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[~.eu~J-insulin, the third mutant insulin, was semisynthesized and was 
studied for receptor binding and negative cooperative effects. Receptor binding 
and biological effects of the nutant insulin were 0.3-0.5% of normal, the lowest 
among three mutant insulins. IIakRver, negative cooperativegeffects ofthemutant 
insulin were almost normal at higher concentration(>lO M). tioclonal anti- 
insulin antibody binding studiesrevealedthatcarboxyterminal regicnof Bchain 
was relatively unchanged. These results suggest that N-terminal region of 
A-chain extending to A3 is inportant for receptor binding and confirm that A3 
&es not play an inportant role for negative cocperativity. @ 1986 Academic Press, Inc. 

The third family of the patients with a mutant insulin has recently been 

found in Japan (1). In contrast to the previous nutant insulins with 

abnormalities in carboxyterminal region of B chain (B24 and B25), the new mutant 

insulin exhibited substitution of Val with Leu at A3, i.e. (LeuA3J-insulin (1). 

I&ever, A3 Val was not included for putative receptor bindingregicn, although 

N-t&al anino acid residues were reported to participate in receptor binding 

(2). Previous mutant insulins, [~euB2~J- and [SerB24J-insulin, show& decreased 

negative cooperative effects since B24 and B25 wxe inpcrtant for the effects 

(3,4). But, A3 Val was not included for negative cocqerative region (5). Thus, 

it is of interest to examine receptor binding ability and negative cooperative 

effect of the new mutant insulin. 

In this -ication, [Le?J-insulin showed marked decreased receptor 

binding and relatively intact negative cooperative effects. 
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Materials and IMhods 

~~yia~dz~ti~i~al#ulin (lot lFJ91, 26.2 units/q) was kindly supplied by Eli 
I was purchased fmnNewmglahdNucl.ear Corp. and culture 

ndiurn RPm1640, and fcetal-calf serm fran Gibco. Bovine serm albumin 
(fraction V) was purchased frm Arnmrl~harmceutical Co14 collagenase fran 
Worthington Biochemical Corp., 2-deoxycl- C]glucose and I,-[ C]glucose frcm New 
ELnglahdNuclear Corp. 
Semisynthesis of human [I,eum]- and [AlaM]-insulins:Porcine insulin was 
ac;at;dS~;ht~g;N~ ;&the resulting N" , NIB29 -(kc) -insulin was treated 

-Boc-Desoctapeptlde insulin (DO& This aspound m 

rVfth octapeptides by trypsin-catalyzed coupling netlmd (6). 'Ihe product of [Leu 
]-insulinwas bmq-encus by RPIC. 

Insulin binding studies:Humn cultured lyn@ocytes(IM9) ware mintained in the 
nedim RPHI 1640 with 10% festal-calf serm and wzre used for binding studies 
when they kere in the stationary phase. The netbods of insulin binding studies, 
as wzll as dissociatim studies 
Iodination of insulins:Porcine 

, Ep previously &scribe&47). 
I-labelled insulin, I-labelled analogues 

ware prepared at a specific radioactivity of loo-150 uCi/ug by the a&hod of 
Frey&et et al (8). 
Glucose uptake studies:The method used to study glucose uptake in isolated rat 
adipocytes was as previously described (9). 
Insulin binding to anti-insulin antibodies:Porcine [ 125 I]insulin and insulin 
anlcgues at various concentrations ksxe incubated with sera or mncclonal 
antibody for 48 h at 4 C and bound and unbound insulin were separated with 
poly(ethylene glycol) as described previously (10). Anti-bovine insulin nono- 
clonal antibody (0X1-005) recognizing carbxyterminal area of B-chain was 
purchased fran Nom carpany (11). 

Results 

Fig. 1. shows 

[LeuB25 I-imulin 

%I 

the ability of three mutant insulins, [beuA2]-, [.5erB24]- ahd 

to ccqete with 125 
I-labelled insulin for insulin receptor 

Insulin Concentration (rip/ml) 

Figure '1. Ability of three sant insuliz~s to bind to imu1i.n receptors. m-9 
cells were incubated withA 
unl@.lled human (f& [Leu 

I-porcine @#in and various gpentrations of 
I- (01, Cser I- (A), 

MaximI binding of 
and [Leu ]-insulin (0). 

I-insulin was &fined as 100 8. 
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.S& 2. Ability of three mutanf insulins " stimlate 2-&mgglum qk& 
m rat a pc~zyte~~~~lls ware premcubsted vnth hman (o), [Lsu ]- (O), [Ser 
]- (A), and [Leu ]-insulin (17) andthen 2-dmxy-gluaxeuptakewas detexmined. 
Differences of the values between human and other mutant insulins were 

at the concentration fmn 1 tc 100 ng/nl 
The values are man f SEM of four 

Figure 3. Nsgativs cooperative effects of [Leu"]-insulin. 12'1 labelled porcine 
rnsulinwastransferredinftqaissociation~a~re1OOng/mlofhumaninsulin 
(A), or 100 ng/Inl of [Lsu ]- (0) or [Ieu ]-insulin (4) were present.+;no 
insulinacMsdinthedissociatimnedia. 

binding. Human [LeuA3]-, [Serw4j- and [Le~~~~]-insulin kronstrated 0.3-0.5%, 

0.8-1.08 and 3-5% respectively of tk receptor binding potency of human insulin. 

Thus, fLeum]-insulin has the lowest reoeptor binding ability amng three mutant 

insulins. We labelled the insulin anabgues and exmined the ability of the 

labelled analogues to bind to cells and the results were similar to that of 

Fig.1. as m previcxlsly reported for m5 [Leu ]- and [Ser B241-insulin (3,4). 

Biological activity of the mutant insulin assessed by glucose uptake in 

adipocytes was similar to the receptor binding ability(Fig. 2). 

We examined negativecooperative effects oftbemutantinsulin bydetexmining 

the dissociation rate of the prekound labelled insulin in the presence of 

unlabelled mutant insulin in the buffer. Fig. 3 shows the negative cooperative 

effect of analogues at a ooncentration of 100 rig/ml, which pr&oes almst 

m3xind effects of negative cxxprati+ty with normal insulin. The negative 

axperative effects of [LeuA3j-insulin was relatively mintained ampared with 

[LeuB251 -insulin. when the cooperative effects were examined through the wick 

range of insulin concentrations, as shown in Fig. 4, [Leum]-insulin was mre 
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F$ure 4. mative cocperative effects of the analques at various amcentra- 
tlons. lk? disscciaticm was allowed to prcceed for 30 min as described inFig. 
3. and then theamuntof raclioactivitytoundwas neasured.Pe dataateplotted 
as ttks radioactivity dissociated in the presence of the indicatedconcentrations 
of anlogues, minus the dissociation in the absence of the anlques ( as a 
percentage of the maxim&effect ) as a Qxtion of the oxicentratim. 
l ,Forcine insuli.n~,[Leu ]-insulin;A,[Ala I-insulin;iIJ[Leu 

potent than cLeuB25] -insulin in negative cooperative effects in contrast to the 

results of receptor binding ability of these mutant insulins. Higher concxmtra- 

tions (> 10B6M) of [LeuIU]-insulin reached to the extent of normal insulin in 

the negative cooperative effect. 

Imnuuoreactivity of the mutant insulin was tested by guinea pig anti-(porcine 

insulin) antiserum and anti-bovine insulin mnoclonal antibody which minly 

reacts with carboxyterminal region of B-chain. As shown in Fig. 5.a, [beurn]- 

and [Alam]-insulin reacted less with the polyclonal antibody compared with 

human insulin. When nonoclohal antibody recognizing carboxytemkml of B-chain 

was used, [LeuU]-insulin almst similarly bound to the autibody ccnpared to 

human insulin (Fig. 5.b). In contrast, [Leu B25 B24 ]- and [Ser ]-insulin ware not 

able to react with the mxxcl0na.l. antibcdy. Thus, the result of mncxclonal 

antibody binding study suggests that carboxyterminal area of B-chain of A3 [~eu 

]-insulin is not greatly affected by substitution of Val with Leu at A.3. 

Degradation of [Leum]-insulin with insulin degrading enzyme was tested with 

supernatant of IM-9 cells and was equal to that of normal insulin (Fig. 6). 
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Degradation of mutant insulins by supernatant of IM-9 cells. IM-9 
cells/rm) wsre incubated in phosphate saline (pH 7.8, 20 nM sodim 

phosphate) for 4 h at 37'C. The cells were then centrifuged and the supematant 
(100111) was incubated at 37'C with labelled analogues in HEFS buffer (total 
volume 1 ml). Percent &gradation was assessed by 7.5% trichlomacetic acid. 
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Hover, when a tracer amount of labelled insulin was incubated with adipocytes 

for 30 min at 37'C, &gradation of [LeuA3)-insulin and human insulin was 8.1% t 

2.2% and 28.4 f 1.88, respectively. The large amounts of unlabelled insulin 

(2Opg/ml) decreased the degradation to 7.4 f 1.1% and 8.9 f 1.48, respectively. 

ThUS, receptor mediated dqradaticn appeared to be decreased in the mutant 

insulin. 

Discussion 

We previously suggested that B25 may be a key anino acid residue to form a 

hydrophobic core with a binding region of receptor surrounded by hydrophilic 

amino acids (3,4,7). Howver, Val at A3 also plays an important role because of 

nor-e decreased binding ability of [LeuA3]- or [AlaA31-insulin than the previous 

mutant insulins, indicating that N-terminal regions of A-chain, at least Al to 

A3 and A5 may be as important as B24 and B25. Although the amino acid residues 

of Al and A5 ware included for the putative receptor binding region (2), our 

results indicate #at A3 also plays sore role in receptor binding. Kitagawa and 

his coworkers suggested that the side chain of Ile of A2 played a critical role 

for high biological activities since Ile A2 had a close contact with Tyr Al9 by 

van der Waals bond between the residues (12). Therefore, substituticm of Val 

with Leu or Ala at A3 may disturb the proper disposition of the Al9 residue, one 

of the putatiw receptor binding residues, and the maintenance of tba A2-A6 

helical structure. lyr Al9 also is in close proximity to carboxyterminal area of 

B chain, especially Phe B25. Thus, N-terminal area of A chain may indirectly 

affect the regional structure of carboxyterminal area of B chain. mver, the 

nonoclonal antibody binding study suggested that the region largely remained 

unchanged. 

Although [LeuA9]-insulin exhibited much 1-r binding activity conpared to 

[LeuB25 ]-insulin, the negative cooperative effect of [LeuA3]-insulin was higher 

than that of [LeuB25)-insulin. This confirmed that B25 was nore iqortant than 

A3 for negative cooperative effects. !&us, the results of negatiw cooperative 

effects and the monoclonal antibody binding study suggest the relatively 
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unchanged regional structure of carboxyterminal area of B-chain of ths new 

mutant insulin. 

Degradation of the new mutant insulin by insulinase was egual to that of 

normal insulin and the receptor mediated degradation was significantlydecreas- 

ed. Similar findings me cbtained in tm other an&ant insulins (13). Thus, 

these regions including A3, B24 and B25 did not appear to be the recognition 

site of insulinase. We previously reported that decreased receptor binding and 

degradation willprolong the disappearance rate of the mutant insulin frcn the 

circulation (14). The new mutant insulin may show aore delayed nratabolisn in 

viva axpared to [LeuB25]-insul' in because of nnrch decreased receptor binding 

ability of [LeuA3]-insulin. 

In-, studies (~1 the new mutant insulin indicate an inportance of 

N-terminal region of A-chain extending to A3 as well as carboxyterminal region 

of B-chain for receptor binding and confirm that A3 &es not play an inportant 

role for negative cooperativity and degradation by insulinase. 

This studywassupportedinpartbyaresearchgrantinaidfrcmtheMinistry 
of Education, Science, andculture, Japan. 
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