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ized. Studies employing inhibitors of protein kinase A
Protein kinase B (PKB) is involved in signaling to a isoforms, Ca2//calmodulin activated protein kinases

multitude of important cellular events and is activated and the various isoforms of protein kinase C have dem-
by insulin and growth factors, including insulin-like onstrated that members of these kinase families are
growth factor I (IGF-I). We show here expression of important potentiators of glucose-induced insulin se-PKB in pancreatic islets and in the b cell lines HIT-

cretion (2). In most of these cases, however, substratesT15, INS-1, and RINm5F. Expression of PKB mRNA and
for the kinases remain to be identified.the presence of PKB isoforms (a, b, and g) were as-

Recently, a signal transduction pathway involvingsessed by Northern blot analysis and RT-PCR, respec-
mitogen-activated protein kinases (MAPKs) was iden-tively. Antibodies recognizing different parts of PKB
tified in islets (3-5). Although no requirement ofisoforms were employed to demonstrate PKB protein
MAPKs in b cell stimulus-secretion coupling was dem-expression by immunoblot analysis. By use of immuno-
onstrated, a possible involvement of MAPKs in prolifer-histochemistry in rat and mouse pancreatic tissue sec-
ative actions of b cells was discussed. Considering thetions, PKB was localized to predominantly b cells. Reg-

ulation of PKB was examined in INS-1 and RINm5F known capacity of islets to increase their cell mass in
cells; upon stimulation with IGF-I (5–10 min), PKB was situations of unusual insulin demands, e.g., in insulin
phosphorylated and activated (É3-fold) by a wortman- resistant states, b cell proliferation may, in fact, be
nin-sensitive mechanism, indicating involvement of another means by which insulin secretion is increased.
phosphatidylinositol-3 kinase. The possible participa- Insulin-like growth factor I (IGF-I) has been pro-
tion of PKB in signal transduction pathways modulat- posed to elicit signals influencing proliferation of b cells
ing cAMP-dependent insulin secretion and in prolifer- (6) as well as insulin secretion (7). The components
ation of b cells is discussed. q 1998 Academic Press involved in this signaling have yet to be thoroughly

described. Previously, an IGF-I-stimulated, wortman-
nin-sensitive pathway leading to attenuation of glu-
cose-induced insulin release in the MIN6 b cell line hasSerine/threonine protein kinases are involved in the
been reported (8), indicating involvement of the lipidinitiation and modulation of insulin secretion from pan-
kinase phosphatidylinositol 3-kinase (PI3K). Althoughcreatic b cells. While insulin release is controled by
the role of PI3K in insulin secretion has not been estab-nutrients, primarily glucose, this responsiveness is
lished, there is firm evidence for the expression of themodulated by circulating hormones and by paracrine
kinase protein (9) and formation of its lipid product,neuronal factors within the islet (1). The pathways
phosphatidylinositol 3,4,5-trisphosphate (10), in btransducing these signals are incompletely character-
cells. Targets downstream of PI3K have as yet not been
identified in these cells. However, in other systems a
suggested target for PI3K is protein kinase B (PKB),Abbreviations used: PKB, protein kinase B; PI3K, phosphatidylinosi-

tol 3-kinase; IGF-I, insulin-like growth factor; MAPK, mitogen-acti- which is known to be activated by growth factors and
vated protein kinase; PH, pleckstrin homology; RT-PCR, reverse-tran- to have a role in prevention of apoptosis (11-13) andscription polymerase chain reaction; SDS, sodium dodecyl sulphate;

stimulation of differentiation (14). PKB has also beenPAGE, polyacrylamide gel electrophoresis; TES, N-tris(hydroxymethyl)-
methyl-2-aminoethanesulphonic acid; IRS, insulin receptor substrate. shown to be involved in insulin-controled metabolic ac-

0006-291X/98 $25.00
Copyright q 1998 by Academic Press
All rights of reproduction in any form reserved.

181

AID BBRC 9166 / 695d$$$221 08-19-98 23:44:01 bbrcg AP: BBRC



Vol. 250, No. 1, 1998 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

For reverse-transcription polymerase chain reaction (RT-PCR),tions, such as glucose uptake and glycogen synthesis
oligo-(dT)18 was used to prime one strand cDNA synthesis from 1in 3T3-L1 adipocytes and hepatocytes (15-17). Three
mg of total RNA using 200 U of Moloney Murine Leukemia Virusdistinct, although structurally similar, mammalian iso- transcriptase (Clontech). PCR amplification was performed using iso-

forms of PKB have been cloned and characterized (18), form-specific primers for PKBa (rat PKBb, amino acids 138-145 and
459-466) and for PKBb (rat PKBb, amino acids 140-146 and 459-(19), the functional differences of which remain un-
466), using the numbering of sequences published by Konishi et alclear. While PKBa and PKBb seem to be ubiquitously
(18). PKBg-specific primers were from amino acids 136-142 and 449-expressed, PKBg expression is more restricted, being
454 of rat PKBg sequence (19). After initial heating to 947C for 9

most abundant in brain and testis (19). However, com- min, cycling was performed for 45 sec at 947C, 45 sec at 607C and 1
parison of activation and kinetic properties demon- min at 727C (40 cycles) using AmpliTaq Gold Polymerase (Perkin-

Elmer, Warrington, UK).strated substantial similarities between all forms (20,
21). The activation mechanism proposed for PKB in- Immunoblot analysis. Lysates from 400 freshly isolated islets
volves translocation to the plasma membrane and sub- (400 mg of total protein) and from the clonal b-cells (100 mg of total

protein) were mixed with SDS sample buffer and subjected to SDS-sequent phosphorylation of Thr308 (a) (22)/Thr309 (b)
PAGE in 8% polyacrylamide. Resolved proteins were electrotrans-(20)/Thr305 (g) (21) and for full activity also of the
ferred to polyvinylidene membranes, which were then probed eitherC-terminally located Ser473 (a) (22)/Ser474 (b) (20). with antibodies to the three PKB isoforms (the anti-CT PKBa, the

PKBg, which due to a C-terminal truncation lacks the anti-PKBb and the anti-PKBg antibody, respectively) or, when ly-
Ser473/474 equivalent, is thought to be fully activated sate from islets were examined, a mixture of these antibodies, for

detection of PKB protein. The anti-phospho(Ser473) antibody wasby phosphorylation at Thr305 (21).
used to detect phosphorylated (activated) PKBa. Immunoblot analy-To address whether PKB is involved also in b cell
sis was performed using the Super Signal (Pierce, Rockford, IL, USA)signal transduction, rat islets of Langerhans and three chemiluminiscent substrate.

insulinoma cell lines were investigated for expression
Stimulation of INS-1 cells and determination of PKB activity.of PKB mRNA and protein. PKB activity was studied

INS-1 and RINm5F cells, grown toÉ70% confluency on 10 cm plates,in INS-1 cells and RINm5F cells under basal and IGF- were incubated in medium depleted of serum and containing 3 mM
I-stimulated conditions. glucose for 4 h prior to treatment. The cells were stimulated with

IGF-I at 100 ng/ml for 5 or 10 min and then harvested in lysis buffer
containing 50 mM Tris-HCl, pH 7.4, 5 mM MgCl2, 1 mM EDTA, 5%MATERIALS AND METHODS
glycerol, 1% C13E12 (a non-ionic detergent from the alkyl polyoxyethy-
lene group), leupeptin (10 mg/ml), antipain (10 mg/ml and pepstatin

Chemicals and antibodies. IGF-I was from Upstate Biotechnol- (1 mg/ml). The cells were in some cases pretreated with 100 nM
ogy, Lake Placid, NY, USA; Protein G-Sepharose from Pharmacia wortmannin prior to IGF-I stimulation. After preclearing the lysates
Amersham, Uppsala, Sweden; cAMP protein kinase inhibitor and with protein G-Sepharose for 30 min, PKB was immunoprecipitated
wortmannin from Sigma, St Louis, MO, USA. [g-32P]ATP was synthe- using the polyclonal anti-CT antibody (see above), raised against
sized as described (23). The peptide Crosstide (24) was synthesized at PKBa but possibly cross-reactive with PKB b (4-8 mg of antibody
the Biomolecular Resource Facilities, Lund University. Cell culture was used to bring down PKB in lysates containing 400 mg of total
media were from Life Technology. protein). Immunoprecipitates were captured after two hours of incu-

Three antibodies directed towards different peptides of PKBa were bation at 47C by addition of protein G-Sepharose and incubation was
used: anti-CT (carboxyterminal) PKB antibody from Santa Cruz Bio- continued for an additional 60 min. Precipitates were washed three
technology (Santa Cruz, CA, USA), anti-PH (pleckstrin homology times in phosphate-buffered saline, pH 7.4, supplemented with 1%
domain) PKB antibody from Kinetek Biotechnology (Vancouver, Can- C13E12 and 500 mM NaCl, and once in a kinase buffer consisting of
ada) and anti-phospho(Ser473) antibody, which recognizes PKBa 50 mM TES, pH 7.4, 2 mM EGTA, 1 mM EDTA, 250 mM sucrose, 1
phosphorylated on serine 473, from New England Biolabs (Beverly, mM dithioerythritol, 40 mM phenyl phosphate, 5 mM NaF, 1 mM
MA, USA). Antibodies specific for PKBb and PKBg, respectively, phenylmethylsulfonylfluoride and antipain, leupeptin and pepstatin
were purchased from Upstate Biotechnology. at the concentrations given above. To assay kinase activity, protein

G-Sepharose-bound PKB (10 ml) was incubated with 5 ml of a mixtureIsolation of pancreatic islets and cell culture. Langerhans islets
containing 150 mM TES, pH 7.5, 150 mM [g-32P]ATP (6 mCi), 40 mMwere isolated from Sprague-Dawley rats (B&K Universal, Stock-
MgCl2, 250 mM sucrose, 4 mM dithioerythritol, 5 mM cAMP proteinholm) using the collagenase digestion method (25). The b cell lines
kinase inhibitor. Crosstide (1 mg) was used as substrate and reactionsHIT-T15, INS-1 and RINm5F cells were cultured in RPMI 1640 (in-
were terminated after 25 min at 307C by addition of 10 ml of 1%cluding L-Alanyl-L-Glutamine and 11 mM glucose unless otherwise
bovine serum albumin, 1 mM ATP, pH 3.0 and 10 ml of 30% trichloro-stated) supplemented with 10% fetal calf serum, 100 U/ml penicillin,
acetic acid. After centrifugation, 15 ml of the supernatants were ap-100 U/ml streptomycin. Medium for INS-1 cells was, in addition,
plied to Whatman p81 filter paper, washed three times with 75 mMsupplemented with 50 mM b-mercaptoethanol.
phosphoric acid and once with acetone and the 32P incorporated was

RNA isolation, Northern blot analysis, and RT-PCR. Total RNA measured by scintillation. Phosphorylated/activated PKB was also
was isolated from isolated pancreatic islets and from cell monolayers detected, without prior immunoprecipitation, in lysates (100 mg of
using the RNAzol B reagent (Tel-Test Inc., Friendswood, TX). To total protein) using the anti-phospho(Ser473) PKB antibody for im-
obtain adipocyte RNA, rat epididymal adipose tissue was digested munoblot analysis (see above).
with collagenase and adipocytes prepared as described (23, 26), fol-
lowed by RNA isolation according to the method of Chomczynski and Immunocytochemistry. Pancreata were excised from sacrificed

rats and mice and immersed overnight in Stefanini’s fixative (2%Sacchi (27). For Northern blot analysis, total RNA (different amounts
as stated in legend to Fig. 1) was electrophoresed under denaturing paraformaldehyde and 0.2% picric acid in phosphate buffer, pH 7.2),

followed by repeated rinsing in Tyrode’s solution (10% sucrose inconditions and blotted to nylon membrane. Blots were probed with
full length PKBa cDNA, obtained as described (28) and an oligonucle- phosphate buffer, pH 7.2) for cryoprotection prior to freezing on dry

ice. INS-1 cells and RINm5F cells were cultured on poly D lysinotide complementary with 18S rRNA. 32P-labeled RNA was detected
and quantified using digital imaging (Fujix Bas 2000). coated microscopic slides (Culture Slides Biocoat, Falcon, Becton
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FIG. 2. Immunoblot of PKB from HIT-T15, INS-1 and RINm5F
cells and from rat islets. Total lysates of the HIT-T15, INS-1 and
RINm5F cells (100 mg of total protein) and 400 rat islets (É400
mg of total protein) were subjected to SDS-PAGE and immunoblot
analysis with an anti-CT PKBa antibody (cell lines) and a mixture
of the anti-CT PKBa, the anti-PH PKB and anti-PKBb antibodies
(islets).

PKBa was detected in rat islets and in the clonal b cells
as well as in rat adipocytes. In addition, both PKBb and

FIG. 1. Northern blot of total RNA from the b cell lines HIT-T15 PKBg cDNAs were detected in all cell types.
(15 mg), INS-1 (15 mg), RINm5F (10 mg), from rat islets (7 mg) and We next employed immunoblot analysis to identifyrat adipocytes (10 mg). Hybridization was performed with a full-

PKB protein in extracts from pancreatic islets and thelength PKBa cDNA probe (top) and an oligonucleotide complemen-
three b cell lines. As shown in Fig. 2, in lysates fromtary with 18S rRNA (bottom).
the cell lines the anti-CT-PKBa antibody recognized a
protein with an apparent molecular weight ofÉ60 kDa.
The identity of this protein was confirmed by reprobingDickinson, New Jersey, USA), fixed in ice-cold methanol for 8 min
the immunoblot with the anti-PH-PKB antibody (notand rinsed in phosphate-buffered saline. Single and double indirect

immunofluorescence were performed on cultured cells or tissue sec- shown). Since lysates containing equal amounts of total
tions as described (29). For detection of PKB, the anti-CT PKBa (125 protein were analysed, these results suggested that
ng) and anti-PH PKB (625 ng) antibodies, respectively, were used; whereas similar amounts of PKB was present in HIT-previously characterized antibodies (29) to insulin (9003, Euro-Diag-

T15 and INS-1 cell lysates, the RINm5F cells expressednostica, Malmö, Sweden) and glucagon (7811, Euro-Diagnostica)
were used for double immunofluorescence experiments. For specific- less PKB protein. This difference in expression was
ity controls, the PKB antibodies were preabsorbed by partially puri- independent of the antibody used and is consistent with
fied recombinant PKB (10 mg/ml antibody at working dilution) prior the lower level of mRNA expression in the RIN cells
to incubation of slides.

(Fig. 1). To examine whether not only PKB mRNA but
also protein representing PKBb and g was expressed,

RESULTS AND DISCUSSION an immunoblot of lysate from INS-1 cells was probed
with the antibodies recognizing the different isoforms.To demonstrate the expression of PKB mRNA in b
As shown in Fig. 3, all isoforms indeed appeared to becells we first probed total RNA from rat pancreatic is-
expressed in INS-1 cells; however, due to differenceslets and the insulinoma cell lines HIT-T15, INS-1 and
in sensitivity between the antibodies we can not esti-RINm5F with full-length PKBa cDNA in a Northern
mate the relative abundance. By using a cocktail ofblot experiment (Fig. 1). In accordance with the size of
PKB antibodies we were able to demonstrate expres-PKBa mRNA in rat adipocytes (Fig. 1) and sizes re-
sion of PKB, albeit at low abundance, in lysates fromported from other tissues (18) a PKBa transcript of 3.2
rat islets (Fig. 2). The reasons for the seemingly lowerkb was visible in the islets as well as in the cell lines.
degree of expression in islets may be technical; al-Quantification of the expression (after normalization
though the amount of total protein in the lysate fromfor the different amounts of RNA applied) revealed a
400 islets was higher (É400 mg) than in the lysatesconsiderably lower (É8 times) amount of PKBa mRNA
from the cell lines (100 mg), staining of the immunoblotin islets than in rat adipocytes. When compared to the

expression in the b cell lines, islet mRNA expression
was É6 times lower than in RINm5F cells and É20
times lower than in INS-1 cells and HIT-T15 cells. The
apparent transcript of É3.4 kb in adipose, HIT-T15
and INS-1 cells (Fig. 1) indicates expression of PKBb,
which previously has been identified as an mRNA spe-
cies of this size in rat tissues (18). To further substanti-
ate the expression of PKB isoforms, RT-PCR using

FIG. 3. Immunoblot of PKB isoforms in INS-1 cells. A total lysateprimers specific for PKBa, PKBb and PKBg, respec- from INS-1 cells was subjected to SDS-PAGE (100 mg of total protein
tively, was performed (data not shown). In agreement in each lane) and immunoblot analysis using the anti-CT PKBa,

anti-PKB b and anti-PKBg antibodies, respectively.with the Northern blot results, cDNA representing
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PKB is known to be activated by insulin and several
growth factors, including IGF-I [see for instance (22)].
In this study, as a first step to study the regulation of
PKB, we examined the effect of IGF-I stimulation on
phosphorylation and activation of PKB in INS-1 cells
and RINm5F cells. Upon stimulation (5 or 10 min) with
IGF-I at a physiologically relevant concentration, PKB
was activated É3 fold [fold activation 3.2 { 0.5 (mean
{ SEM; nÅ3)] (Fig. 5a). These results correlated with
immunoblot analysis of total extracts using an anti-
body specifically recognizing PKB phosphorylated sites
in PKBa (32) (Fig. 5b). Similar results were obtained
upon stimulation of RINm5F cells with IGF-I (data not
shown). Pretreatment of INS-1 cells (Fig.5) or RINm5F
cells (not shown) with wortmannin, a selective PI3K-
inhibitor, completely blocked basal activity and IGF-I-
induced activation of PKB, indicating that in these cells
PKB is a down-stream target for PI3K.

The significance of the IGF-I-mediated activation of
PKB in b cells is not known. Because the major task

FIG. 4. Double immunofluorescence for PKB (A) and proinsulin
(B) in a section of rat pancreas. Bar Å 50 mm.

for protein demonstrated É10 times less protein in the
lane containing islet lysate. Given the multitude of pro-
teolytic activities in pancreas, degradation of PKB is
thus a likely explanation for the poor signal. On the
other hand, considering the known expression of PKB
in mammalian cancers, [see for instance (30)]. and its
suggested anti-apoptotic role [reviewed in (31)], it is
also possible that PKB is upregulated in the insu-
linoma cells.

To localize PKB in islets, immunochemical detection
using the anti-CT-PKBa antibody was performed on
tissue sections from rat and mouse pancreas. Immuno-
reactive PKB was typically demonstrated in all islets
in the sections of both rat (Fig. 4) and mouse pancreas
(data not shown), but not in the surrounding exocrine
tissue. INS-1 and RINm5F cells also harboured PKB FIG. 5. Activation of PKB with IGF-I. Kinase activity (a) of PKB

immunoisolated from lysates (200 mg of total protein) of INS-1 cells,immunoreactivity (data not shown); HIT-T15 cells were
either non-stimulated (C; control), IGF-I-stimulated (100 ng/ml fornot examined. Furthermore, in rat islets, double immu-
10 min) or treated with 100 nM wortmannin for 10 min prior tonofluorescence demonstrated that the PKB immunore- stimulation with IGF-I (100 ng/ml for 10 min) (W/IGF-I). Activation

activity predominantly localized to the b cells; addi- is calculated relative basal activity (taken as 1) and the fold activa-
tionally, also a number of glucagon cells harboured tion of PKB is shown as mean { SEM of three independent experi-

ments. Wortmannin treatment inhibited both IGF-I-mediated activa-PKB immunoreactivity. Immunofluorescent detection
tion and basal activity of PKB. Immunoblot analysis (b) of PKB inwith the anti-PH-PKB antibody demonstrated a simi-
aliquots of the same lysates as used in 5a. Total lysates (100 mg oflar localization of PKB. Further, preabsorption with total protein) were subjected to SDS-PAGE and immunoblot analysis

partly purified recombinant PKB abolished the PKB using an anti-phospho(Ser473) PKBa antibody (top) and an anti-CT
PKBa antibody (bottom).immunoreactivity (not shown).
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