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TpaHCKPUMNMLUMOHHbIE AKTOPI
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HTH (Mata2-Mcm1-DNA)

Figure 1 DNA-binding domains of five yeast transcription factors. Biue
spheres, Zn; gray spheres, DNA. Protein data bank (http:/www.biochem.
ucl.ac.uk/bsm/prot_dna/prot_dna html) accession codes are in parenthe-
ses. (A) C2H2 zinc fingers of Adr1 (2ADR); (B) C6 (zinc knuckle) of Gald
(1D66); (C) bZIP structure of Gen4 (1YSA); (D) bHLH of Pho4 (1AQA); (E)
\ helix-turn-helix of Mata2 and winged helix of Mcm1 (1MNM).
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TpaHCKPUNLMOHHbIE PAKTOPbI

AKTUBATOPbI U PENPECCOpbI

ABNAIOTCA MOAYNbHBIMM MO CTPYKTYPE M COAEPIKAT CAeaytoLmne
AOMEHbI:

1. AHK-csa3bisatowmin gomen (DBD)
2. TpaHcaktusupytowum gomeH (TAD)
3. CurHanpacno3sHatowui gomeH (SSD)

4. [Mmepu3aLmOHHbIN 4OMEH
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TpaHCaKTUBUPYIOLLLME JOMEHDbI

* Kucnble (GAL4, n3 49 Ak — 11 kucnble)
* [nyTamuu-6oratbie (Spl, ~¥25% AK — rnyTamuH)

* Mponun-b6oratbie (CTF, n3 84 Ak — 19 nponuH)
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[1HK-cBA3bIBatOLWME AOMEHDI

- B3aumoaencTByoT B 0OCHOBHOM ¢ 6onblion bopo3zakon HK




J1HK-cBA3bIBatOLLME AOMEHDI
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CemencTaa TPaHCKPUMLUMOHHbIX GaKTOPOB

* Cnupanb-nosopoTt-cnupans (helix-turn-helix - HTH)

* LiInHkoBble nanbubl (zinc finger)

* lenumHosasa monHua (basic leucine zipper - bZIP)

nupanb-netna-cnupansd (basic helix-loop-helix — bHLH)
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LInHKOBbIE ManbLbl
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JleMumHoBass MONHUA

DNA

DNA-binding
domain

DYHKUMOHUPYKOT Kak romMo- Unu retepogmumepsbil

Mpumepsl: C/EBPJ, c-Fos, c-Jun, CREB




Cnupanb-neTnsa-cnupanb

Dimerization active HLH homodimer inactive HLH heterodimer

OYHKLUMOHNPYIOT Kak roMo- Unun retTepoanmepsbl

Mpumepsl: MyoD, E-protein.




KombunHumnposaHune [1HK-cBA3bIBatOLWMX JOMEHOB

[eTepoaumepu3salms Hanunumne B o4HOM MoOneKyne
Pa3HbIX JOMEHOB
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MoaynbHasa cTpykTypa T

A DNA-BINDING AND TRANSACTIVATION DOMAINS B CHIMERIC TRANSCRIPTION FACTOR

DNA Transcriptional DNA Transcriptional
binding | activation binding | activation




[TpomoTOp NPOKapuoT

Promoter region
[ ]

TAGTGTATTG ACATGATAGAAGCACTCTACTATAATCT CAATAGGTCCACG 3
ATCACATAACTGTACTATCT TCGTGAGATGATATTAGAGTTATCC(AGGTGC 5'
-35 Sequence -10 Sequence
<& MRNA 3
Start of transcription
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[TfpoMOTOp 3yKapmoT

transcription
start point

-35-30 r +30
. mm = =
BRE TATA INR DPE
- O6wmin
PerynatopHbin <
NMocnepoBaTtenbHOCTb  TPAHCKPUNLUMOHHBIU
ANEeMEHT
dakTop
BRE G/CG/CG/ACGCC TFIIB
TATA TATAA/TAA/T TBP
INR C/TC/TANT/AC/TC/T TFIID
DPE A/GGA/TCGTG TFIID

BRE - B recognition element
INR - initiator element
DPE - downstream promoter element
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Mechanism ST
Of OC"' l On chronrliatin remodeling
complex

CHROMATIN REMODELING

histone modification
enzymes

COVALENT HISTONE MODIFICATION

—— other activator proteins

ADDITIONAL ACTIVATOR PROTEINS
BOUND TO GENE REGULATORY REGION

Mediator

general transcription factors
RNA polymerase

ASSEMBLY OF PRE-INITIATION COMPLEX
AT THE PROMOTER

other gene activator proteins

rearrangement of proteins in the
pre-initiation complex

TRANSCRIPTION INITIATION

1fied from Figure 7-49 Molecular Rinlngy qffhp Cell (© Garland Science 2008)




KnacTtepbl reHOB

DAL1 —DAL4 -  Saccharomyces Cooper, Lawther,

DAL2 cerevisiae 1974
GAL7-GAL10-GA Saccharomyces Douglas,

L1 cerevisiae Hawthorne,1964
prnA-prnD-prmB-p Aspergillus Arst, McDonald,

mC nidulans 1975
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I_IO,D,XO,D,bl K N3YHEHUIO peryndaumm sKCrnpeccmm
reHoB

® 1. Tenermuyeckmii — orGop 1 aHAIN3 MYTAHTOB U BBIICHCHIE

SIIUCTAaTUYECKUX B3aUMOJEHUCTBUHI

® 2 MOJIeKy.HﬂpHo-6HOJIOFI/I‘I€CKI/Iﬁ — HCCJIENOBAaHHUE CTPYKTYPHI
I'CHOB, BBIJICJICHUE PETYIATOPHBIX OCJIKOB U MOUCK UX MUIICHEH, aHAIU3
0enok-0enkoBbIX 1 0enok-/IHK B3auMoseiicTBuii

® 3. AHAJNM3 TPAHCKPHIITOMOB

® 4. Pa3pa6oTKka NPWHIMIIOB HHTErPALMHI PA3JTHYHLIX
PeryJassTOPHbIX Lieneu
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What is the Warburg Effect?

+0 -
Glucose

|

0, Pyruvate —sLaclate

co,

Differentiated

/D Tissue Cells

02

Glucose

|

Pyruvate

!

Lactate
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Concept adapted from Vander et. al., 2009

B KJIeTKax OIyX0JM Bo3pacTaeT yposeHb (pochodpykTokrHassl ( ¢ 04eHb BEICOKUM
@pOﬂCTBOM K IVIIOKO3€) M JIaKTaTIeruaporeHasbl
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MeTabonusm yrneBoaoB y APOXKEN U €ro
perynaung

® DepmeHrtanusa: bpokeHne — 3TO aHAPPOOHBIN
METa0OJMYECKUI paciag MOJIEKYJI MUTATEIbHBIX
BEIIIECTB, HAIIPUMED, TITFOKO3bI

® Jlpoxoku S. cerevisiae GpaxynabTaTUBHBIE aHAYPOOBI




Yeast Metabolism

Glucose
Ethanol
Fermentation

\E 1 Respiration
Pyruvate ——— Acetaldehyde

! |

Acetyl Coh «—— A#Acetate
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Fig.1. Growth of Eshericlia coli in the presence of different carbohydrate pairs serving as
the only source of carbon in a synthetic medium”.
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[ 1roko3a B cpene

NHayKiys reHos,
KOJUPYIOIIHX
MIEPEHOCUNKH

[JIFOKO3BI U (DEPMEHTHI
[JIAKOJIM3a

[ mroko3Hast KaTaboJIMTHAST PENPECCUs
T€HOB, KOJUPYIOIIUX (DEPMEHTHI,
HEOOXOIUMBIE JJI1 YCBOCHUS APYTUX
caxapos
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benky, ydacTeyloLwime B perynauum

rMOKO3HOro obmeHa
Mthl

® —HEraTMBHBIN PErYIATOP IIyTH NEPEHOCA CUTHAIA O KOHIEHTPAIUK
DIIIOKO3EI B cpenie. HeoOXomauM a8 penpeccuy TPAHCKPUIILIMU T€HOB
HXT ,6enxom penpeccopom Rgtlp;

® BsaumoneiictByer ¢ Rgtlp u cencopamu rmoxoser Snf3p u Rgt2p;

® ®ochopumuposanre Mthlp xunasoit Ycklp zamyckaer ero
JIerpaIaIuio;

® MTHI umeer mapanor STDI,koropelii BO3HMK B pe3yiasrare

MMOJIHOTEHOMHOU JTYTUIMKAIUU

® Stdl — Genoxk B3aumoneiicteyer ¢ Snflp, cencopamu rmoko3k!

Snf3p u Rgt2p; perynarop tpanckpunmmonnoro dgaxropa Rgtlp;




OTBET KINETKU Ha rMIOKO3Yy B cpeae

GLUCOSEK_f"™" i NO GLUCOSE

Rgt2

Rgtl moxer 6bITh 1 akTHBaTOpOoM M penpeccopom. Rgtl cosmectno ¢ Mthl u Stdl
penpeccupyet reusl HX'T, kogupyromue tpancnopreps! miroko3sl. OcBoOOXKIEHUE
npomotopoB ot Rgtl nekoropsix renos HX'T tpebyer akrusnocru CAMP-
3apucuMoii nprenakuHassl (PKA)




CucremMbl TPAaHCIIOPTA ITIOKO3bI Y ,Z[pO)K)KGﬁ-
CaXxapoMHuI€TOB
KoucturyTtusHas (c [Tpu BBICOKOM TonpKO MyTaluu 1Mo BCEM
HU3KHUM CPOICTBOM K KOHIIEHTpanuu rroko3bl 7 reHam HXT Benyr k
IJIFOKO3€) — Hxtl u Hxt3 HECIIOCOOHOCTH PacTu Ha
TJTFOKO3€
Penpeccupyemas B cpene, rae miroko3bl
IJIFOKO030# ( ¢ BBICOKMM MaJI0 CHHTE3UPYIOTCS
CPOJICTBOM K TJIFOKO3€) Hxt6 —Hxt7, npu
ITOBBIIIICHUH
KOHILIEHTpauu — Hxt2 u
Hxt4
CeHCcophl NIFOKO3BI — Rgt2 - cencop BbICOKOU tamm snf3 rgt2 —
MeMOpaHHbIC OSIKHU KOHIICHTPAIIMU IJTIOKO3bl  Je(eKTEH B INIFOKO3HOM
Snf3 —ceHcop HU3KOMH UHAYKIUHU T€HOB HXT
KOHIICHTPALIUU T[ITFOKO3BI
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Jrasa

Grrl — y6uksuTHH-

The glucose induction pathway of the HXTgenes and its components.

GLUCOSE

Signal
Generation

Signal
Transmission

Regulation of
Target genes

Ozcan S, Johnston M Microbiol. Mol. Biol. Rev.

™

1999;63:554-569 Microbiology and Molecular Biology Reviews

9.

|S.ASM.OI'Q | Copyright © American Society for Microbiology. All Rights Reserved.



Rgtl

® Uwmeer JTHK-cpsaswiBaromuii nomen (Cys6Zn2 )
® B ommuue or Gal4dp, e umeer nomena

AUMEpPHU3aliU U CBI3bIBACTCS C
MOHOMEpa

HK B BHuIE

® budyHkoHansHbIM T — €CIIM HET IIIIOKO3bI —
PEINPECCOP, MHOTO ITIFOKO3bl — aKTHUBATOP, HU3KUU
YPOBEHb — HEHUTPAIBLHBIN (PAKTOP.

Rgtl perynaupyer skcnpeccuio reHoB, KOTUPYFOIUX
OENIKU-TIEPEHOCYMKY IIIOKO3bI U HE BIIMAET HA
SKCIPECCUUIO T€HOB, KOAUPYIOIIHX (PEPMEHTHI

ITIMKOJIN3a

(-




Operator

Target gene

Rgtl - perynatop reHoB, KOHTPONMMPYHOLLIMX OENKN — NEPEHOCHNKN
rMIOKO3bl

npuBRneKaeT KoMnnekc ko-penpeccopa Tupl-Ssn6
(b)

Gene sets repressed by Ssn6-Tupl

Function DNA-binding
protein
aspecific genes a2/Mcmil
Haploid-specific genes al/a2
Gucose-repressible genes Migl
DNA-damage-inducible genes Crtl
Oxygen utilization genes Rox1
Starch-degrading enzymes Nrgl
Osmotic-stress-inducible genes Skol
Sporulation-specific genes ?
Meiosis-specific genes ?
Flocculation genes ?




[ NtOKO3HaA MHOYKLU NS

AKTI/IBaIIH}I I'CHOB TJIMKOJIN34
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PopMbl FrEKCOKMHA3b! Y APOXKEN

MOHOMEP JTUMEDP

+ rIroKo3a He dbocdhopunupoBana
(aKTUBHA)

- INIFOKO3a dochopunupoBaHa
(HE aKTHBHA)

docdarazbl Reglp, Glc7p

@




HKII
Key Player
in Cancer

Pentose
Phosphate
Pathway

Nucleic Acid,
DNA, RNA,
Biosynthesis

Citrate

8Bcitrate
transporier

. o
Cltr’ate

Membrane
Precursor
Biosynthesis
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depMeHThI, KaTanusnpyroLime
HeobpaTnMble peakuun rmmkornmnaa

® dochodpyrrokunaza Pkl (Ptkl u Ptk2)

® ( B HOpMe mHrHOUpyetca nurparoM u AT®, npu
pakKe- HeT)

® Ilupysarkunasa Pykl — ompenenser cxopocts
[JIMKOJIM3a. MUIIEHD I aHTUPAKOBOM TEPAIIUU.




" OCHOBHbIE perynsTopbl TPAHCKPUMLMM FEHOB, N
MHOYLIMPYEMBIX MTTHOKO30W

e Rapl
e Gcrl -

® Gcr2 — ssaumoneiicrsyer ¢ Gerl u akrusupyer
TOJIEKO T€HBI ITIMKOJIN3a




Rapl

*92.,4 kDa

*AKTMBaTOP reHOB IMNKOn3a n reHoB 6enkoB pnbocom
*CBsI13bIBAETCH C HECKONBbKMMW COTHSIMM MPOMOTOPOB

* PEMPECCOP NTOKYCOB TUMNa cnapuBaHns U yannHeHUs
Tenomep

[ MnKkonna perynupyeT B Komnrekce ¢ Gerl/Ger2
*RPG-box — ACCCATACATTTA

*Y3HaEeT U akTUBUPYET 294 reHa y ApOoXxKen ( 5% reHoB)

A S

N-ter %BRCT 5 .;E DBD éi é é '! RCT !
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Ponb 6enka-aktnatopa Gcerl B koopanHaumm rmmkonnaa
N MPOLIECCOB TPAHCIALNM U KITETOYHOIO LMKNa

5-CTTCC-3’ MmioKo3a

TOMOJIUMED
/ }

@ AlnepHas MmeMGpaHa

Mem6GpaHa KneTku

KNEeTOYHbIN LUKI
CLN3, CLN1, CLN2

MWKOJIn3

ENO1, PYK1, ADH1  TPaHcnAuuA
RPS2,RPS5,RPL30,TEF1

(-,
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rMUKONM3a 1 NpoLeccoB TPaHCAALUM N KNETOYHOTO
LUMKna

nmoko3a

2

@ fAlpnepHas memGpaHa

MembGpaHa KneTku
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Penpeccop Migl

® MIGI - xomupyer 6enok, penpeccop reqos I'KP .

MyTalyu B 3TOM I'€HE SBISIOTCS Cynpeccopamu myTtamuit snfl n snf4.
Benok Miglp umeer nunkconepsxkamuii jomen C, P, 1 CBA3BIBAETCS C

nocnenosarensHoctbio JHK «GC-60ke»-(G/ C)(?C% T)GGGG

Tubpuaubii 6enok LexA-Migl peryaupyer skcnpeccuio penoprepHbIx
I€HOB, HAXOMALIUXCH IO KOHTPOJIEM HecKoIbKuX L.eX —omeparopos, B
3aBUCHMOCTH OT KOHLIEHTPALMK [IIOKO3EL. [Ipy pocTe Ha IIIOKO3€ MX
TPAHCKPUIILMS PENPECCUPOBAHA, CHIKEHUE KOHIIEHTPAILUH TIIFOKO3EI
IPUBOIMT K OCJIA0IEHHIO PENPECCHH, a Ha CPEJIE C IallaKTO30M PENpeCCHr
HET.

Miglp pocpopumupyercsa nporennkunaszoii Snflp. B mrammax,
conepxamux myranuio $7f1, reast TKP penpeccupoBanbl qaxe Ha cpene 6e3
TJIFOKO3BI.

B T0 ke Bpems, mo-BUAUMOMY, Snﬂp SIBJIISICTCS HE €AMHCTBCHHOM KMHA30MU,

kotopas pochopumpyer Miglp (Schuller, 2003).

Miglp npusnekaer k npomoropam penpeccuBHbli Kommieke Tuplp-Cyc8
(Ssn6) u, TeM cambIM, OTOKHPYET TPAHCKPUIILHIO
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Mopenb perynaumm akTUBHOCTU
penpeccopa Migl B 3aBucumocTu
OT HANUuMA FNOKO3LI B cpeAe
(Schuller, 2003)

NLS - (nuclear localization
S€qUENCE) nocye0BaTeabHOCTb,
obecrieunBaroias siAepHyIo
JIOKaJIN3aIIHIo,

NES - (nuclear export sequence)
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A simplified schematic representation
of the three well-characterized
glucose-response pathways in S.
cerevisiae. (a) The main glucose
repression pathway. In response to
high glucose concentrations, the
complex containing the Snfl kinase
inhibits the Migl repressor-containing
complex and thus represses genes
involved in respiration,
gluconeogenesis and the metabolism
of alternative carbon sources, such as
galactose (GAL genes) and maltose
(MAL genes). Protein phosphatase type
1 (PP1) acts in a complex with Regl to
down-regulate Snfl in low-glucose
conditions. Glucose phosphorylation
by Hxk2 is required for this pathway,
but the step at which it acts is not
known. (b) The Snf3/Rgt2
glucose-sensing pathway. In the
absence of glucose, Rgtl acts in a
complex with Stdl and Mthl as a
transcriptional repressor of the
HXT1-HXT4 genes. When glucose is
present, the transcription factor Rgtl is
inactivated through
SCF-Grrl-mediated inactivation and
degradation of Mthl and Stdl, and
hyperphosphorylation by an unknown
kinase, resulting in dissociation of Rgtl
from the HXT promoters. Snf3 triggers
the induction of HXTI1-HXT4 in
response to low glucose
concentrations. High glucose
concentrations further enhance HXT1
expression through Rgt2 in a process
that involves conversion of Rgtl into a
transcriptional activator. (c) The
Gprl/Gpa2 glucose-sensing pathway.
High glucose concentrations activate
cAMP synthesis by the adenylate
cyclase Cyrl (which is dependent on
Ras) through the Gprl/Gpa2
G-protein-coupled receptor system in
a glucose-phosphorylation-dependent
manner. The resulting activation of
protein kinase A (PKA) affects a wide
variety of target genes involved in, for
example, carbon metabolism and
stress resistance. Some of these effects

are mediated by the MsnZ and Msn4




Low Glucose

v

Snf1
Kinase

v

Shericu! pathway

X

Glucose-regulated
transcription







Yeast galactose
utilization pathway

Glucose
N " i e Galactose transport= Gal
4. I Galactokinase 4 .0 H 0
'@u TT @—!-oe HO . o-!-w 2p’
e e "o 0 Galactose to galactosel-p
— e UDP-glucose = Galactose kinase,(GAL
Galactose )
{-phosphate mh""::: 1)
. 0 uridylyltransferase
P, e B o Galactosel-p to
N H ucomutase N l N
Lo N = (% . ‘.’oe Koo w) 1§ UDP-Glucose=
L 1 T GAL-UDP transferase
Glucose 6-phosphate Glucose 1-phosphate UDP-galactose (Gal 10)
UDP Glucose is
converted to Glucose 1-p
by epimerase (GAL7?)

Glucosel-p is converted
to Glucose6-p by

AN AT
AT OHD=Y)



e GAL1,GAL 7, GAL10 - Chr.II
® Perymsaroper: GAL4 - Chr. XVI,
e GALSO -Chr. XIII

e GAL3 - Chr. IV

® PerynsTopHbie OEIKH PeryInpyror oosiee 22 reHos

O GAL-7 P GAL-10 P
P GAL-1

@ <------mmmmmmmeeeeee- I------ J<--mmmmmmmmmmeee e I--
-==J[----- | >




200 400 £00 200
ILS1 RAD16 METS

S YBRO16W GALL
25? b P ——————45, 280
MNNZ KAP104 GAL? GALLO
JOALL FUR4 POAL SCo2
- — "
260 e —— o e 295

CHS3

360 Feh 22, 2011




®
® GALI promoter elements:
®
®

------- UAS1-UAS2-UAS8-UAS4----URS------TAT
A---InR---DPE

®

® GALA4 gene promoter elements:

®

® - UAS------------ UES-------- urs(Mig)----
------ +1>-----DPE---

®

@ UAS = Upstream activator sequences,
® URS = Upstream regulator / repressor sequences,
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Fig. 5. Model for glucose repression of the GAL genes. The numbers
shown refer to the effect of glucose at various levels of regulation.
Thus, GALA is repressed 5-fold by MIG1 in the presence of glucose.
The MIG1/GALA signal is amplified by a GAL8O-dependent
mechanism that involves down-regulation of the induction palhway
Together, MIGI and GALS0 account for a 50-fold repression of GAL/.
An ~2-fold repression of the GAL genes is independent of both MIG/
and GALS0, and may reflect the action of other pathways (dashed
lines). The final result is a 100-fold repression of the GAL genes by
glucose.
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Figure 2.2. Schematic representation of Gal4 transcriptional complex.
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This is a grand diagram showing various components of promoter elements and the assembly of all
transcriptional components.

Nature Reviews | Molecular Cell Biology
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FiGure l—Derepression of nucdeoporin-mediated tran-
scription requires the Snfl kinase complex. Wild type
(WT), Asnfl, Agal§3, and Asnf strains containing a chromo-
somally integrated lexA-driven reporter gene were trans
formed with nucleoporin-lexA fusion genes as described
previously and assayed for B-galactosidase activity after growth
in either the presence (open bars, repression) or the absence
(shaded bars, derepression) of glucose. Each of the nucleo-
porin-lexA fusion genes tested in this assay was expressed at
normal levels, ie, was driven by its native promoter. LexA fu-
son genes are (A) NUPS4, (B) NUPI45C, (C) NUPI20, (D)
NUPI45N, (E) SECI3, and (F) NUPI33. Error bars represent
the standard deviation of four independent determinations.
Reporter expression driven by control proteins, which in-
cluded Stel2-lexA and Gend-lexA chimeras, was similar in
the presence or absence of Snfl kinase subunits.
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FiGURE 2.—The active Snfl kinase complex cofractionates
with perinuclear components. Cyto, cytoplasmic fraction:
Nug, combined nucleoplasmic/ perinuclear fraction; Perinuc,
perinuclear fraction; Glu or Glucose, extracts from glucose-
grown cells. (A) (Top and middle) Westem blot of Snfl; (bot-
tom) Western blot of Pom152. (B) Quantitative fluorescent
protein detection (QFPD) assay. Increasing amounts of total
protein from indicated fractions containing H2B-GFP were
loaded into microtiter wells (circles, left to right), and fluores-
cence was measured as described in MATERIALS AND METH-
ons; the graph shows the corresponding densitometric
analysis. (C) QFPD analysis of Snfl-GFP, Snf4-GFP, and
GalB3-GFP as in B above. (D) Densitometric analysis of the
data shown in C. The fraction of total Snfl-GFP and GalR3-
GFP fluorescence present in cytoplasmic (Cyto), nucleoplas-
mic (Nuc-P, total nuclear fluorescence minus perinuclear
fluorescence), and perinuclear (Perinuc) fractions is repre-
ented. Open bars, glucose; shaded bars, no glucose. Error
bars represent the standard error of the mean. (E) QFPD as
say of nuclear proteins. Cytoplasmic Regl and Mid2, nucleo-
lar Nog2, and perinuclear Rapl and Gerl are shown as
controls.
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B Derepressed

F1GURE 3.—SUC2 exhibits carbon-source-dependent motility and associates with NPCs. Time-lapse analysis (4 min total) of the
location of GFP-tagged SUC2in either (A) repressed or (B) (](fl’l.p['tf\\tf(l cells is shown; the result for each of five different nuclei in
either repressing or derepressing conditions is presented horizontally in temporal order from left to right. The cartoon on the
right drpl(h the location of the gene within the nucleus at the time indicated, in seconds: 0 (blue), 60 (green), 120 (yellow), 180
(orange), and 240 (red). A YFP fusion to the essential NPC component Nspl marks the nuclear periphery. (C) ChIP analysis of

association between SUC2 and factors that represent different strata of the nuclear periphery. TAP-tagged Nup53 (NPC suhuml
(Continued)
(Continued
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TABLE 2

Increased SUC2 expression correlates with increased
localization of the gene to the nudear periphery

% cells with

peripheral
SUC2 expression® SUC2 ORF*
R 1)) R D
Genotype (glucose?) (no glucose?) (glucose?) (no glucose®)
wT 26*02 2672 = 313 45 74
Amigl 528 =8B 1484 = 18 60* 69
Ahxk2 65.4 = B2 1641 = 36,6 60%= 72

© SUC2 expression was measured with invertase assays as de-
scribed in NEIGEBORN and CarisoN (1984). Error denotes
the standard deviation of four determinations.

* Percentage of cells where the SUC2 ORF is localized to the
outer third of the nucleus. Pyalues, calculated on the basis of
a two-tailed Student’s ftest, represent a significant difference
in the localiation of the ORF in glucose-grown WT cells rel-
ative to glucose-grown Amigl or Akxk2 cells. *Significant (P <
0.01): **highly significant (P < 0.0005). At least 115 cells were
measured for each condition.

‘See MATERIALS AND METHODS for growth conditions.
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Ficure 4. —Perinuclear localization is required for repres-
sion by Migl. (A) Confocal laser scanning microscopy of
Migl-GFP in wild-type or Akxk2 cells grown in either the pres
ence or the absence of glucose, as indicated; coexpressed
Rapl-CFP is shown as a nuclear marker. GFP and CFP signals
were captured by using a Zeiss LSM 510 META confocal laser
scanning microscope with a 63 X Plan-Apochromat 1.4 NA oil
DIC objective lens. Signals were separated with a 490-nm di-
chroic mirror with long pass filters adjusted to 505 and 475
nm, respectively. Pinholes were adjusted to obtain <1.8-pum
optical slices. Images were acquired with the Zeiss LSM 510
oftware version 3.2, (B) Graphs show the fraction of total
Migl-GFP fluorescence present in cytoplasmic (Cyto), nucleo-
plasmic (Nuc-P, total nuclear fluorescence minus perinuclear
fluorescence), and perinuclear (Perinuc) fractions, as deter-
mined by QFPD analysis. Open bars, glucose; shaded bars, no
glucose. Error bars represent the sandard error of the mean.




Processing Recruitment Reverse recruitment to Reverse recruitment to
& export & transit nuclear pore complexes a lumenal structure

F1GURE 5.—Models for localization of induced genes to nuclear substructures. The relocation of active genes can be modeled in
three distinct ways. (A) In the processing and export model, the transcript produced by active RNA polymerase 11 (POL) associates
with a nuclear pore complex (NPC), resulting in the relocation of the active gene to the nuclear periphery. (B) Alternatively, an
early event in transcriptional activation, such as promoter opening or initiation, triggers the relocation of a gene. (C) Finally, the
movement of a gene may bring it into contact with a nuclear substructure, such as the NPC, where RNA polymerase 11 molecules
are tethered. We refer to this model as reverse recruitment. The central concept of this model is that the promoter of a gene
mediates both its movement to the periphery and its interaction with nuclear substructures. (D) The reverse recruitment model
can also be applied to lumenal substructures. It is possible that there exist subsets of eukaryotic genes that are brought to the
nuclear periphery via each of the models in A-D.
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Organization of the Nuclear Membrane

Cytoplasm Actin, intermediate filaments

ER lumen (PNS)

Figure 1. Topology of the NE. Inner and outer nuclear membranes (INM and ONM, respectively) are separated
by the ER lumen or perinuclear space (PNS). The nuclear lamina interacts with NE proteins and chromatin.
INM proteins link the NE to chromatin and the lamina. ONM proteins provide a connection from the
nucleus to the cytoskeleton. The lamin B receptor (LBR) interacts both with B-type lamins and chromatin-associated
heterochromatin protein 1 (HP1) in conjunction with core histones. Members of the LEM (lamina-associated
protein 2 [LAP2], emerin, MAN1)-domain family (pink) bind to lamins and interact with chromatin
through barrier-to-autointegration factor (BAF). SUN proteins (SUN 1 and 2) interact with nesprins in the
ONM, thereby forming so-called LINC complexes that establish connections to actin and intermediate
filaments in the cytoplasm. Nurim is a multi-pass membrane protein with unknown function. Proteomic
approaches have identified ~60 putative transmembrane proteins (NETs), most of which remain
uncharacterized.




