
Journal of Labelled Compounds and Radiopharmaceuticals - Vol.  XVI, No. 5 673 

TRITIUM-LABELLING IN TWO PHENYLALANINE RESIDUES OF NOR LEU CINE^'- 
SUBSTANCE P 

+ M.Bienert., E. Xlauschenz, A.Ehrlich,S .Katzwinkel,H.NiedrichIG.T6th 
and I. Teplan ++ 

Institute of Drug Research of the Academy of Sciences of GDR, 
1136 Berlin, Alfred Kowalke Str..4., GDR 

+ Szeged Biological Research Centre, 6701 Szeged, Hungary 

++ 1st Institute of Biochemistry, Semmelweis University Medical 
School, 1088 Budapest, Puskin u . 9 . ,  Hungary 

SUMMARY 

Norleucine''-substance P and 4-chlorophenylalanine 7;8-Norleucine 11 -. 
.substance P were synthesized by fragment condensation. Phel H/7*8-norleu- 
c7riel l  -substance P was obtained by catalytic tritiation of the precursor 
geptide with a specific radioactivity of 27 Cilmole and full biological 
activity. 

Recently we reported the tritium labelling of the modified 
3 * 

partial sequence of substance P, acetyl-Lys-Phel HI-Phe-Gly-Leu-NleNH2, 
by catalytic tritiation of the corresponding synthetic Cpa-containing 
precursor peptide 111. The labelled peptide was purified using prepara- 
tive paper electrophoresis and possessed a specific radioactivity of 
23 Ci/mmole 111 - a surprisingly high labelling rate for the tritiation 
of a 4-chlorophenylalanine peptide. The labelled compound had high 
biological activity in vivo but in receptor studies no specific binding 

-____ 
* Symbols and abbreviations are used according to the rules of the 
IUPAC IUB Commission on Biochemical Nomenclature, J.Biol.Chem. 247, 977 
119721; Cpa=4-~lorophenylalanine, Dit=3.5-diiodotyrosine. All amino 
acid derivatives are of the L-configuration. 
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was found /2/,1t seemed necessary to conduct further binding studies 
with thz tritiated substance P undecapeptide. Additionally this highly 
labelled undecapeptide is expected be useful in studying the metabolism 
of substance P, as well. 

Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-MetNH2 
1 2  3 4 5 6 7 8 9 1 0 1 1  

substance P 

Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-NleNH2 I 
Arg-Pro-Lys-Pro-Gln-Gln-Cpa-Cpa-Gly-Leu-N1eNH2 I1 

3 3 Arg-Pro-Lys-Pro-Gln-Gln-Phel Hl-Phel H/-Gly-Leu-NleN2 I11 

Boc 
Z-[OTcp P 

Boc 
Z-- 

Boc 
H-- 

Boc 

Boc 

1 

The successful synthesis of the tritium labelled hexapeptide prompted 
us to use a 4-chlorophenylalanine precursor for labelling the undeca- 
peptide, as well. Catalytic dehalogenation of 4-chlorophenylalanine in 
peptides containing methionine residues may involve difficulties. To 
avoid possible complications we substituted methionine in substance P 
by norleucine. The synthesis of Nlell-substance P /I/ and Cpa *-"Jell- 

substance P 1111 was achieved by condensation of the fragments Boc- 
-Arg/NO2/-Pro-LyslBoc/-Pro-OH 131 with H-Gln-Gln-Phe-Phe-G1y-Leu-NleNH2 
or H-Gln-Gln-Cpa-Cpa-G1y-Leu-NleNH2 as shown in figure 1 for the 
synthesis of compound 11. 

Figure 1 
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The s y n t h e s i s  of t h e  heptapept ides  was accomplished s t a r t i n g  
from H-Gly-Leu-NleNH2.HC1 111 by s tepwise  cha in  e longa t ion  accord ing  
t o  t h e  s y n t h e s i s  of n a t i v e  substance P a s  desc r ibed  e a r l i e r  1 3 1  1 4 1 .  
Phenylalanine and 4-chlorophenylalanine were coupled a s  Boc-aminoacid- 
-2 .4 .5- t r ich lorophenyl  esters. The pentapept ide  Boc-Cpa-Cpa-Gly-Leu- 
- N l e N H 2  was syn thes i zed  a l t e r n a t i v e l y  v i a  mixed anhydride coupl ing  of 
Boc-Cpa-Cpa-Gly-OH wi th  H-Leu-NleNH2.HC1. The i n t r o d u c t i o n  of  Boc- 
-glutamine g iv ing  t h e  hexa- and heptapept ides  was achieved by t h e  mixed 
anhydride method o r  by us ing  Boc glutaminyl-p-nitrophenyl ester.  The 
p r o t e c t e d  te t ra-  and heptapept ides  were condensed by t h e  mixed anhydride 
method wi th  a h igh  y i e l d .  A f t e r  t r ea tmen t  wi th  hydrogen f l u o r i d e ,  t h e  
undecapept ides  I and I1 have been p u r i f i e d  by p a r t i t i o n  chromatography. 
A l l  p ro t ec t ed  in t e rmed ia t e s  which have been syn thes i zed  are summarized 
i n  t a b l e  1 /see experimental  s e c t i o n / .  

The prepared Nle’l-substance P/I /when t e s t e d  f o r  i t s  smooth muscle 
a c t i v i t y  /gu inea  p i g  ileum1 was comparable wi th  t h e  methionine 
con ta in ing  sequence, i n  agreement wi th  t h e  obse rva t ion  of VAN RIETSCHOTEN 
e t  a l .  1 5 1  

The p recu r so r  pept ide  Cpa 7-8-Nle11-substance P 1111 was 
dehalogenated wi th  tritium gas i n  t h e  presence of pal ladiumlalumina 
c a t a l y s t  as desc r ibed  e a r l i e r  1 6 1 .  The amino a c i d  a n a l y s i s  a f t e r  t o t a l  
hydro lys i s  of  a sample r e f l e c t e d  t h e  c o r r e c t  r a t i o  of  amino a c i d s  and 
t h e  absence of  4-chlorophenylalanine.  By both  t h i n  l a y e r  chromatography 
and e l e c t r o p h o r e s i s  about 90% o f  t h e  t o t a l  r a d i o a c t i v i t y  migrated wi th  
t h e  expected undecapeptide 111. P u r i f i c a t i o n  of  t h e  l a b e l l e d  pep t ide  
f o r  use i n  b i o l o g i c a l  experiments  was achieved by subsequent  paper 
e l e c t r o p h o r e s i s  i n  a l i q u o t s .  To c a l c u l a t e  t h e  s p e c i f i c  r a d i o a c t i v i t y ,  
t h e  concen t r a t ion  of t h e  pep t ide  i n  s o l u t i o n  was determined using both 
amino a c i d  a n a l y s i s  and f luorescence  measurement a f t e r  r e a c t i o n  wi th  
f luorescamine 171. The s p e c i f i c  r a d i o a c t i v i t y  c a l c u l a t e d  by t hesa  two 
methods w a s  wi th  good c o r r e l a t i o n  found t o  be 2 7  Ci/mmole. The l a b e l l e d  
pep t ide  was s t o r e d  i n  aqueous ethanol’ / l:l/  i n  a concen t r a t ion  of 
1 0 - 4 M  a t  -25OC. 

r e l a t i v e l y  s t a b l e  when s t o r e d  i n  methanol ic  s o l u t i o n  a t  -2OOC 111, 
t h e  undecapeptide showed cons iderable  r a d i o l y s i s  under t h e s e  cond i t ions .  
By e l e c t r o p h o r e t i c  eva lua t ion  t h e  r a d i o a c t i v i t y  corresponding t o  I11 

decreased t o  7 0 ,  30 and 17% a f t e r  one,  seven and t e n  months o f  s to rage  

r e s p e c t i v e l y  and one s lower moving second peak appeared i n  inc reas ing  
amounts. The s e p a r a t i o n  of I11 from t h e  product  of r a d i o l y t i c  

3 Whereas t h e  hexapept ide acetyl-Lys-Phe/ H/-Gly-Leu-NleNH2 was 
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decomposi t ion was performed by p r e p a r a t i v e  p a p e r  e l e c t r o p h o r e s i s .  
No d i f f e r e n c e  h a s  been found i n  g u i n e a  p i g  i leum c o n t r a c t i o n  

between t h e  l a b e l l e d  compound 111 and t h e  u n l a b e l l e d  I .  R e s u l t s  o f  
b i n d i n g  s t u d i e s  and t h e  i n v e s t i g a t i o n  of  t h e  enzymat ic  d e g r a d a t i o n  
w i l l  be  p u b l i s h e d  e l sewhere  1 8 1 .  

L X  PER 1 MENTAL SECT1 ON 

glterials anci methods 

Thin l a y e r  chormatography w a s  carr ied Out on s i l i c a  g e l  p l a t e s  
/ K a v a i i c r ,  Czechos lovakia /  u s i n g  n i n h y d r i n e  and c h l o r i n e - t o l i d i n e  

r e a g e n t s  and t h e  s o l v e n t  systems:  

A n -Butanol -ace t ic  a c i d - w a t e r  4 - 1 - 1  

B Chloro f orm-me thanol -water  40-15-5 
C Ethyl-acetate-pyridine-acetic ac id-water  120-20-6-11 
D n-Butanol-pyridine-acetic ac id-water  21-12-2-14 

E Chloroform-methanol-acet ic  a c i d  95- 5 3 

S i l i c a g e l  G p l a t e s  /Merck, GFR/ w e r e  used  f o r  t h i n  l a y e r  r a d i o -  
grams, which w e r e  measured by a s c a n n e r  from B e r t h o l d  and F r i e s e c k e  
/ ‘ G F R / .  E l e c t r o p h o r e s i s  w a s  performed o n  p a p e r  t y p e  FN 7 /VEB P a p i e r -  
werk N i e d e r s c h l a g ,  G D R /  i n  7% acet ic  a c i d  a t  23 V / c m  for  1 h r .  I n  
a n a l y t i c a l  exper iments  t h e  r a d i o a c t i v e  samples  w e r e  mixed w i t h  10 mole 

u n l a b e l l e d  p e p t i d e  I - d i s s o l v e d  i n  2 0  1 0 . 1  M a c e t i c  a c i d  - and 
p l a c e d  on F N  7 p a p e r ,  impregnated w i t h  7 % a c e t i c  a c i d . A f t e r  development 
t h e  ;?aper s t r i p s  were c u t  i n t o  0 . 5  c m  wide s e c t i o n s  and counted  i n  a 
l i q u i d  s c i n t i l l a t i o n  c o u n t e r  /Wallac 8 1  000, LKB, Sweden/. For  amino 
a c i d  a n a l y s i s ,  samples  w e r e  hydro lyzed  w i t h  6 n h y d r o c h l o r i c  a c i d  and 
a n a l y s e d  by an Amino Acid Analyzer  AAA 881 /Microtechna,Praha,CSSR/. 
For t h e  d e t e c t i o n  of 4-ch lorophenyla lan ine ,  sodium c i t r a t e  pH 6.45,  
0 .6n sodium c h l o r i d e  w a s  used as t h i r d  b u f f e r  / i n  a one column sys tem/  
a t  a tempera ture  o f  85OC. Under t h e s e  c o n d i t i o n s  4-ch lorophenyla lan ine  
is  e l u t e d  a f t e r  1 y s i n e . I n  t h e  case o f  t h e  l a b e l l e d  p e p t i d e  I11 t h e  
e l u a t e  w a s  c o l l e c t e d  13.5 m l  f r a c t i o n s /  a f t e r  p a s s i n g  t h e  photo  c e l l  
and a l i q u o t s  w e r e  counted .  To de te rmine  t h e  c o n c e n t r a t i o n  of t h e  
r a d i o a c t i v e  p e p t i d e  111 i n  s o l u t i o n ,  t h e  r e a c t i o n  w i t h  f luorescamint?  
/Fluram,La Roche, USA, 15 mg/1001rL x e t o n e /  w a s  used a c c o r d i n g  ta  1 7 ’ 1 .  
The c o n c e n t r a t i o n  dependence o f  t h e  f l u o r e s c e n c e  V T i S  measured With 
p e p t i d e  I / d i s s o l v e d  i n  O.ln b o r a t e  b u f f e r  pH7.81 i n  t h e  range  of  
0 .13  t o  1 3  ]!mole and w a s  found t o  be l i n e a r .  The f l u o r e s c e n c e  

-8  

P 
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me3surements w e r e  c a r r i e d  o u t  u s i n g  a"Speko1" IVEB C a r l  Zeiss, Jena,GDR/ 
s p e c t r o p h o t o x e t e r  f i t t e d  w i t h  t h e  f l u o r e s c e n c e  equipment  FK 1365 run/. 
U l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  w e r e  t a k e n  i n  a "SPECORD-W-VIS" /VEB 

C a r l  Zeiss J e n a ,  G D R /  Scanning s p e c t r o p h o t o m e t e r .  
T r i t i u m  g a s  w a s  pu rchased  from Technabexport  /USSR/ and s t o r e d  

i n  t h e  form o f  uranium t r i t i d e .  10 % p a l l a d i u m / a l u m i n a  c a t a l y s t  was a 
p r o d u c t  o f  ENGELHARD / I t a l y / .  
- P e p t i d e  s y n t h e s i s  

The s y n t h e s i s  of t h e  p r o t e c t e d  N-terminal  t e t r a p e p t i d e  Boc-  

-Arg/N02/-Pro-Lys / B o c / - P r o - O H  is  d e s c r i b e d  e l s e w h e r e  131. Boc-Cpa-OTcp, 
H-Leu-Nle-NH2, H-Gly-Leu-NleNH2 H-Phe-Gly-Leu-NleNH2 and H-Phe-Phe- 
Gly-Leu-NleNH2 were ? r e p a r e d  e a r l i e r  111. The p r e p a r a t i o n  o f  t h e  
hexa- and  h e p t a p e p t i d e s ,  t h e  f ragment  c o n d e n s a t i o n s ,  d e p r o t e c t i o n  
and p u r i f i c a t i o n  by i o n  exchange-or p a r t i t i o n  ch rona tography  i n  t h e  
sys t em n - b u t a n o l / p y r i d i n e /  1 % acet ic  a c i d = 5 : 3 : l l  of t h e  u n d e c a p e p t i d e s  

w a s  ach ieved  a c c o r d i n g  t o  t h e  s y n t h e s e s  of n a t i v e  s u b s t a n c e  P 1 3 1 .  
Some d a t a  of t h e  p e p t i d e s  I and I1 and a l l  i n t e r m e d i a t e s  n o t  d e s c r i b e d  
e a r l i e r  a r e  summarized i n  t a b l e  1. 

I 

Table 1 Syntheslzed substance P-unkspeptid*s and intermediates 

Compound 
/Formula/ OL ;4 HP I CI A" 0 C D E  

Uoc-Cpa-Gly-Lau-Nle-NN2 
ICI8H4,N5O6C1I 

Boc-Cpa-Gly-We 
lCllH23N205C1/ 

Boc-Cpa-Cpa -G ly-OM 
IC16H31N306C121 
Boc-Cpa-Cpa-G ly-OH 
1C25H29N306C121 
BoC-Cpa-Cpa-Gly-Leu-Nle-NH2 
I C  31HS2N601C121 
Boc-Gln-Phe-Phe-Gly-Leu-Nle-NH 
IC42H62Ne09/ 
B o c - G l n - C p a - C p d - G l y - L e u - N H 2  
IC42H6~Ne09C1z1 
O o c - G l n - G l n - P h e - P h e - C l y - L e - N H  

1C41H10N1001 1' 
B o c - G l n - G l n - C p d - C p a - C l y - L e u - N H 2  
"41 H68N 10°l 1'' I I 

Boc-ArqlNO I-Pro-Lyeleocl-Pro-Cln-Cln- 
Phe-Phe-C1$-Leu-Nle-NH2 
IC14H115N19019/ 
Boc-ArqINO I-Pro-LyslBocI-Pro-Gln-Gln- 
Cp.-Cpd-C1$-Lau-Nle-NHl 
~C14H113N19019C12~ 
)I-Arq-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly- 
Leu-Nle-NH b/ 
/C64H100Nl~011/ 
ti-Arq-Pro-Lys-Pro-Cln-Gln-Cpa-Cpa- 
Cly-bu-Nle-NH b/ 
/C64H98N18011C121 

211-213 
ldecomp. I 

108-110 

211-214 
I decomp . I 
192-198 

2 15-24 3 
I decomp . I 
235-238 

147-253 
ldecomp. I 

260-265 
I dacomp. I 

2uO-210 
I de comp . I 

260-262 
1decomp.l 

amrph. 

amrph. 

-20.8 

-8 .5 

~ - 0 ~ 5 ,  AcOH 

,211.0 DIF 

'2-0.5, a(F 

c-1.0 a(F 

c-0.5. Dw 

-14 ,O 

-13.5 

-31,3 

-36,6 
c-0.5. DnF 

c-0.5. DtlF 
-41.6 

-15.8 
c-0.5, AcOH 

-26.0 
~-0,s. AcOH 

-41.6 
c*O,25. AcOH 

-53.0 
C-0.25, AcOH 

-48.0 
C-0.5. A M  

0.86 0,88 0 , 7 6  

0.80 0,90 0,89 

0.88 0.94  0 .91  

0.89 0.92 0.68 

0 ,81  0.92 0 , 7 9  

o.ei 0.87 0 . 4 1  0,18 

0,83 0,57 0.9 0.10 

0.13 0.52 0.19 

0.76 0.55 0.21 0.95 

0,40 0.51 0.12 

0 . 4 3  

0,32 

0.34 

a /  Solvent systems see expsrilrntal section 
bl Correct amino acid analysls uas obtalned 
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Arg-Pro-Lys-Pro-Gin-Gln-Phe/  31</ -Phe / 3 H/-Gly-Leu-NleNH2,111 

3.2 mg /ca 2 p o l e /  lyophyl ized  11 w e r e  d i s s o l v e d  i n  5 0 0  

2 p o l e  t r i e thy lamine  w e r e  added. The s o l u t i o n  was f rozen  us ing  l i q u i d  
n i t rogen  and t h e  c a t a l y s t  150 mg/ w a s  p l aced  on t o  t h e  s o l i d .  The 
r e a c t i o n  v e s s e l  w a s  connected t o  t h e  t r i t i a t i o n  manifold 161- A f t e r  

s a t u r a t i n g  t h e  c a t a l y s t  wi th  tritium g a s  t h e  f rozen  mixture  was melted 
and s t i r r e d  a t  room tempera ture  f o r  50 min. The c a t a l y s t  w a s  removed 
by f i l t r a t i o n  / M i l l i p o r e  f i l t e r ,  0 . 2 2  m /  and washed s e v e r a l  t i m e s  w i th  
1 % a c e t i c  a c i d .  Exchangeable tritium w a s  removed by r epea ted  r o t a r y  
evapora t ions .  The remaining s o l i d  w a s  d i s s o l v e d  i n  5 m l  e t h a n o l i w a t e r  1:l 
and s t o r e d  a t  -25OC. 

Rf/A/ 0 . 0 5 ;  t h e  radiogram shows a s i n g l e  peak,  cor responding  t o  t h e  s p o t  
dedec tab le  wi th  n inhydr ine .  RfID/ 0.32 /Merck p l a t e / ;  t h e  radiogram 
shows a s t r o n a  peak/Rf 0.321 and two a d d i t i o n a l  weak peaks wi th  Rf 0.25 
and R f  0 . 4 0 .  Rf/D/ 0 . 4 1  / S i l u f o l  p l a t e / .  E lec t rophores i s :  Using 
n inhydr ine  r eagen t  a s t r o n g  s p o t  - migra t ing  8 c m  c a t h o d a l l y  - and a 
weak s p o t  1 5 . 5  c m / ,  r e p r e s e n t i n g  5 % o f  t h e  r a d i o a c t i v i t y  of t h e  major 
peak w e r e  d e t e c t e d .  The amount of  t h e  minor component i nc reased  up t o  
50 % oE t h e  t o t a l  r a d i o a c t i v i t y  due t o  r a d i o l y t i c  decomposi t ion wi th in  
t e n  months. 

1 water and I-' 

P 

I n  a l l  systems used compounds I and I11 w e r e  shown t o  be i d e n t i c a l .  
Amino a c i d  a n a l y s i s :  Arg 0.88 /l/, Lys 1.15 1111, P r o  2 . 0 0  1 2 1 ,  Glu 
2.20 1 2 1 ,  Phe 1 .70  1 2 1 ,  Gly 1 . 2 0  /I/, Leu 1 . 0 6  111, N l e  1.15 /I/; Cpa 
w a s  no t  p r e s e n t .  A f t e r  count ing  t h e  phenyla lan ine  e l u a t e s  138.2 mole/ 
a s p e c i f i c  r a d i o a c t i v i t y  of 28 Ci/mmole was c a l c u l a t e d .  By means of  
t h e  f luram method t h e  pep t ide  con ten t  of  t h e  s t o c k  s o l u t i o n  w a s  
determined t o  be 0 . 2 7  ymole/ml and a s p e c i f i c  r a d i o a c t i v i t y  of 26  Ci / rmole  
w a s  c a l c u l a t e d .  For p u r i f i c a t i o n  200 pl of t h e  s tock  s o l u t i o n  lca .50  
nmolel w e r e  sub jec t ed  t o  e l e c t r o p h o r e s i s :  t h e  paper  s t r i p  con ta in ing  I11 

was e l u t e d  wi th  2 m l  e t h a n o l l w a t e r  1:l. 

Bio log ica l  e v a l u a t i o n  of t h e  mater ia l  i n  t h e  guinea p i g  i leum t e s t  
found it t o  be i d e n t i c a l  wi th  compound I .  

Acknowledgements. - W e  are  indebted  t o  D r .  K.Nikolics f o r  va luab le  
suppor t  i n  r e s p e c t  t o  t r i t i a t i o n ,  to  K.Quir ing and H . A p e l t  f o r  
a n a l y t i c a l  coopera t ion ,  D r .  J .Bergmann and D r .  E .Albrecht  f o r  b i o l o g i c a l  
a s says  and D.Kadach f o r  s k i l l f u l  t e c h n i c a l  a s s i s t a n c e .  
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