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We have selected a glutamine synthetase clone (pGSRK-1) from 
a rat kidney cDNA library. A partial restriction map has been 
constructed for -the 1.65 kilobase pair (kbp) glutamine synthetase 
cDNA. Northern hybridization analysis indicates that 1) 
GS-specific RNA increases many-fold during adipocyte 
differentiation and 2) dexamethasone increases and insulin 
docreases GS-specific RNA in 3T3-Ll adipocytes. 0 1986 Academic Press, Inc. 

Confluent 3T3--Ll cells have the capacity to differentiate 

i.nt.0 adi.pocytes (l-5). During the adipocyte conversion of 3T3-Ll 

cells, glutamjne synt.hetase (GS) specifi~o activity increases by 

at lc?RSf. loo--fold regardless of the culture conditions employed 

to accelerate di fferentiati.on (8). GS represents a potentially 

sl.rat,egj c Large t for the hormonal regulation Of nitrogen 

metabolism because the amide nitrogen of g,lutamine is utilized 

for the biosynthesis of wide variety of compounds (14). We 

reported that GS activity and relative biosynthetic rate are 

increased by hydrocortisone and decreased by insulin bot.h during 

* This work was supported by Grant AM 21145 from t;he National 
Institutes of Arthritis. Di.abetes, and Digestive and Kidney 
Diseases of the National Institutes of Health, Clni-ted States 
Pub1i.c Service and by the Unit,ed States Ve-terans Administration. 

* Dr. Burns was supported by National Research Service Award 
number 5-F32-AM07209. Dr. Bhandari was supported by a 
postdoctoral fellowship from the American Heart Association of 
Northeast. Ohio. 

0006-291X/86 $1.50 
Copyright 0 1986 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 146 



Vol. 134, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

adipocyte conversion and in ful.I.y differentiated 3T3-I,1 

adipocyt.es (7.9). Tn addition. we reported that, hydroaort.isone 

1 nc Teases and insulin decreases the cellular content of 

I;rans~latabla GS mRNA i n 3T3-Ll adipocytes (10). Recent1 y  , 

mu1 tiple-fold amplification of the GS gene has been achieved in 

subclones of 3T6 cells (16) and Chinese hamster ovary (CHO) cells 

(13) by selection with the GS inhibitor methionine sulfoximine 

An amplified mutant-specific fragmen-t. of CHO nuclear DNA was 

identified and employed to prepare recombinant genomic GS clones 

(including pGS- 103) in t.he vector pUC-9. 

3T3-I,3 cells. generously provided by Dr. Howard Green, were 
grown and maintained as previously described (9). Adipocyte 
conversion of confluent cultures was achieved by incubation with 
dexamethasone and l-methyl-3-isobutylxanthine and insulin for 72 
hours according to the method of Rubin et. al. (12). RNA was 
extracted from cultures with 4M guanidine thiocyanate and 
isolated by eLhanol precipitation. Poly(A+)RNA was isolated by 
oJjgo(dT)ceJ lulose chromatography (6). Screening of the rat 
kidney cDNA library (15) was performed as described (6) except 
bact,eriaJ colonies were grown and screened on 83 mm disks of 
"GeneScreen" hybridization membrane (New England Nuclear/Dupont.). 
GeneScreen hybridization membranes were pretreated and used with 
t.he buffers and under the conditions suggested by the 
manuf act,urer. Northern t;ransfcrs were performed after 
electrophoretic fractionation of RNA ont;o a 1.0% agarose gel 
containjng 20 mM MOPS (3-(N-morpholino)-propane sulfonic acid ), 
pH 7, 10 mM sodium acetate and 0.1 mM EDTA (6). 
Nick-translations, and !i'-end--labeling were performed as 
described (6). The use 0-f our synthetic tetradecameric 
oligodeoxyribonucleotide (DNA-85) for hybridization analyses was 
desct-i bed previously (1.0). Prehybridization at 42oC was performed 
for 6 hours in a solution containing: 40% formamide, 20 mM Pipes 
(piperazine-N-N'-bisr2-sulfonic acid). pH 6.4. 80 mM NaCl. 0.5% 
SDS and 20 ug/ml denatured salmon sperm DNA. Hybridization a-t 
42oC was performed for 48 hours under the same conditions as 
prehybridizati.on but with the addition of nick tzanslated (6) 
plasmid (4x106 dpm/ml,lx308 dpm/ug). 

Six putative GS cDNA clones were selected from the rat kidney 

cDNA Jibrary (15). This was accomplished by differential colony 

hybri di zatlon with the nick-t.ranslated 2.4 khp genomic fragment 

from pGS-103 as the probe. These six were among 100 colonies 

that had heen selected with the previously described synthetic 
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Figure 1. Colony-screening of the rat kidney cDNA librarv 
s&Subsequent rescreeninrt of putative GS-cDNA clones. panel A; 
Identification of the GS-specific clone GSRK-1 by differential 
colony-hybridization with the insert from pGS-103 as the probe. 
The colony designated GSRK-6 proved to be a false-positive. 
Panel B; Of the 6 clones selected, 4 yielded positive signals. 
The recombinant plasmid was then isolated from each bacterial 
clone, quantified by comparision with a standard and dotted in 
amounts of 1, 10,and 30 ng onto nitrocellulose. HlSmp6 and 
pBR-322 served as the negative controls. 

oligonucleotide mixture, DNA-85 (10). The clone yielding the 

strongest positive signal was designated GSRK-1 (Figure 1. panel 

A). After colony-purification, only GSRK-1 consistently yielded 

a strong hybridization signal. Plasmid isolated from clone 

GSRK-1 and positive (pGS-103) and negative (pBR-322) control 

plasmids were then rescreened with the 32P-radiolabeled 2.4-kbp 

GS l genomic fragment from pGs-103. Figure 1, panel B indicates 

that pGSRK-1 hybridizes strongly with the 2.4 kbp pGS-103 

fragment whereas pGSRK-2 hybridizes weakly. 

pGSRK-1 was isolated by CsCl density gradient sedimentation 

(6) and characterized by restriction endonuclease digestions. 

The size of linearized pGSRK-1 is approximately 6 kbp. The 

plasmid is composed of pBR-322 and a GS cDNA of approximately 
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Figure 2. Partial 
restriction 

restriction map of PGSRK-1. A partial 
map of the 1.65 kilobase-pair GScDNA insert in 

@X%X-1 is shown. Linearization of the plasmid with Pst I, Hind 
III or Sal I followed by electrophoretic analyses yielded a 
length of 6.0 kilobase-rpairs. pBR-322 map positions (base-pair) 
are specified by numerical values. 

1.85 khp. Figure 2 js a partial restriction map for pGSRK-1. In 

order t.0 ba c:ert.ai n of the specificit.y of our GS cDNA. we 

analyzed pGSRK--1 hyhridizahle RNA by the method of Parries et al 

(II). The translation of RNA selected with pGSRK-1 yielded a 

prote i n comigrating with GS a:; the only translat.j.on product. 

This transl at. ion product. was immunoprecipi table with our GS 

anti body (data not shown) . 

We performed Northern hybridization analysis of total RNA 

from bot.h 3T3-I,1 adipocytes and rat liver with nick translated 

pGSRK -1 as tha probe. The GS RNA sizes detected in RNA from both 

SO!1 c<:es were identical. With prohes of comparable specific 

rndi.oac:tivi ty and optimal hybridization and washing conditions 

our pGSRK--1 yielded a GS RNA hybridizat,ion signal (assessed by 

autorCadiography 1 which was approximately IO-fold greater than 

with pGS--103 and 30-fold greater than with DNA-85. Qualitative 

Northczrn hybridization analysis (Fig. 3) indicates that 

GS-specific RNA incroanes many--fold during adipocyte conversion 

(compare lanes 1 and 2). Tn addition, dexamethasone increases 

(Compare 1 aIl~?!i 2 and 3 with lane 4) and insulin decreases 
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Figure 3. Northern hvbridization analysis of total RNA from 
3T3-Ll nxnocytes and adinocy&&:. 3T3-Ll cells were plated (3 
x 104 cells/cma) and mantained with medium containing no added 
hormones for a time sufficient to achieve confluence (3 days). 
Confluent monolayers were harvested to obtain preadipocyte RNA 
(lane 1). Adipocyte differentiation was achieved as follows. 
First the remaining confluent monolayers were incubated with 1 u&l 
dexamethasone. 0.5 mM 1-methyl-3-isobutylxanthine and 10 ug/ml 
insulin for 72 hours (days 0 to 3). Next the cultures were 
incubated for 48 hours with 1 ut4 dexamethasone and 1 ug/ml 
insulin (days 4 and 5)to promote adipocyte differentiation. 
Rsginning on day 5 fresh medium was added containing no additions 
(lanes 2 and 3). 1 uN dexamethasone (lane 4), and both 1 uM 
dexamethasone and 1 ug/ml insulin (lane 5). After 4 hrs of 
incubation (except lane 2, zero hour) adipocyte cultures were 
harvested and RNA was prepared. Total RNA (70 ug) was applied to 
each lane. The Figure is an autoradiograph of the Northern blot 
analysed by hybridization with 32P-labeled pGSRK-1. 

) (%-specific RNA in differentiated 3T3-I.1 (Compare lanes 4 and 5 

adipocytes. 

pGSRK-1 will allow isolation of mouse GS genomic DNA clones. 

Analysis Of these will provide knowledge of the structure, 

organization and regulatory regions of the (X gene. 
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