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kinase (ATP:b-glucose 6-phosphotransferase, EC 2.7.1.2)
appears 1o be a rate-limiting step for glucose metabolism of
islet B-cells, and glucokinase has been suggested as the
giucose sensor and mediator of glucose-stimulated insufin
secretion (9), If true, then a decrease in g-cell response to
glucose should be associated with modulation of glucoki-
nase. Infact, decreases in both islet glucokinase activity and
insulin secretion have been observed under conditions of
fasting (10) and insulin-induced hypoglycemia (11). Be-
cause the effects of exercise training o the glucose-stim-
ulated insulin response are prolonged and last at least 48 h
after the last bout of exercise (12), we studied the possibility
that this effect of training is exerted at the level of islet g-cell
gene transcription. We found that exercise training of rats is
associated with a marked coordinate decrease in islet glu-
cokinase and proinsufin mRNA and no change in islet glu-
cose-transporter (GLUT2) mRNA.

RESEARCH DESIGN AND METHODS

Female Wistar rats (SASCO, Omaha, NE) were trained on a
treadimill at 25 m - min~" and 15% incline for 9¢ min/day for
6 days/wk tor 3 wk. The control group consisted of sedentary
rats. The rats had free access to rat chow (Ralston-Purina,
St. Louis, MO}, At the end of the treatment period, rats were
fasted overnight and anesthetized with pentobarbital sodium
(60 mg - kg™' body wt i.p.). The pancreas was excised,
weighed, and frozen in liquid N,.

Frozen samples of pancreas were homogenized in acid-
ethanol, and peptide hormones were extracted as previously
described (13}, Insulin and glucagon concentrations in di-
luted samples were determined by double-antibody radioim-
munoassay with purified rat insulin or beef glucagon as
standards (Novo, Copenhagen).

Total tissue RNA was extracted with a guanidine thiocy-
anate water-saturated phenol-extraction method (14). Sam-
ples were homogenized in 4 M guanidine thiocyanate
containing octylphenol-ethytene oxide detergent (Nenidet
F-40, Sigma, St. Louis, MO), and multiple phencl-chloro-
form-isoamy! alcohol extractions were performed. The quan-
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tity and quality of RNA samples were determined by
absorbance at 260 and 280 nm. The Asgorese rAlIOS WETE =2
for all samples. sotation of poly(A}* RNA by oligo-dT for Sedentary
Northern-blot anaiysis was performed by a standard pto- (=7

TABLE 1
Rat pancreatic hormone and nucleic acid content

cedure (15). odlin ¢ . prv—
; ; _ Insulin (ng - Mg~ issue + i
DNA {_:oncentratlons of tissue homoger‘w-‘ate? wgrg rr;}fa_a Cheagon (ng - mg—" tissue) 53+ 0.6 b
sured W%th_a TKO 100 DNA fluorometer (Hoefer Scientific,  nsulin-giucagon ratio 51 + 10 ot
San Francisco, CA) with the Hoechst 33258 dye (Poly-  RNA (g - mg ! tissue) 41+ 05 26 1
Sciences, Warrington, PA) and calf thymus DNA (Sigma) as  DNA (g - mg~' tissue) 15 =02 D1
RMNA-DNA ralic 29=+02 14 % Lo~ Of

a standard.
The probes used for study were 1) rat proinsulin | cDNA  yalues are means = SE.
fragment, 304 base pairs of coding information (16); 2} rat P < 0.05.
islet glucckinase cDNA (17); and 3) rat GLUT?2 ¢cDNA iso-
\ated from a rat liver cONA liorary with a hurman GLUT2 clone
(18). Sequence analysis indicated that the 2.2 kilobase {kb) An exampie of Northern-blot analysis of islet glucokina
rat GLUT2 cDNA was identical to that of the published rat mRNA is presented in Fig. 1. Glucokinase mRNA coy|
GLUT2 clone (19). The cDNA fragments wore subcloned in  be detected in whole pancreatic RNA. In poly(A)+']
a pGEM (Promega, Madison, W) or Bluescript SK* (Stra- glucokinase MRNA was observed as a single 2.8-kb ba A decre
tagene, La Jolla, CA) plasmid. Transcription by SPg, T3, or a8 previously described (20) and was markedly decr :
T7 RNA polymerase enzymes of uniformly labeled [2P]cRNA in trained versus sedentary rats. Therefore, glucokinase’y
probes and synthetic insulin and glucokinase mRNA stan- GLUTZ mRNA were quantitated by dot-blot analysis
dards was performed according to protocols provided Dy poly(A)* RNA, Proinsulin mRNA was determined by andl
the suppliers and as previously described (13). of total RNA. The quantitation of pancreatic MBNA g
Proinsutin, GLUT2, and glucokinase mRNA concentrations s presented in Table 2. Whether expressed as a co
were quantitated by dot-blot hybridization. Aliquots of pan- tration of iotal RNA or based on the content of DNA
creatic BNA (10, 5, and 2.5 ng) for determination of proin-  was no significant change in GLUT2 mRNA with trajn
sulin mMRNA ot poly(A) " RNA for determination of GLUT2 and However, there were significant declines in proinsulin
glucokinase mRNA were dissolved in 15% formalciehyde in concentration (54%) and content (78%} with training,
10x sodium chloride and sodium citrate and blotted onto agree with previously observed suppression of the glug
Nytran membranes (Schleicher & Schuell, Keene, NH). Mem- stimulated insulin response by training {7.8,12). There
branes were incubated with appropriate probes for 18 h at no carrelation between pancreatic insulin content andp
60°C in 50% formamide and 5 SSPE (0.75 M NaCl, 80 miM  sulin mRNA content (r= —0016,F = 0.96). Gluc
NaH,PQO, - H.O, and 5 mM EDTA-Na,, pt 7.4) and then
washed at 60°C in 0.1% sodium dodecy! sulfate. Blots were
exposed to Kodak XAR-5 film (Rochester, NY) at —70°C with Poly A+ Total
intensifying screens (Cronex Lightning Plus, Du Pont, Wil-
mington, DE) for various periods, so that the intensity of the S L T S 1 T
unknown samples was within the linear range of the stan- - e '
dards. The amount of mRNA in each sample, determined in 3 4
duplicate, was measured by densitometric analysis com- Kb
paring the intensity of the dots. The amounts of proinsutin
and giucokinase MRNA were quantitated against dilutions
of a known amount of synthetic proinsulin and glucokinase 44-
mRNA as described (13). .
Differences between groups were analyzed by an un-
paired Student’s t test. Correlation was analyzed by uni-

variate linear regression with the CLINFO program on a VAX 24—
compuler.

RESULTS

After 3 wk of training, there was no significant difference in

body weight (192 = 8 vs. 185 + 14 g} between sedentary |.4-

and trained rals. Pancreatic hormone and nucleic acid con-
tents are presented in Table 1. The tendency for a decrease
ininsulin and an increase in glucagon resulted in a decrease
in the insulin-glucagon ratic with training. There was no sig-
nificant effect of exercise training on pancreas weight .
(mean = SE 723 184 mg for 7 sedentary rats vs. 681 = FIG. 1. Northern-blot analysis of pancreatic RMNA from s:dggtz
133 mg for 6 trained rals). RNA content tended to decrease, (S: n = 7) and trained (T; n = &) rats. Total pooled BN n(d At
4 with the 40% in i DNA. the RNA-DNA rati d lanes 3 and 4) ot pooled poly(A)* BNA (10 pg; fanes 7 8 | hybrt
and wi G Ao C_re.ase 0 . e " ratio de-  gjectrophoresed under denaturing conditions, blotted, ar
creased 52% with training. to [2P]glucokinase cDNA as described in METHODS.
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ARNA species

Sedeniary Trained
(=17 (n=8)
772 110 3.55 + 0.92¢
22.20 = 3.70 4,99 + 1.341
0,95 = 0.09 0.72 £ 0.10
2.85 + 0.33 1.01 = 0.16¢
0.370 £+ 0.031 0.580 + 0.140
1.01 £ 0,12 0.86 £ 0.26

ans £ SE. GLUT2, pancreatic islet glucose frans-

0.005.

ed 65% when calculated on the basis of DNA

in islet -cell glucose metabolism appears to
sary slep in glucose-stimulated insulin secretion
ominant glucose transporter of hepatocytes
clls (GLUT2) has been claned (18,19). Within
atic istets, it appears to be expressed only in
Glucose transport has been presumed to not
ng for B-cell glucose metabolism or insulin se-
“onsistent with the hypothesized lack of a reg-
i this glucose transporter, we found no change
A with exercise training.

- of pancreatic glucokinase, on the other hand,
be rate limiting for p-cell glucose metabolism
changes in activity with fasting/refeeding (10}
iuced hypoglycemia (11) have correlated with
tlated insulin secretion. A previous aftempt to
nges in glucokinase activity during fasting with
glucokinase mRNA led to the conclusion that
change in mRNA (20). However, this conclusion
on guantitation of Northern blots, and mRNA
therefore expressed in terms of totai RNA con-
his analysis failed to take into account a decline
content of islets of up to 50% with fasting (23)
ave missed a decrease in the islet content of
MRNA, In our study, for example, there was a
18 in ANA-DNA rafio with training.

sults of this study demenstrate that adaptation to
ts in decreases in pancreatic glucokinase
“proinsulin mRNA contenis and suggest that at
f the effect of exercise on glucose-stimutated
tetion is mediated at the level of gene transcrip-
as no suggestion of corelaticn between pan-
Ulin content and proinsulin MRNA (r = —0.186,
he suggestion that pancreatic proinsulin mRNA
correlate with the glucose-stimulated insulin re-
hari insulin content is compatible with studies of
createctomized rats that showed that proinsulin
kicose tolerance were unchanged in the face
uction in pancreatic insulin content (24). In our
: was also no apparent relationship between pan-
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FiG. 2. Correlation between proinsulin {proins) mRNA (pg - pg~' DNA)
as percentage of that in centrol (C) rats and glucokinase (glkase)
mRNA (pg - pg* DNA) in sedentary and trained rats (r = 0.95, P <
0.001).

creatic glucagon content or insulin-glucagon ratio and proin-
sulin mRNA.

The excelient correlation between glucokinase mBNA and
proinsulin mRNA contents suggests that these gene tran-
scription products may be regulated in parallel (Fig. 2). The
factors responsible for regulation of these genes have not
yet been identified. The findings that fasting and insulin-
induced hypoglycemia decrease both glucokinase activity
(10,11) and preinsulin mRNA (20) imply that some aspect
of glucose metabolism may play a key role in this regard. A
possible role for catechclamines has been suggested by the
finding that phentolamine {25) or adrenalectomy (26} can
block the effects of physical training on insulin secretion. The
relationship between the factors responsible for the regu-
lation of B-cell glucckinase and proinsulin genes and their
roles in physiological and pathological modulation of insulin
secretion need to be further characterized.
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