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IToBTOpEeHUE ciaaiiga u3 nmpeablAylIeil JeKInm:
OBpEMEHHbIE OLCHKHU KOJIMY€CTBA TPAHCKPUIIIIMOHHLIX (PaKTOPOB B
IF'¢HOME Y€J/IOBCKA
KOMHI)IOTepHaH AHHOTAIIUA reHoMma C 1eJibro I/IIleHTI/I(l)I/IKaI.[I/II/I I'¢HOB, KOAMPYIOILINX 66.]11(1/[, J
cogep:kamue JHK cBsi3pIBalonye 10MeHbI.
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Pecypc TFClass Pecypc AnimalTFDB

[[tfclass.bioinf.med.uni-goettinge (http://www.bioguo.org/Animal TFDB/)

/ﬁo

Classification of Human Transcription Factors

\

Factors of Homo sapiens

This dataset collected 1544 ranscription factors in 71 famlies, 124 chromatin remodeling factars and 302 transeription co-factars of
Homo saplens

« Transeription facior famiy
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13 anx 970 TeHOB (62.3%) komup
9KCIIEPUMEHTATBHO MOTBEPKICHHBIS
TPAHCKPHIITHOHHEBIE (haKTOPBI.

_ ) ) - Zhang H.M. et al., AnimalTFDB: a comprehensive
Wingender E, et al., TFClass: an expandable hierarchical classification of human animal transcription factor database. Nucleic Acids

transcription factors. Nucleic Acids Res. 2013 Jan;41(Database issue):D165-70. Res. 2012, 40(Database issue):D144-9.
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» Database Statistics
» Downloads

» Literature Sources
» Admin Login

» FAQs & User Guide
» Contact Us
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» Chromatin Lab

CREMOFAC

Chromatin Remodeling Factors

Chromatin Biology Lab, Molecular Biology and Genetics Unit,
Jawaharlal Nehru Centre For Advanced Scientific Research, Bangalore, India.

Introduction

Chromatin remodeling is an important event in the eukaryotic nucleus
rendering nucleosomal DNA accessible for various transaction processes. The
dynamic nature of chromatin is facilitated by Remodeling Factors through
participation of the collective action of (a) ATP and (b) Non-ATP
dependent factors. Considering the importance of these factors in mammals
and eukaryotes, 'CREMOFAC', a dedicated and frequently updated web-
database for chromatin remodeling factors has been developed.

The database harbors 64 types of remodeling factors from 49 different
organisms reported in literature and facilitates 2 comprehensive search for
them. In addition, it also provides in-depth information for the factors
reported in the three widely studied mammals namely, human, mouse and
rat. Further, information on literature, pathways, and phylogenetic
relationships has also been covered.
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CREMOFAC Data Statistics

Number of redundant remodeling factor sequences present in the database: 1725

Number of non-redundant remodeling factor sequences present in the database: 720

List of organisms in which remodeling factors have been reported.

Name of Organism No. of factors found

o

Aedes aegypti 9
Aeqgolius funereus

Anopheles gambiae

Apis mellifera

Arabidopsis thaliana
Ashbya gossypii ATCC 10895
Aspergillus fumigatus Af293
Aspergillus nidulans FGSC A4

Bos taurus 55
Caenorhabditis briggsae

Taannrhahditie alanane
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Pecypce CR Cistrome
http://cistrome.org/cr/

Chromatin Regulator Cistrome

A knowledgebase for chromatin modifying enzymes and chromatin remodelers

--Select CR Name-- v

Regulator Atlas
Reader
Writer
Eraser
Remodeler

Home Collection Stats FAQ Quick Start

A v —-All- v § Search Reset

Welcome to CR Cistromel!

CR Cistrome is a unique database integrating curated information of CRs, CR ChlP-seq datasets, CR related HM ChlP-seq datasets, and
analysis of the relationship between CRs and HMs ChIP-seq pairs in human and mouse.

About CR

CRs are expressed in a tissue-specific manner and play important roles in normal physiology and disease.Hundreds of chromatin regulators
(CRs) control chromatin structure and function by catalyzing and binding histone modifications.

Summary Summary
R Chromosome Regulator Number: 36

Celline Number: Species Number: 2
S Cell line Number: 54

Cell type Number: 25

ChlP Seq Data Number: 371

Wang Q. et al., CR Cistrome: a ChlP-Seq database for chromatin regulators and histone modification linkages in human and
mouse. Nucleic Acids Res. 2014 Jan;42(Database issue):D450-8. doi: 10.1093/nar/gkt1151. Epub 2013 Nov 18.




JlaHHBbIE 0 XpOMaTHH-peMoaeaupyomem oejxke CHDI,
npeacrabjeHHble B pecypce CR Cistrome

CRName: IEYTETCICTI®E]  Species: ENME Tissue or Cel

Regulator Atlas

- Chromatin Regulator Alias
v
o Wit DKFZp686E2337
« Eraser . )
< Remodeler External Links: Wiki GeneCards NCBI UniProt
RCIMNOUCIc]
Related histone modifications: H3K4me3

Introduction

Full name: Chromodomain helicase DNA-binding protein 1 . CHD1 1s a_chromatin remodeler belonging to the SNF2 family. It contains two chromodomains in its N-terminus,
a central helicase-like ATPase motor, and a C-terminal DNA-binding domain that preferentially binds to AT-rich sequences. CHD1 can assemble, slide, and space
nucleosomes in vitro and is required to maintain the pluripotency of embryonic stem cells (1-4).

Function and Interaction

CHD1 is essential for assembling H3.3, a conserved histone variant, into chromatin in vivo, suggesting its involvement in replication-independent nucleosome assembly (5).
CHD1 has been shown to interact with the transcription elongation modulator Rtf1 and elongation factors Spt4-Spt5 and Spt16-Pob3, indicating that CHD1 participates in
the transcription elongation process (6). CHD1 is thought to bind to trimethylated H3K4 in active genes, rather than bivalent regions (which contain both H3K4me3 and
H3K27me3), which is accomplished via a mediator through association with the assembly of an active transcription complex (7-10).

Disease Association

NA

ChlP-Seq data

:':prineuns Ks62  Enthroplast [ G s GaMas0ss Bed  Big wiggle % Goanioad  Click 22196736
;':;ecns H1 g‘;gﬁwmc Embryo GSE29611 ,GSM1003444 Bed  Big wiggle % g'{'}i{fmﬁd Click ;g;iﬁg"l%%pgggg;g&
HOMO e Erytnroblast O™ GsE29611 ,.GSM1003575 Bed Bigwiggle | —emabed | ek .. Click Ihe ENCyclopedia Of DNA M

PyuHast anHOTaus (PyHKIIMOHAILHBIX
XapaKTEPUCTUK OCIIKOB-PETYISTOPOB XpOMAaTHHA
+ manabie ChlP-seq
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CoBpeMeHHasi OLIEHKA KOJIM4Y€eCTBA XPOMATHH-MOAU(PUIIMPYIOIIUX U
XPOMATHH-PEMOACJTUPYHOIIUX (AKTOPOB B reHOME Ye/I0BeKa: MOAX0/l Ha
OCHOBE HHTErpaluM JAHHBIX U3 HECKOJbKHX 0a3.

Baza EntrezGene: 3anpoc mo Tepmuny Gene Ontology
«chromatin modification»
(annoTamusa GO TepMUHAMM PpY4YHasi U KOMIILIOTEPHAs1)

.ecypc CREI\/IOFA' ‘ Pecypc CR Clstrome

(Pyunasi anHoTaUUs cTATEl) (PyyHasi aHHOTALMA CTaTeM)

3
N

3

167 renoB, KOIUPYOLIUX 6e.m<1/1
C XpOMATHUH-MOAU(PUIHPY O
AKTUBHOCTbHIO

Hn OAHWH M3 TPCX UCTOYHHUKOB HC SABJIAJICA IIOJIHBIM, Ka)KI[BIﬁ HCTOYHUK COACPIKA
YHHUKAJBbHBIC CBCACHUA, KOTOPbLIX HC OBLIIO B ABYX IPYTHX UCTOYHHKAX



MATPULIbI CAUTOB CBA3bIBAHUA TPAHCKPUMNLMUOHHbIX
®AKTOPOB

TRANSFAC Matrix,
JASPAR ,
HOCOMOCO,
CIS-BP
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http://jaspar.binf.ku.dk/

LS o ' [Ipumep: nBe maTpuiibl caiitoB cBs3biBanuss CTCF

Summary page for ID: MA0139.1 NAME: CTCF from the JASPAR CORE database lz‘

DATA

e CCF

SEQUENCE LOGO | 7 |

_ Zinc-coordinating 2 O
BetaBetaAlpha-zinc HYKJICOTHIOB
finger
Homo sapiens
vertebrates
P49711
[TBENI criP-seq
17512414
TF0000607
133

The high-quality transcription factor binding profile database

9 10 11 12
’ Make a SVG logo lz‘

Browse the JASPAR CORE database directl;

- FREQUENCY MATRIX | ? |

VERSION INFORMATION
There is only one version of the modg)f
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0
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‘Browse/search a JASPAR database
BRCA1 Quick Search

Selecta JASPAR database [] ‘ Summary page for ID: MA0531.1 NAME: CTCF from the JASPAR CORE database III
JASPAR CORE -
JASPAR Collections The JASPAR CORE database contains a curated, non-redundant set of DATA SEQUENCE LOGO lz‘
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HOCOMOCO
http://autosome.ru/HOCOMOCO/

HOCOMOCO

Download

\We present the Homo Sapiens Comprehensive Model Collection (HOCOMOCO) of transcription factor (TF) binding models obtained —

by careful integration of data from different sources. HOCOMOCO contains 426 non-redundant curated binding models for 401 human

TFs

DNA sequences of TF binding regions obtained by both pregenomic and high-throughput methods were collected from existing
databases and other public data. The ChIPMunk software was used to construct positional weight matrices. Four mofif discovery
strategies were tested based on different motif shape priors including flat and periodic priors associated with DNA helix pitch. A quality
rating was manually assigned to each model based on known binding preferences. An appropriate TFBS model was selected for each

TF, with similar models selected for related TFs.

In any case only one model per TF was selected unless there was additional evidence for two distinct binding models or different stable
modes of dimerization. All TFBS models and initial binding segments data used for motif discovery were mapped to UniPROT IDs

More information is available in the Details section

View predefined set of models Browse curated models

® The "A to D'-part of the curated collection containing manually curated TFB S models.

The "E™-part of the curated collection containing low confidence models.
{Foradvanced users. Please refer to the Detalle’ section for more infarmation.)

The whole collection listing 4 medels (f1.f2,si,do) for each TF.
(Foradvanced users. Please refer to the Detalle’ section for more infarmation.)

View

Please cite:

HOCOMOCO: a comprehensive collection of human transcription factor binding sites models
Ivan V. Kulakovskiy, Yulia A. Medvedeva, Ulf Schaefer, Atem S. Kasianov, llya E. Vorontsov

Vladimir B. Bajic and Vsevolod J. Makeev
Nucleic Acids Research Database Issue (1 January 2013) 41 (D1): D195-D202.
doi: 10.1093/nar/gks 1089

HOmo sapiens COmprehensive MOdel
COllection (HOCOMOCO) v10 provides
transcription factor (TF) binding models
for 600 human and 395 mouse TFs.

HOmo sapiens N
COmprehensive o
Model. [Tpumep: marpuiia caiitoB cBsizbiBanus CTCF
COllection
Tree Contact
15 HyKII€0THIOB
o
e K _—===
UniProt name CTCF
TFClass o
Model f2
E— Motif weight (2] 2861.30793912
Tetal sequences 2990
HUDSOMNALPHACHIPSEQV2:2000
Data sources JASPAR:913
TRANSFAC20112:77
Logo .l AGa-OGca-.
Consensus bddCCRSbAGRKGGCR Shy
Small-BiSMark XML file hg19 PWM
Small-BiSMark XML file uniform PWM
Threshclds hg19 PWM
Thresholds uniform PWM
A C G T
- 280.5564 890.0926 420417 1270.2372
' 464 4797 464.4744 1268.3184 664.0355
587.9014 231.0498 1529.2976 413.0591
170.7052 2433.9465 1151601 141.4961
23.5312 2748.7919 34.5843 54.4006
1923.8531 92.7429 537.74 306.972
115.8074 1677.9044 1024.6909 42.9053
3547811 1303.7857 385.162 B17.5791
WPCM 2387.2992 177.0913 143151 153.7664
81227 11.0723 2802.1589 39.954
967.0799 16.4597 1866.2867 11.4816
157 8771 107 6865 1625.652 970.1924
38.6914 0.5948 2787.9773 34.0445
18.1712 62.7868 2511.8251 168.5248
296.4752 2357.2406 41.03%1 166.553
1290.0135 415171 1475.3327 54.4446
178.4356 1445.8639 1130.0211 106.9873
399.2443 1002.3805 311.6378 1148.0454
1132.0681 693.1418 889.0964 147.0016
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T RAN S FAC M a.tr | X http://www.gene-regulation.com/cgi-bin/pub/databases/transfac/search.cgi

TRANSFAC

T. n of the TRANSFAC databa
Users from

free for nsers from non-profit organizatio
the TEANSFAC databaszes and accompa

nly.
12 PIOZTAINS.

1al organizations have to Ii

TRANSFAC MATRIX TABLE, Release 7.8 - public - 2885-89-38, (C) Biobase GmbH

AC  MEel34
XX
ID VSHNF4_@1
XX

DI 22.85.1995 (created); hiwi.
DT  18.10.1995 (updated); ewi.
CO  Copyright (C), Biocbase GmbH.

XX

NA  HNF-2

XX

DE  hepatic nuclear factor 4

XX R

BF  T@e372 HWF-4alphal; Species: rat, Rattus norvegicus.

BF  T@e373 HWF-4alpha2; Species: human, Homo sapiens. - -

XX TRANSFAC® Professional vs. Public

PO A C G T

21 10 4 4 6 N

@2 6 ] 7 5 N

gi ;; : 11 g : TRANSFAC® Professional is an internationally unique knowledgebase containing published data on eukaryotic

o5 > 2 20 1 G transcription factors and their regulated genes, coupled with transcription factor binding site prediction tools

a6 5 5 17 s G for advanced research. The professional version content is more than six years ahead of the public release

27 3 8 10 11 N and includes data and analysis capabilities not available in the public version.

@8 1 23 1 7 C

@9 27 1 3 1 A

1@ 29 e 3 e A TRANSFAC® Professional Public

11 26 ] 5 1 A

12 3 2 28 1 G

13 3 1 16 12 K Data

14 2 & 5 1z T Factors 21,215 6,133

S A miRNAS 894 n/a

17 9 g [ 3 N DNA sites 38,283 7,915

18 7 5 13 5 N MRNA sites 15,895 n/a

o 8 3 & 7 . Factor DNA 51,769 Yes

BA 32 binding sites from 24 genes miRNA-mRNA site links 49,541 n/a

L . Genes 79,866 2,397

% compiled sequences ChIP-chip/Seq Fragments 2,332,432 n/a

1. Matrices 5,551 398
References 29,681 Flat file only
Promoter Sequences 277,337 n/a v

) »
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CIs-BP Database: Catalog of Inferred Sequence Bi Preferences CT aTI/I CTI/IKa

Home
Tools CIS-BP Database: Catalog of Inferred Sequence Binding Preferences
View cart
Bulk downloads Home ~ Pet
AL C
Database stats Welcome to CIS-BP, the online library of transcription factors and their DNA binding motifs. o Source M‘ = Author Year| PMID ﬁ T_Fs
Contact —
H:"p’ = e Badis08 PBM  |[Badis 2008|[19111667]110 |[0 1
Update Log By Identifier Bulk downloads Badis09 [PBM Badis 2009)19443739((105 ||0.1
FAQ (e.2. Gata®, YEL009C, ISFTZ_01) Database stats Berzer06 PBM _ |Berger 2006169984735 o
Links T Berger03 PBM Berger 2008][18585359][170 [jo.1
e .~ BrowseTFs/RestictSearchforTFs
owi (0 clte o Help Campbelll0  |PBM__ |[Campbell ][2010]21060817]17 o
By Auy Species &l Update Log CEPD PBM |[Narasimhan [2015|NULL  [129 Jo.1
ByDomanType  [+] Chang2013 [PBM Chang 2013][23795294[[16 [jo
ByMotifEvidence| [3] 48]
T = DeBoerll IDeBoerll |[DeBoer 2011(22102575)/198 ||0.1
By Evidence Type Links -
Byswdy[  [5] g DelBiancolQ [PBM [DelBiance |(|2010(21124806|0 0
Y Y How to cite

Database Build | Version 1.02[=] DeMasill PBM [DeMasi  |[2011]21335608]0
@ DeSilva08 PBM Desilva |[2008][18541913]3
DREAM _contest [PBM [Weirauch  |[2013][23354101]83

Database build 102 now avaiable! (EXCODE]  |[ChlP-seq |[Gerstein _|[2012][22055619]70

Last updated: Apr 5th, 2015 Database Build 1 02 FlyFactorSurvey [B1H Zhu 2011(21097781|298

=]

Current content: 6559 molifs. 59998 TFs with at least one binding motif (3202 from direct experiments), out of a total of 167081 TFs from 263 families in 340 species Grove(9 IPBM Grove 2009(19632181(/10
Helferll [PBM (Helfer 2011(21236673|0
hmCHIP ChIP-seq ||Chen 2011(21450710(/18

0
0
0
0
0.
0
0
0
B03MOXHOCTB NpecKasaHus CAauToB 110 MaTpULiaM BoeebgsJHocotioco Rtnkors pOTS 517560557 o
0.
0
0
0
0
0
0.
0

@SPAR) JASPAR |Mathelier ||201424194598543
Jolma SELEX  ||Jolma 2013(23332764/453
Lamll IPBM ILam 2011(21321018|23

CIS | tabase: Catalog of Inferred Sequence Binding Preferences.

[y | Y |

Home

Tools Species Lesch09 [PBM [Lesch 2009(/19204119(1

View cart s DNA s for |PExample 1 ~| [Homo_sapiens [=] ” . B S

— ca;l;emml ;E&‘ﬁ;c;;[ ’:gigﬁsii“’;’“m’”ﬁ“ | Motit model Teedbold lmodENCO! bE ChIP-seq |[Bovle 2014|25164757|35

Database stats Click for sample |6caTGCCACTGCCACCTATCATTCCATS _, [PWMs - LogOdds EHB | Scharer09 PBM Scharer 200919147588 1

Contact us [C] Sean TFs m my cart S 052013 |PBM SebePedros (|2013(24043797|14

Help Scan two sequences for differential TEbinding [Transfac ) Transfac |[Matys 2006][16381825][1002][0.6

Allele 1 B -
Update Log = [Weil0 PBM [Wei 2010][20517297]22
Species

Ej“t o = Zhu0o PEBM _ |[Zhu 2009[19158363]89 |01
== LCISNP S A =

How to cite Click for :m:m,; Allele 7 # Motif model ~ Threshold Zoo_01 [PBM (Weirauch ||2014(125215497(]1017||0.6

8 mers - Escores 0.45
[ Scan TFs in my cart

Scan an amine acid sequence
to predict its DNA binding
motif

Click for sample 4

Weirauch MT et al., . Determination and inference
O e daabose Species of eukaryotic transcription factor sequence
Click for PIWM, Alignment, | Scan all species [=]

1piC 4 specificity. Cell. 2014 Sep 11,;158(6):1431-43. doi:
@ 10.1016/j.cell.2014.08.009.
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View cart Badis08 PBM Badis 2008|19111667|[110 |01
Bulk downloads  ||Badis09 PBM Badis 2009(19443739][105 |[0.1
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DeSilva08 PBM DeSilva 2008(18541913|3 o
DREAM_contest|PBM Weirauch  |2013|[23354101[83 [0
ENCODE ChIPseq |Gerstein  |2012][22955619][70 |0
FlyFactorSurvey |B1H Zhu 2011(21007781|[298 |02
Grove09 PBM Grove 2009(19632181[10 [0
Helferll PBM Helfer 201121236673)0 o
(e CHIP ChIPseq |Chen 2011(21450710]18 [0
[HocoMoco ) | HocoMoco|[Kulakovskiy][2013][23175603]395 |[0.2
TASPAR JASPAR |Mathelier |[2014][24194598|[543 |03
Tolma SELEX |/Tolma 2013([23332764|453 |03
Lamll PBM Lam 2011(21321018)23 [0
Lesch09 PBM Lesch 2009(19204119)1 [0
modENCODEJ ChIP-seq |Bovle 2014|(25164757|32 |0
Scharer09 PBM Scharer 2009(19147388)1 [0
[SebePedros2013 |[PBM SebePedros |[2013][24043797]4¢ |0
[Transfac ) Transfac  |[Matys 2006(/16381825/[1002 (/0.6
=] PBM Wei 2010]20517297)22 o
Zhu(9 PBM Zhu 2009(/19158363|39 |[0.1
Zoo 01 PBM Weirauch  ||2014([25215497|[1017([0.6

Weirauch MT et al., . Determination and inference of eukaryotic transcription factor sequence specificity. Cell. 2014
Sep 11;158(6):1431-43. doi: 10.1016/j.cell.2014.08.009.
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ABETRACT
Transcription Regulatary Reglons Database (TRROD}

desuription of the gens transcription regusation. An
entry of the database carresponds % 3 gene and

transoription regutatory rogéons as well 3t gone |

data that are inputted Into the databuse through e
annotating sclemific publication. TRAD release 6.0
‘comprises the informaticn on 1167 genes, 5537 tran-
soriplion factor banding sites, 1714 reguiat
ruglons, 14 koous control reglons and 5336 expression
[pattemns obtained through annotating 3898 scientine
papers. This informaticn ts amanged in seven data-
bazes: TARDGENES (gerwral gene descripticnl,
TARDLCR (locus comfrol regionsl; TARDUNITS
froguistory  regions:  promotors,  ennal
slencers, otc, TRADSITES (ransoription facior
binging  sfes), TRRDFACTORS  (ranseription 1
tactors), TAADEXP (sxpression  pafierns) and
TRADSIE (experimental pablications). Sequence
Retriaval System (SAS) i USod a5 @ Baslo 100k for
navigating ana sesroning TR®D and Mtegrating T
with sxtormal informatsonal and softwars resources. |
The visualizaticn 10ol, TRRD Wiewer, provides the
in a tarm ot
reguiatary reglons. The option asowing nucleotids
sequences to bo ssarched for according fo their
momalogy using BLAST Is also Included. TARD Is
avaizblo at httpowww, blonet. nsc. Tl

DESCRIFTION OF TRRD

P p—




NMABHAA CTPAHULUA OJ14 BXOOA B TRRD YEPE3
UHTEPHET nhttp://iwww.bionet.nsc.ruftrrd/

- 7 |

) GeneNetWorks

HOME DHNA RNA PROTEIN GENENETWORKSE MAP

TRANSCRIPTION REGULATORY | TRRED is a unigue infarmation resource, accumulating information on structural and functional
REGIONS DATABASE organization of transcription regulatory regions of eukaryotic genes. Only experimental
information is included inta TRRED.

TRRDT

SRS ACCESS TRRDGERES TREDEXP TREDSITES TREDFACTORS TREDBEIE TRREDUMITS
ACCESS TRRDLCE
to TRERD: TERD zections [(genes within functional systems)

Howe to cite TRRD? Databaze schems
TRRED publications Howy to search TRRDY
The latest repart on TRED Irtegration with other databases
TERD Wyiorkoraug TERD Yiewver
Contact us FAG
Acknowledgmerts What's nesw?
Standardization of information ingput Information conterts
TERD progress (from 19967 TRRED statistics

To obtain further particular information about TRRD database, please, address to the database
scientific supervisor Mikolay A, Kolchanoy by e-mail koliZbionet nsc.ro or by fax +7-3832-
33278

| Kl
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TRRD BKIMTIOYHAET OAHHbIE O:

1) CTPYKTYPHO-®YHKUMOHANBHON OPIFAHU3ALUN
TPAHCKPUMNUMOHHbLIX PEMNYNATOPHbIX PAMUOHOB. CTPYKTYPHbIE U
®YHKUUNOHAJIbHbIE XAPAKTEPUCTUKW:

CAUTOB CBA3bIBAHUA PEMYNATOPHbIX PAMOHOB HOKYC-KOHTPOHVIPYI'OI.IJ,VIX
TPAHCKPUINUMUOHHbIX (MPOMOTOPOB, 9HXAHCEPOB, PAMOHOB
PAKTOPOB CAMNEHCEPOB) .
[TeROSIES] TEsrieTE it [ TRRDLCR ]
£ COTMGERACAGATGEGTCA | CTGATTGOCE © S N ____’_
2) QAHHbIE O NMATTEPHAX 4) obWYHO UH®OPMALUIO O
OKCIMNPECCUN TEHOB | [REBEXER F’EEHAX BMECTE C

1 Patteres” " NEPEYUCIIEHUEM
PEMYNATOPHbIX 3NIEMEHTOB
BCEX YPOBHEM

3) OAHHbIE O TPAHCKPUMLMOHHbIX
DAKTOPAX 5

Transcription
Factor




TRRDGENES
OBLUEE ONMUNCAHUE 'EHA

ID Hs:AAP

DT 09/02/00

AC A00596

CR Ignatieva E.V., Stepanenko I.L.

OS human, Homo sapiens

SN AAP

NG Alzheimer's disease amyloid A4 precursor protein
SY amyloid beta protein precursor gene

SY amyloid precursor protein gene

SY APP

Bl EMBL;HSPADP;X12751; ST:3700

DR GDB; 119692; APP

DR SWISS-PROT; A4 HUMAN; P05067

KW heat shock-induced, TATA-less promoter, pathogenesis-
related protein, multiple transcription initiation sites
CH 21

RG 5'region

AP REGULATORY UNIT: P01087

PR regulatory region; ST, -2260 to -1800; S3936, S3937
AP REGULATORY UNIT: P00760

PR promoter; ST;-160 to -1; S2907, S3931, S3932, S3933,
S3934, S3935

/l




TRRDGENES4.400264 OBLUEE OMNCAHWME M'EHA
MHS:APDAI {TERD Viewer) (html —npe,u,CTaBJ'leHl/le)

Links=:
Binding zites
Transcription factors
GENE eXpression redqulation
Bibliography
Tpdated
04/06/01
Fenelc
AODZ 64
Transfaclink
GOo0z203
Annotators
Ignatieva E.V., O0.A.P., Froscura A.L.
ApeCcies
hurwat, Homo sapiens
Fenelame Brief
apohl
Fenelame Full
apolipoprotein AT
DNAEankLink
EMEL; H3APOAOL1; JO4066; 3T: 2069
EMEL; HSAPOLODZ: M2Z0656;
EMEL; H3IAPOAT1; JOOOSS: 3T: 469
GenBank:; HUMAPOCP: JOS5464: 3T(C3): 1420
DataBankLink
AWIS3-PROT; AFPALl HUMAN:; FOZ64d47 (Expasy Server):
EFD Clazs=s
6.1.3.3.
Eevyllords
lipid binding protein, high densitcy lipoprotein, 1
Chromosome




[1pogornxeHue:

OBbLWEE OINMNCAHUWE MEHA (html —npencTtaeneHune)

,

.DUJJ..D.D—J."H.U]...- AL L HIIUARIN, FUS DT T I LAlAdS Yy SELVEL L
MTIM: a804091;
PIR; LO0947: LPHULI
HOVERGEN; FPOZ647
SOURCE:; AFPOA]
EFPD Class
£.1.3.3.
Eeyllords
lipid binding protein, high density lipoprotein, LH-TRED
Chromosome
91
FegPRegion
S'region
FeglUnitclC
REGULATORY TMNIT: PO16S1
Reglinit
intestinal enhancer; 3T; ; 55735, 35739, 35740, 35741
ExperimentCodes
Caco-Z cells: 6.3 [Ginsburg G.3. et al., 159395]
HepGd cells: 6.5 [Ginshburg G.3. et al., 1935]
Feglnitdd
REGULATORY TMIT: POOOS1
Feglnit
enhancer; 3T:; ; 31425, 31426, 3997, 3666, 31135, 3999, 31000,
21001, 2100z, 51427, 51003, 51136, 31004, 31005, 3100646, 21007, 35742, 55743
25744, 35745, 35746, 55747, 55748, 35749, 35750
Feglnitdd
REGULATORY TNIT: POZE529
Beglnit
negative regulatory region; 3T: ; 27925
ExperimentCodes
Hep&d cells: 6.1.1, 6.5 (CDCA) [Claudel T. et al., Z002]
EeoglUnithc
4

or”




OKoH4aHue:
OBbLWEE OINMNCAHUWE MEHA (html —npencTtaeneHune)

14 . — . I I - - a - 1 14 —

FEQUIIIL AL ;I
REGULATORY TWIT: FPOOOSE

Feglnit
promoter; 3T; ; 231005, 21137, 1010, 31011, 35751

FegRegion
J'region
PeglUnitAC
REGULATORY TUWIT: FPOOGEZ
Feglnit
small intestinal enhancer: IT(C31: ; 31009, 3993
ExperinmentCodes
human Cacto-2 cells: 6.1.1 [Eisaha J.G. et al., 1995]
Comments
The small intestinal enhancer is positioned 9 kilohases 3' to the gene,
between nucleotides -7830 to -520 of the convergently transcribed apoc-ITI
gene [Bisaha J.G. et al., 1985].
bligniment
Fat and rabbit apo L-1 promoter regions are greater than S0%
similar to the huwman apo L-1 promoter sequence between —-240
and -20. [Beisher 5S.R. et al., 18993]
StartPoints
3T: ~8000; 3T(C3)
Comments
r&AIC1 and rAIC3 hawve owverlapping binding sites on the apo A-I -1658 to
-145 region [Fapas=zafiri P. et al., 1991]
The protein bound to site (3] is also bound to site (1)
[Beisher 3S.FE. et al., 1993]
bnalysis of the -175 to -148 apo A-T sequence shows two
symmetrical GCALL sequences between nucleotides -165 to
-169 and -152 to -156 of the noncoding strand that deviate
both from the preferred GCALAT and the enhancer core motif

[Fapa=zafiri F. et al., 1591]
The region -172 to -149 contains two direct reveats. -172 to | _J:J
3

4]

't P2




TRRDUNITS

ONWUCAHWUE TR o o Tl 2 Tk B
TPAHCKPUMNMLUMOHHbBIX B s 4™ o S
PEFYNATOPHbIX EOUHUL [TRRDUNITS |:

(MPOMOTOPOB, 9HXAHCEPOB, Transcription Regulatory Reglons
CAUNEHCEPOB)

RegUnitAC P00562
GeneID Rn:D2
RegRegion 5'region
RegUnit Promoter; ST; -150 to +1; S79, S80
DNA BankLink EMBL; RND2RPR; X77137; 704 to 855
LeftTrunc O
RightTrunc O
SegLength 152
Sequence cccaggcccc acagtgcaga gatagttctg gggccctggg tgggtggggc
ctctgtacaa ggggcggggt tcccgggcgc ctcgtggcca gggtgacccc
gccccctect cectgegcage gectctgattc cgecggagctg tccagcctca
gt
PromotTisSp O
PromotInd 1
ExperimentCodes 6.1.1, 6.8 [Minowa T. et al., 1992]




OMWUCAHUE TPAHCKPUMLMOHHBLIX
PEMYNATOPHbIX EOVMHULL (html —npeacTasneHue)

TEEDTINITSAPO005] Site: | 55750) -134 to —-119; HNF-4 hs; HNF-4 binding site
DML BankLink
Regliniclc EMEL; HSAPOAO1: JO4066: 1513 to 1959
POOOS1 LeftTrunc
GenelD —D
H=: APOA1 .
— PightTrunc
FEegRegion
S'region o
Reglinit Seglendgth
enhancer; 3T; -256 to -110; 31425, S1426, 3997, S666 147
31001, 31002, 31427, 31003, 31136, 31004, 31005, 31006, 3] Sedquence
55744, 35745, 35746, 35747, 35745, 35749, 35750 CoAaccodOya gacctgoasy cotgoagoac tooochoooy cocccactga
Site: [ 31425) —EE25 to -210; Egr-1; accottgacs cotgocotgo agoccocgoa gottgotgtt tgooocactot
S%EE:i =1l%26) 22V te -212; Hpl b?; atttgoocay Ccoccaggyac agagochgatc cttgaactot taaghto
Sive:( Sees) 320 o 100, -2, HF-4 pinding sit DiA_penkL ink
1teE: - [ H e 1 = 1ncdling S1te - - -
Site:{ S1135) —220 to -192; PPRE; peroxisome proliferator EMBL; HSAPOAOL: JO4D6e; 1813 to 1553
Site: [ 3999) -212 to -191; NF-BAl; NF-EBELAl binding site LeftTrunc
SGite: [ 31000) -214 to -192; RARE: retinoic acid-responsiwv o
Site:( S1001) -214 to -192: ARP-1:; ARP-1 hinding site BightTrunc
Site: | 21002) -210 to -189:; 5 (1)1: =ite (1) ]
Jite: | S1427) —-193 to —-178; Egr-1 bs: Jeglength
Site:( 231003) -175 to -155; C (1); region C (1) 147
Site: | 511361 -174 to —-151; HWF-3 beta; HNF-3 Lbeta bindin Sequence
gig:fg gigg;; _132 EE _1iif g :ii-igl;erggig? € (2) Coaccoggga gacctgoasy CoLgUagoac LoccChoccy CCoCCCactos
Site:| S1006) 134 to —119: Ci site O accottgacs cotgooohbgs agoccccgoa gobtgobghbt tgooccactot
Site:| S1007) —133 to —110: S (3): site (3) atttgooocay coccagggac agagotgatc cttgaactot taagtto
Site: | $5742) -220 to -190; D; region D DA _BankLink
Site: (| S5743) —214 to -192; TI3R/RIR bs: TS3E/BXR alpha bin EMEL; HSAPOLTI1: JOOOSE: 215 to 361
Site: | S5744) -180 to -147 ; FpBE:; Footprint B LeftTrunc
Site: [ 35745) —-175 to -145; NFY bs: ]
Site: [ 35746) —-149 to -130; ARE; antioxXidant response eley REightTrunc
Fite: | 35747) -142 to -115; Fpc:; Footprint C 0
Site: | 35748) -134 to -119; T3IE/RXR b=; T3R keta / RER al SE;[LEHE[t,h
SHite=f SE?AQY 1324 +A —119 ZRP1 W=+ IRP 1 KhAindireo =4dite
|@ 147
Jegquence

CoogOgyagac ctgoasgoct goagractoc Ccoboccgooc Coactgaacc
cttgacccct gococtgoacy coccgoagot Lgotgtttgo coactoctat
ttgoocagts coagggacay agotgatoot Cgaactotta agttocoa

€]



TRRDSITES
OMUCAHUE CAUTA SRR EETE EeTEE >

a1 ¥ b DO Thew o

CBA3bIBAHUA Transcription Factor Binding Sites
TPAHCKPUNMLUWOHHOIO
DAKTOPA o R L R .

AN S1160
° ooz es s |D Gene: HS:APOB
AP REGULATORY UNIT: PO0670
NM HNF-4 bs; HNF-4 binding site
NY AF-1 binding site
&' NY BA1 binding site
SERSESRSC NS R01612
gesscSCRCR 1 TF HNF-4; hepatic nuclear factor 4
| AT increase

iE
2
5

GEL-MOBILITY SHIFT ASSAY

e _"” SQ cccgggaggCGCCCTTTGGARZL Ttttg 1‘MH?AZ
S=Efmgss== PQ -8810 -62 N

PF -82 to -62 ! v

B S SREMBL: M15053 : 68 oot | 4L

______ AG 3.5 [MetzgeyS. et al., 1993] |3

S AG rat liver cells:|3.6|/[Metzger S. et al., 1993] | o

o _mescccsss=aN_AG human HepG2 cells: 6.2 [Metzger S. et al., 1993] "
!: i HeLacens:E.z,6.6[Metzqerb.eraiﬁ-9984—> . T
ziz2 AG 3.3,3.5, 4.2 [Ladias J.A. et al., 1992] SRR m s W os

Il
DNASE | FOOTPRINTING TRANSIENT EXPRESSION ANALYSIS



I CO]D]MITHTIDI]L—’I] Genomics CONTENTS

The table TRRDSITES: description of the HNF-4 binding site in the human ApoB ge1

— ]

-BB 5' CccCcgggaggC ;uuuTTTGGACuTtttg 3" -g2
SiteAC 51160 3' gggccctooGCGEGAAACCAGGAaaac 57
GenelD HsAPOB +- Uy
RegUnitAC PO0D6T0
SiteName HNF-4;
PreferredName HNF-4
SiteNameSynonym AF-1 binding site
SiteNameSynonym BA1 binding site
Sitelndex 1
FactorName HNF-4; hepatic nuclear factor 4
Factorinfluence increase
Sequence cccgggaggCGCCCTTTGGACCTRttg
SequencePosition -88 to -62
. FootprintSequencePosition -82 to -62
¢ '' DNA BankLink M15053: 68
: ImportantPos

 GEL-MOBILITY
SHIFT ASSAY

P B B DB EEEsakbes
= EE=E
- El: ¥ 1

_etal, 1993]
< = ....
etzgerS etal., 1993]
. ), 4.2 (HNF4) [Ladias J A. etal., 1¢ =
spt
i & tti r_m_.\w::_l_l_l_l_l_l_llll 1 ll_lz;._l_Ll_l

Airaty

DNASE | FOOTPRINTING TRANSIENT EXPRESSION ANALYSIS



JKcrnepuMeHTasribHble METOAUKU, NO pe3ynbTaTaM BbIMOMTHEHNA KOTOPbIX
3aHOCATCA AaHHble B 6a3y TRRD

Type of experiment Assay code in
TRRD
Detection of transcription factor binding sites
DNase | footprinting with nuclear extract 1.1.1
DNase | footprinting with purified or recombinant protein 1.1.5
Genomic footprinting 1.5
Methylation protection assay 4.1
Methylation interference assay 4.2
Electrophoretic mobility shift assay (EMSA) with nuclear extract 3.1
EMSA performed in the presence of competitive oligonucleotides 3.2
EMSA performed with mutant probes or competitors 3.3
Identification of DNA-binding proteins
DNase | footprinting with purified or recombinant protein 1.1.5
DNase | footprinting with nuclear extract and specific antibodies 1.1.6
EMSA with purified or recombinant protein 3.5
EMSA with nuclear extract and specific antibodies 3.6
Confirming the functional importance of the site

Insertion of isolated site 5’ of homologous or heterologous promoter 6.3.2
Comprehensive mutant analysis 6.2
Trans-activation of a reporter gene by overexpression of a distinct 6.6
transcription factor

Genomic footprinting 1.5

NMonHbIM CNUCOK CM. NO agpecy
http://wwwmags.bionet.nsc.ru/mgs/gnw/trrd/digcodes.shtml




OMUCAHUE CANTA CBA3bIBAHNA
TPAHCKPUNUMOHHOIO ®AKTOPA (html —npeacraeneHve)

TEEDSITESS.55743 [

Siteldl
35743
eneID
Fene: Hs:APOL]
FeglUnitic
BREGULATORY TNIT: POOOS1
Jitelame
TIR/RXE bhs; T3IR/RXE alpha bhinding site
NP EXER
NP TR
Sitelndex
2
Factoriamne
T3R bets/BEXR alpha; T3E beta / retinoic X receptor alpha heterodimer
T3R bets/RER alpha; T3E beta / retinoic ¥ receptor slpha heterodimer
FactorInfluence
decrease
DML BankLink

PosContradiction

-214 to -19Z [Tzameli I. and zZannis V.I., 19328]
ImportantPos

—=TG—=-CC-TTGACCC——————— ; T3iR beta/RER alpha; [Tzameli I. and Zannis V. I.
ExperimentCodes
3.5 (RXE alpha), 3.5 (T3R heca/RXR alpha) [Teaweli I. and Zannis V.I.,
CO3-1 cells: 3.1, 3.2.2, 3.3, 3.6 (TSR kheta), 4.2 [Tzamelili I. and Zanni
HepzZ cells: 6.5 (T3R bheta), 6.5 [(9-cis BA), 6.5 (all-tran=s-Fh), 6.6.1.1
6.6.1.1 (T3E beta), 6.6.1.1 (EXFE alpha) [Tzameli I. and Zannis V.I., ij—J

4

T
4 |

—




TRRDFACTORS [ TRRDFACTORS]

Transcription

OMUCAHUE TPAHCKPUMLIMOHHOIO ®AKTOPA F*'"

ID Hs:APOA1
AN Site: S1135
TF PPARgamma/RXRalpha; PPARgamma and retinoic X receptor alpha
heterodimer
FS PPARgamma; peroxisome proliferator-activated receptor gamma
TS human
TO in vitro synthesized
TR [Vu-Dac N. et al., 1994]
FS RXRalpha; retinoic X receptor alpha
TS mouse
NF TRANSFAC link: TO1
TO in vitro synthesized -
q i
He - =

e 21elEtb PS [52 21y 1t PS fo 2
Compalilop| - |-~ ln‘ﬁg-mlsr“w-{nri % e rm[mv aﬂlvwr:wi i sp1| w11
Protein | - M('Nu(l " “ 1 ‘L M:.:En L } “ : 507301801 591 (01 [ 01|

TR [Vu-Dac N. et al., 1994]
/!




ONMNCAHUE TPAHCKPUTLUNOHHOTIO ®AKTOPA
(html —npencraeneHne)

M TEEDEFACTORS4F5743 1

Identifier

F5743.1
GenelID

Hz:iPOAl
SitedC

Site: 35743
Factorlame

T3R heta/RER alpha: T3FR heta heterodimer/retinoic ¥ receptor alpha
Factor3ubunitiame

T3k heta;
Factor3ource

recomboinant

Cells

Co3-1
Reference

[Tzameli I. and Zannis V.I., 1996]
Factor3ubunitiame

RXE alpha; retinoic X receptor alpha
FactorZSource

recomboinant

Cells

Co3-1
Reference

[Tzameli I. and Zannis V.I., 1996]
i

I TEEDFACTORS4FST43.2

Identifier
F5743.2
GenellD
H=z:iPOAL
€]




TRRDLCR
ONMUCAHUE JIOKYC-

KOHTPONUPYIOLLETO PAMOHA

AC C0002

IC Hs:ADA

CR O.AP

DT 15.02.2000

OS Homo sapiens (human)

OC Eukaryota; Metazoa; Chordata; Craniata; Vertebrata;
Mammalia; Eutheria;

OC Primates; Catarrhini; Hominidae; Homo.

LO 20

LM ST; ;Exonl;;LADA:HSSII;; LADA:HSSIII;; LADA:EFS;;
LADA:Exon2

XX

Gl ADA; adenosine deaminase

DR TRRD;; A00862

DR SWISS-PROT; ADA HUMAN; P00813(Expasy server)
XX

AL L1

LI Hs:LADA

TL thymus-specific

EL LADA:HSSII; LADA:HSSIII; LADA:EFS

Bl EMBL; HSADAG; M13792




TRRDLCR: I/IEPAPXI/I‘-IECKOE OINMNMCAHUE

Gene a)
clusterv v 1 oH CSL CSA GHY CSB
| | & 1N
\ N\
Locus b)
Control \HSVHSIVHSII  HSINNYSI
Region \} | | | |
Functional C)
group of HSII HSI
elements
(enhancer) l l
/
DNase-I- HSI d)
hypersensitive
site

[

AC C0008

IC Hs:LGH
CRO.AP.
DT 03.03.2000
OS Homo sapiens (h
OC Eukaryota; Metaz
Vertebrata, Mammalj

oC Prlmates ]

AL A7

LI Hs:LPGH

TL pituitary specific

Bl EMBL; AF010280; AF010280

EL LGH:HSV, LGH:HSIII, LGH ENHANCER

LO 172
LM

‘HSV;~2000; LGH:HSIV;~3000;~
:HSIII;~11100; LGH:HSII;~800; j

L bl

i

HT pituitary specific
DP ST of GH-1 gene
PT at -32.5kb

XX

PA positive

OA pituitary

\\'\h

XX

1995]
al., 1995]

XX
CA K562

al., 1995]

1] |

TA GH-secreting adenoma
CA primary pituitary cells
XX

AG Stable Transfection
AG transgenic analysis [Jones B.K. et al.,

AG DNase | hypersensitivity [Jones B.K. et

AG Stable Transfection
AG DNase | hypersensitivity [Jones B.K. et

AG Endonuclease protection assay

J

il

LGH:HSI;~14600; ST GH1 gene;,CS! ' =
CS2 AR R14
XX RF —
Gl GH1; SOMATOTROPI WT| RT pltwtarys f/pecn‘lc
HI LGH:HSV [ _
DE HSV - JIJ




TRRDEXP

OCOBEHHOCTU 9KCNPECCUM FEHOB , |IRRDEXPRI

Gene Expression
Patter ns

RE A00596.002
ID Hs:AAP

RT mRNA

RN lymphoblastoid cells
RL present

RI heat shock

FF induction

RH3h
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OAVHAMUKA TMNMOMNONHEHUA TRRD
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NMOUCK OAHHbIX B TRRD: BPAY3EPbDI n

TEMATUYECKUE CEKLUWA

Gene Express 2.1

HOME DNA RNA PROTEIN GENENETWORKSE MAP

TRANSCRIPTION REGULATORY | TRRD is a unigque information resource, accurnulating information on structural and functional
REGIONS DATABASE organization of transcription regulatory regions of eukaryotic genes. Only experimental
information is included into TRRED.

TRRD-T ,
What's new?
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TRRD sections

map

While developing TRRD, the main attention was focused on description of genes within
functional systems. The information on this gene groups can be obtained from TRRD

sections

TRRD Section

Heat Shock-Induced Genes
Interferon-Inducible Genes
Erythroid-Specific Regulated Genes
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TemaTnyeckue cekumm TRRD
http://wwwmgs.bionet.nsc.ru/mgs/gnw/trrd/sectionsl.shtml
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Heat Shock-Induced Genes HS-TRRD Stepanenko |.L.
Interferon-Inducible Genes lIG-TRRD Ananko E.A.
Genes Expressed in B cells B-TRRD Ananko E.A.
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Hepatitis C virus-induced Genes HCV-TRRD Stepanenko |.L.
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. . . CLOCK-TRRD Khlebodarova T.M.
circadian expression

Mischenko E.L. ,
Podkolodnaya O.A.

Genes encoding proteins involved in the Fe metabolism FM-TRRD
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SEQUENCE UNDER INVESTIGATION:

TRRD is a unigue information resource, accumulating information on structural and functional
organization of transcription regulatory regions of eukaryotic genes. Only experimental

information is included into TRED.
TRRD gtgtgaagaggagcgtacttttgtgtgtgaac
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TRRD — nHchopmaLunuoHHaa OCHOBa AN CO34aHUA BbIOOPOK
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AC es 250 1
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S 0S Homo sapiens (human)
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0]

- - —a e - - -
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cggcgcggtg cttccagcag ggtctctccg ccact

Nucleg/Ae sequence samples

Here You can get sample} §f functional sites and other biologically significant sg

Authors: D.G. Vorobiev, A.S. Frolov
Contributors: V. Ponomarenko
Leader: N.A. Kolchanov
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PlantPAN 2.0 (http://plantpan2.itps.ncku.edu.tw/)
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PlantTFDB

W —~—=<_  Plant Transcription Factor Database
PlantTFDB v4.0

Previous version: v1.0, v2.0, v3.0
Home BLAST Prediction Download Help About RegMap ATRM Links Search| (e.g., LFY)

Triticum aestivum Transcription Factors

The gene annotaion from IWGSC(v2.2) is used to identify transcription factors (TFs) of Triticum aestivum (See
datasource). Acorrding to the family assignment rules, 3606 TFs (3606 loci) are identified; o ~1mrrifind indn

56 families. You can download the TF list (here) and protein sequences of TFs (here), or d “_ﬁq pla nt Transcription Factor Data base
a FDB v4.0

download page.

m”y Previous version: v1.0, v2.0, v3.0

Home BLAST Prediction Download Help About RegMap ATRM Links Search| (.0 LFY)
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Signature Domain ? help| Back to Top
©2010-, Center for Bioinformatics, Peking University ° 100 200 300
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Questions or Comments, please contact AP2
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ibosomes OCYIIECTBIISIEMbII pOOCOMON.
0-0-0-0-0-000
TpaHCKpUNUUA NPOLEeCCUHr TPaHCNAUUA
npe-mRNA

o

— %‘
i

OHK npe-MPHK MPHK Genok




KoHuenuus «JIMMUTHPYIOILIEr0 3B€HA» B
NPUJIOKEHUH K MPOoIeccy IKCIPeCCHH

Buvicokuu yposens skcnpeccuu: 8b1COKOI)hekmueHvl 6ce cmaouu
0,000
0% 0 S0 9 0,90 @
: ‘ ' ' 020® o ‘0. @
¢ 00g © o 0épé 0088
. ®® e eo©
Tpanckpunuus IIpoueccuHr, cruianCuHr Tpancasuus

Hwuzkuii ypoBEHb SKCIIPECCHH (*— HU3KO3()(PEKTUBHBIE CTAJINN)

* > :..:0. 0 > :. 0:.. ° >80
—_ :. 0:0. 0 Y > 69 > %
e ———e sty

AOHK npe-MPHK MPHK benok
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2)
3)

4)

9)

OCHOBHBIE YHACTHHKH NMPOILIECCA TPAHCISIIUT

MPHK

pudocoma — ciaoxkubiii PHK-0ekoBbIH KOMILIEKC
TpancnopTHbie PHK (TPHK) — mocpeaHuku Mexay
IyJI0M CBOOOAHBIX AMUHOKHUCJIOT U TPAHCISAHUOHHBIM
arnmnaparom

amuHoauuJ TPHK-cuHTeTa3bh1 — pACIO3HAKOT «CBOU
TPHK, cooTBeTCTBYIOIHE KAKI0 AMUHOKUCJIOTE, U
OCYILECTBJAIT CBA3bIBAaHUE aMUHOKUCJI0OT U TPHK,
PeryiasTopHbie 0eJIKM — (PAKTOPHI HHULMALUY,
JIOHTAIMU, TEPMUHALUHU U JP.



Tpancnoptabie PHK (TPHK)

pPacno3HaIOT KOJIOHBI B OEIOK-KOAUPYIOMUX TociienoBareabHoCcTaX MPHK ¢ momonisro
KOMIUJIEMEHTAPHBIX B3aUMOAECUCTBUM, B KOTOPBIX YYACTBYIOT AHTUKOJIOHBI.

C

5'

£
U c A anticodon
J'-:-"n f;% U codon

tRNA

5 C

Tyr
KonoH — TpuHykieoTu,
COOTBETCTBYIOIIUN MO0
AU G AMUHOKHUCIIOTE JTUOO CTOM-KOJOHY
Ua C mRNA 3’

['eneTnueckui KO — COOTBCTCTBHUC KOJOHOB U aMHUHOKHUCIIOT

2nd base in codon

1st base in codon

Phe Ser Tyr Cys L
U Phe | Ser Tyr Cys C
Leu Ser STOP | STOP A
Leu Ser STOP | Trp G
Leu | Pro His Arg L
C Leu Pro His Arg C
Leu Pro Gln Arg Fy
Leu Pro Gln Arg [
lle Thr Asn Ser U
A e Thr Asn Ser C
lle Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly ]
G| v Ala | Asp Gly C
Wal Ala Glu Gly A
Val Ala Glu Gly (e

LOpPO2 U| 95Bq PJIE

Yucno TpUHYKICOTHIHBIX KOMOUHAIIUM 13 4
HYKJIEOTHIOB = paBHO 64 (43)

Tpu KoJI0HA SABJISIOTCS HOHCEHC-KOJIOHAMHU U
BBITIOJIHSIOT (DYHKIIMIO TEPMHUHATOPOB
TPaHCIISALNU

Kaxxnoit u3 20 aMHUHOKHUCTIOT COOTBETCTBYET OT
OJHOTO JO IIECTH KOJIOHOB.

KonoHbl, Komupyromue oHy aMUHOKHUCIIOTY,
OHH HA3BIBAIOTCS CUHOHUMUYECKUMU



Tpancnoptabie PHK (TPHK)

pPacno3HaIOT KOJIOHBI B OEIOK-KOAUPYIOMUX TociienoBareabHoCcTaX MPHK ¢ momonisro
KOMIUJIEMEHTAPHBIX B3aUMOAECUCTBUM, B KOTOPBIX YYACTBYIOT AHTUKOJIOHBI.

5'

tRNA

ariticodon
codon

Tyr
KonoH — TpuHykieoTu,
COOTBETCTBYIOIIUN MO0
M
AUG AMUHOKHUCIIOTE JTUOO CTOM-KOJOHY

mRNA 3'

['eneTnueckui KO — COOTBCTCTBHUC KOJOHOB U aMHUHOKHUCIIOT

2nd base in codon

1st base in codon

Phe Ser Tyr Cys L
U Phe | Ser Tyr Cys C
Leu Ser STOP | STOP A
Leu Ser STOP | Trp G
Leu | Pro His Arg L
C Leu Pro His Arg C
Leu Pro Gln Arg Fy
Leu Pro Gln Arg [
lle Thr Asn Ser U
A e Thr Asn Ser C
lle Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly ]
G| v Ala | Asp Gly C
Wal Ala Glu Gly A
Val Ala Glu Gly (e

LOpPO2 U| 95Bq PJIE

Yucno TpUHYKICOTUIHBIX KOMOMHAIIUN 13 4
HYKJIEOTHIOB = paBHO 64 (43)

Tpu KOJIOHA SIBJISIFOTCSI HOHCEHC-KOJIOHAMU 1
BBITIOTHSIOT (DYHKITMIO TEPMUHATOPOB
TPaHCIISALUN

Kaxno# n3 20 aMMHOKHCIOT COOTBETCTBYET OT
OJIHOT'O JIO III€CTH KOJIOHOB.

KonoHsbl, Koaupyrommue oJlHy aMUHOKHUCIIOTY,
OHH HAa3BIBAIOTCSI CHHOHUMHUYECKUMH



Dyukuus pepmenra amuHoanmwiI-TPHK-cuaTeTasbi:

Aminoacyl-tRNA
=y /synthetase (enzyme)

R - €) Active site binds the
. \I amino acid and ATP

Aminpacid

tRNA covalentlyl T
Bonds to amino | Aming m\(
Acid, displacing ) & P

AMP. \ Active site —

@ Activated amino acid ~
is released by the enzyme. » )

Aminoacyl tRNA -
(an “activated "

amino acid”) - tRNA synthetsss

Avuaokuciaora + TPHK + AT® -> Avunoannia-tTPHK + AM® + 2P

AMuHoanmjiI-TPHK

= AMMHOKHCJIOTa MPUKPEIIICHA
CIOKHO?(UPHOH CBSI3BIO CBOSH

N

H:M

T

S ATP
AN \ KapOOKCHIIbHOM TPYIIION K 2° UIu
@ ATP loses two @) aroups 3’-ruAPOKCUIIBHON TpyIIITe
P andjoins amino acid asAMP. ,
W e pr003bI 3’-KOHIIEBOTO HYKJICOTHIA
Pyrophosphate &4 TPHK (3710 Becerna ajeHuH)
® o |
Phosphates \ N
; tRNA ',3 o 'ii hlghm:.mm
€) Appropriate . o

Awmunoarun TPHK-cunTeTassl — pacno3natotr «cson» TPHK, cooTBeTCTBYIOIIINE KaXT0M AMUHOKHUCIIOTE, U
OCYUIECTBIISIIOT CBA3bIBaHUE aMUHOKUCIIOT U TPHK, B crity yero takue amunoanunvpoBanibie TPHK HecyT
AMUHOKHUCJIOTBI. B 3TOM 3aKIIF04aeTCsl CBA3b MEXKYy TEHETUUECKUM KOJOM — MPEACTABICHHBIM aHTUKOJIOHOM

TPHK u amunokucnoroi, ¢ atort TPHK crennennon



AMuHoanuia-TPHK-cuHTeTa3a: cieupM4HOCTD

Anticodon

Kaxnas TPHK umeer yHUKaJIbHY IO
TPETUYHYIO CTPYKTYPY.

®epment amuHoanuia-TPHK-cunTeTa32
pacuno3Haet onpenejennyw TPHK u
cnenu@uUeH K «CBOC» aMUHOKHCJIOTE.
Bcero HacuuThiBaercs (10 KpaHel
mepe) 20 amuHoauuia-TPHK-cunTeTa3
(mo uyncay amuHoKucJa0T). Kamabii
(pepMeHT pacno3HaET OAHY
amMmuHOKuUCJI0TYy U Bce TPHK, k koTOpbIM
3TA AMHOKHCJIOTA MOKET OBITH
IpHCOeIUHEeHA.

-

~

AJIAaHUH
nojaomes !!!

I'iuuH He
noxomies !!!




Pu6ocoMbI

DyHKIMS - 00€CIeUeHUE TPABUIILHOIO KOHTAKTa MEXYy KOJIOHAMU Ha
MPHK u anTukogonamu coorsercrBytomux TPHK, a Takxe coOCTBEHHO B

cHHTe3€ OeJIKa U3 aMUHOKHUCIIOT

H{R: )
- 1 ™
peptide - h%[.'rr\-
L9

base

H S0

O

iR >

riig

II:‘i{.‘ b H.C

b= 45

e

|

baxrepuanpaas pudocoma 70 S

MoHmxeHne Mg 1 1 Mosbiwenne Mg?*

50S

30S

Pubocoma sykapuot 80 S

bonwmmas cyoseauaunia 60 S
+

Manas cyosequania 40 S

Lehmann et al., Physico-chemical Constraints Connected with the Coding Properties of the Genetic System J.

Theor. Biol. (2000) 202, 129-144




CuHTe3 0eJIKa MPOXOAUT B TPH 3TANA. CXeMaTHYeCKoe

npeacTaBjeHue (NIPOKAPUOTHI)

MHunmanms — cucreMa peakiyi,
BEJIYIIUX K 00pa30BaHUIO NEIITUIHOMN
CBSI3U MEXY TIEPBBIMU JIBYMSI
AMHUHOKHMCJIOTHBIMU OCTaTKaMH HOBOT'O
MMOJIUIICOTH A

OJIOHT AN — BCE, YTO IIPOUCXOIUT C
PACTYILMM IICIITHIOM 32 BPEMS
oOpa3oBaHus BCcEX MENTUIHBIX CBsI3ei. Ha
Ka)KJ0M IIare 3JIOHTaluu pudocoMa,
COBepIIasi OJJHU LIMKJI, 100aBIISIET K
paCTylIEMY IENTUY OJHO HOBOE 3BEHO

TepMmuHaLus — BCE peakluu,
HaIpaBJICHHbIC Ha OCBOOOKICHUE
CHHTE3UPOBAHHOTO MENTHAA U
ocBoOOXkIeHNIO prOocoMbl ¢ MPHK

JIprouH b. I'ensr, 2012 1. C.163

Wunuymayus: 30S cybveauHmnya, CBA3aBLWANR KOHKPETHLIN
canT Ha MPHK cTbikyetcs ¢ 50S cybvepuHuuen;
OHM NPUHUMAIOT Nepayio amuHoauun-TPHK

&,

AUG

InoHrayms: pubocoma aewmercs sgonb MPHK. yanuuss
noaunenTug 3a cyet nepexoca c nentugun-TPHK
Ha amuHoauun-TPHK B xaxpgom pabouem yukne

?;iﬁ

o

7%

Tepmuuauyms: nonunenTug cxogut ¢ nocnegHeii TPHK,
pubocoma auccouumpyer ¢ MPHK

¥ =

AV AV VAN




Crpykrypsl MPHK u nmponecc
TPAHCJANMH Y IPOKAPUOT M 3YKAPHUOT
HMEIOT CBOM OTJIMYHUTEJIbHbIE
0COOCHHOCTH.

DYHKIHOHAJIBLHO HAU0O0JIee CUJIILHO OTJIMYAECTCH
MpoUecC MHULMAIINU TPAHCJASIIUA



DyHKIHOHAJBbHBIC pasjanuuda Me:xay MPHK
MPOKAPHUOT H IYKAPHUOT

é SAPO

: Tpanckpurnmus, mp-
I'enomuas /THK \ MPHK npoueccuny

N /s
~_L -

{ MUTOILIA3MA

. 5HTI 3HTI p(A)

0eJI0K-KOAUPY LA

yacte (ORF)

|

MpPAHCIAYUS MpPAHCIAYUS




IlpokapuoTsl

Double membrane o
Clostridia

Actinobacteria T Archaea

Bacilli



JIpronn b. I'ensr, 2012 r. C.167, 168

IIpoxkapuorsl: ocodas nannuaropuas TPHK (fMet-tPHK)

bnoku pOBaHHas aMUHOrpynna

} 3aARKJIAABIBACT IICPBOC 3BCHO INOJHUIICIITH/IA

% ¢, H Cunre3 Bcex 0E€ITKOB HAUMHAETCA C OJIHOM M TOXKE€ aMUHOKHUCIIOTHI —
s 58 .
?”c;, 5 Fecy _— o h» MeTHOHMHA. CHTHAJIOM K Ha4auly CHHTE3a IOJIMICITHIHON LIeTH CITYXKHUT
NH o . .
‘”\c" £ <"C| A s uHunuupyronmii konon AUG, o0o3Havyaronuil Ha4yano OTKPbITON paMKH
C=0 C =c%9 oQi:G& cunThiBaHuA. Y O6akrepuii , moMmumo AUG, HCTIONB3YIOTCS TaKkKe
| [
?0 i %VO < tpumerst GUG n UUG
fMet-TPHK g WHULIAALMY U BJIOHTAIIMU YYacTBYIOT pa3Hble MeTuOoHMHOBbIE TPHK.
Met-TPHK; N-cbopmun- ‘
meTnoHun-TPHK;
10-¢)opMMn;b Terparuapodonar \ VY GakTepuii, a Takke B Opranesjiax 3yKapuoT METHOHUH UHUIIUATOPHOM
TeTparugpocdonar

= IF-2 Tonbko fMet-TPHK; moeT 3aHATb
~ HenosHbIN caiT P Ha cBs3aBwen MPHK
= fMet 30S cy6beauHuue
<
=~
g v fMet 5
S
AUG NieN
NSNS\
Tonbko ammHoauun-TPHK moxer
3aHATL caiT A B uenou 70S pubocome e
EF-Tu
aa
o,/
=
< o
= fMe o
= 3N\
= Kb
@) 406 ™NN
5 AV AW L T ooV o e W

TPHK nmeer GopMunmpoBaHHyt0 aMUHOTPYIITY. ITOT KOMILJIEKCT
o0o3Hasaercsa kak fMet-TPHK

Ilpokapuorbl: (paKTOPHI HHAM ALY

VY 6akrtepuii ecth Tpu daktopa naunuanuu: IF-1, IF-2, IF-3. be3
stux dakropoB Hu MPHK, au TPHK, HEe MOryT BCTYIIUTh B KOMILJIEKC
1503020002 E:000%028

IF-2 cBs3piBacT naunmaropuyo fMet-rPHK u mo3Bosisiet eii 3aHATh
HETOJIHBIN caliT P Ha manol cyObeanile pudoCoMBI.

Hal'lpOTI/IB, B X01€¢ 3JIOHTallun
™~ EF-Tu, xoropsiii nomemaer amuuoanuia-TPHK B caiit A, coBceM He
ymeeT cBs3biBaTh TMet-TPHK , uto uckirouaet ee ucmoib30BaHuMe.




IIpokapuorthl: poasb pakropoB muumuanuu (IF-1, IF-2, IF-3)

2169
3 S 8

z

IF-3 IF-1
Komnnekc 30S-mPHK S
K komnnekcy IF-2 mo
npucoeauusercs IF2-ITO P 4
-
A

fMet 1
% o7

NG

K komnnexcy
NpUCoOeaUHAETCA
uHuumatopHas TPHK

Npucoegunsercs 505 l
cybvenunmua, a IF1-3 yxopsT

r ! ) fMet

J '0" @

IF-1 IF-2 IF-3 1o o, 7

S

o

Hernozganeky ot caiita A. OH HEOOXOIUM JIJIsl CBSI3bIBAHUS
. 30S cyoweaunuusl ¢ MPHK 1 npotuBoaeicTByer
acconanuu 30S u 50S cyObeaunuil pudocoMm.

Damu J/ IF-3 cBa3pIBaeTCA ¢ MOBEpXHOCTHIO 30S CyOBeTMHHIIBI

~ IF-1 cBs3piBaetCs ¢ 30S cyObeAMHUIIAME B yKe

chopmupoBanaom komriekce 30S-mPHK. 1F-1
CBSI3BIBAETCS ¢ cauToM A, He 1mo3Bousis amuHoamiI-TPHK
3aHATH 3TOT CaMT.

___ |F-2 nmpunocut ocobyro nanuunaropuyto TPHK (fMet-
TPHK) u xouTpOnmpyer ee Bxoxxaenue B puobocomy. |1F-2
/ o6namaer ['Tda3HOM aKTHBHOCTHIO (HO TOJIBKO B
KoMIuIekce ¢ pudbocomoit). ['TO rugponusyercs B TOT
MOMEHT, Korja 50S cyObeauHuIa IpucoeanHIETCS K
KOMIJIEKCY MHUIHAIINH ¢ 00pa30BaHUEM MOJTHOM
prOOCOMBI, YTO TPUBOAUT K U3MEHEHUIO KOH(POPMAIIH

CyOBEeIUHMUIL, CIOCOOCTBYS MX IPEBPAILCHUIO B aKTUBHYIO
pubdocomy.

<4— [loce Toro, KaK K KOMIUIEKCY npucoenunsercs 50S

cyObenuHuIa, Bce (hakTopbl MHULMAIUY YyXOoa4T, a [ TD
pacienisiercs.

JIptonH blenbi-204



Oco0eHHOCTH TPpaHCAAIUU Y IpokapuoT: cauT Illanna-
Hanbrapuo (SD) B komoOuHanmuu ¢ AUG komoHOM onpeaeasiioT
CTAPT TPAHCJISIMH

« Ilpokapuornyeckas nonunucrtponHas MPHK
. 1I- /1 ORF1 ORF2 ORF3

. GGAGGA(N),.,AUG

« cair lllaiina-/{ansrapuo (I11-/]) B komOunanuu ¢ AUG ko1oHOM onpeaesisitoT
CTapT TPAHCISALNM, BOBMOKHA PEUHULIUALIHS

Y IPOKAPHOT B COCTAaBE HYKJICOTHIHOM s
0CJIE0BATEILHOCTH KOHCEPBATUBHOIO 3’ -KOHI[A Sl ~ )
16S pudbocomuoit PHK, Bxoasmieit B coctaB 30S \"'1
CyOBbEeqMHULIBI PUOOCOMBIL, €CTh KOMIIJIEMEHTAPHBIN MR
. 5-End W AAGGAGG
Y4aCTOK, KOTOPBIH U BEIOIHSIET POJb AETEKTOpa -

-

curnana lllaiitna-/lamerapao. iMmeHHO KOMOMHAITHS T oS Ribosomalsubunt
AUG kognoHa u caiira [llaiina-/lanerapao

0003HaYaeT AJisl TPOKAPUOTUUECKON prOOCOMBI

Hayajao TpaHcisuu. CtapT TpaHCasSIUU Y sykapuor Her caiita II-JI. V sykapuor 40S
pacrio3Haetcsi komiuiekcoMm 30S cyObeauHULIbI CyOBEMHUIA PHOOCOMBI CBA3BIBACTCS € 57~
pHBOCOMBI M METHOHMHOBOI TPHK, aHTHKOZOH KanupoBaHHBIM KOHIIOM MPHK, koTOpBIi HaxoauTcs

o B KoMILIekce ¢ elF-4 u HaunHaeT nepeaBUTraThCs
KOTOpOI/I ABJIACTCA B JAHHOM cnyqae I[@TCKTOpOM
Broas MPHK 1o Tex nop, noka ne Bcrpetutr AUG
kogoHa AUG.

KOJOH.




OCO00eHHOCTH TPAHCIAUU Y
MPOKAPUOT: TPAHCKPHUIILUA U
TPAHCJISIIMA CONMPIAKEHBI

Kak Tonbko nosisisiercs MPHK, pubocoma npukperuisiercst K 5°-KOHIy U
HaYMHAET TPAHCIALMIO €1IE JO TOTrO, KaK 3aKaHYMBAETCSI CUHTE3
octaBieics yactu PHK. Pubocomsbl mpoioinkatoT TpaHCIMpOBaTh
MPHK, nmoka oHa coxpaHsieT CBOIO IIETOCTHOCTb.

Herpaganusa MPHK HaunHaeTcs cpasy ke nocie TpaHCISIUHA U, CKOpee
BCET0, HAUMHAETCS B TEUEHUE MUHYTHI [1OCII€ HaYala TPAHCKPUIIIUU. 5-
koHer MPHK HaumHaeT nerpaaupoBarth eiiie J0 TOTo, Kak 3-KOHell ObLI
CUHTE3UPOBaH, JIMOO0 TpaHcaupoBaH. CKOPOCTh Aerpajaliuy IPUMEPHO B
JIBa pa3a HUKE CKOPOCTH TPAHCKPHUIILINKU WIN TPAHCIISIIIUN

BakrepuansHbie MPHK TpaHCANpYIOTCA, He A0MUAAACH 3aBepLWeHMA TPAHCKPUNLUHK
5, 0 ':'J@:’ LAl & : p .

ot ks OT Hee OTXOAAT HOBOCUHTE3UPOBAHHbIE
MPHK, oH1 noKpsITH puboCcOMamu

" ToHKas iMHis nocepeaute — 370 [IHK
Pha 2 o8 S .

EuHUIBI TPAHCKPUIIIIUN Y OAKTEPUN MOKHO YBUETh

TPaHCKPUNUWA — TPAHCAALMA — AerPafaLua

0 MuH Hauunaetca TpaHcKpunyua

PHK-nonumepasa

PPP

\Ha 5'-KoHue MPHK
Haxoautcs Tpudocdar

0.5 MuH PuBocoMbl NPUCTYNAIOT K TPAHCARLMU

/Ammmoe\
/”-- &< o

Pubocoma

1.5 mun  [lerpapauun HaYMHaeTCA

¢ 5"-KoHuya

/ AN AY A A Y
-
™

/\ I\”'

” Hykneasa

2.0 MuH PHK-nonumepa3sa cosepuaer
TEPMUHALMIO Ha 3-KOHUE

VAVAVAVAVAVAVAY AV AV AN

N -
)

3,0 MuH [erpagauus npoAaoMKaeTCs,
MBOCOMBI 3aBRPIIAIOT TRAHCNALUIO

N\ pr.
N puf £

JIstonH b. I'ensl, 2012 1. C.143-144,



Oco0eHHOCTH TPAHCIAANMH Y IPOKAPHUOT: ONMEPOHHASI CTPYKTYpa
MPHK

* [Ipokapuornueckas nmoauuuctponHas MPHK
. 118 ORF1  WI-JI ORF2 ORF3

« B coctaBe MmHorux MPHK HaxonsTcs nBe u 60s1€€ OTKPBIThIE PAMKH CUUTHIBAHUA,
KOJIMPYIOIINE aMUHOKHUCIIOTHBIE MOCIEA0BAaTEIbHOCTH pa3HbIX O0enkoB. Pubocoma pacno3Haer
CalT MHULIMAIIMY TPAHCISLUU B Hadasie MaTpullbl (komOuHanuio caiita I1I-/] u AUG komoHa) u
TPAHCIUPYET MPOKCUMAIIbHYIO OEJTOK-KOAUPYIOILYIO MOCIEI0BATEILHOCTD, 3aTEM YacTh
prOOCOM UCCOLIMUPYET C MATPUIIbI, & HEKOTOPAsl YaCTh MOYKET PEUHUIIMUPOBATH TPAHCIISLIUIO
Ha CIEAYIONIECH KOAUPYIOIIEH MOCIEI0BATEIbHOCTH.

AJIBTEpHAaTUBHO, B MEXIHUCTPOHHOM ITPOMEKYTKE MOXKET PACTIONIATaThCA HE3aBUCUMBIN
CalT MHUIMAIIUN TPAHCISAIMK — TO €CTh BhIIIE cTapToBOr0 KogoHa AUG BTOpoit 6enoK-
KOJIMPYIOIIEH mocieaoBaTeabHOCTH pacnonoxkeH caut Ilaiina-/lanerapuo. Toraa yacts pubocom
OyIyT CaAUThCS BO BHYTPEHHEM Y4acTKe (MEXIIUCTPOHHOM MPOMEKYTKE) U TPAHCIUPOBATH BTOPOIL
KOAVPYIOIIMNA YYaCTOK.

MPHK, B cocTaBe KOTOpBIX COJIepKaTCsl HECKOIBKO OCIOK-KOIUPYIOIINX
MOCJIEIOBATEILHOCTEN, HA3bIBAKOTCS MOJUIUCTPOHHBIMU. DJIEMEHT T'€HOMA, B COCTABE KOTOPOTO
HECKOJIBKO O€JTOK-KOAUPYIOIIUX MOCIEA0BATEILHOCTEN PACIION0KEHBI MO TPAHCKPUIIIIMOHHBIM
KOHTPOJIEM OJTHOTO ITPOMOTOPA, HA3bIBAETCS OMIEPOHOM.
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OCO00CHHOCTH TPAHCJIALNHU Y SYKAPUOT

e DykapuoTudeckas MmoHonucTponHas MPHK

5’UTR(=5’-HTII) ORF 3’UTR  poly(A)
cap AUG UGA poly(A)
TPAHCKPUIILUS U TPAHCIISALMS Pa300IIeHbI (SIp0 — IUTOILIa3Ma)

MPHK nmeet 5°-ko1m

MPHK umeet nmomm-A tpakt (100-200 ocnoBanuii nonu(A) Ha 3’-
KOHIIC)

Yucno BcmomMorarelbHbIX (PaKTOpOB OOJIbIIE

JIpyroii crioco0 CTHIKOBKH MaJIbIX CYOBbeIUHUIL pHOOCOM CO
CBOMMHM canTamu CBs3bIBaHMs B MPHK

puOOCOMBI CBSI3BIBAKOTCS ¢ 5°-KoHIIOM MPHK 1 n1BM>XyTCS BOOIB
5’-HTII B nmoucke nogxosIero CTapToBOro KogoHa TPaHCISLUN



Kounernr 6-ou jiekimun



