 40 map a30TUCTUX OCHOB O1J151 TOUKU
CTapTy TPAHCKPHIILii; 2) MPOMOTOPHA MOCTiTOBHICTD -''UPStream" mpomoTop, sika
3HAXOJHWTHCS HA 3HAYHOMY BiJJajieHH! BiA Touku cTapty (Ha Biacrani 200 map
a30THCTUX OCHOB BHIIIE TOYKU CTApPTY).

Enxancep — TOCHIIOBHICTh TMap a30THUCTHUX OCHOB, SIKa Ma€ CIOPIAHEHICTh 0
(bakTOpiB peryisauli CTUMYIIOIOUMX TPAHCKPUIIIIIO; BOHA MOXe OyTH pO3TalloBaHa
BUIIE, HIDKYC YU YCEPEANHI TeHA, SKHU KOHTPOITIOETHCS .

Incaneiitopu (izoasitopu) - e nocmigopHocti JJHK, sxi matots B cobi 42 mapwm
a30TUCTUX OCHOB 1 MOKYTh OyTH PO3TalllOBaHI: MI’K €HXaHCEPOM 1 MPOMOTOPOM, abo
MDK caiijieHcepoM 1 mpomotopoM.BoHu momomararoTe GepMeHTaM TPaHCKPHUMINT 1
dakTopam perymsiii TPaHCKPHMINT 3HAXOJUTH TMPOMOTOPHI Ta EHXaHCEpHi
MOCJIIJOBHOCTI PI3HUX I'€HIB.

CaiisieHcep — 11e perynsaTopHa nociigoBHicTs B Mosekyni JJHK, npuennanns no sikoi
dakTopiB  peryisuii TPaHCKPUIILII OPU3BOAUTH A0 OJOKYBaHHS  MpOILECY

TPAHCKPHUIILI].
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Kondopmanis «zinc-finger». ['MOKOKOPTHUKOIA-PELIENITOPHUN KOMIUIEKC BHUKOHYE
¢yHkmiro dakropa TpaHCKpHIIIii, sIKU Mae KoHpopmamiro «zinc-finger». Yotupu
aTOMH IMHKY (ZINC), KOXXHUW 3 SKHX 3 €IHYEThCS 3 MOJINCITUIHUM JIAHIFOTOM
(finger; mepexmanm -manenpb) Kpi3b 3aIWIIKH IUCTEiHY. [Ipy TOSBI  MOJEKYJIH
CTEpOINHOTO TOPMOHY Y LHTOIJIa3Mi KIITHHH HOTO pEeIenTop MOBUHEH:
NpUENHATACS O TOPMOHY, 3(GOpMYyBaTH TOMOJUMEDP TOPMOH-PELENTOPHOrO
KOMIUIEKCY, pyXaTHCs y HYKIEOIUIa3My, MPUETHATUCS O MOTO KOIii, IpueaHATUCS
70 cropiHeHuX mnociigoBHocTed y ckmaai JIHK, akruByBatu BiamoBigHI (haKkTOpH
peryJsiii TpaHCKPHITILI].

dakTop-He3aeKHUH MeXaHi3M TepMmiHamii TpaHckpunuii. 3TiIHO LBOTO
mexaHismy, PHK-momimepaza 3naxoguts Ha wmatpumi JHK — Tepminanbhi
MOCIIJIOBHOCTI, skl Oarari ['l[-OBTOpeHHSIMH 1 KOAYIOTh 3BOPOTHE MOBTOPEHHS
a30THCTUX OCHOB y CHHTE30BaHOMY IMOJIIHYKJICOTHIHOMY JaHI031. CHHTE30BaH1
MOCTIOBHOCTI, $IKI € KOMIUTIMEHTApPHHMH 3BOPOTHHUM IIOBTOPEHHSM, (HOPMYIOTH
MPOCTOPOBY KOH(DOpMAIIil0 «IIMWIbKuy. [l «mmuibkay crpuse BiIIITICHHIO
cuHTe30BaHOro Janmpora Big Marpuii JHK, Tomy mo micns «ImmuiabKimy
CUHTE3YEThCS MOCIIJOBHICTD, sIKa O0arata ypauuioM 1 HE TaK MII[HO MPHUEIHYETHCS
BOJIHEBUMU 3B'si3kamu 110 Matpuili JJHK

dakTop-3aJ1e:KHUI MeXaHi3M TepMiHalii TpaHcKkpunuii. /(s 1esKux npokapioTiB
icaye crnemianeHuit  Rho-mporein 3 AT®-a3HOW aKTUBHICTIO, SKHA Mae
CHOPITHEHICTh JI0 TepMiHaNIbHUX mocaigoBHocTel y cTpyktypi JAHK. B ¢asi
TepMiHaIlli TPOTEiH NPHENHYEThCS N0 HHUX 1, 3actocoBytoun AT, cnpuse
BiIJIUIEHHIO cuHTe30BaHoro Janitora PHK Bix matpumi JIHK.
IMocr-Tpanckpunuiiinuii  npouecunr. Ilpomxykr  aii PHK-momimepaszu Il -
NEPBUHHMK TpaHcKpunT (aHria moBoro — heterogenous nuclear RNA or hn-RNA)
3a3HA€ 1HTEHCHUBHOIO TPOLECUHTY, SAKUW CKIAA€ThCd 3 TPhOX BAXKIMBHX
NIEPETBOPEHbD:

1. Ha 5'-kiHIl NEepBUHHOIO TPAHCKPUNTY  MPHUETHYETHCS 7-METUI-TyaHiH
(kemipyBanHsi). e cnpusie npuennanao M-PHK 10 pubocomu, moCHITIOE MIBUIKICTh
ii TpaHcHALii, 3ano0irae ii pylHyBaHHIO [IUTOIUIA3MAaTHYHUMU pUOOHYKII€a3aMu.

2. [TochigoBHicTh 13 200 HYKJICOTUIIB, SIKI MICTATh aJICHIH TOAAE€ThCS 3 3’ KIHIIA
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(mosriagenisryBanHsi) 3aBasku 1ii moii-A-mosimepasu. Ile 3axummae mM-PHK Big
pyHHYBaHHS HyKJ€a3aMu B Sipi 1 B HUTOIIa3M1 KIITHHH.

3. [IpoBeneHHs CIJIAMCIHTY: BHUPI3alOThCS TOCTIOBHOCTI (IHTPOHM), SIKI HE
KOJYIOTh TOJIMENTHIHUHN JIAHITIOT. 3MIMBAIOTHCS 3MICTOBI TOCIITOBHOCTI (€K30HM).
[li mii BUKOHYIOTBCS TMOJI(EPMEHTHOIO CHCTEMOIO 3a Ha3BOIO CILIaiicocoma.
CrutalicocomMa CKJIaIaeTbesi 3 I'ATH CcyOomuHHIB (Ug,Uz,Us,Us,Us), KOXKHA 3 HHUX
mictuTh KopoTki snepHi SNPHK. Cdopmoana m-PHK mpuennyerbcs B siapi 10
crietiasibHoro mpoteiny. Ilpoaykrom 1€l aii € pubonykieonpotein M-PHII, skwmit
tpancnoptye M-PHK kpi3p simepHi mopu 1 crpusie npueanannio M-PHK no manmoi
cy0ouHuUIl pudbocoMm.

EyxapioTuy4Hi reHu, siki KOAyIOTb MMOCIIJJOBHICTh MOJIMENTHIHUX JIAHIIIOT1B MAIOTh:
o €K30HM — KOJYIYH MOCJIII0BHOCTI;

o iHTPOHM — MOCHIZIOBHOCTI, AKI BHPI3alOTHCS, TOMY LI0 BOHU HE KOIYIOTb
MOJIIMENTHIHUN JIAHITIOT;

o CTAPTOBY TOYKY TPAHCKPMIii , BOHANpEICTaBlIeHA 3a3BUYail MypUHOBUM
MOHOHYKJIe03uaApochaToM;

. MPOMOTOPHY MOCIITOBHICTb.

T'omeoTnuHuii reH. SIKmo croctepiraloTbcsi MHOKHHHI MOPYIIEHHS B OPraHi3Mi
BHACIIJIOK MYTallii TUIbKK B OJJHOMY T'€Hl, BIH Ma€ Ha3By «TOMEOTUYHUHN T€H.
Kaonn JHK (xIHK). CtBopenus 6i0mioreku kioHiB kIHK mpoBomsaTe Takum
YUHOM: IS IIbOTO CHOYAaTKy BHIUIIOTHE cymapHy MPHK i3 KJIiTHH meBHOTO THITy.
BukopucToBytoun 3BOpOTHY TpaHckpunTazy Ta oligo-T, mo koMmiemenTapHi ao 3'-
kianeBux polyA-xBoctiB MPHK, sk mpaitmepu, wa mux MPHK cunTesyiorsh
komruiemenTapHi Janmtorn JIHK. Jlami otpumani monekynmu kJIHK mnignarots
KJIOHyBaHHIO0. Ha BigmiHy Bijg reHoMHOi, 010mi0Teka kioHIB kJ{HK MictuTh Tinmbku
KOJIyIO4l TOCIIJOBHOCTI (€K30HM) TEHIB 1 TUIBKM TaKUX TEHIB, SIKI € aKTHBHUMHU B
KJIITAHAX JaHoro tumy. [loTpiOHYy HYKJIEOTHIIHY MOCHIJOBHICTH cepej 0i0y10TeKu
KJIOHIB MOXHa 3HAWTH 3a jgomomororo Tibpumausamii kimonoBanoi JIHK i3
panioakTuBHO MiueHuM JTHK-30H10M.

Tpancrenni TBapuHM. TexHonorist BHUPOIIYBaHHS TPAHCTEHHOI TBApUHU

nependadae KpoKH @ SHUEKITITHHY MOMIIIAIOTh Yy CHEIalbHy MIMIANKy pa3oM 13
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gykopigaoro JIHK (xJIHK) 1 npiOHumuM cutikoH-KapOifHUMHU rojkamu. [ojku
pOOJISITH MHOKMHHI OTBOPU B 00010HII, Kpi3b ki k/JHK notpamuise B siinexniTuny.
3a JomoMororo Iii€i TexHoyorii Ouyayumii ropMoH pocty OyB yBEACHUH Yy
SUIEKTITHHN 0araTh0X BHIIB TBAPWH. 3aBASKH I TEXHOJOTII OTPUMAaHO BEIUKI
pulu, KOpPOBH, CBHUHI, KpOJWKH, BIBLI. TpaHCT€HHI TBAapUHH CTBOPEHO MJIs
BUPOOHMIITBA MPOAYKTIB METUYHOTO 3HAUCHHSI.

IIJIP. Ilomimepasna manmioroBa peakiis (I1JIP) - excmepuMeHTambHUNA METON
MOJIEKYJISIpHOT 010JI0T1i, IO J03BOJISE JOMOITHCS 3HAYHOTO 30UIBIICHHS MaJluX
KOHIICHTpaIlii meBHUX (parMeHTiB HykJeiHoBoi kucinotu (JIHK) B Giomoriunomy
Mmarepiam (mpo06i). Kpim ammmidikamii JAHK, IIJIP no3Bosse mpoBoauTu Oe3mid
IHIIUX MaHINyJSid 3 HYKJICTHOBUMHU KHCJIOTaMU (BBEJCHHS MYTalliil, 3pOIIEHHS
¢parmenTiB JIHK) 1 mimpoko BUKOPUCTOBY€ETHCS B O10JIOTTUHIN 1 METMYHIN MIPAKTHUILIL,
HalpuKiIaa, JJIs JIarHOCTUKH 3aXBOPIOBaHb (CHAAKOBHX, I1H(EKIIHHUX), I
BCTAHOBJICHHSI 0aThKIBCTBA Ta 1HIIIE.

MixkpocareniTni Tanaemui nosropu (STRS). Lle ginsuaku (mokycu) B siaepwiin JJHK
1 JIHK opramen (MiTOXOHApIA 1 TIIACTHA), WO CKIANAIOThCS 3 TaHAEMHO
MOBTOPIOBAHUX MOHOMEPIB JOBKHHOIO MEHIIE 9 map a30TUCTUX OCHOB 1 YTBOPIOIOTH
nmoyis MeHme | Tucadi map a30THUCTHUX OCHOB. BOHM € MIMPOKO MOIIMPEHUMH
MOJIEKYJIIPHUMU MapKepaMy B T€HETUYHHUX 1 TEHOMHMX JOCIIDKCHHSX.

JAHK paxkrunockomis. JIHK naktunockomis Oyna pospobiniena B 1984 porn
npodecopom cepom Anexkom J[xeddpicom micias Toro, SK BiH 3pO3yMiB, IO BH
Moxete BUsBUTH BiamiHHoOcTi B JIHK monuuu, y Burian mikpocaremriB. JIHK-
JTAKTUJIOCKOMIS - I1€ METOJ, SIKMM OJHOYACHO BHUABJISIE Oarato MIKpPOCATEIUIITIB B
reHOMI, 11100 CTBOPUTH YHIKaIbHMHA JUIS 1HAUBIAyyMa InabioH. MikpocaTeniTHi
TaHJEMHI MOBTOpU aMIUIi(iKyroTh 3a gonomorotro metony IIJIP 1 anamizyroTs 3a
JIOTIOMOT'OI0 TeJb-eIeKTpodopesy.

BamHI (sig Bacillusamyloliquefaciens) - me pectpukiiifina enaonykieasa tumy |,
sKa Ma€ 3JJaTHICTh PO3Mi3HABATH KOPOTKI MOCIIOBHOCTI (3 6 azoTuctux ocHoB) JJHK
1 crienudivHO PO3IMICTITIOBATH iX.

RFLP. ¥V Monekynspuiii 6ionorii mosiMopgisM J0BKHHHU PpecTPUKIil (aHTIIL.

moBoro: restriction fragment length polymorphism - RFLP) - e Ttexuika, ska
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BUKOPHUCTOBYE Bapialii romosoriunux nociigoHoctedr JIHK, Bimomux sk
nosiMopdizmu, 100 PO3PI3HUTH 1HAUBIAYYMH, TMOMYJSIIl Yd BUIM a00 BU3HAUYUTHU
MICIISl po3TallyBaHHs reHiB y nociigoBaocti JJHK.

Metoau OsorTHHTrY. 51 po3mizHaBaHHs Ta Bizyanmizamii cnemudiunux JJHK, PHK
abo OiNKy cepell CKIagHUX CyMIIIeld MOJIEKYJ po3poOieHi metoau OmortuHry. LI
METOJM JO3BOJIMJIM 1ICHTHU(IKYBATH Ta OXapaKTEpPU3yBaTH T'€HHU, SKI IOB'A3aHi 3
YUCIICHHUMH CIaJKOBHMH 3aXBOPIOBAaHHAMHU. DparMEeHTH aHATi30BaHOTO MaTepialy
(JIHK, PHK a6o 61510K) BiJIOKpeMIIIOIOTh T'elb-eleKTpodope3oM. MeHIl MOJICKYIJIH
PYXaroThCs MIBUALIC 1 BUSBISIOTHCS ONMxk4Ye 10 aHA remto. CMyru JochiaKyBaHOTO
MaTepiaixy B Ielll HIEPEHOCIThCS Ha MOBEPXHI0 MeMOpanu. MeMOpaHa 1HKyOy€eThCs 3
(SIK TIpaBWIIO, PAJI0AKTUBHUM) MIYEHUM 30HIOM, 1110 Oyze crienudiqHo 3B's13yBaTUCS
3 MOJIEKYJaMH, K1 JTOCHIIKYIOThCA. Bisyanizaliss MiueHOro 30H4a (SIK MpaBWIIo, 3a
JIOTIOMOT010  aBTOpanuorpadii) M03BOJUTh BHUSBUTH, fAKa CMyra B3aeMoOisiia 3
3ou70M. Habtyactime ¢parmentu pectpukiii JJHK anamizyrors 3a momnomororo
CayzepH-0JI0TTHHTA.

CaysepH-6aorTunr (anrir. Southern blot) — merox momnekynsproi Giosorii, 1o
3a3BUYall BUKOPHUCTOBYETHCS NIl BCTAHOBJICHHS, YW TI€BHAa HYKJICOTHIHA
nociiIoBHICTh npucyTHs B 3pasky JHK 3a momomororo 3onaiB. CayzepH-O0n0T
KOMOIHY€E arapo3Huil resieBuil enexkTpodopes, 1o BUKOPUCTOBYETHCA JIJISl PO3AICHHS
¢parmenTiB JIHK 3a po3mMipom, 3 MeTogamu nepeHocy po3zaiieHoi 3a posmipom JTHK
Ha MemOpaHy 1 rTiOpuamzanii. MeTon Ha3BaHMM Ha YeCThb WOr0 BHHAXIJTHHUKA,
opurtancekoro 6iosiora Ensina Cay3epHa

JHK-30H1H1 - 11e paJl0aKTUBHO Mi4eH1 OAHOHUTKOBI PparmMentu mosekyn JJHK, ski
3MaTHl  cnenu(pigyHO  TiOpUAM3yBaTHUCA 10  KOHKPETHUX  JCHATYpPOBAHUX
nocmitoBHocTeit JJTHK. 30H11, sK1 3B'3YIOTHCS 3 HACTUHOO KOHKPETHOT'O (PparMeHTy
cnenuivHOTO TeHY; YacTO MPOAYKYIOThCs KioHyBaHHIM K-JIHK, TpanckpuboBaHoi
3 MaTpMIL{ IeHa 31 3aCTOCYBaHHAM 2P - pamioakTHBHOrO i3otomy (ochopy. 30Hau,
K1 3B'A3YIOTHCSl 3 MApKEepaMH, SIK BIJOMO, 3HAXOJAThCA B Oe3nocepeaHiil 01M3bKOCTI
(TicHO TOB'si3aH1) 3 TeHOM. 30H[H, SIKI CHEIU(IYHO 3B'A3YIOTHCSA 3 OJIHUM aJljIesieM

reHa - ayuienb-cuernudiuanii onironykiaeotua (ACO)- 30H1.

68


https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0_%D0%B1%D1%96%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D1%82%D0%B8%D0%B4%D0%BD%D0%B0_%D0%BF%D0%BE%D1%81%D0%BB%D1%96%D0%B4%D0%BE%D0%B2%D0%BD%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D1%82%D0%B8%D0%B4%D0%BD%D0%B0_%D0%BF%D0%BE%D1%81%D0%BB%D1%96%D0%B4%D0%BE%D0%B2%D0%BD%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://uk.wikipedia.org/wiki/%D0%90%D0%B3%D0%B0%D1%80%D0%BE%D0%B7%D0%B0
https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D0%B5%D0%B2%D0%B8%D0%B9_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%84%D0%BE%D1%80%D0%B5%D0%B7
https://uk.wikipedia.org/w/index.php?title=%D0%93%D1%96%D0%B1%D1%80%D0%B8%D0%B4%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%8F_%D0%BD%D1%83%D0%BA%D0%BB%D0%B5%D1%97%D0%BD%D0%BE%D0%B2%D0%B8%D1%85_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%92%D0%B5%D0%BB%D0%B8%D0%BA%D0%B0_%D0%91%D1%80%D0%B8%D1%82%D0%B0%D0%BD%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%91%D1%96%D0%BE%D0%BB%D0%BE%D0%B3
https://uk.wikipedia.org/w/index.php?title=%D0%95%D0%B4%D0%B2%D1%96%D0%BD_%D0%A1%D0%B0%D1%83%D0%B7%D0%B5%D1%80%D0%BD&action=edit&redlink=1

Chapter 4
GENETIC CODE. MUTATIONS.
TRANSLATION

Po3min 4
ITEHETUYHUU KOJ. MYTAIIII.
TPAHCJISALS
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4.1
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.

SAxwuii 13 HaBeACHUX HIKYE TEPMIiHIB BUKOPHUCTOBYETHCS JJISI OMHCY 3aXBOPIOBAHHS,
SKE BiJ] MOKOJIHHSA JIO MOKOJIHHS MPOSBIAETHCS y OUIbII pAaHHHOMY BILl Ta 3 OUIBIII
BUPAXECHUMHU CUMITTOMAMU?

A. TlpuitasTHe

B. IIpunymene

C. IlepenbauyBane

D. Myrarmis
[IpaBunbHa BiANOBiAL: MyTaHTHI ajem y XBOPUX 3 TaKUMH  MATOJOTISIMU, SK
XBOpoOa XaHTIHITOHA, CUHJIAPOM KPUXKOI X XpOMOCOMHM Ta MIOTOHIYHA AUCTPOis,

BIJIPI3HSAIOTHCS BiJl CBOIX HOPMAJIBHMX AHAJIOTIB TUIBKW KUTBKICTIO TaHJEMIB KOIIIM
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TPUHYKJICOTH Y. [Ipu 1TuX 3aXBOPIOBAHHAX KIJIBKICTh MOBTOPIB YaCTO 301JIBIIYETHCS
y KOXXKHOMY HACTYITHOMY TIOKOJIIHHI Ta KOPEJIO€E 31 30UIBIIICHHSIM CTYTICHS TSKKOCTI 1
3MCHIIIEHHSIM BIKy IOYaTKy 3aXBOPIOBaHHA. Taki 3aXBOPIOBAHHS TI03HAYAIOTHCS
TEpMIHOM «HepeadauyBani». Hampuknan, y HopMalbHOMY ajeni XaHTIHITOHA ICHY€
5 tangemaux noBTopiB CAG B koayrouidl AUISHII. YpakeHl WIeHH CIM'T MOXKYTh
Matu 30-60 takux moBTopiB. HopmanbHUIT O1I0K MICTUTBH BIJAIMOBIIHO 5 CYMDKHHX
3JIMIIKIB TUIyTaMiHy, TOMI SK OUTKH, KOJOBaHI MOB'SI3aHUMH 3 XBOPOOOIO aJICIISIMH,
MaTh 30 abo Oublle CyMIKHUX TJIyTamiHiB. JIOBrHil TpakT IIyTamiHy pPOOHUTH
aHOMaJbHI OUTKM HAA3BUYAlHO HECTaOUTbHUMHU. [OJIOBHMUM KIIHIYHUM MPOSBOM

TPUHYKJIEOTUHUX PO3JaJA1B € HeMpoAerenepanisa cneuuPpiaHuX HeUWpoHiB

4.2
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.

Sxuii TUIT KOJIareHy € y CKJIaJl CKJIOMOI0HOTO Tijia oKa?

A. Tum |

B. Tun Il

C. Tun I

D. Tun IV
[IpaBwibHa BianoBiAb: CkI0moi0HE TIIO € TIPO30por0, 0€30apBHOIO, KETATHUHOBOIO
Macolo, SKa 3alOBHIOE MIPOCTIP B Ol MIXK JIIH30IO 1 CITKIBKOIO. BOHO oTOUEHE mapom
KOJIareHY, SIKMU Ha3UBA€THCS CKJIOMOAI0HOI0 MEMOPAHOI0, IO BIIOKPEMITIOE HOTO BiJl
pewrt oka. L{sg MeMmOpaHa ckiaae 4oTUpH M'sTHX 00cary oyHoro siomyka. didpunu
KOJIareHy MPUKPIIUIIOITH CKJIOMOAIOHE TiJI0 O AUCKY 30poBOTO HepBa. Komarenu,

NPUCYTHI B ckionoioHoMy Timi, € Tunamu II, V, XI, VI 11X
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4.3
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 cknani moxacekoi saepHoi JJHK onuH 3 KOZIOHIB, III0 BiAMOBIAA€ 32 T€HETUYHUM
KOJIoM aMiHOKHCIO0TI THpo3uH, € UAC. [HIIUM KOJ0HOM, IO BIiANOBIZAE TN Ke
aMIHOKHUCIIOTI €

A. AAC

B. UAG

C. UCC

D. AUG

E. UAU
[IpaBunbHa BiMOBIb: OMHIEIO 3 BIACTUBOCTEW N'€HETUYHOTO KOAY € BUPOIKEHICTD -
OJIHa aMIHOKHCJIOTa MOXE KOJyBaTHCSl KUIbKOMa TpHIuieTamu (amiHokucior - 20,
MO>KJIMBUX CMHCIOBUX TpUILIETIB - 61), [IpaBUio BUPOIKEHOCTI FTEHETUYHOTO KOAY:
SKIIO JIBa KOJOHW MalOTh JBa OJHAKOBHUX TEPIIUX HYKICOTHAM, a IX TPETiH
HYKJICOTH]T HAJIGKUTh J0 OJIHIE€T TPYNU a30THCTHX OCHOB (TIYPUHIB UM MIPUMIJIUHIB),
TO BOHHM KOAYIOTh OJHY 1 Ty %k amiHokicnoTy. Came UAU mae Takuii cknaa. (3 1poro
mpaBuiIa € JaBa BUKIIIOYeHHS: KoJ0oH AUA BinoBigae HE METIOHIHY, a 130JICUITNHY Ta

UGA, sixuii BiinoBizae He Tpuntodany, a € TEPMIHYIOUNM)
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4.4
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.

HakonuueHHs TeMy B PETHKYJOLIUTAX MOKE PEryJIOBAaTH CHUHTE3 IJI00IHY IUISXOM
HenpsiMoi  1HakTuBauii elF-2. Slkmii 3 HacTymHMX eTamiB CUHTE3y Ouika
0e3nocepeIHbO MOPYUIYETHCS 32 IIUM MEXaH13MOM?

A. Ilpuennanns crmnaiicocom 1o npe-MPHK

B. IpukpinieHHss puOOCOMH 10 €HAOIMIA3MATUYHOTO PETUKYIIYMY

C. 3B's3yBanns Met-tRNAimet 3 P-calitom

D. Tpancnokauis MPHK Ha pubocomi

E. IIpuennanns PHK-nmommepasu 11 1o mpomoTopy
[IpaBunpHa Binnosink: €lF-2 mo3nayae OinkoBuil (akTop (a3u iHILIALI TpaHCALIi
eykapioTiB. DyHKIi€l0 1pOro (akropa € posmimieHHs Yy P-caifti pubocomu

iHimiaToproi MeTioH1T-TPHK, sika mo3nagaeTscs Met-tRNAimet

4.5

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

translocation.

HazodapunriaapHuii Ma30K, OTpUMaHUN BiJl 4-MICSSYHOTO HEMOBJISTH 3 PUHITOM 1
napoKCH3MaJIbHUM KallleM BHSBHBCS TIO3MTHBHHM Ha KynbTypy Bordetellapertussis
(koxmrorr). Bim OyB rocmitamizoBaHud 1 HOMy NpPHU3HAYEHO AaHTHOIOTHK, IO
npurHiuye tpanciokaiiro 70S pubocomu Ha MPHK. [Ins nikyBaHHS IbOTO TAIli€HTA,
HaWOUIBII BIPOTiHO, Oye BUKOPUCTAHO

A. Eputpomiiun

B. Terpanukmin

C. Xnopamdenikon

D. Pudaminun

E. JleBoduiokcarun
[IpaBunpHa BIANOBIAL: EpuTpoMinH € aHTHOIOTUKOM, SIKMM BHUOMpAOTh IS

JiKyBaHHs KOKJItonTy. Bin raneMye Tpanciokaiito pubocom Ha MPHK y pokapioTtis

4.6
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
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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-MmicsiluHAa KaBKa3bKa [IBYMHKA Mae TpyOl pHCH OOMMYYs Ta TIHTIBaJIbHY
rinepruiasiro. Y 2-MiCAYHOMY Billl TOYadXd PO3BUBATHCS MHOXXHMHHI TPOTPECUBHI
CUMITOMH PO3YMOBOi BIACTaNOCTi, CYrJo0OBI KOHTPAaKTypH, TemaroMeraiis Ta
KapaioMmeraiisa. PiBeHb i30coManbHUX PEpPMEHTIB Y CUPOBATIIl KPOBI1 M1JIBUILICHUH, Y
¢i10pobracTax  BUSIBIAIOTHCS INIUTbHI  BKJIIOYEHHS B  muroruiasmi. [IposiBu
HEJOCTATHOCTI  SIKOrO 3  ()epMEHTIB  HaWOLIbII  Y3rOJXKYIOTbCS 3  LUMU
CIIOCTEPEKECHHIMU?

A. T'onpxi-acoriiioBana ¢pochorpanchepasa

B. JlizocomanbHa a-1,4-rmoko3uaaza

C. CurnanbHa MenTua3a, MoB'sa3aHa 3 eH0IIIa3MaTHYHUM PETUKYITYMOM

D. [uromnaszmaruuna a-1,4-pocdopuaza

E. JlizocomasibHa rekcozaminigaza A
[IpaBunpHa BiAMOBIAL: ONHMCAHO XapaKTEpHI CUMOTOMH [-KIIITHHHOI XBOpOOH
(myxominigo3 II) - cmagkoBoro 3aXBOpPIOBaHHS, IO BIHOCHUTHCS JI0 JI130COMHUX
XBOp0oO HakomuueHHs. KiiHIYHA KapTHHA PO3BUBAETHCS B PE3YNbTaTi Je(dEKTy
dbochorpanchepazu - ¢epmenty amapary [onpmki. MetabosiuyHa posib I[LOTO
dbepMeHTy TmoJsiArae B IMpHEIHAHHI CHEIU(BIYHOT MITKH 10 KaTaOOMTHUX (HEPMEHTIB
J130COM, 1110 PO3IICTUIIOIOTH OJIITOCAXapUIu, iU 1 TI1KO3aMIHOTJIIKaHU BCEPEIUHI
KIITUHU. be3 11i€i MITKKM Ji30cOMalibHI ()epMEHTH 3aMiCTh TOro, 100 OyTH
HaIpaBJICHUMHU Y JII30COMH, TOTPAIUISIOTh y MDKKIITHHHHA TPOCTIp 1 KpPOB.
HenocratHicth  (epMEHTIB B JIi30COMax  MPU3BOJAWTH JO  HAKOMWYEHHS
HEPO3MICTUICHUX MAaKpPOMOJIEKYJI. B pe3ynbrari HaKONMWYEHHS IMX PEYOBHH B

Ji3ocomMax (POPMYIOTECSA XapaKTEPHI BHYTPIITHBOKIITUHHI BKITFOUCHHS - «[-KIITHHN

4.7
Parahemophilia is an autosomal recessive bleeding disorder characterized by a

reduced plasma concentration of the Factor V blood coagulation protein. Deficiency
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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 VV 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.

[laparemodimst - xBopoOa OBpeHa, reMopariuHuii JiaTe3, XapaKTepU3YEThCS
nedimurom (daktopa V 3ropTraHHsS KpoBi (MpOaKIENIEpHH); YCHAIKOBYETHCS 3a
ayTOCOMHO-pelleCUBHUM  TuUNoM. [lepinuT BUHHMKae BHaAcHigoK jaenemii 12
HYKJIEOTHUIIB y TeHi (hakTopa V, 110 Moripurye cekperito ¢pakropa V remnaronuramu 1
IPU3BOJIUTH O aHOMAJILHOTO HAKOTIMYEHHS IMyHOPEAaKTUBHOI'O aHTUTeHY (akTopa V
B LIUTOIIa3Mi. Y SIKiil AUISHII reHa (akTopa V HalOUIbII IMOBIPHO po3TalioBaHa I
MyTaris?

A. 5'- HerpaHcnboBaHa AUISIHKA

B. Ilepmmuii ex30H

C. CepenHiii iHTpOH

D. OcranHiii ek30H

E. 3'-HerpancinpoBaHna ginsHKa
[IpaBunbHa BIANOBIAL: 3HIKEHHS Ccekpemii ¢akropa V 1 BIINOBIIHO HOTO
HAKOMIMYEHHS SK IMTOIUIA3MAaTHYHOTO AaHTUTEHY BiAOyBa€Tbcsi y pe3ylbTaTi
NOPYILIEHHSI TPaHCIOKAIil 3pOCTAI0UOro IMOJINENTUAY Y eHAOoIIa3MaTHYHUN

peruxkynyM. Ile Bkasye Ha MyTalii0 B JUISHIN, 10 KOAYE N-KIHIIEBY CHUTHAJIbHY
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MOCIIOBHICTH OlJIKa, sIKa 3a0e31euye MOCTTPaHCIAIIMHUN TPaHCTIOPT MOJITENTHAY Y

€HJIOIJIa3MAaTUYHUN PETUKYIYM. BOHA € CKIIaI0BOIO MEPUIOTO €K30HY I'E€Ha

4.8
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.

Konaren, wnalimommpeHimuii OITOK B OpraHi3Mi JIIOAWHH, TPHUCYTHIM y PI3HHUX
TKaHUHaX. J[Ji1 TOpIBHSHHS BMICTY KOJIAr€HY y PI3HMX TKaHWHAxX JIOLUILHUM Oyje
BU3HAYATU BMICT aMiHOKUCIIOTH

A. T'miun

B. IIponin

C. I'iapokcumnpomin

D. Iucrein

E. Jlizun
[IpaBunbHa BinnmoBias: ['iapokcunpoia € cenuiuHUM MapKepoM KoJlareHy. Xoda
OCOOJIMBICTIO TIEPBUHHOI CTPYKTYPH KOJAreHy € JyX€ BHCOKHH BMICT TJIIUHY
(33%), mpore OaraTto I1HIMX OLIKIB MICTATh TaKOX 3HA4YHI KUIBKOCTI ITi€q

AMIHOKHCJIOTH

4.9
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
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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-MicsiTuHEe HEMOBJISI IOCTABIICHO Y BIJIUICHHS] HEBIJKIIATHOT JOMIOMOTH 3 TIEPEIIOMOM
pebpa Ta cybOmypanpHOIO TeMaroMor. Bomoccss mutuHEM TOHKE, Oe30apBHE 1
3amutyTaHe. KoHueHTpailist 10HiIB Miii B CHpOBATL1 KpOBi ckiaaae 5,5 HM (HopMa i
1b0T0 BiKy - 11-12 HM). BigznauaeThcs 3aTpuMKa po3BUTKY. JleiluT akTUBHOCTI
AKOro (pepMEHTY HaWOLIbII BIPOT1AHO MPU3BOIUTH A0 LUX CUMOTOMIB?

A. Jlizuinokcuaasa

B. Ilpomninrinpokcunasa

C. y-rnmyraminkapbokcunaza

D. ®ocdorpancdepasa amapaty ['onbmxi

E. a-1,4-rmroxko3ugasa
[IpaBwibHaA BIANOBiABL: Y AUTHHU XBOpoOa MeHkeca - TOPYIICHHS KJIITUHHOTO
TPAHCHIOPTY MiJl, MPU SIKOMY CIOCTEpITAEThCS YMOBILILHEHHS POCTY, MAaTOJOTIi
HEPBOBOI CHUCTEMH, a TaKOX XapaKTepHE 3aKpydyBaHHS BOJIOCCS, 3a IO IEH CTaH
TaKOXX HA3WBAIOTh «XBOPOOOIO KydepsSBOTO BOJIOCCS». BuHWKae (QyHKIIOHATHHHIMA
nedinut mial. Jlizunokcunasza npuitMae y4acTb y IOCTTPAHCISALIHHOMY «J103p1BaHHI»
kojareny. Lleit gpepMeHT MicTUTh y AKOCTI KOoakTopy 10HH Mial. Kpuxki KICTKH 1
KPOBOTOUYMBICTh CY/IMH JIUTUHU € HACIIJIKOM TOpYIICHHS (HOPMYBaHHS MIITHOTO,
KOPCTKO (DIKCOBAHOTO 3aBASKM (QYKIIT JTI3WIOKCHAA3U KOJIAreHY - BaKJIMBOI

CKJIQZIOBO] CIIOJIyYHOI TKAaHUHU
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4.10
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.

Indexmii muxaapbHUX NIIAXIB, BUKIHMKaHI Pseudomonas aeruginosa, acorifioBaHi 3
CEKpEIli€l0 €K30TOKCHMHY A 1HMM opraHismMoM. Skuil BIumB Oyjae 31HCHIOBATH
BKa3aHWI TOKCUH Ha €yKaplOTHYHI KIITHHH?

A. Ctumyisiis cuaTe3y okcuay azoty (NO)

B. ADP-pu6o3umtoBanns 011Ky Gs

C. ADP-pu6o3umtoBanns eEF-2

D. ADP-pu6o3umtoBanns 011Ky Gi

E. Crumynsuis BUBUIIbHEHHS TiCTaMiHy
[IpaBmipHa BiAMOBIAL: Ek30TOKCMH A 1iceBAOMOHan 1 AUPTEPIMHUN TOKCUH
npurHidytoTh akTuBHICTH €EF-2 — 6inmkoBoro (akTopy cramii emoHraiii TpaHCIsLii

eykapioTiB. DyHKIII€0 [ILOTO PaKTOPy € TpaHcaokauis pubocomu Ha MPHK

411

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 506511 in

this region of the normal and mutant alleles are compared below.
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Codon Number 506 507 508 509 510 511
Normal Gene ~ ATC ATC TTT GGTGTT 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 [ A G
ULy LCU Al T uc_;u} e W
0 uuc}"“e ucc Le | UacS ™ UeCSS® | €
LA LICA LAAY UGA  Soo A
uu:a}'-f'“ UGG LﬁG}‘*‘J” UGG Tp | @
coe cec Sacf Hs | Gac c
AL AL = £
C | Coa - r:l:.-a}P":' CAMY . caa £79 A
CUG [lete! n::,qa} Gin | CcoG G
AL ACL .ﬁ..a-u} nrat.} . u
a  AUC plle acc Lo AAC ASh | pgef e | g
ALA ACA AL AGAT A
AUGT Met | ACG anGflys | AGG AT A
GUUY GO u:sm,} Asp | GGU u
6| 6w S6C L ST Got Gy | C
GUG GCG cacl BV Gao 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
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-piyHuit MamoK 3 Kicto3HuM ¢i6po3om (K@) - iHma Ha3Ba MyKOBICHHIO3 -
OTJISIAAETHCS JTIKapeM 3 MPUBOIY 1H(EKIIT BEpXHIX AMXATbHUX IUIAXIB, BUKIMKAHOI
Pseudomonasaeruginosa. Ilamienty cro4yarky Oyjg0o NpPHU3HAYCHO MEPOPATHHO
UIPOQIIOKCAIIMH 1 HampaBieHo y alarHocTuuHuUU TeHTp K@ g moTeHmiiHOoro
KaHIMJaTa Ha TeHHy Tepamnito. llomepenHe reHeTUYHE TECTYBaHHS TMalli€EHTA

imeHTudikyBano myTaiito, mo Bukiaukae Kd, sk penmemito 3 Hykineotunis y 10
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ex30H1 reHa K®d. Hyxkneotumani mnocmigoBHOcTi komoHiB aunstHku JHK 506-511
HOpMaJbHHUX 1 MYTAaHTHHUX aJieJiell MOPIBHIOIOTHCS HUXKYE, 7€ KpalmKaMu MO3HAYeHO
Jienenio 3 HyKJICOTH 1B

Homep komony 506 507 508 509 510 511

Hopwmansauii ren ATC ATC TTT GGT GTT TCC

MytantHuii ren ATC AT e T GGT GTT TCC

Skt BIUIMB MaTUME MyTallisl IbOTO TAallieHTa Ha aMIHOKUCIOTHY IOCIiOBHICTb

O11Ka, 110 Koay€eTbesi TeHoM KD?

U [ A G
ULy LCU Al T uc_;u} ) U
0 uuc}"“e UCC Lo | UsCS " | UGS | C
LAY LICA UAAY o UGA S1op | A
uugG kel | uca UAG Pluss mp @@
WY, B, e B, €
CLUG A = £
C | Coa - CCA}Pm CAAY caa £79 A
cUG CCG c:;-‘-.a} = CGG G
AL ACU .ﬁ..a-u} M‘:t.} . u
a  AUC plle acc Lo AAC ASh | pgef e | g
ALA ACA AL AGAT A
AUGT Met | ACG anGflys | AGG AT A
Y, S, e sy
GG (18 ] i Y C
G GJ:-.}“"E' ECA}M GAAY o, | GGA }C‘“-’ A
GUG GOG GaG GGG G

A. BincyTHICTh 3anuniky eHinananiny 6e3 3Minu C-KiHIEBO1 MOCI1JOBHOCTI
B. BiacyTHicTh 3anumiky JeHUMHY, L0 NPU3BOAUTH A0 3MiHM C-KIHIIEBOI
MOCJTIJIOBHOCTI
C. BiacyTtHicTh 3anumiky (eHiuTanaHiHy, 0 MPU3BOAUTH a0 3MiHU C-KiHIIEBOT
MOCJTiJIOBHOCTI
D. BiacyTHicTh 3anumiky Jiednuay 6e3 3MiHu C-KiHIIEBOT MOCI1JOBHOCTI
[TpaBmibHa Bignosiab: Buganenns CTT npusBoauTh TiTbku 10 BTpatu Phe 508; Ile
507 Ta C-kiHIEBa MOCIIIOBHICTh HE 3MiHEHI, ToMy 10 obuzasa Tpumietd ATC Ta

ATT xonytots Ile

4.12
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
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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

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 xyom4Mka 3 TSDKKOIO IPOTrPECYOUOI0 BUPA3KOIO HIKIPH, 3HUKEHOIO
CTIMKICTIO 0 1H(EKIIIi 1 MOPYIIEHHSIM KOTHITUBHUX 3/1I0HOCTEH OyJI0 1arHOCTOBAHO
reHeTHYHU nedinut (GepMeHTy nponigasu. ['eHeTHYHUi aHai3 MyTaliid BHSIBUB
OJIMHOYHY 3aMiHy a30THCTOI OCHOBHM Ha 3'-KiHI[I 6 IHTPOHY MYTAHTHOIO ajels, a
TAaKOX JeNelil0 7 €eK30Hy, KU cKiagaetbcs 3 45 HykineotuaiB. Taki 3MiHH
BIIOYJIMCA Y CTPYKTypl Te€Hy MpoJija3u. SKuil TUO TeHHOi MyTalii HalOuIbII
IMOBIPHO YCIaJKyBaB II€¥ XJIOMIUK?

A. MyTauis, 1o npu3Bena 10 3CyBy paMKH 3YUTYBaHHS

B. Hdyrmmikaris

C. Micenc myTartis

D. Honcenc myrariis

E. Myrariis caiity criaiicuira
[IpaBwibHA BIAMOBIAL: 3aMiHa a30THCTOI OCHOBHM Yy 3'€/lHaHHI IHTPOH-EK30H, sKa

MPU3BOUTH JI0 BUJIAJICHHS BCHOTO €K30HA, CBITYMTH MPO MYTAIlII0 CAUTY CIUTaiiCHTa
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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 (FMR1) 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 mMRNA (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 eEF1pB) — help in releasing of
GDP from EF-Tu-GDP (eEF1a).

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 mMRNA 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'nocapii
«IlependauyBaHi»3axBOPIOBAHHS - TAKUMTEPMIHOMITO3HAYAIOThCSKIIIHIYHI BUIA/IKH,
KOJIMMYTAaHTHIAJIEI yXBOPUX3TAKUMHUIIATOJIOT15IMU
BIJIP13HSIOTHCABIACBOIXHOPMAIbHIUXaHAJIOT1BTUIbKUKUIBKICTIOTAHIEMIBKOTII A TPUHYK
neotuny.l[punrx3axBoprOBaHHAXKIIBKICTBIIOBTOPIBYACTO30IBIIYETHCAYKO)KHOMYHA
CTYITHOMYTIOKOJIIHHITAKOPEII0€3130 TTBIIIEHHIMCTYIEHA TS AKKOCTI13MEHIIICHHSIMBIKY TT
OYaTKy MPOSIBY CHMIITOMIB
XBopo0a XaHTIHITOHA € CIAJIKOBUM 3aXBOPIOBAHHSM, SIKE BUKJIUKAE MPOTPECYIOUY
JIETeHepallil0 HePBOBUX KIITUH y MO3KY.lIpu 1mpboMy 3axBOproBaHHI BiIOyBarOThCS
rIMOOKI TOPYIICHHS (DYHKI[IOHAJIBHUX 3A10HOCTEH JIIOAMHM 1 3a3BUYail 1Le
MPU3BOJUTH J0 PYXOBUM, KOTHITUBHUM 1 MCUXIYHUX po3namiB.IcHye 5 TaHmeMHHX
noBTopiB CAG B KOAyHOUiil IMOCTIAOBHOCTI HOPMAJIBHOTO ajels XaHTiHTTOHA.
[TocTpaxknani unenu ciMm'i MmoxxyTh MaTu 30-60 takux notopiB CAG. Hopmanbhuii
OUTOK MICTUTh 5 CYMDKHUX TIyTaMiHOBHX 3aJIMILKIB, TOA1 SIK OUIKH, SIKI KOJYIOTBHCS
ajeJIsIMU, acoOIliMOBaHMMHU 3 3aXBOprOBaHHSIM, MarTh 30 abo Oulbllle CYMIKHHUX
riyTamidiB. JIoBruil rayTamMiHOBOi TpakT poOWTH aHOMalbHI OIIKKM BKpai
HECTaOTbHUMHU.
Cungpom kpuxkoi X XpOMOCOMH € CHaJKOBUM TIOPYIICHHSIM, BUKIWKAHUM
MyTallie;o B TeHi po3ymoBoi Bimctamocti 1 kpuxkoiX xpomocomu (FMRL).
Haiiuacrime 1e BimOyBaeThcsi uepe3 30UIbIIEHHA KUIBKOCTI TPUHYKJICOTHIHUX

noBTopiB CGGB 5'-HerpaHcnpoBaniiauisHi rena FMR1. Cungpom kpuxkoi X-
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XpPOMOCOMM € CHaJKOBUM 3aXBOPIOBAHHSIM, IO MPOSIBISIETbCS 3/1€01IBIIOTO Y
YOJIOBIKIB.

Miotoniuna gucTpodisi - 1e¢ TEHETHMYHE 3aXBOPIOBaHHS, TIPU  SIKOMY
CIIOCTEPIraloThCs MOPYIICHHS CPYKTYpH Ta (YHKIIOHYyBaHHS M'si3iB. CuMOTOMHU
BKJIIOYAIOTh TOCTYNOBE 3MEHIICHHS M'A30BOi Macu 1 ciabkictb. M'si3u yacTo
CKOPOYYIOThCS, aJle HE MOXKYTb PO3CJIa0UTHUCA. [HII CUMOTOMH MOXYTh BKJIIOUATH
KaTapakTy, pO3yMOBY BIJACTaNICTh 1 MpoOJEeMU 13 CEPIEBOIO MPOBIIHICTIO.
MioTtoHniuyHa TUCTPO(dis € OJHUM 3 JEKIIbKOX BIJOMHUX MOPYIIEHb TPUHYKICOTUIHUX
MOBTOpiB. YpakeHuil reH Ha3uBaeTbcss DMPK.BiH komye 6170k MIOTOHIYHOL
nuctpodii, KM eKCIPECYEThCs MEPEBAKHO B CKeleTHUX M'si3ax. [Ipu mMioTOHIUHIN
nuctpoii  BiIOYBA€ThCS TMOJOBKEHHS IMOCHIJIOBHOCTI TPUILIETHOTO IOBTOPY
ruto3uH-TuMIH-TyaHiH (CTG) B reni DMPK. Big 5 mo 37 moBTOpiB BBa)KaeThCs
HOpPMAJIbHUM, y TOW 4Yac sK jioaud 3 38-49 moBTOpamMu MaroTh MIpe-MyTaliio i
PU3HMKYIOTh MaTW JIT€d 3 JOJAaTKOBUMHU TIOJIOBKEHUMH TOBTOpaMHU 1, OTXKeE,
CUMIITOMAaTUYHUM 3aXBOpIOBaHHAM. Ocobu 3 Ouibml HK 50 mOBTOpaMH IUX
TPUIUIETIB Maike 3aBXJAM € CUMIOTOMATMYHUMH, 3a JESIKUMHU BUHSATKamu. [loBim
NOBTOPY 3a3BMYail MOB'A3aHI 3 OUIBII pPAHHIM [OYaTKOM 1 OUIBII BaXKUM
3aXBOPIOBAHHSM, K€ Ha3UBAIOTh NIEpe10auyBaHUM.

I'en € dbyngameHTanbHOIO (I3UYHOIO 1 (QYHKIIIOHATBHOIO OJWHUICIO CIAJKOBOCTI.
I'en saBisie coOOK BHNOPSAKOBAHY IMOCTIOBHICTh HYKJIEOTHAIB, PO3TAlIOBAaHUX B
MEBHOMY TIOJIO)KEHH1 B TE€HOMI, SIKUW KOJy€ KOHKPETHUI (YyHKIIOHATLHUN MPOTYKT
(6110k a60 PHK).

I'eHom - 1le Bechb T'€HETMYHMI Martepial KOHKPETHOrO OpraHizMy, HOTo po3Mmip
3a3BUYAll 3a/1a€ThCAd SK 3arajbHa KUIBKICTh TIAp HYKJICOTHIIB ab0 $K 3arajbHa
KUIBKICTh TeHiB. Hampukian, reHoM JIOJuHU MOXke OyTH OXapaKTepH30BaHO TakK:
JBAJIIATH JIBI ayTOCOMHU, JBI cTaTeBl XpoMocoMu X 1 Y, a TaK0K MITOXOHpiaJibHA
JIHK wmictare pazom mpubausHo 3,1 Mapa map HYKJICOTHIIB, siKi ckiaagaroTh 20-25
TUCSY aKTUBHUX T'CHIB.

I'eneTuunuii kox - 1me cmoci® 3amucy reHeTuyHoi iHdopmarlii B MOCTIAOBHOCTI
Hykieinopux kuciot (JJHK a6o PHK) mpo crpyktypy nominentuaiB (Oi1kiB). Y

KOHKPETHOMY CEHCl TEeHETHYHUH KOJ - 1€ BIAMOBIIHICTD MK TPUILUICTHUMH
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komonamu MarpuuHoi PHK (m-PHK) 1 aminokucioramMmu KoJoBaHOro Oifika, IIO
3amaeThesi KogoBoro Tabmunero. Yortupu tunu wykineotuaiB JJHK - A, C, G 1 T
MOB's3aHI OJMH 3 OJTHUM TaKUM YHMHOM, IO KIITHHHUN OCJIOKCHHTE3YIOUHMH amapar
MOJKE 1X MPOYUTATH 1 310paTh MOJMIMENTHAHUN JAHLIOT OUTKa 3 aMIHOKUCIOT. Y
TeHETUYHOMY KOJ1 KOKHI1 TPU HYKJICOTUAY MOCILJIb BBAKAIOTHCS KOJJOHOM 1 KOAYIOTh
OJIHY aMiHOKHCJIOTY. BiJIKHM CKIIamaroThes SK MPaBUIIO 3 COTEHb aMiHOKUCIOT. Takum
YUHOM, TTOCITIIOBHICTh HYKJICTHOBOI KHUCJIOTH, 10 KOAY€E OJIUH 010K, MICTUTh COTHI,
1HO/I1 HABITh TUCSY1 TPHUILICTIB.

BiacTHBOCTi reHETHYHOTO KOIY:

® TDI/IHJ'ICTHiCTB - 3HAYYyIIOIO OAWHHUICIO KOJAY € IO€AHAHHA TPbhOX HYKJ'IGOTI/II[iB

(TpuIuIET 200 KOJOH);

e 0OE3MEepepBHICTh - MK TPHUIUIETAMA HEMAa€ PO3AUIOBUX 3HAKIB, 1H(pOpMalis

3UHUTYETHCS O€3MepePBHO;

° I[I/ICKDCTHiCTI) - OJUH 1 TOM ke HYKJICOTH HC MOXKC BXOJUTH OAHOYACHO OO0 CKIady

IBOX a00 Oulble TPUIUIETIB (BUHATOK - JUIsl JESKHX TEHIB BIPYCiB, OakTepid i
MITOXOHJPIM, y SKUX TEHH MOXKYTh TEpPEKPUBATUCAI TaKUM  YUHOM
KOJY€ThCAIEK1IbKa OIKIB, 3UNTYBAHHS3IIHCHIOETHCS 31 3CYBOM PaMKH);

e coeiu@ivHicTh (0JHO3HAYHICTH) - IEBHMH KOIOH BIJNOBIOA€ TIAbKA OJIHIN

aAMIHOKHCJIOTI;

* BUPOJ/DKEHICTh (HAaAMIPHICTh) - OJIHIM 1 TIA K€ aMIHOKHMCJIOTI MOKE€ BIAMOBIIATH

NEKIJIbKA KOJOHIB,;

* KOJIIHEAPHICTD - NOCIIJOBHICTh KOJOHIB BIAIIOBIIA€ IMOCIIJOBHOCTI aMIHOKHCIIOT B

KOJIOBAaHOMY O1JIKY.

* VHIBEPCAIBHICTh - TCHETUYHUM KOJ €IWHHH Ui TIePEBAXKHOI OUIBIIOCTI

010JIOT1YHUX CUCTEM (€ BUHATKH: 1HQY30pii, MITOXOHJIpIi — TOMY OUIbLI TOYHO Oyne
Ha3WBaTH FCHETUYHUIN KO/ KBa3iyHIBEPCAIbHUM).

Konon - cneuugiyHa MNOCHIIOBHICTE 3 TPbOX HYKJICOTHIIB, sIKA € YacCTHHOIO
renetraHoro koay (B JIHK a6o MPHK) 1 kostye KOHKpeTHY aMiHOKHCIIOTY.
AHTHMKOAOH — crienu(iyHa MOCTiOBHICTh 3 TPhOX HYKJICOTHUIIIB, SIKA € YaCTUHOIO

mosiekyin TPHK, Ta kommiiementapaoto kogqony MPHK.
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KonoH-aHTHKOA0HOBI B3aeMO/11i Bi10YBalOThCS MK TpuiieTamMu (kogonamu) MPHK
(Ka CIOYy)XUTh IHCTPYKIUED TMPO TMOPAJOK AaMIHOKHCIOT TpU  CKJIAJaHHI
aMIHOKHUCJIOTHOTO JIaHIIOTA) TaTpuIlieTaMu (aHTUKOJoHaMK) amiHoaruia-TPHK
(tfPHK 3 mnpuemgnanuMu 10 HHX KOBAJICHTHHUMH 3B'S3KaMU aMiHOKHUCIOTAMH,
BinnmoBimHuMHu KomoHy). TPHK nmiroTh sk «amanrepw» i poO3Mi3HABAHHS
aMIHOKHUCJIOT B TIporeci TpaHcismii. Takum YWHOM, Crenu(iuyHICTh TPaHCIALIL
BU3HAYAETHCSI KOIOH-aHTUKOJOHOBUMH B3aeMOMisiMH MK komoHamu MPHK Ta
anTukonoHamu amiHoanuia-TPHK, a Takox cnenudiunictio aminoarnuia-TPHK-
CHUHTETA3, SKi 3 BHUCOKOIO TOYHICTIO TOB'S3YIOTh aMIHOKWCJIOTH 3 BIAMOBIIHUMH iM
TPHK (Hanmpuknan, tak sk komoH GGU iamosimae antukogony CCA B TPHK, mo
miei TPHK mae 6yTu npueanana TiUIBKA aMiHOKHCIOTA TIIILHH).

MPHK (matpuuna PHK) - 1me Mmoiekyma, ska MOXKe IEpeMillyBaTHCSA 3 sjpa B
[UTOTUIa3My KJIITHHU, CIYXKUTh HaWBAKIIMBIIIOW CIOJYYHOIO JIAHKOIO MpUIlepeayi
iHpopmarii, mo wmictuthes B reHax JHK TaBukopuctoByeThcsi y CHHTE3I
nomnentuny Oinka. Crpykrypa MPHK cxoxa nHa crpykrypy HAHK. Moxna
posrisanatu Bukopuctanus mosiekyau MPHK y sikocti matpumi nnst dopmyBaHHS
IIEBHOI aMIHOKHCJIOTHOI OCJI1JOBHOCTI OLJIKA.

TPHK (TpancnoptHa PHK) € kit04oBOI0 MOJIeKyJIOI0-aanTePOM, HEOOX1THOK JIJIst
JIEKOIyBaHHS T 4ac TpaHcisiii. Bona € moniMepom pubonykieosuamonodocdaris,
3'enHanux (ocdoaiedpipHUMH 3B'A3KaMU, MICTUTh HAWOLIBIITY KUIBKICTH MIHOPHHUX
a30TUCTUX OCHOB (y MOPIBHSHHI 3 HIIMMU HYKJICTHOBUMH KHCIOTaMH), TPAHCIIOPTYE
1 IPE3EHTYE BIMOBIIHUN il 32 TEHETUYHUM KOJOM aMIHOKMCJIIOTHUHN 3aJIMIIOK.
I'enna myTtaunisa € moCTIHOO, 3aKpilieHO 3MiHOKW B mnociigoBHocTi JIHK, ska
CTaHOBUTH TeH. MyTalli MOXYyTh BUHUKHYTH B Pe3yJbTaTl MOMMJIOK KOIIIOBAaHHS
JIHK, nonymenux mia yac moAuly KJIITHH, BILUIMBY 10HI3YyHOUOTO BUIIPOMIHIOBAHHS,
BIUTMBY XIMIYHHX peUYOBUH (MyTareHiB) abo 3apakeHHs BipyCaMH.

MyTanisi 3cyBy paMKH 34UTYBaHHSI - 1I¢ THN MyTaIlii, [0 BKJIFOYa€ BCTABKy a0o
BTpaTy (AeNelio) HYKJICOTUIY,IpYU SKIH YHUCIO BUAAIEHHX a00 [OJAaHMX TMap
HYKJICOTH/IIB HE JIIJTUTHCS HA TPH.

ToukoBa MmyTauis - 11e TOM BUNAJ0K, KOJIM 3MIHIOETHCS OJIHA Tapa a30TUCTUX OCHOB
nykieotuais JJHK.
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MicceHc-MyTaniss BHHUKA€E, KOJIM 3aMiHa OJHIE]I mapu a3zotuctux ocHOBB JIHK
NPU3BOAUTh JO 3aMiHM OJHIE] AaMIHOKMCIOTH Ha IHIIy B  MOJINENTHI,
HIOCUHTE3Y€EThCS. Y TBOPIOETHCA Ne(DEKTHUM MOIMENTH/I.

HonceHnc-myTanisi - e 3aMiHa OJHI€T Mapy a30TUCTHX OCHOB, SIKa MPU3BOJIUTH 0
MOSIBU CTOM-KOJOHY BTOMY MiCIi, J€ paHimie OyB KOJOH, SKWHH BHU3HAYA€
aminokucnoty. Ile renernuna mytanis B nociigoBHocti JIHK, sika mpusBoguTh 110
OLITBIIT KOPOTKOTO HE3aKIHYEHOTO TOJMENTHIHOTO JIAHI[IOTa.

JeJienist - TN MyTalli, MOB'I3aHMI 3 BTPaTOI0 FreHETUYHOro Marepiany. [lpu npomy
napa KOMIUIEMEHTapHHUX HYKJICOTHIIB BUAANAEThCA 3 mocigoBHocTi JJHK.
Jyniikanisi - 11e TN MyTauii, Ipyu SKOMY 30UIBIIYETHCS KUIBKICTh KO reHa ado
HaBITh HUJIOTO (parMeHTa xpomocomu.Jlyrurikaiii MOXyTh BIIOYBaTHCS B Mexkax
OJIHI€I 1 TIET % XPOMOCOMHU 200 BUHHMKATH B PE3YJbTATI MEPEHECEHHS KOMIil AUIHKU
XpPOMOCOMHM Ha 1HIIIYy XpoMmMocoMy (Tpancrosuilii). [ToBTopH, 110 BUHUKINA B OJHIN
XpOMOCOMI, MOXYTb PpO3TAllIOBYBAaTUCS y BHUIISIAI MpPSAMUX ab0 1HBEPTOBaHHUX
TaHJEMHUX MOBTOpIB. Bumaakum OararopazoBUX NHOBTOPEHb AUISIHKA XPOMOCOMH
YTBOPIOIOTHCA  3aBASKH amrulipikamii — CHHTE3y JAEKIIbKOX KOMiH TeHy 1
BOynoByBaHHs iXx y nociigoBHicTe JIHK. B pesynbraTi Agymmikaiiii yTBOPIOIOTHCA
MOBTOPIOBAHI HYKJIEOTHIHUX TMOCIIJIOBHOCTI, KJIAcCTE€pH TE€HIB Ta MYJIbTUICHHI
ciMelcTBa.

3amiHa HyKJIe€0THAY — MOXXEe OyTH MpOCTOI0 (IMypUH Ha MypHH a00 MIPUMIIUH HA
MIPUMIJUH), 1 HA3UBAETHCA TPAH3UIIIEI0 a00 CKIAIHOIO (3aMiHa MypHH HA MIPUMIIUH
a00 HaBMaKM) 1 HA31BAETHCS TPAHCBEPCIEIO.

[HCcekpiiisi (BCTaBka) - IIe THI MyTallii, 0 BKJIIOYAE JIOJAaBaHHS TCHETHYHOTO
matepiany. [le nonaBanHs omHiel a00 JEKITFKOX HYKJICOTUIHUX AP B TOCIIIOBHICTD
JIHK.

Tpancasimiss sBisse co00I0 MPOIEC CHUHTE3Y MOJIMENTUIHOTO JaHIfora Oilka 3
aminokucnot Ha marpuuHiit PHK (MPHK)

binkoBi dakTopnm TpaHcaAWili NpeACTaBIAIOTH CcO000 Tpymy OUIKIB, SIKI
oe3mocepelHb0 OEpyTh y4acTh B TPOIECI TPaHCIALIi, aje He BOYIOBYIOTHCS B
CTPYKTYpy puOocomMu, Ha BIIMIHY Bij Oe3Jiul puO0COMHUX O17KiB. BOHM BUKOHYIOTH

pi3HOMaHITHI (QyHKIN, jJerko acoiitoTbes 3 MPHK-pubocoMHMM KoMIUIEKCOM 1
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MICJIE BUKOHAHHS TI€BHOI Jii JUCOIIIOIOTH Bif Komiuiekcy. daktopu TpaHCHsLil
HEOOXIHI I BCIX €TamiB I[bOTO MPOIlECy: iHimiarii, exonraiii, Tepminarii. Boau
noAustoThesl Ha: pakropu iHimamii (IF ado elF s eykapior), pakropu emoHrarrii
(EF a6o eEF) ta ¢pakropu tepminamii (RF abo eRF).

®daxrop inimianii 1F3 (elF3) 3B's13yeThes 3 Malor0 CyOOIMHUIICIO PHOOCOMH 1 TAKUM
YUHOM 3aro0irae ii acoIfiamii 3 BEJUKOI CcyOoauHMICI0. BiH TakoX po3mizHae
cuemianbHi ociinopaocti MPHK: 1) xomon imimianii 5'-AUG-3 '; 2) mociioBHICT
[ITaitna-JlanrapHo, sika KOMILUIEMEHTapHa MOCIiI0BHOCTI pubocomanbHoi 16S PHK.
Taxum unnom MPHK ¢ikcyeTncst Ha pubocomi.

daxrop inimiamii 1F2 (elF2) B3aemonie 3 fMet-TPHK (Met-tPHK), dikcye Hioro B
P-caiiti (po3meruitoroun GTP), 3aBepiiye 30ipKy komiuiekey: pudbocoma + MPHK +
dbopminmertionui-TPHK (Met-TPHK).

®akrop enonramii EF-Tu (anmamorom y eykapiotiB € €eEFla) 3abesneuye
3B'si3yBanHs amiHoauuia-TPHK 3 pubocomoro,3a0e3neuyeThcsi €HEepriero TiApoizy
GTP.

daxkrop enonrauii EF-Ts (ananor y eykapioris - eéEF1p) cripusie 3BinmpHenHI0 GDP
3 aktuBHOTO TIeHTpY EF-TUu (eEF10).

®akTop eqonramii EF-G (amamor y eykapiotiBeEF2) 3milicHroe TpaHCIOKaIlio
(mepemimienns) pubocomu Ha Tpu Hykieotuay MPHK, BukopucToByroun st 1is0ro
e”eprito rigpomizy GTP.

®aktopu Tepminanii RF1 1 RF2 posmiznators cromn-komonu; RF3 rimpomnizye
nentuanii-TPHK, B pe3ynbTari 40ro BUBUIbHSIETHCS CUHTE30BaHUN
MOJIINENTH I.BUKOPUCTOBYEThCIG TP.MakTop TepMiHalii y eykapioT oguH — €RF, BiH
noeHye yci GyHKIi OKpEMUX MPOKAPIOTHYHUX (PAaKTOPIB TEpMiHAII] 1 He TOTpedye
eHeprii HykJIeo3uaTpudocharis.

PubGocoma - BaXIuBHM OpraHoil >XMBOI KIITHHH. 3a XIMIYHOIO IIPHPOJOIO IIe
pubonykienporein. Pubocoma 006'enHye BCi KOMIIOHEHTH CHCTEMH CHUHTE3y OlNKa.
Bona npairtoe sik ctpiukoBuil MmexanizM: npotaryBanHa MPHK Bcepeauni pubocomu
JI03BOJISIE 3YMTYBAaTU 3 HEi TeHETHYHY 1HGOpPMAI0 1 MePeBOIUTH 1i B TEPBUHHY
CTpYKTypy Ouika. Pubocoma mae nBa caiitu 3B's3yBanHs ammii-TPHK. Timeku tRNA-

Met moxe 3B's3yBatucs 3 caiiToM P (mentuauibHuil neHTp - s nentuaui-TPHK), 1
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11e BIOYBAEThCA TUIBKM Tl Yac MOYATKOBOi cTajli ¢opMmyBaHHS (YHKI[IOHATBHOT
pubocomu - imimiamii. Iamn aminoamun-TPHK BxomsTe B cailT 3B's3yBaHHS
A(aminoanuiapHui 1IeHTp - 11 aminoanuia-TPHK). Ilicis yTBopeHHS menTHaHOTO
33Ky (me He BuMmarae rigponizy GTP), TPHK 3 mpukpimiennM 3pocTarodnm
NEeNTUIOM TIEPEMIIY€EThCS (TPAHCIOKYETBCS) JIO IHIIOTO CaWTy (IS IbOTo
BUKOPHCTOBY€EThCS eHeprisGTP).

HenTuanarpancdepasza € puOO3UMOM, IHTETPOBAHUMY MENTUIMITPaHCEpa3HUIA
teHtp 50S (60S) cyOoauumI puOOCOMH, KM KaTali3ye peakiiifo TpaHCIIeNTHIALIi.
Pe3ynbraroM € MOJOBKEHHS 3POCTAIOYOrO TMOJIMENTHAHOTO JIAHIIora Ha OJHY
aMIHOKHCIIOTY. AKTHBHICTh TenTUAMITpaHCcepasn mnos'szana 3 23S (28S) pPHK
BEJIMKOT prOOCOMAJIbHOI CYyOOIMHHUIII.

Tpancioka3za abo ¢akrop enonramii G (EFG) - ne depment, skuii mepeminrye
monekyny MPHK B3gomxk pubocomu B mpoueci TpaHcimii: nentuami-TPHK
nepeMimyetbess pazom 3 MPHK 3 A-caiity B P-caiit B pumbocomi. Ilsg mis
3abe3neuyeThest eHeprieto riaponizy I'T®. Hactynna aminoanun-TPHK moxe Oytu
MpUEIHAHA 710 BUIBHOTO A-CalTy ISl MPOJAOBKEHHSI HAPOIIYBAaHHSI MOJINENTHIHOTO
JAHIIIOTA.

AHTHOIOTHKH - 1€ XIMIYHI PEYOBUHH, SIKI BHPOOJISIOTHCS MIKPOOpraHizMamu 1
MOXYTh TPHUTHIYYBaTH pICT 1 BUKIWMKATH 3aru0enb OakTepid 1 1HIIMX
OpraHi3MiB.AHTUMIKpOOHA Jisi aHTHUOIOTUKIB Mae BUOIPKOBUM XapaKTep: Ha OJHHUX
OpraHi3MiB BOHM JIIIOTh CHJIbHIIIIE, HA IHIIUX - cabiie abo He JII0Th 30BCIM.
Pudamninmn 3B's13yeThcs 3 P-cyOonuuuuero npokapiotnyHoi PHK-momimepasu 1
NpUrHiuye ii. 3aBIASKU TakKiil CeNEeKTHUBHOCTI puUaMIIUH Ji€ TUIbKKM Ha OakTepii i
BUKOPUCTOBYETHCS ISl JIIKYBaHHSI TyOEpKyJb03y. PudamMuiivH, 1Mo MpoayKyeThCs
Oaktepismu  Streptomyces, 1 Horo HamiBCUHTETHYHE TOXiJHE pudaMITiIuH
cnenugivyHO 1HTIOYIOTH 1HImiamito TpaHckpuriii. 1[I aHTHOI0THKM HE 3amo0irarTh
3'sisyBanHss PHK-momimepasu 3 JIHK-marpuniero. Pudammninun nepemkompxae
yTBOpEeHHI0 nepioro ¢ocdoaiedipHoro 38'a3ky B nanio3i PHK. B upbomy Bunaaxky
aHTUO10TUK TIPAKTUYHO HE BIUIMBAE HA MOJOBXKEHHS JaHimora. Ciia 3a3Ha4YUTH, 110
HEJIaBHO BUSBJICHUN MPOTUBIPYCHUM ePEeKT prudaMilliHy JO3BOISE BUKOPUCTOBYBATH

HOT0 7151 JTIKYBaHHS TPAXOMHU.
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Terpanukiinum OJOKyIOTh A-caiT puOOCOMH 1 TMO30aBJISIIOTH HOTrO 3/1aTHOCTI
3's3yBatucs 3 amiHoanwi-TPHK. Mexanism aHTHUMIKpOOHOT aii TeTparukiIiHy
MOB'SI3aHUM 3 TIPUTHIYEHHSIM CHHTE3y Ollka OakTepiaJlbHUMH pHOOCOMaMHU 1
3MIACHIOETBCS HACTYIIHUM YHWHOM: TETPALMKIIHUA TEPEKPUBAIOTh 3B'SA3yBaHHSA
aminoaunia-TPHK 3 A-caiitom kommnexkcy MPHK-pu6ocoma. Lle 6110kye BriroueHHs
HACTYITHUX aMIHOKHCIIOT B TOJINENTUIHUN JAHIIOT 1 MPUTHIYYE CUHTE3 OljKa.
Takum  uyumHOM  3;ilicHIOETBCA — OakTtepiocTatnuHuii  edexr. Kpim  Toro,
TEeTPALMKIIHU3B' A3yI0Th 10HM 1BoBaIeHTHHX MeTaniBCa?taMg?*. Lle npu3BoaUTh 10
MPUTHIYCHHS METaJ0-3aJIeKHUX (PEPMEHTHUX CUCTEM OPTaHI3MiB.

Xiopam@enikoa (JIEBOMILIETHH) MOpyLIye MNpuKpimuieHHs aminoami-TPHK  no
cailty mnentumawiTpancdepasu, posramoBaHoMy B 50S-cybomuHuIll puOOCOMH.
B3aemonist aatukomonyaminoarmmi-TPHK 3 komonom 30S-cybommamii MPHK He
nopyuyerbesa. B pesynprati nentuaunaTpancdepasa He B3aEMOJIIE 3 1i cyOCTpaToMm -
aminoarui-TPHK, 1 mentuanuit 3B's130K HE yTBOPIOETHCS. TaKMM YMHOM, aKTUBHICTh
nenTUaAnATpanchepasu 3HUKYETHCS.

Epurpominun  3B'szyetbes 3 50S-cyOomunHmIlero  pubocoMM 1 TPHUTHIYYE
TPaHCIOKAIIIIO.

TokcuHM - OTpyilHI pPEYOBUHU, IO BHPOOJAIOTHCA >KUBUMHU KJIITUHAMU abo
opra"izaMamu. BOHU pO3pI3HSIOTHCS 3a CTPYKTYpOIO 1 MEXaHIi3MOM ii, MaroTh
3/IaTHICTh B3Aa€EMOJISATH 3 O1OJOTIYHUMHM MaKpOMOJEKYyJIaMH (TaKUMH SIK (pepMeHTH
abo0 pelenTopu) opraHizaMy, B SIKMH BOHH TPOHHMKIW. TOKCHHHM MalTh 3JaTHICTH
3MiHIOBaTU (DYHKI[IOHYBAHHS MOJIEKYJ-MillleHeil: abo 3MeHIyBaTu, a00, HaBIIaKH,
301JIBIIIYBATH 1X aKTUBHICTb.

Pseudomonas i audrepiiiHi TOKCHHM TPUTHIYYIOTh CHHTE3 OLUIKIB B KIITHHAX
CJIM30BO1 000JIOHKH ropJa i roprasi. Jeski mramMu [uxX NaToreHHUX MiKpOOpraHi3MiB
OTPUMYIOTh TE€H TOKCHHY BiJ OaKTepiaJbHOTO BipyCy, 3BaHOro [-darom, sKui
3apakae OakTepii 1 1HAYKYE CHHTE3 TOKCHYHOIO HJIsl JIIOJAWHU OJHOJAHI[IOTOBOTO
Oinka. B nuromnazMi KIITHH-TOCHOJAAPIB MiJ €0 MPOTEONITUYHUX (EPMEHTIB
TOKCUH PO3MICTUTIOEThCST Ha 2 (dparmeHTa, ogHuM 3 skux € (epment AJ[D-
pubosuntpanchepaza. Depment AJlD-pudosmnrpancdepasa kataiizye nepeHeceHHs

sanuiky AJ1d-pudosu Bix HA™ no OH-rpymi 3anuiiky cepuny B Mosiekyii eEF2
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(dakTop enonrariii). [HakTuBaIlis GpakTopa NPUTHIYYE MPOCYBAHHSI pUOOCOMHU Y3/10BXK
MPHK Ha crazii Tpancnokarii. B pe3ynbTari 3pocTarounii MOMINENTUIHUN JaHIIOT
3QJIUIIAETHCS B aMIHOAIIMJIBHOMY HIEHTp1 pubocomu. Takum urHOM, O10CMHTE3 O1IKIB

B 1H()IKOBAaHUX KJIITHHAX CIM30BOI OOOJOHKH ropJja i rOpTaHi MPUIUHIETHCA.
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Chapter 5
BIOCHEMISTRY OF HORMONES

Po3min 5
BIOXIMISAA T'OPMOHIB



5.1
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.

[amienTa 3 MaHiaKaJdbHUM JEMPECUBHUM PO3JIaJ0M JIIKYIOTh JITIEM, IO YITOBUILHIOE
nepeTBopeHHs (ocdatiB 1HOZUTOMY 1 TOXITHUX PochaTUAUI-IHOZUTONY B KITITHHAX.
Ha saky 3 HacTynmHuUX MNpOTEiHKIHA3 HaWOLIbI O€3M0oCepeIHbO BIUIMBAE LU
npenapar?

A. Tlporeinkinaza C

B. Peuenrop Tupo3uHKiHa3u

C. IIpoteinkinaza G

D. Ilporeinkinaza A

E. Ilporeinkinaza M
[IpaBwibHa BianoBiab: IIporeinkiHaza C CTUMYIIOETHCS AMAIUWITIILIEPOIOM, KU
YTBOPIOETHCS 3 PpochaTtunui-ino3uTon-4,5-mudocdary npu aii pocdomninazu C, Tomy
e ¢epMeHT Haikpamie BiamoBimae docharuamninosutonaudochatHiii(PID,)

CHUCTEMI.

5.2
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
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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.

KinitTuHu myxJIMHM JIOIMHMA 3 JIeliKeMi€ro OyJu TpoaHali30BaHl JJii BU3HAYEHHS
TOTO, SIKW OHKOTEH Oepe y4yacTb y Tpancopmariiii. [Ticyist 4acTKOBOro CeKBEHYBaHHS
reHa, BU3HAYWIM, IO TepeadauyeHuM MPOJYyKTOM TeHa € TUpPO3WHKiHAaza. Skuii 3
HACTYMHUX OL7IKiB, UIMOBIpHO, OyJie 3aKOJIOBaHUU OHKOreHOMI Horo ¢yHKIls Oynae
MOB’5I3aHA 3 aKTUBHICTIO THPO3UHKIHA3U?

A. SlnepHuil TpaHCKPUIIIIMHUI aKTUBATOP

B. Enigepmanbnuii gpaktop pocty

C. MembOpano-acorriioBaanii G 61710k

D. Tpom6onutapuuii paktop pocty

E. Penentop ¢akropa pocty
[IpaBunbHa BiAMOBIAL: Xo4a OyAb-sSKHUM 3 TEpepaxOBaHUX BapiaHTIB MOXKE OyTH
3aKOJIOBAaHUM 32 JOMOMOI'OI0 OHKOTEHY, CJIOBO "THPO3MHKIHA3a" HAaBOAUTH HA TYMKY,
oo 1e, HMOBIpHO,penentop ¢akropa pocTy, TOMY IO MNPU KOHTAKTI I[bOTO
perientopy 3 (akTOpoM pocTy BiH modyuHae (HOChHOPUIIOBATH 3AHIIKH THPO3IUHY

IHIIMX OUIKIB KJIITHHH, TOOTO BUKOHYE (DYHKIIIFO TUPO3ZUHKIHA3H.

5.3
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
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tyrosine kinase activities in normal and transformed cells is shown below. Which of

the following conclusions is best supported by these results?

A.  The tumor cell kinase has a higher-than-
normal affinity for ATP
Normal ]
cells B. A kinase gene has been deleted from the
1N tumor cell genome
C. A noncompetitive inhibitor has been
Tumor oy nthesized in the tumor cells
cells
L 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/VV means an increase
INn Vmax. An increase in Vmax (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.

KnitTuHu myxJIMHM JIOIUHUA 3 JIeMKeMi€ro Oyiu TpoaHasi30BaHl i BU3HAYEHHS
TOTO, SIKW OHKOTEH Oepe ydacTb y Tpancdopmaritii. [Ticias 4acTKOBOro ceKBeHyBaHHS
reHa, BU3HAYWIM, 10 TepeAdadeHuM TPOJYKTOM T€Ha IICHsl TPaHCIAIll €
TUpo3uHKiHa3a. KiHeTWyHWil aHammi3 aKTUBHOCTI THUPO3WHKIHA3M B HOPMAJBHUX 1

TpaHC(POpMOBAHUX KIITHHAX TMMOKa3aHWM Hibkde. SKI 3 HACTYNMHUX BHCHOBKIB

HalKkpaiie MITBEPIKYIOThCS LIUMH
pe3ynbraramu?
Normal A. Kinaza myxJIMHHUX KJIITUH Ma€ BHIIY 3a
cells ) )
1N HOpMY criopiiHeHICTh 10 AT®
Tumor
cells 101
il

1/[ATP]



B. T'en kina3u OyB BUJaJICHUI 3 TCHOMY MTyXJIMHHUX KJITHH
C. B nyxJIMHHHX KJIITHHAX YTBOPIOETHCS HEKOHKYPEHTHUM 1HT101TOP

D.I'en xiHa3u aMIuTipiKy€eThCs B TEHOMI IMyXJIMHHUX KJIITHH

E.Kinaza myxnuaHux kiniTuH Mae adiHicTh 70 AT®, dxka € HUXKUY0IO 3a

HOPMAJIbHY

[TpaBuiibHa BiamoBiab: OCKIIBKH Bich «y» mo3HaueHa 1/V, meniie 3HaueHHs 1/Vmax B
KITITHHAX MYyXJIMHA O3HA4Ya€ 30LIbIICHHS Vmax. 30UTBIICHHS Vmax (0€3 3minu Kp)
o3Hauae 30UIbIICHHS KIJTbKOCTI (hepMEHTIB (KiHa3| B 11K 3aaa4i). AMIutidikaliis reHa
(BcTaBKa JOJATKOBHX KO T'€Ha B XPOMOCOMY) € JT0Ope BIJOMHUM MEXaHI3MOM, 3a
SKUM OHKOTCHHM HAJMIPHO EKCIPECYIOThCS, 1 3a JOMOMOTOIO0 SIKHX PO3BHUBAETHCS
CTIMKICTh JO JESKUX JIKapCchbkuX 3aco0iB. Hanpuxman, amrumidikaiis TreHa

TuriapodoaTpeAyKTa3uMOKe HalaBaTH CTIMKICTb O METOTPEKCATY.

5.4
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. PI1-3 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).
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VY npoekTi cexkBenyBanHs JIHK Oyno Bu3HaueHo BIAKpUTY paMKy 3untyBaHHs (BP3).
HyxneotnmHa MOCHIMOBHICTh BKIIIOYAE KOAyHO4Yy oOmacte s aomeny SH; B
011KoBOMY TpoayKTi. Lle#t moTeHIiifHMi O1I0K, MIBHUAIIE 3a BCE. ...

A. 3B's3yeThcs 3 enxancepHoro autstHKoro B JJHK

B. € peuentopom TpaHcCMeMOpPaHHOTO TOPMOHY

C. Ilepenae curnanu Bij perienTopa 3 THPO3WHKIHA3HOIO aKTUBHICTIO

D. 3B's3yeThes 3 “upstream’” mpomMoTOpOM

E. AkTHBY€ UUTO301bHUI (EPMEHT ryaHIIATIMKIA3Y B TJIAJICHBKUX M'sI3aX CYJIUH
[TpaBuibHa BinnoBias: binku 3 SHy qoMeHaMu MOXKyTh 3B's13yBaTHCS 3 cyocTpaToM-1
peuentopa iHcymiHy (IRS-1 — Oinkom, sKuii KOAYEThCS OTHOMMEHHHM T'E€HOM,
pPO3TAIlIOBAHUM Y JIIOJEH Ha KOPOTKOMY IuIiedl 2-i XpoOMOCOMHM) ISl Tepenadl
CUTHAJIIB BIJ peuentopa IHCYJiHY, SKUM €perenTopoM 3 THUPO3UHKIHAZHOIO
akTuBHICTIO. Pocharuanninosuron-3-kinasa (Pl-3) e npuknagom SH; nomeHy OiKy.
Homenn SH; He Gepyth ydacth y 3B's3yBanHi JIHK. Ilpuknagm OGiTKoBUX JOMEHIB,
aki 3B's3ytoTh JIHK, BKIIOYalOTh «UMHKOBI MajbIll» (CTEPOigHI pErenTopu),
neimuoBl  3acTiOku  (0UTOkCREB) 1 mpoTeinn  «cmipaab-TIOBOPOT-CITIPaIb

(romMeo10MeHH1 O17TKH).

55
The diagram below represents a signal transduction pathway associated with

hormone X.

‘ :
0 ceadp 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
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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.

HaBeI[eHa HUIIC CXCMa ABJIAE c00010 IIIAX IMPOBCACHHA CHUI'HAILY, MOB'sI3aHUN 3

ropMoHOM X.

‘ :
° —— 4+ Enzyme Second

messenger

Substrate

Penenirop ropmony X, mBHIIE 32 BCE, XapaKTEPU3YETHCS SIK:

A. TpancmeMOpaHHU# peLienTop, 10 MICTUThH CIMCITIpaIbHUX IOMEHIB

B. BHYTpIIIHBOKITITHHHUHN PELETOP 3 IIUHKOBO-TIATBIIEBUM JOMEHOM

C. TpancmeMOpaHHHI pELENITOP 3 JOMEHOM «CITPaIb-TIOBOPOT-CITiPATb)

D. TpancmemOpaHHUIA perenTop 3 TOMEHOM Ir'yaHIaTIIUKIIA3H

E. Peuenrop 3 10MEHOM TUPO3UHKIHA3HOI aKTUBHOCTI
[IpaBunbpHa BignmoBiae: Jliarpama mokasye, IO perienTop akTUBye TpuMepHuit G-
O1JIOK, TIOB'SI3aHUH 3 BHYTPIIIHBOIO MOBEPXHEIO KIITUHHOI MeMOpaHH, 1 mo G-6110k
3roJIOM Tiepenae curHan GepMeHTy, M0 KaTami3ye peakilifo YTBOPEHHS BTOPHUHHOTO
MeceHKepa. TpaHcMeMOpaHHI pENenTopu, SKi aKTUBYIOTH TpuMepHi G-Oiykw,
MalTh XapakTepHI CiM CHmipadbHUX JOMEHIB. [HII KaTteropii pernenTopiB He

nepealoTh CUTHANIM Yepe3 TpuBUMIipHI G-OUTKH.
5.6

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 4oJNOBiKa 3 aHAMHE30M CTEHOKAap/ii, JUIsl JIKyBaHHS SKOI BIH 1HOI
npuiimMae 130copOily AUHITPAT, CHOCTEPIraeTbCcsl €peKTuiabHa auchyHkiis. Bin
PO3MOBIAE 1I€ KOJIe31, SIKU MPUTTYCKAE, IO TTpenapar cuiigeHadi MoKe JOTIOMOTTH 1
nae 3 TabJeTKU 3 MOro BJIACHOTO MpPU3HAYEHHS LBbOMY 4YOJOBHKY. IloTeHuiiiHo
JeTaybHa KOMOIHAIIIS IIUX MpernapaTiB MOB’si3aHa 3 HACTYITHUM:

A. I30cop06iny AMHITpAT aKTUBYE CHHTA3y OKCHAY a30Ty B CYAMHHOMY €HJIOTEIIi.

Cunnenadin: iHri0ye ryaHiIaTIHUKIIA3Y B IIaAKUX M'sI3aX CyIUH
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B. [30copbigy nuHITpaT aKTHMBYE CHUHTa3y OKCHIY a30Ty B CYJIMHHOMY €HIOTEIIi.
Cunpgenadin: iHTiOye TyaHIIATIMKIA3Y B KABEPHO3HUX TUIAX TIAJKUX M'SI31B

C. I3ocopOiay aAuHITpaT BUAUILE IiaHI K MOOI1YHUM npoaykT. Cuienadin: iHrioye
docdomiectepazy nl M® y rmagkux m's3ax KaBEPHOZHUX TiJT

D. [3ocop0iny nAuHITpaT akTUBYE TyaHUIATHWKIA3y B THAJAKUX M'si3aX CyJUH.
Cunpgenadin: inrioye nl Md-docdoaiecrepasy y rimagkux cyiMHHUX M's3aX

E. [3ocopOiny nunitpar: aktuBye peuentop ANF B riagkux M's3ax CyAHH.
Cunpgenadin: iuridye nporeinkinazy G B riiagkux M'sa3ax CyAuH.

[TpaBuibHa BiamoBias: [30copbimy AMHITpAT aKTUBYE T'yaHUTATHMKIIA3y B TJIaJKHX

M's3ax cyauH. Cunnenadun: iHrioye ul' M®@-docdoaiectepasy y riajikux CyaMHHUX

M's3ax. Hitpatu MoxxyTh MeTabomizyBaTucs 10 okcuay HitporeHy NO, mo akTuBye

PO3YMHHY T'yaHUIATHMKIIA3y B MIagkuX M'sa3ax cyauH. 30uibiieHHs nl M@ akTuBye

nporeinkinazy G 1 3rogoM mpu3BOauThH A0 Bazonunataiii. CunaeHadia npurHigye

ul M®-dochoaiecrepazy (DJE), mnoreHmiroroun BazoAMaTaIlll0, IO MOXKE

NPU3BECTH [0 IIOKY 1 pantoBoi cMepTi. Xowa cuijaeHadin Habarato Ouiblie

MOTEHIIIFOE€ aKTUBHICTH 130eH3uMy 1l M®-®JIE B corpora cavernosa, BiH TaKOX

Moxe 1HrioyBatu nul' MO-OJIE y rnankux m'szax cyauH. CuHTa3a OKCHAY a30Ty €

(b1310JI0TTUHUM JIKEPESIOM OKCUY a30TY Y BIJAIMOBIIb HA 110 Ba30AMIIATATOPIY, TAKHX

SIK alleTUIIXO0JIH, OpaauKiHiH, TICTaMiH 1 CEPOTOHIH.
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Glossary
Adenylate cyclase— is a key enzyme in the adenylate cyclase system that contains 12
transmembrane domains.It 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.

107



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 3 subunits, and are activated by nitric oxide
(NO). Catalytic activity of soluble guanylate cyclase is dependent on the presence of
both o 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 Ca?* 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, 11 and Il1) 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 kinases.
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, PI, BII, and y. These require Ca?*,
DAG, and a phospholipid such as phosphatidylserine for activation. Novel (n)PKCs
include the 8, €, n, 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 Ca2* 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 azf32.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 aJCHIIATIMKIA3HOI CUCTEMH, SIKHUN
MICTUTh 12 TpaHcMemOpaHHUX aoMeHiB.BiH katamizye po3smiersienHs ATO na
HAM® Ta nipodocdary.
Amiutigikanis— nporec YTBOpEHHS JOJAATKOBUX KOMiH I1ITHOK XpoMocoMHoi JIHK,
AKi MICTATh TIEBHI TEHHM ab00 CEerMEHTH CTPYKTYPHOTO Te€TepOXpOMATHHY.
Ammutidikaiiiss Moke OyTH BIIMOBIIIO KJIITUH Ha CEJIGKTUBHY IO JICIKUX JIKIB
(HampuKJIaa, IpHu Al MeToTpekcary). AMrutidikaiis — OIUH 3 MEXaHI13MIB aKTHBallii
OHKOTEHIB B TPOIECI PO3BUTKY NYXJIWHU, HAMpPHUKIAJ], OHKOTeHa N-myc mnpu
PO3BUTKY HEHPOOIIACTOMH.
Biaku-rpancaykropu (G-6inku abo N-0ikn) — BHYTpIIIHbOMEMOpaHHI OLIKH, sKi
COpPUIMAlOTh XIMIYHUH CUTHQJI Bl TOPMOH-PELENTOPHOIO KOMIUIEKCY, Ta
CHOPUYMHSAIOTH 3MIHU (DYHKI[IOHAJIBHOI AKTUBHOCTI (DEPMEHTATUBHUX CUCTEM KIIITUHU
Kp13b BIUIMB HA HUX BTOPUHHUX MECECHJIKEPIB.
Bropunui mnocepenHuxku (MeceHI:Kepw) — OIOMOJEKYJIH, 10 MEpPEaal0Th
iHdopmarliito BiJy TOPMOHY (IIEPBUHHOTO MECEH/Kepa) Ha e(QeKTOpHI CHUCTEeMHU
KJIITUHHU.
I'yaninaTuukiaasa. BigoMi 18a ocHOBHI kiacu ryaHinatiukiasu (GC): memOpaHHO
noB's3aHa Ta po3unHHa. MeMOpano3B'szani ¢popmu GC-A, GC-B 1 GC-C) micTiTh
MO3aKJIITUHHI JIOMEHU PELEenTOpiB, Kl pO3Mi3HAIOTH cHelu(IYyHl NEeNTUAH] JIraHIu:
nepencepauuii Hatpiypernununii dakrop (ANF) Tta cnopigneni memrtumu: GC-A
3B'sizsye ANF Ta Harpiitypernunuit nentun mo3ky (BNP) ta GC-B mnos'szye
Harpiitypernunnii nentug C-tumy (CNP). GC-C mnoB'sizye eHJIOTCHHHWE IEnTH]
I'yaHUliH, a TaKoX TEPMOCTIHKUI OakTepianbHuii  eHTepoTokcuH (STa).
Memb6pano3B'szani GC-A, GC-B 1 GC-C MicTaTh BHYTPIIIHbOKIITUHHUN JTOMEH,
noAiOHuM 10 KiHa3u, KU 3B'si3ye AT® Ta KaTaliTUUHUN JOMEH, SIKUH CHUHTE3Y€
CGMP 3 GTP. Po3uunHi ¢opMu MICTATH JIUIIE KATATITUYHI TOMEHHU, CYOOIUHUIIL O 1
B 1 aktuByroThcs okcugoMm a3zoty (NO). Karamithyna akTUBHICTH PO3YHMHHOI
TyaHUIATIMKIIa3W 3QJICKUTh BiJl HAsBHOCTI K o, Tak 1 B cyOomunwuis. [lepBunHi
MeCEH/KEepH MNpu3BOAATh A0 akTtuBaiii cuHtesy NO 3a paxyHOK MiABUIIECHHS

KIiTHHHOTO piBHA Ca2 +, Mo B moeHaHHI 3 KaabMoaysliHoM akTuBye NO-cuHTa3zy.
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[lepBuHHI MeceHKepH 30UIbIIYIOTh KIITUHHUM piBeHb Ca2+ y OUIBIIOCTI BUMA/KIB
3a paxyHOK Jenojisipu3anii HeWpOHHUX MEeMOpaH 1 TMM caMHM akTuBYIOTh Ca2+-
KaHaJIM Ta 30UIbIIYIOTh NOTIK Ca2+ B KIITHHY 3a JIOMOMOTOK HEPBOBUX IMITYJIBLCIB,
riyTamary, aneTwixominy abo cyocranuii P. YV nmeskux Bumaakax Ca2+ moxe
NOTPAIUIATA B KJIITHHY O€3MOCepeHbO Yepe3 10HHI KaHalu sK1 MOBs (PYHKIIEO 3
peuentopiB NMDA nna rinyramary. IlepBuHHI MeCEH/KEpU TaKOXK MOXYTh
perymoBatu  kimituHHMA ~ Ca2+,  crumymoroun  BuUBUIbHeHHs — Ca2+ 3
BHYTPIITHbOKIITAHHUX CXOBHIII.

I'opMoHuU — 11 G10JIOTTYHO aKTHBHI PEYOBHHH, IO BUPOOJISIOTHCS CTEIiaTi30BaHUMU
KJIITUHAMH 3aJ103 BHYTPIIIHBO1 CEKpeLli, IOCTYNAaTh Y KPoB a00 JIiM(y, peryrorTh
OOMiH pe4yoBHH 1 (Pi3i070T14HI PYHKIIIT OpraHizmy.

JJHK (ne30xcMpunOoOHyK/IeiHOBA KHMCJ0TAa)— MaKpOMOJIeKyJa, II0 3a0e3nedye
30epira”Hs, rnepeaaydy 3 MOKOJIIHHS B MOKOJIIHHS 1 peai3alliio TeHETUYHOI MporpaMu
pPO3BUTKY 1 (YHKIIOHYBaHHS kuBUX opraHi3miB. Monekyna JHK 30epirae
OloyoriyHy 1HGOpMAIl0 Yy BUIJVISAl TEHETUYHOTO KOOy, IO CKJIAJA€ThCs 3
nociiIoBHOCTI HykieotuAiB. JHK wmictuth iHpopmalio mpo CTPYyKTypy pI3HUX
BuaiB PHK 1 O1kiB.

IncyaiHoBHMi penenTop —li€ TeTpaMmep, L0 CKIAJAETHCS 3 YOTHUPHbOX CyOOAMHMIIb
JBOX TUIMIB 1 HaBeAeHUN gk 02B2. Anbda-cyOOAMHUII MICTATh CAWT 3B'SI3yBaHHS
iHCyniHy. bera-cyO0OauHUINI MICTATH JOMEHU 3 THUPO3MHKIHA3HOK AKTHBHICTIO IO
dbochopumtoBanns OuKiB y rpynax -OH THPO3UHOBUX 3aTUIIIKIB.

IoHoTponni peunenTopum — e MeMOpaHHI pEUENTOpPHI OUIKM, SIKI pearyroTh Ha
3B'sI3yBaHHs Jiranay (ropMoHy, a00 HeWpoMeaiaTopy), BIAKPUBAIOYM 10HHUMA KaHAT 1
JIO3BOJIAIOYM 10HAM HAJAXOAUTH B KIITUHY, 30UIbIIYIOYH, a00 3MEHIIYIYHU
WMOBIpHICTH (hOPMYBaHHS MOTEHIIATY Jii.

KaiTuau-mimeni — me KIITHHHM, SKI MalOTh OLIKH-PEHENTOPH JI0 BiAMOBITHUX
TOPMOHIB Ta CHEIU(IYHO B3a€EMOIIIOTH 3 HUMH.

JlelikeMisi— OHKOJIOTIYHE 3JIOSKICHE 3aXBOPIOBAHHS KIITHH KpOBI, IO Yypaxae
KICTKOBUH MO30K Ta 1HIII KPOBOTBOPHI OpPraHM sIK JIOfeH, Tak 1 TBapuH. OCHOBHOIO
O3HAKOIO JIEMKEeMIl € BeJMKa MPOMOPIIis JEUKOLHUTIB, 10 JACTEHEPYBAIM 1 BTPATHIN

3aXUCHI PYHKIIIT HOPMAJIbHUX JICUKOIUTIB. BOHM 3HUIIYIOTH 370pOB1 KIITHUHH, MiCJIS
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4oro Opra”iaM crae 0e33aXMCHUM mepen Oynab-skorw 1HQekiie. JlikyBaHHS
IPOBOAUTHCA 3@ JOMOMOIOI0 ONPOMIHEHHS 1 LMTOTOKCHMYHUX TMpenapariB s
OPUAYIICHHS PO3MHOKEHHS KIITHH, IO JereHepyBajiv, abo TpaHCIUIaHTAIlE
KICTKOBOTO MO3KY. CHHOHIMOM MOHSITTS JIEHKEMisl BBAXKAIOTh MOHATTS JICHKO3.
MetaGoTponHuii pemenTop - Ii¢ TUN MEMOPAHHOTO peEIenTopa €yKapiOTHIHUX
KIITAH, SKUH TO€NHYeThbcs 3 (QyHKIie0 G-OUIKIB yTBOPIOBATH JEsKI BTOPUHHI
MeceHKepHu. BiH MoXe po3TamoByBaTHCA Ha MOBEPXHI KIITUHU a00 y KIITHHHHUX
BE3UKYJIaX.

OHKOreH— TeH, NPOJAYKT eKCHOpecii SKOro MOXKe CTUMYJIIOBATH YTBOPEHHS
3JIOSIKICHOT MyXJIMHUA. MyTartii, 110 BUKJIMKAIOTh aKTHBAIIF0 OHKOTEHIB, I BUIIYIOThH
IIaHC TOTO, MO KJIITKAa MEPEeTBOPUTHCS B PAaKOBY KIITHHY. BBakaeTbcsl, IO TCHH-
CyNpecopu MyXJIUH 00epiraloTh KIITHHH Bl PAaKOBOTO IEPEPOJKECHHS, 1, TaKUM
YIMHOM, paKk BHHHMKae ab0 B pasi MOPYIIEHHS POOOTH IeHIB-CYIPECOPIB MyXJIUH, a00
IIPU MOSAB1 OHKOTEHIB.

IIporeinkinaza C— ciMEHCTBO NPOTEIHKIHA3, (PEPMEHTIB, $SKI 3I1HCHIOIOTH
dbochopustoBaHHs aMIHOKUCIOTHUX 3aJIMIIKIB CEPUHY Ta TPEOHIHY B MOJEKYJax
OUIKIB, 1 , TaKUM YHHOM, O€pyTh ydYacThb y CHUTHQJIBHUX KacKajgax KIITHH.
[Iporeinkinazm C aKTHUBYIOTHCS TaKUMHU CHUTHAJIaMH, SIK 3POCTaHHS KOHIICHTpAIlii
auanuiriinepony abo iomiB kamenio (Ca?*). Bigomo Oimeme 10-tu i3odopm
npoteinkinasu C. IX miApo3AiNsIOTs Ha TPU MiATPYNHM 3a TUIIOM aKTHBALlil: KIACHUHI
nporeinkinazn C — Juis akTHBAIli MOTPIOHI JUAIMITITINEPOJ, 10HM KaJbIiio 1
dbocdhomimia docharuamiicepun; HoBl mpoTeinkiHazu C — 118 akTHUBAIlli MOTpiOHI
JAHALMIITIIIEPOI, ane He noTpiOHi ionm Ca?*; atumnosi nporeinkinasu C — norpideH
dbocharuamiicepus, ajie He MOTPIOH1 HI TUALMIITIIIIEPOIT, Hi 10HH KaJIbIIifO.

Peuentop — ue onHa abo rpyna OUTKOBMX MOJIEKYJ (IJIIKONPOTEiHIB), SKI €
cnenupiYHUMHA CTOCOBHO KOHTAKTY JI0 BiAMOBIAHOTO TOPMOHY.

JIHK cexkBeHyBaHHSI — METO]] BU3HAUYCHHS IMMOCIIOBHOCTI HYKJICOTH/IIB Y JIAHITIOTY
JIHK. Bin BUKOpUCTOBYETHCS ISl TOCTIPKEHHS TIOCTIJJOBHOCTEH TeHIB 1 3aHECEHHS
miei iHdopMmaiii g0 OaHKy AaHUX Ta 11 MOJAJBIIOI IHTEpIpeTalii METOoJIaMU

010710T14HOT 1HPOPMATHUKH.
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CreHokapAifa— 1€ KIIHIYHUI CHHIPOM, IO XapaKTepU3YETbCs OojieM y TpyaHid
KJIITII BHACIIIJIOK 11IeM1i MioKap/a, BUKJIMKAHOI 3a3BUYail (Pi3MYHUM HaBaHTaKEHHSIM
abo ctpecom (011, OJTHAK, MOKE TAKOK BUHUKATH CIIOHTAHHO) 1 HE OyTH TIOB’sI3aHOT
3 HEKpO30M KapaioMionuTiB. CTEHOKAP/Iid € HACIIIKOM HEAOCTaTHHLOT'O MOCTavYaHHS
KHCHIO Y MIOKap/1 BiTHOCHO MOTPEOH.

Tupo3unkinaza— ¢depMeHT miaKIacy MpoTeiHKiHa3, Tpynu QocdoTpanchepas.
Tupo3uHKiHAa3M KaTami3yloTh MepeHeceHHa ¢ocdarHoro 3amumky Big ATO Ha
TUPO3MHOBUH 3aJIMIIOK CHEHU(PIYHUX KIITUHHUX OlKiB-MimieHe#. J{ist THpo3uHKiHa3
— OJIHE 3 HAMBaXJIMBIIIMX JJAHOK Y CUCTEMI Nepeadi CUTHAJIIB B KJIITHHI.
TkanuHa-milleHb — 1€ Taka TKAaHWHA, B SIKIH TOPMOH BHKJIHMKA€E CreUU(PIUHY
010X1MI4YHY ((p1310JI0TTUHY) PEAKIIIO.

®ocdoainaza C (PLC)- depmenrt, skuil 3amydeHudd y iHo3uToddochaTHUN
(pocdoino3uTHAHMIT) CUTHAIBHUNA Kackaja. BIH Kkaramizye peakiito Tiaposiszy
MIHOPHOTO CTPYKTYpHOro memOpanHoro (ocdominiay dochaTuamniHo3uTon-4,5-
mugocdary. YV miil peakuii yTBOPIOIOTHCSA JBa 13 TPhOX BTOPUHHHUX MECEH/KEPIB
JAHOTO Kackamy — iHo3utoun-1,4,5-tpudocdar ta quanuirminepod.
®ocharuauniinosuron-3-kinaza (PI-3, docdoinosurua-3-kinaza)— ¢epmenr,
AKUWA KaTami3ye nepeHeceHHs (ocdaTHOl rpynu 3 MOJEKYJIu ajeHO3uHTpudocdary
Ha 3D-moJIoKEHHS 1HO3UTOJBHOTO Kulbls (pochaTuaniaiHo3uTony. YTBOpEHI B
pe3ynbTaTi JIMigHI MPOAYKTH, HAWBXKIMBIMIUM 3 SKUX € (QochaTUAMIIHOZUTON-
3,4,5-tpudocdar (PIP3), BiH € BTOpHHHMM TMOCEPETHUKOM 1 3a0e3reuye nepeaaqy
CUTHAIIy BiJ MeMmOpaHu Bcepeauny kimiTuHu. Bunimstors tpu kiacu (I, 11 1 III)
dbochaTuamTiHO3UTON-3-K1Ha3, SIKI PO3PI3HIIOTHCA 3a CyOCTPATHOIO CIICU(IUHICTIO 1
npoaykramu. Hai6inem nqo0pe BuBdeHi PI-3-kinaszu [ kiacy, BOHU MpPeaCTaBisSIOTh
CO00I0 TETEPOAMMEPH PETYISTOPHUX 1 KaTtamTUIHuX cyoomuuuis. L1 dbepmentn
MOXYTh aKTUBYBATHCS peleNTOpaMu, acoliiioBanuMu 3 G-01JIkaMu, 1 pelieNTOPHUMHU
TUpO3uHKIHa3aMu. PerynaropHi cybonununi pocdoinozutuaip-3-kina3 mMictsaTb SHo-
JIOMEHH, SIK1 JO3BOJISIFOTH M JI3HABATHCS 1 MOB'S3yBaTh 3aiuiiku (HochoTupo3nHy

pELEeNnTOPHUX TUPO3UHKIHA3. B pe3ynbTari 1i KiHa3u BUSBISIOTHCS B O€3mocepeaHiil
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OJIM3BKOCTI BiJi MeMOpaHH, a 3HAYMTh 1 CBOIX CyOCTpaTiB, TaK MOYUHAETHCS CHHTE3

dochatuamrinozuTon-3,4,5-pocdary.
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