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1. Introduction

Evidence for a specific insulin recepior at the fai
cell membrane was provided by Kono [1, 2], who
showed that rypsin digestion (1 mgfml for 15~30 min)
Ieadd 1o a complete loss of the insulin effect on both
glucose transport and tipogenesis, and on antilipclysis,
whereas the lpolytic actions of epinephrine and ACTH
remained unchanged. After about 30 min the respon- -

siveness of adipocytes 1o insulin reappeared. This
TegeneTation phenomenon of the recepter could be
suppressed by cyclcheximide and suggested tha? protein
synthesis was mmlwsd in the Iesm:a‘tmn of ﬂm isnlin
receptor.

These observations were followed by a number ;sf
publications [3—10] confirming these effevio wid
describing the properties of enzymatically modified
ceil membranes. _

In conirast to these studies with adnpmytes there
exist nnly few reports suggesting such receptorsin - .
muscle [11] and 50 far nong employing irypsin diges-
tich, The purpose of the present investigation was 1o

‘extend the observations of Kono to the rat diaphragm

preparation. Furthermore, this technigue wasusedin .

~ the comse of sindies on the insulindike mechanism of |
-monoguanido compounds {12-14].
; “2 Expemnenia]

‘f, 2 1 Preparmmn of dzaphragms , _ :
* Male Wistar rats (150.8) were uegapﬂateﬁ zﬁerr 48 }H

]‘:.:’fsasi ’I’he mapha'agm was qmckiy mmsed and o ﬁqunl .
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sections wers cit oul from each halve with the aid of

a metal stamp. Each piece was cut into 4 paris of the
same size {6080 mg per segmept). 32 Diaphragm
scgments from 4 rats were pooled aud Jisiributed to 2
series of 8 incubation vessels so that each vessel con-
tained 4 segments, each one from another animal. The
sppments were kepi in Krebs—tlenseleit bicerbonaic
buoffer (KHB) usually without albumin at 20° for

20 min.

2.2. Trypsin dipesiion

After the preincubation period the vessels were
transferred to a water bath at 37°. Trypsin was added
in a concentration of 1 mgfml {unless otherwise noted)
and inactivated by soybean trypsin inhibitor {STI

1.5 mg/ml), generaily after 10 min {inactivation

period). After removal of the medium, the diaphragm
segments were washed twice with STlcontsining
buffer and then with KHB-buffer alone. The final in-

-cubation period was started after 2ddition of agenis

1o the glucose containing buffer (2.5 mgiml) with
vigorous gassing of the medivm with carbogen for

- 5 min and contimed vsually for 60 min under constant

‘ Shakmg {mwhah@n time :respemvely I@g&ﬁﬂahnn
© fime).

Bmphmgms in %:)am]ﬂal mmbahmns WH‘I\BUI prsm

7  treatment were handled by exactly the &ame pmcaﬁume
: melmtﬂmg ‘I}m apphcaimn of S’I’ I S

, '2 3, Mmswgmem of 3 gaumse am‘ g{ymgen

The reaction was terminated by wm]ang in an ice .

. bath. Glucoss concentration in the mmﬂba*mn m&:ﬁmm |
{.,w;.s measured enzymamaﬂly 115] B

Dxaphmgm segmants were. Imseﬂ genﬂy b]@iieﬂ

i -‘-anﬂ homogemzeﬁ m-KUH {30%) for 20 min at. lv‘.)ﬁ
" ,‘;‘_f ;;33_3,;;;-:@3@11:, was px-eg iiajae,ﬂ Tb-" '

' hana]"{%%} in the
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mﬂd Afer cenmfugalmn the sst}nmm Was ﬂmsm]weﬂ
in waler, its glycogen content was aﬂei:armmed usmg
the anthrone reagent [16].

Crystalline bovine insulin and j-phenmhy]mgumﬂa
‘were from Farbwerke Hoechst, agmatin { -aminobulyl}-
ghanidin and soybeamrypsm-m}ubﬁuur from Berva,
galegin (3,3-dimethylellyl) guanidin frem Calbiochem,
1-butylbignanide from Chemie Criinenthai and trypsin
from Boehringer Mannhe'm. L-Arginine-A-benzyl-
amide was synthesized by Dr. Guglielmi [12].

3. Results and discussion

‘Pretreatment of the musele preparation with trypsin
{1 mg/ml) for 10 min was sufficient to abolish the in-
fluence of insulin oa glucose nptake. The effects of
the monoguanido compounds agmatin, galegin and
L-arginine-N-benzylamice and of the two biguanides,
however, remained totally unchanged {1zble 1). Insulin
caused the same raie of ghicose uptake, independent of
~whether it was added alone or together with medium
* from a previous muscle incubation shortly afier in-
activation of trypsin and removal of STl-containing
buffer. Traces of insulin degrading activity of trypsin

FEBS LETTERS

May 1973

can ﬁﬂeruei‘mﬁ not a@mum fm me 30'45 mf }Jonmma] ,
. action, Accmﬁmg 1o further studies on enzyme Ie]ease ,

from the diaphragm pieces during incubation, an jn-

* - creased inactivazion of insulin in the trypsin treated

samples seems 1o be unlikely. As further shown in -
iable 2, 8T1 has neither an effect on ghicose ham‘pbﬁ
and glycogenesis under bdﬁﬂ] nioT unier msuﬂm-snmul-
ated eonditions.. '

“In general, similar results weze oblained when .7:111
mcuba‘*mn steps were verformed in the presence of
alburnin {fig, 1). Enzyme treatmeni of muscle exerted

comparable effects on plucose transport and formation

of glycogen. In both metabolic events decarboxylated
arginine sustains iis biological activity. As more than

: ‘9‘{3% @f ihe immased g]umse inake i the presfem:e '

| 117], Ihe ll@ss @f hmmmnal agtion on hmh pammmﬂs

alter enzymatic treatment of the tissue is not unexpecied.
Prolonged incubation with insulin up to 90 min
and 120 min after trypsin inactivation led to a con-

tinuously increasing uptake of glucose (not shown)

and formation of glycogen {table 3). These returning
metabolic progesses amount to sbovt 25—50% of the

.maximum effect of unireated preparations after 90

min. Under assay conditions withont aibumin, the loss

Table 1
Effacﬁ @f insulin, moeaogianide and bipnanide compounds on slucose uptake of mnﬂmﬂ and trypsin ,..aa&{cﬂ hcm&dmpﬂnmgm sgs:imm
Additions No. ef . Trypsin - Glneose uptaﬂke - ‘ P
gxperiments treatment {ndlefp in per
- : cent of contzol)
None . 3 5 BT
Insulin 2 - © 312 264 s .
100 wlifmd - + 3261150 - 388 < 00805
Agmaiin | 5 - 325420 s
FEY ' : + 3112213 i N.S.
Galegin : - 5 - 368232 _ o
1 mM o 3 3752217 ¥ RS
ABA - R - 2102166 g T e
ImM : fa S L= X2 —— S
1:Bulylbigeenide 2 L 296 R
ImM T e 254 e RS
"7'1-?h3nyﬂeahyl-‘ , 2 L Em R

: E;mM -

ABA Tefe:s iu Larﬂmlne% benzylamlén._lncubaunn m':ne 60 :mln
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my glyﬁﬁgiii‘.‘@ wel weight [ ih

conol msokn agmatin

7 butter withowt clbumin’

S buther wilk dlbomin

. Fig. 1. Glueose uptake and glycogen synthesis in diaphzagm -
seclions with and without trypsin treatment. Efferct of insulin

{180 p@!ml) and agmatin {0.7 mM) in presence and absence
of 2% humzn semm afbumin from the Swiss Red Cross, Bern.

Columas mppn.ss:m mean = S E.M. of three incubated sampizs.-

Trypsin trealment was for 5 min with 2 mgfml.

of responsiveness of muscle to insulin as measnred by
glycogen formation and glucose upiaks was comolete
during the first 30 min. In analogy 1o the fat el pre-

~paration [2] restoration of ike insulin @ffr:«:mr syqiem_

_ can be suppressed by cvcloheximide. . :
- Whereas maximal glucose nptake aud fmmamn of

: 'gh <ogen jo unireated tissue was uspally sten between

100 amd 300 ij’ml of insulin, the dose—TEsPONSE:
curve with trypsin treated muscle iissue shows an - o
‘apparent. s}ufi to supmp]:xyswlmgmail mmmtm&mm
.'w(‘t:a’bﬁa 4. :

A smnlar phennmenrnn ta:n bg nm}mﬂ m ﬁrypam-
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‘  Tahle 2 i
E;feci @f ﬁuybﬁzan trypsin inhibiic: on olu.nmse uptakre m’ui'

ey cogen formation of contret amd 'hypsm-i;reateﬂ Bnenudm—
p?amgm sections. .

Chﬁn‘cmer . L G&ymgsh |
. uptake ‘ formation -
{pmelefg .. . (mpfg '
wel wi) - wel wi)
 Trypsin @izestion.
Contzcl | 164 150 8 LT
8T § mg/m} 166 162 18 1.75
Iasulin 8235 21L& 4905 216
100 xU/mi S : '
Insulin o 788 220 365 1B
100 pUfmil -
+ 57! 1 ang/ml |
Inrulin 807 H.D. 38 M.D.
100 w8/ml -
+ medinm
eoniiol

The effect of added medivm plus insulin from a previous insn-
bation after trypsin inzctivation is shown in the last line (insnlin
+ muscle control). Each number represenis the meoan of thee
sampiles. Incubation time 60 min.

- trested adipocytes {9, 18] and for jts explination the

existence of “spare receplors™ was posiniated. Since
the mechanism of the insulin-like action of meno-
guanide and biguanide compounds appears to be com-
pletely md@ pendent of the insulin receptor it is likely

' .that trypsin only modifies the acceptor of the hormonal

signal andfor its transmission o me*abmhc systems,
such as glucose transport, leaving the metabolic sysiems
intact, Low concentrations of trypsin {2 we/mi) have a

" pronounced insulin-ike effect on myuscle’ [19] possinly

by stimulation of insulin TECEDPT. ors i(and destroying

—a few), but 1@3+fold higher concentrations used in-
‘these expenmems seem 1o degoade within 10 min part -
" of a renewable peptide thus rendesing it inert for insulin
. bmsimg With these concentrations, insulin-like effects

of trypsin have not been x:bsmuﬂ during the inacliva-

tion periog. Th’ms ihere i evidence for'en i msul‘m
recepior in the muscle membians with’ propsrties

) ~which are mmn:ambﬂe o ?.hmf: ‘ hmatftl neﬂ by Kmm
- 1.111 favl ﬂEs]S e R
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o Table 3 : )
Restoration of insnlin effecton glycogen ;fo:mat;on after p:e‘.nous h'ypsm !reatmcn‘t
“Time (min) 15 - e T b
Contral 0.84 =011 0.872 013 | 0.8920.16 1032015 1,272 0.18
' ' - P< 0.0 P < D.0025

Tnsulin 0.78 £ 0.1% 0,9 x0.14 1.3 0.17 1.5 2017 2.2 0.0

Tnsrlin + ' ) 7 ,

crcloheximude ' 1112813 - 1382 D8

Values {mg glycogen per g weit weight) indicate mean «f 3 experiments + S.E.M. Afier a regeneration {ime of $0 ﬁm, respectively
120 min f.. reappeanng insulin effect beenmes signifivant {peired comparison). :

Tabls 3
Effect of different concentrsiions pf insulin on Teceplior
responsiveness after 60 min regeneration peoovi.

Insudin ‘Glucose uwpiake Glycogenesis
{mUyml) {(mmolefp wet wi) {mgig vet wi.)
- 15,628 1.3 29822
.1 18.3= 0.7 1.43 = 0.20
1.0 2281 145 1.9 2026
15,0 78" . 2.6 =044
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