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SUMMARY. Insu l in  and N~B l - t r i f l uo roace t y l i nsu l i n  were crossl inked by 

diaminodicarboxyl ic acids, preferably ~,~ ' -d iamino-suber ic  acid (Dsa), 

using b i s - ( t e r t - bu t y l oxyca rbony l ) - 2 .7 -d i am inosube roy l - b i s - (2 .4 .5 - t r i -  

chlorophenylate) [(BOC)2-Dsa.(OTcP)2] as coupling reagent. Elimination 

of the BOC groups by trifluoroacetic acid treatment and Edman degrad- 

ation resulted in biologically fully active des-PheBl-insulin and 

N~Bl-Tfa-insulin, respectively. The N~group of the natural A-chain 

te t rasu l fona te  and the N ~B29 group of  the natura l  B-chain d isu l fonate ,  

specifically t r i f l uo roace t y l a ted  in N ~BI, were l inked together by 

successive r e a c t i o n  with the above mentioned r e a g e n t .  A f t e r  fo rmat ion  

o f  the  C o r r e c t  d i s u l f i d e  b r idges  in high y i e l d s  (60-75 ~) the e l i m i n -  

a t i o n o f  the connecting Dsa by Edman degradation yielded N~BI-Tfa- 

i nsu l i n ,  which was b io l og i ca l l y  f u l l y  act ive.  

Low y i e l d s  o f  a c t i v e  i n s u l i n  a re  r e c o v e r e d ,  when n a t u r a l  i n s u l i n  
( ~ 

chain  s u l f o n a t e s  a re  reduced and combined by r e o x i d a t i o n  ~ ] j .  However, 

when p r o i n s u l i n ,  in which the A- and B-chain i s  connec ted  by a 

C-f ragment  to  form a s i n g l e  chain p r o t e i n ,  was s u b i e c t e d  %o an 

analogous  r e d u c t i o n  and o x i d a t i o n  c y c l e ,  as much as 70 ~ of  the  i n i t i a l  

p r o i n s u l i n  ensued (2 ) .  S ince  the d i s t a n c e  between the E-amino group 

o f  l y s i n e  B29 and the  s-amino group o f  g l y c i n e  A] was e s t a b l i s h e d  by 
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X-ray analysis (3) of c r ys ta l l i ne  insu l in  ±a be 10 A, Lindsay (4) has 

suggested the considerat ion of on i nsu l i n ,  N ~A], N£B29-crosslinked 

by dicazboxyl ic  acids as a pro insu l in  model. These crossl inked insu l in  

der ivat ives (4 '5 )  indeed produced upon reduction and reoxidat ion a con- 

s iderably  high y i e l d (6 )o f  the i n i t i a l  crossl inked hormone der iva t ive .  

However the br idging members cannot be removed from these insu l in  

compounds. 

To prepare i nsu l i n  i t s e l f ,  we had based cross l ink ing experiments on 

~,~ ' -d iaminodicarboxy l ic  acids l i ke  lanth ion ine,  diaminoheptanedioic 

acid and preferably  ~,~ ' -d iaminosuber ic acid (Dsa) (7 '8)  which can be 

removed by Edman degradat ion(9) ( f igure  I ) .  F i r s t  we reacted insu l i n  

with (BOC)2-Dsa-(OTcP)2, to explore whether or not a r e l a t i v e l y  high 

y ie ld  of A1, B29-crossl inked insu l in  would resu l t ,  induced by the close 

f i t  of Dsa in to  the 10 A gap. Add i t i ona l l y ,  crossl inked insu l in  was 

necessary to work out condi t ions for  the Edman degradation of the 

connecting diaminodicarboxyl ic acids. In the case of non-NeBl - t r i f l uo ro -  

acetylated i nsu l i n ,  b i o l og i ca l l y  f u l l y  act ive des-PheBl- insul in resu l ts ,  

due to the concurrent degradation of the free N-terminal phenylalanine 

of the B-chain. 

Dsa, as a mixture of a l l  the possible diastereomers, was prepared 

according to the l i t e r a t u r e  (10). N ,N ' -B is - ( tez t -bu ty loxycarbony l ) -2 .7 -  

diaminosuberic acid ((BOC)2-Dsa , mp. 175 - 177°C) was synthesized 

fo l lowing the general procedure (11) for  N- te r t -bu ty loxycarbony l -  

amino acids. (BOC)2-Dsa-(OTcp) 2 (mp.198-201°C; rec rys ta l l i zed  from 

isopropanol)  was produced by the method of Pless and Boissonnas(12)o 
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Figure I. Simplified reac%ion scheme, s%ar±ing wi%h the A- and 

N~B1-Tfa-B-chain sulfona±es, crosslinked wi%h N,N'-diaminodicarboxylic 

acids. R = -CH.(-NH-BOC)-CH2.CH2.CH2-CH2.(BOC-NH-).CH- in the case of 

N,N'-diaminosuberic acid; R = -CH.(-NH-BOC).CH2.S.CH2.(BOC-NH-).CH- 

for lan%hionine 

All compounds met the required theoretical values of the elemental 

analyses. 

Crystalline beef insulin (3 gr; HOECHST) was reacted with (BOC)2-Dsa- 

(OTcp) 2 (380 mg) and 1.4 ml of N-ethylmorpholine in 250 ml of dimethyl- 

sulfoxide for 16 hours. After precipitation of the reaction product 

by addition of methanol/ether (1:10; v/v) the crude material was 

purified by partition chromatography on Sephadex LH 20 (upper phase 

of the system n-butanol-acetic acid-water = 2:1:10, v/v, was used as 

stationary phase, the aqueous layer as elution medium). The desired 

compound (26 ~) was isolated by lyophilization of the main fraction. 

Proof of the correct crosslinkage was furnished by Edman degradation 

and dansylation. After performlc acid oxidation neither free A- nor 

B-chain could be detected electrophoretically. The BOC residues were 
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s p l i t  o f f  by treatment with t r i f l u o r o a c e t i c  acid. Edman degradation 

of the unpzotected A1, B29-diaminosuberoyl- insul in and pu r i f i ca t i on  

on Sephadex G 50 (10 ~ acet ic acid as eluent) yielded des-PheBl- insul in.  

Amino acid analysis met the required values (2 Phe), and only traces 

of diaminosuberic acid could be discovered in the hydrochlor ic acid 

hydrolysate. The perfo:mic acid oxidat ion mixture gave a pattern in the 

electrophoresis iden t i ca l  to an o r ig ina l  sample of des-PheBl- insul in 

treated in the same way. In addi t ion the degradation product was 

biologically fully active. 

Essent ia l ly  the analogous experiment was carr ied out with the 

s p e c i f i c a l l y  protected, b io log i ca l l y  f u l l y  act ive N~B1-Tfa-insulin (13) 

Af ter  Edman degradation and p u r i f i c a t i o n ,  N~B1-Tfa-insulin was iso lated.  

Since these reactions showed the expected resul ts ,  namely spec i f i c  

cross l ink ing in r e l a t i v e l y  high y ie lds and e l iminat ion of the diamino- 

suberoyl moiety by Edman degradation, the connection of the natural 

insu l in  chain sulfonates was attempted. The A-chain tet rasul fonate was 

reacted with a 1.5 molar excess of (BOC)2-Dsa-(OTcp) 2 and 9 molar excess 

of N-methylmorpholine in d imethylsul fox ide.  Af ter  15 hours at room 

temperature electrophoresis showed only traces of unreacted A-chain. 

The excess of the b i func t iona l  reagent was separated by p rec ip i t a t i ng  

the reaction product with methanol/ether. The ensuing sol id  material  

was coupled with the theore t ica l  amount of N~B1-Tfa-B-chain disul fonate 

which was prepared by standard s u l f i t o l y s i s  of N~Bt-Tfa- insul in .  The 

Tfa group was chosen as the protect ing group because i t  is  stable against 

t r i f l u o r o a c e t i c  acid and can be removed by treatment with a l k a l i ,  for 

instance 0.1 m p iper id ine (14). 
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The react ion was kept for  60 hours at room temperature, a f t e r  which time 

only  t races of  the s t a r t i n g  mater ia ls  could be seen by means of  e l ec t ro -  

phoresis.  P r e c i p i t a t i o n  by add i t i on  of methanol/ether (1:10; v /v )  and 

p u r i f i c a t i o n  by column chromatography on Sephadex G 50 (0.05 m NH 4 HCO 3 

so lu t i on  as e luent )  y ie lded pure i n s u l i n  A- and N~B1-Tfa-B-chain cross- 

l i nked  between N ~A1 and N ~B29 wi th  the N,N'-bis-BOC-diaminosuberoyl 

res idue.  

This compound was subiected to a reduc t i on /ox ida t i on  cycle according 

to the react ion cond i t ions  of D u e t  a l .  (15) using a 500 molar excess 

of  mercaptoethanol as reducing agent and an ox ida t ion  time of 24-72 

hours at 5°C (0.01-2 mg pro te in  ml).  The pH of  the so lu t i on  dur ing 

a i r  ox ida t ion  was var ied in d i f f e r e n t  batches from 9.0 to 10.6. The 

crude combination product i so la ted  by l y o p h i l i z a t i o n  a f t e r  a c i d i f i c a t i o n  

to pH 4 wi th acet ic  acid was p u r i f i e d  by p a z t i t i o n  chromatography on 

Sephadex LH 20 in  the above mentioned system. The main f r ac t i on  contained 

the desired mater ia l  in y ie lds  of 60-75 ~. The e lec t rophoze t i ca l  mob i l i t y  

was the same as exh ib i ted  by d i r e c t l y  c ross l inked NeB1-Tfa- insu l in  a).  

The mater ia l  was t reated wi th  t z i f l u o r o a c e t i c  acid to zemove the BOC 

residues.  I t  was then subiected to an Edman degradation cyc le.  A f te r  p u r i -  

f i c a t i o n  on a Sephadex G 50 column, NCB1-Tfa- insul in could be i so la ted  in 

20-40 ~ y i e ld  based on the amount of l inked chain su l fonates from which 

the combination pzocedure had been s ta r ted .  This matezial  showed the 

a) In the e lec t rophores is  of  t h i s  mater ia l ,  t races of  Crossl inked i n s u l i n  

w i thout  Tfa group, which has been s p l i t  o f f  under our cond i t ions  of  re-  

ox ida t ion  could be detected. Fuzther i nves t i ga t i on  showed that  the Tfa 

group i s  almost q u a n t i t a t i v e l y  saponi f ied undez the reox ida t ion  con- 

d i t i o n s  mentioned by Brandenburg ~6). 
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correct amino acid analysis without diaminosuberic acid and exhib i ted f u l l  

i nsu l in  a c t i v i t y .  A sample could be c rys ta l l i zed  from phenol-containing 

c i t r a t e  buffer at pH 6.2. Upon treatment with 0.1 m p iper id ine,  N ~B1- 

T fa- insu l in  y ie lds insu l in .  

We hope that  the above described method w i l l  be able to increase the 

chances of a reasonable approach to a feasible synthesis of i nsu l i n .  
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