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Tritiated Peptides. Part 16l. 
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SUMMARY 

The title compound was synthesised with a specific 
activity o f  30 Ci mmol-' and with radiochemical purity 
of 96% by iodination of the sulphoxide followed by 
catalytic tritiation of an isolated fraction. 
Iodination and reduction studies on model peptides are 
reported. Alternative philosophies for preparing 
tritiated peptides are critically discussed. 
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INTRODUCTION, RESULTS AND DISCUSSION 

Peptides labelled with tritium are available by two distinctly 
different approaches: (i) by rigorous chemical synthesis of a protected 
precursor molecule for tritiation, and (ii) by tritiation procedures 
applied to free peptides, often isolated natural products. 
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The f i r s t  approach a l lows freedom i n  t h e  choice o f  l a b e l l i n g  s i t e  
and complete confidence i n  t h e  f i n a l  precursor  f o r  l a b e l l i n g  t o  be 
obtained from cumulative chemical analyses throughout t h e  s y n t h e t i c  
procedure and by t h e  p r o v i s i o n  o f  a s u f f i c i e n t  q u a n t i t y  o f  t he  precursor  
t o  a l l o w  powerfu l  p u r i f i c a t i o n  techniques t o  be employed (e.g. r e f .  2). 
Synthesis o f  a s tock o f  t h e  precursor  a l s o  a l l ows  repeat  p repara t i ons  o f  
t r i t i a t e d  pep t ide  t o  be c a r r i e d  o u t  w i t h  l i t t l e  e f f o r t  whenever m a t e r i a l  
i s  needed. 
repor ted t o t a l  ' ho t - syn thes i s '  approach (3). R e p e t i t i o n  o f  such a 
synthes is  i s  excess ive ly  wastefu l  o f  t ime. Also, such p r o t r a c t e d  
syntheses us ing  l a r g e  q u a n t i t i e s  o f  r a d i o a c t i v e  m a t e r i a l  cou ld  be 
p o t e n t i a l l y  dangerous b o t h  t o  t h e  environment and t o  operators, and t o  
the  compound by r a d i o l y s i s .  

We f e e l  these a re  s i g n i f i c a n t  advantages over a r e c e n t l y  

The advantages claimed f o r  t h i s  approach are 
t o t a l  s p e c i f  
non-speci f i c  
ser ies)  and, 
as i t  i s  obv 
i d e n t i t y  o f  
s p e c i f i c  a c t  
acceptable. 

c i t y  o f  l a b e l l i n g  and maximised s p e c i f i c  a c t i v i t y .  
l a b e l l i n g  i s  genera l l y  minor (1 and prev ious papers i n  t h e  
i n  any case, t o t a l  s p e c i f i c i t y  i s  n o t  abso lu te l y  essen t ia l  
ous t h a t  i n  a l l  subsequent b i o l o g i c a l  a p p l i c a t i o n s  t h e  
abel w i t h  compound must be r i g o r o u s l y  v e r i f i e d .  Lower 
v i t i e s  than those maximally achievable (3) w i l l  be genera l l y  
B i o l o g i c a l  i n v e s t i g a t i o n s  might  indeed n o t  be f e a s i b l e  i f  

However, 

l e v e l s  o f  l a b e l l i n g  achieved were an order  o f  magnitude lower than 
maximal b u t  as m a t e r i a l s  o f  s p e c i f i c  a c t i v i t y  o f  30-100% maximal are 
r e a d i l y  prepared ( c f .  r e f .  1 e tc ,  and 3) such i n v e s t i g a t i o n s  a re  n o t  
l i k e l y  t o  be d isa l lowed.  

f o r  example human c o r t i c o t r o p h i n  (molecular weight 4541) (41, t he  
approach i s  obv ious ly  l i m i t e d ,  when app l i ed  t o  very l a r g e  pept ides,  by 
the labour  i nvo l ved  i n  synthesis. A d d i t i o n a l l y ,  i f  t h e  t a r g e t  pep t ide  
conta ins a number o f  d i su lph ide  br idges,  e.g. i n s u l i n ,  synthes is  o f  t he  
precursor  would be a daunt ing chal  1 enge and c a t a l y t i c  tri t i a t i  on would 

probably  be accompanied by extens ive chemical degradation and by c a t a l y s t  
p o i  soni ng. T r i  ti ated i n s u l i n  has been prepared by semi-synthesi s (5), 
b u t  t h e  opt ions open f o r  t h e  choice of l a b e l l i n g  s i t e  wi th  t h i s  method 
a re  l i m i t e d  i n  such complex molecules. 

The second approach, s t a r t i n g  w i t h  t h e  un labe l l ed  t a r g e t  pept ide,  
cons i s t s  o f  i o d i n e  ch lor ide-mediated i o d i n a t i o n  fo l l owed  by c a t a l y t i c  
reduc t i on  (exemp l i f i ed  i n  r e f .  6). 
o f  pep t ide  synthes is  f o r  t h e  rad iochemist  i f  the  pep t ide  i s  a v a i l a b l e  and 
the  method i s  a l so  app l i cab le  t o  pept ides i s o l a t e d  from b i o l o g i c a l  
sources. 

Although the  approach (i) has been app l i ed  t o  q u i t e  l a rge  pept ides,  

Th is  approach circumvents t h e  labour  

This  i s  an e s p e c i a l l y  va luable f e a t u r e  when i t  i s  wished t o  
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l a b e l  very  l a r g e  pept ides (7). However, i n  such cases, t h e  s ide  
reac t i ons  associated w i t h  i o d i n a t i o n  procedures (8) may n o t  be avoidable 
and t h e  f i n a l  t r i t i a t e d  products  may be s i g n i f i c a n t l y  impure as a r e s u l t  
(7) even a f t e r  extens ive and labo r ious  p u r i f i c a t i o n  procedures. 
choice of l a b e l l i n g  s i t e  i s  a v a i l a b l e  by t h i s  method. 
dependent on the  s t r u c t u r e  o f  t he  pep t ide  (pr imary f o r  small pept ides,  
t e r t i a r y  f o r  l a r g e  pept ides)  and i s  l i m i t e d  t o  the  t r i t i a t i o n  o f  t y r o s i n e  
and h i s t i d i n e  residues. 
t h a t  l a r g e  l a b e l l e d  pept ides,  even i f  n o t  abso lu te l y  pure, are o n l y  
r e a d i l y  obta inable by t h i s  approach. 
beware o f  t h e  p i t f a l l s  o f  assuming t h a t  chromatographic p u r i t y  represents 
chemical p u r i t y  i n  t h e  absence o f  s u f f i c i e n t  m a t e r i a l  t o  perform a 
r i go rous  chemical c h a r a c t e r i s a t i o n  and o f  t he  l i m i t e d  va lue o f  bioassay 
which i s  t oo  imprecise t o  be a c r i t e r i o n  o f  p u r i t y .  

A request  from Prof .  J.M. Musacchio o f  New York U n i v e r s i t y  Medical 
Center f o r  t he  supply o f  [3H]-physalaemin a f fo rded  us an oppor tun i t y  t o  
study t h i s  second approach us ing  a r e l a t i v e l y  small pep t ide  (11 residues,  
molecular weight  1264) where carboxy l - terminal  methionine ahide presented 
t h e  compl icat ion o f  an i n t e r f e r i n g  o x i d i s a b l e  f u n c t i o n  du r ing  i o d i n a t i o n  
and a p o t e n t i a l  c a t a l y s t  po ison du r ing  c a t a l y t i c  t r i t i a t i o n .  

P re l im ina ry  i n v e s t i g a t i o n s  o f  t h e  compe t i t i ve  behaviour o f  t he  model 
pept ides Ser-Tyr-Ser-Met and Synacthen (Ser-Tyr-Ser-Met-Glu-Hi s-Phe- 
Arg-Trp-Gly- Lys-Pro-Val -Gly- Lys- Lys-Arg-Arg-Pro-Val- Lys-Val -Tyr- Pro) 
towards the  reagent i o d i n e  monochloride w i l l  be descr ibed b u t  are n o t  
d e t a i l e d  i n  t h e  experimental sect ion.  

Reaction o f  Ser-Tyr-Ser-Met w i t h  two molar p ropor t i ons  o f  i o d i n e  
monochloride i n  a c e t i c  a c i d  produced the  sulphoxide w i t h o u t  any i o d i n -  
a t i o n  o f  t y ros ine .  
i n  p a r t i a l  su lphoxidat ion,  modest l e v e l s  o f  t y r o s i n e  i o d i n a t i o n  and side- 
react ions,  as suggested by observat ion o f  asymmetric peak p r o f i l e s  on 
column chromatography, and poor amino a c i d  analyses on recovered 
f r a c t i o n s  ( f o r  d e t a i l s  o f  enzymic hyd ro l ys i s  procedures, see re f .  9). 
These observat ions suggest t h a t  methionine o x i d a t i o n  i s  eas ie r  than 
i o d i n a t i o n  o f  t y r o s i n e  b u t  t h a t  s t e r i c  e f f e c t s  may modify the  outcome i n  
favour  o f  i o d i n a t i o n  i n  l a r g e r  molecules. 
t e rm ina l  methionine res idue i n  substance P (Arg-Pro-Lys-Pro-G1 n-Phe- 
Phe-Gly-Leu-Met-NH2) i s  excep t iona l l y  suscep t ib le  t o  o x i d a t i o n  i n  the  
un labe l l ed  pept ide,  f o r  example by repeatedly  f r e e z i n g  and thawing a 
d i l u t e  aqueous so lu t i on .  Thawing by hea t ing  f rozen t r i t i a t e d  aqueous 
substance P s o l u t i o n  can e f f e c t  complete conversion t o  t h e  sulphoxide, 
presumably by the  a c t i o n  o f  rad iat ion- induced r a d i c a l s  (10). 

No 
The outcome i s  

Nevertheless, i t  should be s t r o n g l y  emphasised 

The non-expert should, however, 

I n  con t ras t ,  s i m i l a r  t reatment  o f  Synacthen r e s u l t e d  

It i s  known t h a t  t he  carboxy l -  

As 
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physal aemi n (Gl p-A1 a- Asp-Pro-Asn- Lys-Phe-Tyr-Gly- Leu-Met-NH2) shows 
considerable s t ruc tu ra l  homology t o  substance P, i t  was considered tha t  
sulphoxidation o f  physalaemin by iodine monochloride was l i k e l y  t o  be a 
troublesome and complicating side-reaction t o  the desired iod ina t ion  o f  
the 8-tyrosine residue and t h a t  con t ro l led  iod ina t ion  o f  ty ros ine  would 
only be achievable i f  physalaemin sulphoxide was used as the substrate. 

t r i t i a t i o n  step. 
desulphurisation t o  y i e l d  labe l led  a-aminobutyric ac id  (11). 
not possible t o  p red ic t  whether peptides containing t h i s  amino acid w i l l  
be separable from the methionine-containing peptides from which they are 
derived, i t  was thought wise t o  take steps t o  avoid t h i s  side-reaction. 
Conversion o f  the th ioether t o  the sulphoxide should reduce the poisoning 
o f  the ca ta lys t  (10). 
strategy f o r  methionine i n  peptide synthesis t o  avoid unwanted side- 
reactions (13). 
reduction o f  methionine sulphoxide i t s e l f  was slow using palladium on 
charcoal and tha t  Raney n icke l  caused some degradation t o  a-aminobutyric 
acid. 

We have observed ( l o ) ,  using the deprotected di- iodotyrosine-- 
containing f ree  peptides [Tyr(12) 2 3- and [Tyr(Ip) 23 I-Synacthen (14,15) 

tha t  no deiodination can be achieved i n  aqueous so lu t ion  using condit ions 
published f o r  smaller iodinated peptides (6,16). This may be due t o  
conformational e f fec ts  i n  these la rger  molecules. 
f o r  protected c a l c i  t on i  n substances i n  non-aqueous solut ions where a 
sulphur-protected dotriacontapeptide containing iodine was res i s tan t  t o  
c a t a l y t i c  hydrogenation whi le a mixture o f  the decapeptide and docosa- 
peptide fragments from which i t  was assembled underwent easy dehalo- 
genation under ident ica l  react ion condit ions (17) thus confirming tha t  
sulphur p ro tec t ion  had successful ly averted ca ta l ys t  poisoning. 

the foregoing discussion by considerations o f  sulphur p ro tec t ion  (and how 
tha t  bears on side-reactions and on ca ta lys t  poisoning) and o f  s t e r i c  
e f fec ts ,  i t  should be remembered t h a t  other variables such as solvent 
composition and pH, and ca ta l ys t  nature w i l l  have profound inf luences on 
the course o f  reductive dehalogenations. I n s u f f i c i e n t  information i s  
avai lable i n  the l i t e r a t u r e  t o  al low any evaluation o f  these points. 

Based on the arguments presented, we decided t o  attempt the 
preparation o f  t r i t i a t e d  physalaemin from synthet ic physalaemin using 
sulphur p ro tec t ion  by oxidat ion i n  order t o  s imp l i f y  the iod ina t ion  step 
and reduce ca ta l ys t  poisoning i n  the reduction step. 

This strategy was also a t t r a c t i v e  f o r  considerations concerning the 
Methionine has been observed t o  undergo reductive 

As i t  i s  

Sulphoxidation has been suggested as a p ro tec t ion  

I n  t h i s  l a t t e r  study, i t  was noted tha t  c a t a l y t i c  

This was demonstrated 

Although some attempt has been made t o  ex t rac t  ra t iona l  concepts i n  
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Physalaemin was oxidised using hydrogen peroxide i n  g lac ia l  ace t ic  
acid (13). 
l i q u i d  chromatography (h.p.1.c.). Iod ina t ion  o f  the oxidised peptide was 
ef fected using an excess o f  iodine monochloride i n  aqueous sodium acetate 
solut ion. 
h.p.1.c. and contained two major pept id ic  products. 
o f  these two compounds was converted i n t o  the other (B) by treatment w i t h  
t h i o g l y c o l l i c  acid so lu t ion  and B was converted i n t o  A by oxidat ion w i th  
hydrogen peroxide. 
c a t a l y t i c  dehalogenation whereas the oxidised fo rm A afforded physalaemin 
sulphoxide. 
g lyco l  1 i c  acid. 
contained di- iodotyrosine. 

sulphoxide w i th  an excess o f  iodine monochloride had yielded roughly 
equal amounts (as judged by h.p.1.c. and by the weights o f  recovered 
materials) o f  [8-di-iodotyrosine]-physalaemin (6) and i t s  sulphoxide (A) 
(Scheme). 

The product was one component as judged by high pressure 

The mixture was separated by preparative reverse-phase 
The more po la r  (A) 

The reduced form B gave physalaemin d i r e c t l y  on 

This was confirmed by conversion t o  physalaemin using th io -  
U l t r a v i o l e t  spectroscopy indicated tha t  compound A 

It was concluded tha t  treatment o f  physaelaemin 

[Tyr( 12) 8 I-Physalaemin HSCH2COOH [Tyr(12) 8 I-Physalaemin 
\ 

H2°2 I 
sulphoxide 

I 

Cata ly t i c  
reduction 

Cata ly t i c  
reduction 

HSCH2COOH Physal aemi n Physal aemi n sulphoxi de > 
SCHEME: Interconversion and proof o f  i d e n t i t y  o f  compounds A and B ( f o r  

de ta i l s  see the t e x t  and experimental). 

Reductions o f  methionine sulphoxide t o  the th ioether amino ac id  
residue have been reported using various r e l a t i v e l y  harsh reducing 
condit ions, bu t  t h i s  i s  the f i r s t  repor t  o f  a reduction ef fected under 
such m i ld  (and indeed oxidis ing) conditions. 

Cata ly t i c  reduction o f  compound B using t r i t i u m  gas fol lowed by 
h.p.1 .c. i s o l a t i o n  gave [ HI-physalaemin which was subs tan t ia l l y  radio- 
chemically pure as judged by t h i n  layer  chromatography (t.1.c.) i n  three 
solvent systems, ana ly t i ca l  h.p.l.c., amino acid analysis and by bioassay 
and a receptor cross-desensit isat ion assay w i th  the unlabel led hormone 

It was concluded f rom the spec i f i c  a c t i v i t y  achieved t h a t  the 

3 

(18). 

presence of methionine (containing d iva len t  sulphur) i n  the substrate for  
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tritiation did not lead to significant catalyst poisoning. 
dependent on the choice of solvent and catalyst (6) used in this 
instance. 
to a-aminobutyric acid despite use of a large excess of catalyst. This 
is again probably a function o f  the solvent and catalyst employed. 
Reports exist of a trouble-free deiodination in the presence of sulphur 
(16) and of an instance in which complete desulphurisation occurred (19). 

We conclude that the iodination/catalytic tritiation approach 
applied to free peptides has, in this instance, afforded material which 
is demonstrably pure by a sufficient range of independent criteria, not- 
withstanding that both the iodination and the reduction steps were 
accompanied by significant side-reactions. 

Variable recoveries of aspartic acid were observed after acidic 
hydrolysis of the peptide followed by amino acid analysis. 
problems with this amino acid have also been observed in the analysis o f  
locust adipokinetic hormone (20). 
proline here low, This is sometimes observed when only small amounts of 
material are available for analysis. 

This may be 

In addition, there was no evidence of conversion of methionine 

Similar 

Analytical values for methionine and 

EXPERIMENTAL 

Physalaemin was purchased from Cambridge Research Biochemicals Ltd., 
[ HI-Physalaemi n was examined 3 Harston, Cambri dgeshi re , CB2 5NX , England. 

with a Panax E.Olll/XPD-05 radiochromatogram scanner system after t. 1.c. 
on thin layers of silica gel developed in the following solvent systems: 
(A )  n-butano1:pyridine:acetic acid:water (30:20:6:24, by vol.); (B) ethyl 
acetate:pyridine:acetic acid:water (5:5:1:3, by vol.); (C) chloroform:- 
methano1:ammonia solution sp. gr. 0.88 (65:45:20, by vol.). 

Physalaemin Sulphoxide 

peroxide (30 ~1 o f  6%) was added and the mixture was kept at room 
temperature for 45 min. 
freeze-dried to yield a white solid. 
solution (1 mg ml-') of the product was examined by analytical h.p.1.c. 
on a column (25 x 0.46 cm) of Nucleosil 10Cl8 ODS-silica which was eluted 
at a flow rate of 2 ml min-' with acetonitri1e:water:phosphoric acid 
(250:750:1, by vol.). The 
product chromatographed as a single peak ( k  = 1.0). Under the same 
conditions, physalaemin chromatographed as a single peak (k = 3.5). 

Physalaemin (10 mg) was dissolved in acetic acid (0.4 ml), hydrogen 

After addition of water (2 ml), the mixture was 
A portion (20 pl) of an aqueous 

Detection was at 200 nm (Cecil CE2012). 
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I o d i n a t i o n  o f  Physalaemin Sulphoxide 
The sulphoxide was d i sso l ved  i n  water (2.0 m l ) ,  t he  s o l u t i o n  was 

cooled t o  O°C and sodium acetate (3.3 mg) i n  water (0 .1 m l )  was added. 

s o l u t i o n  o f  i o d i n e  monochloride (4.88 mg, 3 equiva lents)  i n  methanol 
(100 p l )  was added t o  the  s t i r r e d  s o l u t i o n  i n  f i v e  equal p o r t i o n s  a t  
i n t e r v a l s  o f  3 min. Ace t i c  a c i d  was then added dropwise u n t i l  t he  
p r e c i p i t a t e  was d isso lved.  
water was added dropwise u n t i l  t h e  co lou r  o f  i o d i n e  was discharged. The 
s o l u t i o n  was f reeze-dr ied t o  g i v e  a l i g h t  y e l l o w  powder. Th i s  was 
d i sso l ved  i n  aqueous a c e t i c  a c i d  (2 m l  o f  approx. 20%) and app l i ed  us ing  
a Rheodyne i n j e c t i o n  va lve t o  a column (50 x 0.7 cm) o f  Nuc leos i l  10C18 
ODs-s i l ica which was e l u t e d  a t  a f l o w  r a t e  o f  5.0 m l  rnin-' w i t h  a 
constant  volume (100 m l )  g rad ien t  o f  acetonitri1e:water:phosphoric a c i d  
(from 250:750:1 t o  500:500:1, by vo l . ) .  
f r a c t i o n s  (30 sec) were c o l l e c t e d  au tomat i ca l l y .  
e lu ted,  i n  f r a c t i o n s  18-21 (compound A) and f r a c t i o n s  27-34 (compound 6). 
The two s o l u t i o n s  were separate ly  reduced i n  volume ( t o  1 m l )  by r o t a r y  
evaporat ion and passed through columns (1 m l )  o f  Dowex 1 (acetate form) 
r e s i n ,  t he  e luates were then f reeze-dr ied t o  g i ve  A (3.4 mg) and B (3.3 
mg) as wh i te  powders. 

A 

A f t e r  s t i r r i n g  f o r  a f u r t h e r  15 min, SO2- 

De tec t i on  was a t  210 nm and 
Two major peaks were 

Evaluat ion o f  I o d i n a t i o n  F rac t i ons  

descr ibed be1 ow b u t  us ing p r o t i  um gas. Compound A y i e l d e d  physal aemi n 
sulphoxide, as judged by a n a l y t i c a l  h.p. 1 .c .  (see cond i t i ons  above). 
hea t ing  t h i s  product  i n  H20 (1 m l )  w i t h  t h i o g l y c o l l i c  a c i d  (50 p l )  f o r  
16 h a t  5OoC, physalaemin was produced ( ~ 5 0 %  conversion, h.p. 1 .c.).  

w i t h  t h i o g l y c o l l i c  a c i d  (50 p l ) .  The reducing agent was removed by 
repeated evaporat ion t o  dryness w i t h  a d d i t i o n  o f  p o r t i o n s  (3 x 1 m l )  of 
H20 and t h e  res idue was d i sso l ved  i n  H20 (3 m l )  f o r  ana lys i s  by h.p.1.c. 
( cond i t i ons  and r e s u l t s  are g iven below). 

Compound B i n  H20 (1 mg ml-', 200 p l )  was kept  f o r  1 h a t  2OoC w i t h  
g l a c i a l  a c e t i c  a c i d  (100 p l )  and 6% aqueous H202 (100 p l )  and t h e  m ix tu re  
was analysed d i r e c t l y  by h.p.1.c. 

Samples (20 p l )  o f  each o f  t h e  two above preparat ions were examined 
on a column (30 x 0.46 cm) o f  Nucleos i l  10Cl8 which was e l u t e d  a t  a f l o w  
r a t e  o f  1.5 m l  min-' w i t h  acetonitri1e:water:phosphoric a c i d  (300:700:1, 

Samples (0.1 mg) o f  compounds A and B were separate ly  reduced as 

On 

Compound A ( 3  mg) i n  H20 (1 m l )  was heated under N2 a t  5OoC f o r  24 h 



I6 D. E. Brundish and R. Wade 

by vol.) with detection at 210 nm. The results are given below (Table 
1). 

Table 1 

H.p. 1 .c. analysis of treated iodinated physalaemin sulphoxide fractions. 
Details are given in the text. 

Compound Treatment k 

- A 1.08 
B 4.08 
A HSCH2COOH 1.08 (63%); 4.08 (37%) 

B H2°2 1.08 (100%) 

- 

Compound A (3 mg) was dissolved in tris buffer (0.05M, pH 7.5, 4 ml) 
and the solution was adjusted to pH 8.0 
Amax = 304 nm and Amin = 282 nm. 

13H-Tyr8]-Physalaemi n 
Compound B (1.6 mg) was dissolved 

(NaOH) . Exami nat 

n water (0.45 m1) 

on by UV showed 

and 0.5M-sodium 
phosphate buffer pH 7.0 (5 ~ 1 )  was added. 
(3.2 ml) of tritium gas in the presence of 5% Pd/CaC03 catalyst (35 mg) 
was carried out for 40 min at room temperature. 
by centrifugation and washed with water (0.8 ml, then 1.3 ml). 
combined supernatants were dried by rotary evaporation and ethanol (2 x 
3 ml) was evaporated from the residue to give a white solid. 
dissolved in water (0.5 ml) and the solution was applied using a Rheodyne 
injection valve to a column (50 x 0.7 cm) of Nucleosil 10C18 ODS-silica 
which was eluted at a flow rate of 5.0 ml min-' with acetonitri1e:water:- 
phosphoric acid (250:750:1, by vol.). 
fractions (30 sec) were collected automatically. 
combined, evaporated to a volume of approx. 1 ml and the solution was 
passed through a column (0.5 ml) of Dowex 1 (acetate form) resin. 
eluate was evaporated to dryness and the residue was redissolved in water 
(1.5 ml). 

Catalytic reduction using 8 Ci 

The catalyst was removed 
The 

This was 

Detection was at 210 nm and 
Fractions 17-20 were 

The 
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Analysis 
A por t ion  (0.2 m l )  o f  the product was hydrolysed i n  a sealed, 

evacuated tube i n  the presence of phenol (3  mg) using 6.7M-HC1 (1 m l )  a t  
110' f o r  16 h. 
was d i l u t e d  t o  5 m l  (H20) and port ions (10 v l )  o f  t h i s  so lu t ion  were 
counted i n  BBOT s c i n t i l l a t i o n  f l u i d  using [ HI-hexadecane as i n te rna l  
standard. 
for estimation o f  the d i s t r i b u t i o n  o f  t r i t i u m  amongst the amino ac id  
residues (15). 
hydrolysis (21), the quant i ty present i n  t h i s  residue was estimated by 
calculat ion.  
analysis f o r  the ' co ld '  physalaemin taken as s t a r t i n g  material.  

mmol-l. 
tyrosine residue. 

Radiochemical p u r i t y  was estimated by t. 1.c. using co ld  physalaemin 
-1 (1 mg m l  ) as car r ie r .  The resu l t s  are given i n  Table 3. Radiochemical 

p u r i t y  was estimated as 95.5 * 0.6% by ana ly t i ca l  h.p.1.c. fol lowed by 
counting o f  the column e f f l uen t ,  exclusive o f  3.2 f. 0.4% o f  the 
sulphoxide ( t o t a l  notional p u r i t y  = 98.7 k 0.7%). 

On opening the tube, a po r t i on  (10 ~ 1 )  o f  the hydrolysate 

3 

The remaining hydrolysate was used f o r  amino ac id  analysis and 

As the label  i n  tyrosine i s  completely removed by ac id ic  

Analyses are given i n  Table 2 together w i th  a reference 

The spec i f i c  a c t i v i t y  o f  the product (0.25 gnole) was 30.4 f 2.3 C i  
The major i t y  (94.0 f O.Ol%) of the t r i t i u m  was present i n  the 

Table 2 

Amino acid analysis o f  [ HI-physalaemin. 3 Deta i l s  are given i n  the tex t .  

Residue [ 3H]-Physal aemi n ['HI-Physal aemi n 

A1 a 0.98 1.02 
ASP 1.97 2.10 
Glu 1.00 1.04 
G l Y  1.02 0.93 
Leu 0.95 1.02 
LYS 1.07 1.00 
Met 0.72 0.87 
Phe 1.02 0.98 
Pro 0.72 1.04 
TYr 0.96 0.73 

8.0 1.98 NH3 
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Table 3 
3 Radiochemical p u r i t y  (%) o f  [ HI-physalaemin as judged by t.1.c. 

are g iven i n  the  t e x t .  
D e t a i l s  

% as Physalaemin 
Sulphoxide X + Y  

Solvent % as Physal aemi n 

(Y) System (x) 

A 98.4 ? 0 . 1  1.1 ? 0 . 1  99.5 
B 96.6 ? 0 . 1  2.5 k 0 .1  99.1 
C 95.1 ? 0.4 Not resolved 95.1 

The t r i t i a t e d  physalaemin was equipotent  w i th  reference pep t ide  i n  a 
bioassay based on the  c o n t r a c t i o n  produced i n  a guinea-pig i leum 

myenteric plexus l o n g i t u d i n a l  muscle preparat ion.  
l abe l  l e d  pep t ide  desens i t i sed  the  muscle p repara t i on  towards unlabel  l e d  
physalaemin and v i c e  versa (experiments by Prof .  J.M. Musacchio). 

The product  was s to red  i n  water a t  a concen t ra t i on  o f  5.2 m C i  ml-I 
a t  the  temperature o f  l i q u i d  n i t r o g e n  (-196OC). 

A d d i t i o n a l l y ,  t he  
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