
then with antibodies to rnurine IgG-coated irnrnuno- fer, A. Rutz, and A. Schell for technical assist- Rad diverge in the putative effector, or G2, 
magnetic beads. Depletions were confirmed by flow ance. Supported by INSERM (CRE 930606) and 
cytornetry. the Centre Rkgional de Transfusion Sanguine de region, suggesting that interact with 
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predicted start site for Gem was confirmed by 

Gem: An Induced, Immediate Early Protein immunoprecipitation with antibodies to the 

Belonging to the Ras Family predicted NH2-terminus and by in vitro tran- 
scription and translation analyses (2). 

Mutational analyses of GTP-binding pro- 
Jean Maguire,* Thomas Santoro, Peter Jensen, Ulrich Siebenlist, teins and crystallographic studies of the H-ras 

John Yewdell, Kathleen Kelly? oncogene product have defined regions of 
sequence consensus that interact with various 

A gene encoding a 35-kilodalton guanosine triphosphate (GTP)-binding protein, Gem, was positions of the guanine nucleotide (44). 
cloned from mitogen-induced human peripheral blood T cells. Gem and Rad, the product of The guanine specificity consensus sequences 
a gene overexpressed in skeletal muscle in individuals with Type II diabetes, constitute a new NKXD and EXSA (X represents any amino 
family of Ras-related GTP-binding proteins. The distinct structural features of this family include acid) are perfectly conserved in Gem, with 
the G3 GTP-binding motif, extensive amino- and carboxyl-terminal extensions beyond the appropriate spacing, as NKSD (residues 191 
Ras-related domain, and a motif that determines membrane association. Gem was transiently to 194) and ETSA (residues 219 to 222), 
expressed in human peripheral blood T cells in response to mitogenic stimulation; the protein respectively. The consensus sequence 
was phosphorylated on tyrosine residues and localized to the cytosolic face of the plasma GXXXXGK, which participates in interac- 
membrane. Deregulated Gem expression prevented proliferation of normal and transformed tions with the a and P phosphates of the 
3T3 cells. These results suggest that Gem is a regulatory protein, possibly participating in guanine nucleotide, is also conserved in Gem 
receptor-mediated signal transduction at the plasma membrane. as the sequence GEQGVGK (residues 82 to 

88). 
Gem contains an unusual motif in the 

G3 (DXXG) region, which putatively par- 
Genes that are transcribed early after mito- Type I diabetic individuals (3). The greatest ticipates in binding and hydrolysis of the 
genic activation of resting cells are thought similarity between Gem and Rad exists in GTP y phosphate (5). The sequence, 
to be crucial for subsequent cell proliferation regions that correspond to the guanine nu- ENKG (residues 134 to 137), contains the 
and expression of differentiated effector cleotide-binding domains of Ras. Gem and invariant glycine residue but has a conser- 
functions. We have cloned mitogen-induced 
genes from human peripheral blood T cells 
On the basis Fig. 1. Predicted amino H - G e m  ~~~LNNVTMRQGTVGMQPQQQRWSIPADGRHLMVQKEPHQYSHRNRHSA~~ 50 

mRNA between resting and stimulated cells acid sequences encod- M-Gem ~ ~ ~ L N N V T M R Q G T V G M Q P  .QQRWSMPADARHLMVQKDPHPCNLRNRHSTAP 4 9  
R a d  M P M E R D L Q A A L T P G A L T  . . AAAAGTG 2 5 

( I ) '  One such PAT 2709 is ed by for human C - H - R a s l  b f r .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
shown to encode a protein we have termed and murine Gem (H- and ", 
Gem because it binds GTP and is induced by 
mitogens. Human Gem is encoded by a 
single copy gene (2), and its 2127-base pair 
(bp) complementary DNA (cDNA) was 
similar in size to the corresponding mRNA 
(2200 bp) and predicted an open reading 
frame of 296 amino acids (Fig. 1). The Gem 
protein contains a core sequence (amino 
acids 75 to 240) that is highly related to 
members of the Ras superfamily of small 
GTP-binding proteins; the flanking NH,- 
and COOH-terminal sequences are unrelat- 
ed to Ras. Gem is most closely related to Rad 
(-60% identity) (Fig. I) ,  a protein encoded 
by a gene that is overexpressed in skeletal 
muscle from individuals with Type I1 diabe- 
tesrelative to skeletal muscle from normal or 
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M-Gem, _ respectively) 
and comparison to hu- 
man Rad (3)  and human 
c-H-Rasl (18). The 
open reading frame was 
determined for two inde- 
pendent human and a 
single murine Gem 
cDNA clone. Amino ac- 
ids conserved in at least 
three proteins are in bold 
type and those con- 
Sewed in all four pro- 

P h o s p h a t e  binding 
H-Gem E D H C R R S W S S D S T D S V I S . . S E S G N T Y X R V V L I E E ~ T L A N I C A W  --  
M-:err E E E C R R T W S S D S T D S V : S . . S E S S N : Y X R V V L I E E ~ T ~ I F A W  

R a d  T 3 5 P R L D W E ' E D S E D S L S S G G S D S D E S V X K V L L L E A P ~ I F C i W  
C - H - R a s l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . E X K L V W F S p T I 3 L . .  : 

X X  

G 2  G 3  
E f f e c t o r  ( G A P )  P h o s p h a t e  binding 

H - G e m  HDSMDSDCEVLGEDTXERTL~SATIILmNKEENE..WLHDRC 
M-Gem HDSMDSDCEVLGEDTXERTLmSATIILmNKEENE..WLHDRC 

R a d  E D G P E A E A  ... A G H T X D R S I m E A S L M V Y Q I W E Q D E P G R C  
C - H - R a s l  QNHFVDEYDPTIEDSXRKQW1PC;ETC ... L L P I L D T A  QEEYSAMRDQY 

D X, T D X 8  

-- 
teins are hnld and  on- G u a n i n e  b i n d i n a  . - - - . - - - - - . . - - 
derllneo ~~t~ no cate E - S e n  M ~ V ~ A ~ I ~ S I ~ ~ E L ~ I Q ~ ~ T E P I P I I ~ P L V ~  

E - S e r r  M C V I ; D A ~ I Y Y S I T D ~ E L ~ I Q ~ E ~ I P I I ~ S P L V  
gaps nsertea to allow R a d  ~ W G D A W I Y Y S V T D K S ~ E L B V Q ~ ~ ~ V ~ I ~  -PLV 

- - -  -- 

for optimal alignment of c - H - R a s l  ~ T ~ E G F L ~ & A I N N T K Q E E D I H Q Y & Q I K B V K D S D P ~ ~ ~ ~ , A  
the sequences. Num- 
bers on the right indicate 
residue number. Con- G 5  

G u a n i n e  b i n d i n g  
sensus sequences for E - ~ e ,  R ~ ~ ~ ~ S V ~ E ~ R A C ~ ~ ~ E D C ~ ~ F ~ V Q ~ * . E L E E G I ~ V B G R R D S X  

GTP-o'no'ng regions are M- en Rcgey~srGIuCavvEDclCF-vQm*.~~c~~QVBGpRDs~ --.-- - .-8 -- , A  7, R a d  R S ~ ~ E ~ ~ ~ ~ ~ L 3 r e J y Q A W ~ I B L R R D S K  ~ ~ ~ u ~ t i a ~ e u  III Ilalltis (4, 3).  
- - 

c - H - R a s l  .ABTyESRQAQDL&FSYGIPY x & f p T R Q G Y E D ~ Y T L ~ I B Q H K L ~  
Abbreviations for the 
amino acid residues are 
as follows: A, Ala; C' H - G e m  E m m Y Q K R K e S M P R I ( A R R P W G K m K m K L l C S m C B D L S V L  
cys ;D ,ASp ;E ,G lu ;F ,  M - G e m E m m Y Q K R R e S I P R I ( A R R P W G K m K N ) R S S S ~ m C B D l s v L  

R a d  E A N R R R Q A G T M S L G W L G R ~ S R I O R F M B C B D L S Y L  G, G l ~ ;  H' His; I ' 'Ie; ~ - H - R a s l  L N p p D E S G P G C M S C K C V L S  
K, Lys; L, Leu; M, Met; N, 
Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr. GenBank accession nun 
for the human and murine Gem cDNA sequences are 010550 and U10551, respectively. 
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vative substitution (E for D) in the invari- glycine residue is thought to play a central 
ant, Mgz+-binding position. The ENKG role in inducing conformational changes in 
sequence is the most likely sequence corre- guanosine triphosphatases (GTPases) as they 
sponding to DXXG because the invariant cycle between GTP- and guanosine diphos- 

Fig. 2. Covalent linkage of .- N .- N 

[a-*P]GTP to Gem by ultraviolet 
photoaffinity labeling. COS-7 cells 5 : 5 

T ? T ?  
were transiently transfected with 

Transfected I- ki k k CN 
the expression vectors pMT2T- 
GEM (encoding human Gem) or eXPreSSio"plaSmid Z, 

5 
a 

5 5 
a a 

pMT2T-H-TIS21 (encoding human 4- 

TIS21), and lysed in buffer contain- % ?  s: -r ing 0.5% NP-40. Lysates were incu- m O 
rn ~b R k n  R k n  M M 

bated for 15 min at 30°C in a reac- % 
tion mixture containing 18.2 mM 
tris-HCI (pH 7.59, 0.9 mM EDTA, 

- -200 

0.45 mM MgCI,, 91 mM NaCI, 0.9 - 97 
mM dithiothreitol, 0.45 mM adeno- - 68 
sine triphosphate, 0.12% NP-40, 
and 100 nM [U-~~PIGTP (3000 Cil - 43 
mmol), and were then subjected to 
ultraviolet irradiation (103 W at 10 
cm) on ice for 15 min. Immunopre- - 29 
cipitates were prepared with mAbs 
to Gem (2D10 or P7G4) or mAb PI 3 
to H-TIS21 (produced from mice - 18 

immunized with fusion proteins of - 14 
glutathione-S-transferase with Gem 
or H-TIS21, respectively) (1, 10) 
and then subjected to SDSpolyacrylamide gel electrophoresis [lanes to left of molecular size 
markers (M)]. Thin arrow indicates the 35-kD Gem band. Lanes to the right of markers demonstrate 
migration of Gem (thin arrow) and H-TIS21 (bold arrow) immunoprecipitated from transfected COS 
cells labeled with f5S]methionine and [35S]cysteine. Molecular sizes are indicated in kilodaltons. 

phate-bound states (7, 8). Although the 
sequence EQDG occurs in Rad in a position 
corresponding to ENKG in Gem, the se- 
quence DIWE has been proposed to corre- 
spond to the G3 motif in this protein (3). 
The amino acid following Gly'37 in Gem is 
Glu, corresponding to Gln6' in H-Ras. 
Analyses of H-Ras and other GTPases indi- 
cate that either Gln or Glu at position 61 
can perform similar functions (5, 9). 

The ability of Gem to bind guanine nucle- 
otides was conhmed with the recombinant 
protein. We used ultraviolet p h o t a t y  la- 
beling to link [~t-~~P]ciTp to proteins in ly- 
sates of COS cells transfected with a Gem 
expression vector (pMT2T-GEM) (Fig. 2). 
The major 3zP-labeled protein immunopre- 
cipitated with monoclonal antibodies (mAbs) 
to Gem migrated at the same molecular size, 
35 kD, as similarly immunoprecipitated, 
metabolically labeled Gem. No specific 
[c~-~~P]GTP cross-linlang was apparent with 
lysates of cells transfected with, and specifi- 
cally immunoprecipitated with antibodies to, 
the human homolog of TIS2l (H-TIS21) (I, 
IO), a protein that does not bind GTP. 

The transcription of sas supehrdy genes 
is not known to be regulated, although the 
amount of RhoB mRNA is modulated by 
growth factors (I  I). We analyzed the synthe- 
sis, degradation, and modification of Gem in 
human CW+ T cells stimulated with phyto- 

A u u B C 
"? Y 

% z 5 a.E 
E, + 5 + Time (hours) o .- LU e = M kR . ~ m m  ? .- - 0 2  - 
" 3 5 u - -2w Blot antibody 2 ZZ. 2 

Treatment n 5' 2 A- * - 7 N 7 N 

9 Y Y 
Time (hours) * - N m kR -3 -too?sRi kR - - -200 -.. L- -=G - 200 

- - 97 
lmmunoprecipitating * ' * g 

- 68 antibody g s M % s M  IdL 

Fig. 3. Synthesis (A), degradation (B), and tyrosine phosphorylation (C) of 
Gem. (A) Human peripheral blood CD4+ T lymphocytes were purified by 
immunomagnetic negative selection (19). Cells were stimulated with PHA 
(1 pg/ml) and PMA (10 ng/ml), or incubated in medium alone for the 
indicated times, and were exposed to [35S]methionine and [35S]cysteine 
(1 00 pCi per 10' cells) for either 30 min (left panel) or 90 min (right panel) 
before collection. (B) T cells were stimulated for 4 hours as in (A), the last 
90 min of which they were also exposed to [35S]methionine and [35S]cys- 
teine. The cells were then incubated with medium without labeled amino 
acids and collected at the times indicated. In both (A) and (B), cell lysates 
were prepared (20) and portions with equivalent amounts of radioactivity 
[left panel. 2 x 106 cpm; right panel. 36 x 106 cpm. except lane 1 (18 x 

106 cpm)] (A) or equivalent cell numbers (35 x 106 cells) (B) were 
subjected to immunoprecipitation with mAb 2D10 to Gem. Gem (arrows) 
was detected by electrophoresis and autoradiography. (C) Proteins 
immunoprecipitated with rnAb P7G4 to Gem or the control mAb MOPC-21 
(Cappel) from lysates of COS-7 cells transfected with pMT2T-GEM were 
resolved by SDSpolyacrylamide gel electrophoresis, transferred to nitro- 
cellulose, and subjected to immunoblot analysis with mAb 4G10 to 
phosphotyrosine (1 pg/ml) (UBI) or a 1 :I000 dilution of rabbit polyclonal 
antibodies to a Gem peptide (Gem-A). The blot was subsequently 
incubated with lZ51-labeled protein A (72 pCVpg; lo5 cpmlml) (Dupont 
Biotechnology Systems) and subjected to autoradiography. Arrow indi- 
cates Gem. M, molecular size markers. 
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hemagglutinin (PHA) and phorbol 12- 
myristate 13-acetate (PMA) (Fig. 3). Gem 
was first synthesized between 1.5 and 2.5 
hours after the onset of mitogenic stimulation; 
synthesis was increased at 3.5 hours but had 
declined by 8 hours after treatment, with little 
protein being produced after 12 hours (Fig. 
3A). Approximately 50% of newly synthe- 
sized, 35S-labe1ed Gem was degraded during 

Flg. 4. Northem blot analysis of Gem mRNA in 
murine tissues. Total RNA was extracted from 
tissues obtained from adult BALBIc mice, ex- 
cept thymus, which was from a 4-week-old 
mouse. Total RNA (10 pg, upper panel) or 
polyadenylated RNA (2 pg, lower panel) (Clon- 
tech) was analyzed on Northern blots probed 
with a full-length rnurine gemcDNA and either a 
rnurine pactin cDNA (upper panel) (21) or a 
glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) cDNA (lower panel) (Clontech). 

the first hour after the label was removed from 
the medium, and the labeled protein was 
barely detectable after 4 hours (Fig. 3B). 
Thus, in mitogen-activated T cells, Gem is 
expressed during the G1 phase of the cell 
cycle. This transient pattern of Gem expres- 
sion is unusual among Ras-related proteins. 

Gem mRNA was induced in primary T 
cells, B cells, monocytes, and fibroblasts after 
activation with PHA plus PMA, S q h y h -  
nrs ameus, PMA, or fetal bovine serum, 
respectively (12). In contrast, no detectable 
Gem mRNA was observed in a variety of 
&med  cell lines including T cell, B cell, 
pre-B cell, plasmacytoma, myeloid, eryth- 
roid, and epithelial cell lines (1 3). A small 
amount of Gem mRNA, but no protein, was 
detected in U266 plasmaqtoma and U1242 
glioma cell lines. However, NTERA-2, a 
human embryonic carcinoma cell line (14), 
expressed both Gem mRNA and protein. A 
Northern (RNA) blot of various murine tis- 
sues revealed Gem mRNA to be mast abun- 
dant in thymus, spleen, kidney, lung, and 
testis, with relatively few or no mnscripts in 
heart, brain, liver, and skeletal muscle (Fig. 
4). The tissue-specific expression of gem con- 
trasts with that of rad; Rad mRNA was de- 
tected in large amoun~ in cardiac and skeletal 
muscle and was undetectable in kidney (3). 

Gemappearedasahbandafterde- 
natuxirig polyaaylamide gel electrophoresis 
(Fig. 3A). Treatment of immunoprecipitated 
Gem from T cells with potato acid phospha- 
tase resulted in a single sharp band that 
migrated at a position corresponding to the 
leading edge of the nontreated protein (2). 
Imrnunoblot analysis with antibcdies to phos- 
photyrosine &Gem immunoprecipitated from 
COS cells overexpressing Gem established 

that Gem was phosphorylated on tyrosine 
(Fig. 3C). Phosphorylation is thus a potential 
mechanism by which Gem function may be 
modulated. 

Immunofluorescence analyses of CV-1 
cells mnsfkcted with a Gem expression vector 
showed that full-length Gem localized pre- 
dominantly to the plasma membrane (Fig. 
5A). Vesicular staining surrounding the nu- 
cleus was also observed. The lack of staining 
in live, nonpermeable d e c t e d  cells, indi- 
cated that Gem is localized on the cytoplas- 
mic face of the plasma membrane. A Gem 
mutant in which the NH,-terminal70 amino 
acids were replaced by a l4-amino acid tag 
was associated with the inner face of the 
plasma membrane (Fig. 5B). In contrast, a 
Gem mutant lacking the COOH-terminal61 
amino acids was localized in the nucleus, 
where it appeared in aggregates (Fig. 5C). 
Therefore, a sequence within the COOH- 
terminal 62 amino acids appears to be neces- 
sary for membrane localization. The COOH- 
tenninus of Gem contains a single cysteine 
(position 290 in the human protein) that 
could serve as a a t  for lipid modification. 
However, because this cysteine is not part of a 
CAAX motif, a mechanism distinct from 
those used for other members of the Ras 
family likely determines membrane associa- 
tion of Gem (6, 15). The OH-terminal  
cysteine is embedded within 11 amino acids 
that are identical in Gem and Rad, suggesting 
a conserved function in Rad. 

Endogenously expressed Gem in NTERA- 
2 cells localized to the inner face of the 
plasma membrane (Fig. 5D). Cross-reactive 
binding of mAbs to Gem to centromeres in 
NTERA-2 (Fig. 5D) and other human cells 
was observed that appeared to be unrelated 

flg. 5. Localization of Gem in 
transfected CV-1 cells and un- 
transfected NTERA-2 cells. 
CV-1 cells were transiently 
transfected with pMT2T-GEM 
(A), pMT2T-delGEM[amino 
ac~ds 71 to 2961 (B), or 
pMT2T-delGEM[am~no acids 
1 to 2341 (C) and processed 
for Gem immunofluorescence 
analysis 48 hours after trans- 
fection. NTERA-2 cells w ere 

to 

for immunofluorescence. Images were obtained by 
laser scanning confocal microscopy (22). (A and 6) 
Note the long and short processes extending from 
the cell that are intensely labeled. (C) The large 
concentration of antigen in the nucleus was also 
visible with transmitted light and differential interfer- 

mode with the same settings, which were chose 
ensure linearity of fluorescence intensity with pix€ 
in (D). 

ting 
n to 
? I  intensity. Staining of the plasm; e (short arri entromeres ws) is indicated 
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to expression of the Gem protein. 
The effect of deregulated expression of 

Gem on cell growth and morphology was 
investigated by permanently transfecting NIH 
3T3 cells with a mycophenolic acid-select- 
able mammalian expression vector (pMSG) 
containing the entire Gem coding region 
(pMSG-GEM) . Deregulated expression of 
Gem reduced the number of selectable colo- 
nies to <0.1% of that obtained with cells 
transfected with the vector alone (16). Simi- 
larly, the number of selectable colonies ob- 
tained after conansfection of 3T3 cells with 
pMT2T-GEM and pSV2-neo was -20% of 
that obtained after transfection with pSV2- 
neo alone (2). Transfection of pMSG-GEM 
into 3T3 cells previously transformed by 
v-fms, v-H-ras, or v-raf did not yield viable 
colonies (1 6). Because signals transduced 
through Raf act subsequent to those trans- 
duced through Ras (1 7), these results suggest 
that Gem did not inhibit growth simply by 
competing with Ras for substrates or regulato- 
ry factors. Rather, Gem must inhibit growth 
or induce cell death by some other mecha- 
nism. Gem thus appears to be a tightly regu- 
lated protein that may function in receptor- 
mediated signal transduction. 
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noprecipitation of cell lysates with the 2D10 mAb 
demonstrated the expected sizes for the engineered 
Gem constructs. The leader sequence for the 
pMT2T-delGEM[amino acids 71 to 2961 was derived 
from T7.TagTM (Novagen). Confocal microscopy 
was performed with an MRC 600 Bio-Rad laser 
confocal scanning system and a Zeiss Axioplan 
microscope. Images 'were acquired with a 63x 
Zeiss planapo objective in the fast photon counting 
mode, enhanced with Adobe Photoshop software, 
and printed with a Kodak XL7700 printer. 
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Ability of HIV to Promote a T i 1  to THO Shift and to 
Replicate Preferentially in TH2 and THO Cells 

Enrico Maggi, Marcello Mazzetti, Adriana Ravina, 
Francesco Annunziato, Marco De Carli, Marie Pierre Piccinni, 

Roberto Manetti, Maurizio Carbonari, Anna Maria Pesce, 
Gianfranco Del Prete, Sergio Romagnani* 

Both interferon y (IFN-y) produced by T helper 1 (TH1) lymphocytes and interleukin-4 (1L-4) 
produced by TH2 lymphocytes were reduced in either bulk circulating mononuclear cells or 
mitogen-induced CD4+ T cell clones from the peripheral blood of individuals infected with 
human immunodeficiency virus (HIV). There was a preferential reduction in clones producing 
IL-4 and IL-5 in the advanced phases of infection. However, enhanced proportions of CD4+ 
T cell clones producing both TH1 -type and TH2-type cytokines (THO clones) were generated 
from either skin-infiltrating T cells that had been activated in vivo or peripheral blood T cells 
stimulated by antigen in vitro when cells were isolated from HIV-infected individuals. All TH2 
and-most THO clones supported viral replication, although viral replication wasrlpt detected in 
any of the TH1 clones infected in vitro with HIV. These results suggest that HIV (i) does not 
induce a definite TH1 to TH2 switch, but can favor a shift to the THO phenotype in response to 
recall antigens, and (ii) preferentially replicates in CD4+ T cells producing iH2-type cytokines 
(TH2 and THO). 

Defects in T, immune function can be number of circulating CD4+ T lymphocytes 
detected in HIV-infected individuals long (1). Recently, it has been shown in both 
before the occurrence of a decline in the mice and humans that CD4+ T cells repre- 

sent a functionally heterogeneous popula- 
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