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Studies on the Interaction of Glut4 and Cytoskeletal Protein
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Abstract — The glucose transporters found in the plasma membrane of all animal cells are known to have 12
putative transmembrane domains. Among 7 cytoplasmic loops, the fourth loop is thc largest one. Since
previous studies showed that cofilin, an actin-modulating protein, was found to interact with the largest
cytoplasmic loop of (Na,K)ATPase, we tested if cofilin interacts with the largest cytoplasmic loop of Glut4.
We demonstrated by the two-hybrid system that the largest cytoplasmic loop of Glut4 did not show any
interaction with cofilin, suggesting that cofilin is not required for the membrane targeting process of other

membrane proteins but only for a P-type ATPase.
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EREEY A Addez F238 dokial gl
cose= glucose transporter2he Al E 2 thilzl & 23 A%
W= o)%3g)t}. Glucose transporters= 10913 A 2E| clon-
ing=7] A|ZFE) 2 iz isoformE% HHA =) ¢d o} (Fukumoto
=, 1989). 0|5 isoformZ- F7)2) vl el ¥wl $HAE
2] homology”} 433¥| T3 3} 22 Eold o2 iy
& of %= 9u}(Kahn, 1992).

oj2] isoformE Zell4] Glutdi= insulinel] 2J&F glucose]
Az ole-g mifdle shid 2 FHE, AA viRA =
oA ut w3 Ech(Gouldel Holman, 1993). Insulin in-
sulin - of] BF 24 AE A5 A AAE E4
stz 25 olsl M EWel vesicleAle® ¢lwl glucose
transporter?} A L2 2 2 o] F3}A] iy ghc}. & insulin
o] M|Z=tel] 9] glucose transporter] -5 Z7}A|1Zl o2
W BFerd A5gdoe A o]z insuling] A1F A
2 A A2} Al FZ4, glucose transporter?] H @A Alo]of
A3 FA7) s1-e-S 7hebA Ak 9leh(Suzukie} Kono,
1980). z=3F Theodoros Tsakiridis =(1994)2 B3}d 3 #
Z5-H| Fol| 4] glucose transporter”} insulined] 2]s) =&
) Ax FAe A A%<l actin filamentr} TodThe A
Abghat girt.
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AZFAL A e <, AlEdo]q], siEagol 2
g o] odAxe] ke . = actin filamentZ} 3 <&
& @ ez AAsol ek AEBA BAFS| el
cofilin-2- actin?} Z %3} depolymerization-g& A| 7]+ Y
Az Az ghdalel (NaK)ATPased] 713 & H4-HS
loop2} AbzaRa-gto] AR wl glche] AT} Guidott,
submitted). (Na,K)ATPase&} whullzl thild A)5abgsp=
cofiling ofwbe actinel] Ao 2N AELFAL] net-
work-2 JAEHA 253 . At AlZebghelale] EReA
FE] Axete 2 o] 535 E wolie dghd gtk oA
At

Al ek g zlo] X et (Na,K)ATPasesH= @] ATPase”|
F°| 9 glucose transporter X3 membrane targeting @42
< AAA =HEd oW % cofiling L3R = 2 ez
oA ot} wjehi] B Afelr]= glucose transporter)
membrane targetingel] cofiline] o 3l=x]& oo} B33}
sgict. T AZFAY 28 ZAsk D) 4
£5kc ol AE JFeZ FH loopA|HY Aot}
Glucose transporteri= 127)¢] transmembrane2 7} 3 ¢}
om AZ pFeRE 7709 loopE A3 Ith(Hresko
= 1994). 7. FolA A ZE cytoplasmic loope] 4 A
loopald] (Na,K)ATPase2| 73537 vl= o] F3|7} A®
A% 24T + Y Aol AR B 392 AR
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Fig. 1. Putative topology of glucose transporter and amino
acid sequences of the cytoplasmic loop4. The glucose trans-
porters are known to have 12 putative transmembrane
scgments. The Jargest cytoplasmic loop4 coding sequences are
amplified by PCR using oligonucleotide primers. The PCR
fragments encoding residue 223-287 of Glutd were cloned
into a LexA fusion plasmid, pEG202.
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system=- ©]-83}o] actin 24 A<l cofiline] Glut42)
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Construction of LexA Fusion Protein

Dr. Roger Brent(Massachusetts General Hospital, Boston,
MAYA|A] yeast two-hybrid system(Gyuris =, 1993; Zervos
%, 1993)e]] 2:0)= vectorE2 AE3te] F4v}. Human
Glut4®] cDNA%= AE7] #AHA gtz Pyl #F
&teg F31}. pEG202 expression vectorel] subclones}”] %
3 vhe} 2 primergg TS Glude] 74 Z cy-
toplasmic loop?] loopd ¥-¥#-8- PCRE ZE3}gict

Primer 1(25 mer):
GGAATTC(EcoR NTGTCCCGAGAGCCCCCGC
Primer 2(27 mer):

CGGGATCCA(BamH NGGGCTGCCGGTGGGTACG

PCR prmerE-+)] A4 #|8kF4 2}2]el EcoR I3 BamH 1
A2 £lge g o= PCR3F= HA oA 7+ 9B 59
Lol Yoz} =25 PCR PHHES 1% agarose pele]] 2
o4 AElE 2715 &<1g ¥ EcoR 13} BamH 1.2 #
9t} o] insertS pEG202 EcoR [-BamH Io)] o2&k &
9] AgiEa A es gl o nn sk constructE A
o} iirt. o] FA-& Zs] Glutde] large cytoplasmic loop4
B2 ADH promoterd}ol] 4] LexA2| binding domaini} fu-
sion= it}
Western Blotting

£] 2] constructz} reading frameel] S ) == 2] 4]
& western blotting2- 3Yt}. Selective media 7 mlel] ¢)=
yeast cell & ODgy, 0.8~1.0717] 7] & 3,000 goll 4] 58
7t A EE) e}t ]2 1ml yeast lysis buffer(YLB)(50

mM Tris, pHS.0, 150 mM Na(l, 5 mM MgCl,, 50 mM NaF,
0.5 mM PMSF, 5 ug/ml aprotinin, 1 pg/ml leupeptidin, 1
mM benzamidine)el] F=HAZ] F opA] ARt o F
100 gl YLBS} 100 4l glass beadsel] tohA] &g-A)z] F 4 C
o)A 307k, 6¥H# vortex®cl. Bradford®] 0.5 whiAle
AakEl 5 oF 50 ug| yeast extractE western blottingol] A}
S-che]ZA g = Guidotti, 1994). Glutde] large cy-
toplasmic loop47} LexA2} fusion®|e] ¢l e 2 & LexA an-
tibody (Harvard University, Marc Ptashne7| 4] #|3)ZE 73]
et
Interaction trap

Yeast cell EGY48/pSH18-34/2672 reporter gene Lex-
Aop-LacZ9} rat cofiling 4 A}3= expression vector® 7}
A5 9l=d] o37)e] Glutdd] loopsrt E¢] 9l pEG202
constructE FYA|A transformationdit}. UraHisTrpLeu
glu/gal platesol] 4 2] galactose 2124 Leu" colony$£} Ura
HisTrpX-Gal glu/gal plateol 4 2] galactose £]&% blue
colony S wehf=x] ZaAHc}. o] FoHe] plateell A k4
¥h-g-& HolH o) cofilin® IS A o2 7HE]
o] ZtHGyuris 5, 1993; Zervos =, 1993). =3} glucose
UraHisTrp®} galactose Ura” HisTrp¢] liquid cultureA] A}
% cells®] LacZ reporter gene &4 A =g &3 517] ¢4
ONPG(o-Nitrophenyl-B-D-Galactopyranoside)3- 7]2 2 A}
43 B-Gal assayE 3l ¥ olvh(Himmelfarb 5, 1990). =
AR R} 24 oA F-2 B-Gal unitE el A
cofilin¥} ;¥ 248l Zl 2 2 7HEstgdnl

ey

LexA Fusion Protein

ZZH PCR 9HE-2 1% agarose geloll el Glu4e]
large cytoplasmic loop42] 206bpE #¢l%+ £ EcoRIY
BamH 122 324t} o] insertE pEG202 BcoR I-BamH Iej]
17485 EcoR I-BamH I3} W] 4-9] #|gtE 4 Ala]ES 2ql
Tozx 3l constructd Ao} Witi(data not shown).
=3t pEG202/Glutdloop4Z transformationdt § yeast ex-
tract® 9HEo]4] western blottingSr 2 24 <k 33kDa%
LexAo) fusion® GluidLoopdZ #eld 4= glich(Fig. 2,
lane 4). Control 2 A48} pEG202(Fig. 2, lane 1), Drosophila
bicoid fragmentq] pRFHM(Fig. 2, lane 2), (Na,K)ATPase o
2Loop3(Fig. 2, lane 3= Z}z} ok 27 kDa, 42 kDa, 68 kDao]|
epel.
Interaction of Glut 4 and cofilin

EGY48/pSH18-34/267(cofilin construct)e]] control24] pEG
202, pRFHM(bicoid cytosolic protein), (Na,K)ATPase2] H4-
H5 loop2} Glut4LoopdS- bait® transformationd} %~ yeast cell
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Fig. 2. Expression of LexA fusion protein. Extract were
obtained from yeast cells EGY48/pSH18-34/267 that had been
transformed with one of the following plasmids in selective
media: pEG202(lane 1), pEG202/pRFHM(lane 2), pEG202/c
21.3(lane 3), pEG202/GlutdL4(lane 4). After Western blotting,
blots were incubated with the rabbit polyclonal LexA antibody,
followed by horseradish peroxidase-linked goat anti-rabbit IgG.
The antibody binding was detected wilh chemiluminescence
reagent(ECL, Amersham).

pEGZ02/
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Fig. 3. The yeast cells EGY48/pSH18-34/267 that had been
transformed with one of following plasmids were cultured in
glucose Ura” His™ Trp plate: pEG202, pEG202/ pRFHM,
pEG202/02L3, pEG202/Glutdl4. Each one of individual
clones was streaked onto a glucose Ura” His™ Trp~ Leu~
plate(A) and galactose Ura” His™ Trp Leu™ plate(B).

< glucose Ura” His™ Trp " Leu™ plate2} galactose Ura™ His
" Tip~ Leu” plateol] streakingg <}4dv}. Galactose Ura

His™ Trp~ Leu plateol 4] negative controld! pEG202,
pRFHM¢l|l A= colony7} A7) 99k.2.m positive control
2l (Na,K)ATPase®] 7-$-+= colony7} 87}, &hxIwk (Na,
K)ATPases] construct}= &¢] GlutdLoopd2] constructel]
AE colonyr} 4721 wrekth(Fig. 3B). “Fa7kA 2 galac-
tose Ura™ His™ Trp ~ X-gal plates]] 4 = pEG202, pRFHM<]
7]%- colony”} ML RlF3 (Na,K)ATPases] 73-%=
24 S 15 W GludLoopde) 79 BjRkAlo] 1}

Table I, B-Gal assay

Selective medium

Bait
Ura” His™ Tip~ glu Ura™ His™ Trp~ gal
pEG202/267 65.8%10° 204.8x 10°
pEG202/PRFHM/267 22.0x10° 75.1x10°
pEG202/02L3/267 38.9% 10° 6776 % 10°
pEG202/Glut41 4/267 21.1x10° 90.8x 10°

% B-Gal unit=0.D4 X 1000/t (min)X vol. of extract (ml)X pro-
tein (ug/ml).

elifA] ¢F9tw(data not shown) B-Gal assayol|l A% ozl
&%) 2} u]5=gh A5 9] LacZreporter gene TA3-L el
H(Table I). o]AF2} 2352 GlutdLoopd”} (Na,K)ATPase
2] AYd Z cytoplasmic loopZh= W] actin &4 whal o)
cofilin} 4} & 2-8-81A] oh-2-& kA3 '

LI |

(Na,K)ATPase2] H4-H5 loops} 45 2h-4-51e 71(0)72d
7} Guidotti, submitted).©. % AJ7+=] = cofilin 21kDa Gl
A2 actinell 23] depolymerizationA|7] © 24 actin fil-
amentE °JA&A grls ® w7t glck(Nishida S, 1984).
%4} depbosphorylation® cofilinZte] actin® ZAg& 4= ¢)
2w tropomyosin}t AARR o7 AR Ry gt}
(Ohta 5, 1989; Morgan =, 1993).

Yeast two-hybrid system& ¢]-23F B Ao Glut
4Loop47} cofilin} AFZAM2-5}1%] o8- Hod Fuf o=
Glut42] membrane targeting®] (Na,K)ATPaseo}= tfzcli=
AMEE ATt DAl Z s} B DA Ze F2 9lE Glut
47} ERelA] vesicle 2. el 132 . insulin A1 57} 2 aj
74A] A ZAW e M P25 glrie AL o] FleAl S A
A8} Er}. 3}A)4E cofiline] Glut4LoopdZ} obd thE: loop
# Az Ahg3he 24 targetingell FA¥ 715A3L wiAT
T gie}. wglh B 7ol 4] £ cDNA7} human Glutd} rat
cofiline] gl o = 2 whel rat GludE AR4-3kg oj2 A=)
& e = Qled el rat? humang] GlutdLoopd A
Rg vz & o 6472 olm| =4t F ) ute] hEE R
2 7RsA S vl A Az

E o Follx d-2 AA}E-L £ cofilin®] membrane tar-
geting Ao B R7 JukA factorr} ol)az} (Na,X)AT-
Paseo} 72 P-type ATPaseS-2| targetingell ==&+5 factor
oA 7HsAE A7 B 5 ¢lo}h Cofiline] #edd mem-
brane targeting#}4 2 o)s5l7] Y= & o) e AF
o] Had 722 AL} o]5 %3 membrane targeting
AA9 AR5 Fetshed] 719E Zlolz 53] glucose
transporter vesicle®] &4 7|%-% o|dlsl=d] 7)os)al=)
Alg =),
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