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PREPARATION OF STABLE lz51 CYCLIC GMP TYROSINE METHYL 
ESTER SUITABLE FOR 3 ' ,5 '  CYCLIC GMP RADIOIMMUNOASSAY BY HPLC 

Michael R. Thompson, Marcia Luttrell and Ralph A. Giannella 

Division of Digestive Diseases, Department of Internal Medicine 
University o f  Cincinnati College o f  Medicine 

Cincinnati, OH 45267 
and 

Veterans Administration Medical Center 
Cincinnati, OH 45220 

ABSTRACT 

Determination of the concentration of cyclic guanosine 
monophosphate (cGMP) by radioimmunoassay (RIA) depends upon the 
availability of suitable radiolabeled tracers and antibody to 
detect the product. Reverse phase chromatographic techniques can 
easily separate the reaction products of chloramine-T iodination 
of succinyl cGMP tyrosine methyl ester. The binding 
characteristics o f  the iodination reaction products to anti-cGMP 
antibody have been determined. Purified succinyl cyclic 
nucleotide 1251-tyrosine methyl ester binds to cGMP antisera 
identically as commercially available tracer. 
stable for greater than three months. 

The tracer i s  

(KEY WORDS: radioimmunoassay, tracer, HPLC, iodination, cyclic 
guanosine monophosphate) 
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98 THOMPSON, LUTTRELL, AND GIANNELLA 

INTRODUCTION 

The measurement o f  c y c l  i c  guanosine 3’, 5’ -monophosphate 

c o n c e n t r a t i o n  i n  b i o l o g i c a l  samples i s  commonly performed u s i n g  

commercial radioimmunoassay k i t s  t h a t  c o n t a i n  s u f f i c i e n t  reagen ts  

t o  pe r fo rm seve ra l  hundreds o f  assays. Such k i t s  a r e  conven ien t  

b u t  a re  ve ry  expensive on a p e r  assay b a s i s .  

i s  assoc ia ted  w i t h  p r e p a r a t i o n  and p u r i f i c a t i o n  o f  a s u i t a b l e  

r a d i o t r a c e r .  

homogeneous, s t a b l e  i o d i n a t e d  2’-0-monosuccinyl guanosine 3 ’ ,5 ’ -  

c y c l i c  monophosphate t y r o s y l  methyl  e s t e r  (S-cGMP-TME) s u i t a b l e  

f o r  t h e  c o m p e t i t i v e  R I A  o f  cGMP. 

Much o f  t h e  expense 

We developed s imp le  procedures t o  p u r i f y  

MATERIALS AND METHODS 

M a t e r i a l s :  

2’-O-monosuccinylguanosine 3 ‘ : 5 ’ - c y c l i c  monophosphate t y r o s y l  

methyl  e s t e r ,  sodium s a l t  was ob ta ined  f rom Sigma Chemical Co., 

S t .  Louis,  MO. C a r r i e r - f r e e  Na lZ5I was ob ta ined  f rom Amersham 

Corpora t ion ,  A r l i n g t o n  Heights,  I L .  Rabb i t  a n t i - s u c c i n y l  cGMP 

an t ibody  was purchased f rom Meloy Labs., Inc. ,  S p r i n g f i e l d ,  VA. 

Guanosine 3 ’ : 5 ’ - c y c l i c  monophospate s tandard  was ob ta ined  f rom 

Sigma Chemical Co., S t .  Lou is ,  MO. Other  b u f f e r s  and reagents  

were a n a l y t i c a l  o r  HPLC grade. 

Methods : 

R a d i o i o d i n a t i o n  o f  s u c c i n y l  c y c l i c  GMP t v r o s i n e  methvl  e s t e r :  

The i o d i n a t i o n  r e a c t i o n  was performed i n  0.5 M po tass ium phosphate 
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3',5' CYCLIC GMP RADZOIMMUNOASSAY 99 

b u f f e r ,  pH 7.0. 

t o  o b t a i n  a concen t ra t i on  o f  8 0 0  ng/16 111. 

s o l u t i o n  were f rozen  and s to red  a t  -80" C f o r  f u t u r e  i o d i n a t i o n .  

These s tock  s o l u t i o n s  are  s t a b l e  f o r  a t  l e a s t  12 months. The Na 

lZ5I was d i l u t e d  i n  0.2 M potassium phosphate b u f f e r  pH 7.2 t o  a 

concen t ra t i on  o f  approx imate ly  1 mC/20 p l .  

w i t h i n  two weeks o f  a r r i v a l  t o  min imize  breakdown p roduc ts .  

The methyl  e s t e r  was d i s s o l v e d  i n  d i s t i l l e d  water  

A l i q u o t s  o f  t h i s  

T h i s  reagent  was used 

I n  o rde r  o f  a d d i t i o n ,  20 p1 Na '''I was added t o  a smal l  

r e a c t i o n  tube f o l l o w e d  by 29 p1 potassium phosphate r e a c t i o n  

b u f f e r ,  and 16 p l  S-cGMP-TME. The conten ts  were g e n t l y  mixed 

u s i n g  a Vor tex  mixer,  then 5 p l  o f  1 mg/ml ch lo ramine T f r e s h l y  

d i l u t e d  i n  potassium phosphate b u f f e r  was added t o  t h e  r e a c t i o n  

mix  t o  i n i t i a t e  i o d  na t i on .  The con ten ts  were mixed and incubated  

a t  room temperature (20-25"  C )  f o r  1 minute, then 50 p1 o f  2 . 4  

mg/ml Na m e t a b i s u l f  t e  d i l u t e d  i n  t h e  r e a c t i o n  b u f f e r  was added t o  

t h e  tube t o  conver t  t h e  remain ing  i o d i n e  t o  i o d i d e  ( t o t a l  r e a c t i o n  

volume, 70 p l ;  f i n a l  volume, 120 p l ) .  A l l  ope ra t i ons  were 

performed i n  an exhaust hood. 

P u r i f i c a t i o n  o f  t h e  succ inv l  c v c l i c  GMP 1 2 5 1 - t v r ~ ~ i n e  methvl  

P u r i f i c a t i o n  o f  t h e  t r a c e r  1 igand was - -  e s t e r  ( [1251]S-cGMP-TME): 

performed i n  two steps, us ing  reverse  phase chromatography on C18 

d isposab le  c a r t r i d g e s  (C18 Sep-Pak, M i l l i po re -Wate rs ,  I nc . )  

f o l l owed  by a n a l y t i c a l  g r a d i e n t  separa t i on  on h i g h  performance 

l i q u i d  chromatography column (HPLC). The procedure i s  a 

m o d i f i c a t i o n  of  t h e  method p r e v i o u s l y  r e p o r t e d  f o r  p u r i f i c a t i o n  o f  
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acetoni tril e elution buf 

for further processing. 

first 3 ml of 10% aceton 

100 THOMPSON, LUTTRELL, AND GIANNELLA 

'''1 Escherichia heat-stable enterotoxin (STa) (1). After 

termination of the iodination reaction with Na metabisulfite, 880 

p1 of phosphate buffer was added to the reaction tube and the 

mixture applied with a 1 ml disposable syringe directly to a C18 

Sep-Pak previously primed with 10 m l  100% acetonitrile followed by 

approximately 20 ml potassium phosphate buffer. After sample 

application, the Sep-Pak was flushed with 10 ml 10% acetonitrile 

in 0.01 M ammonium acetate buffer, pH 5.8 to remove unbound free 

Na lZ5I. This was followed by 5 ml 60% acetonitrile in 0.01 M 

ammonium acetate buffer pH 5.8. The iodinated tyrosyl methyl 

ester products eluted between 0.5 ml and 3 . 5  ml of the 60% 

er, so elution can be into a single tube 

Almost all free iodine eluted with the 

trile wash. To perform HPLC on the 

mixture, the acetonitrile was gently evaporated under a stream of 

nitrogen and the remaining aqueous mixture was applied to a Dupont 

Zorbax ODs 4.6 x 150 mm reverse phase column. 
previously equilibrated with 12% acetonitrile in 0.01 M ammonium 

acetate buffer, pH 5.8. After injection of the sample in a volume 

o f  approximately 0.5 ml , the chromatogram was developed 
isocratically for 10 min at a flow rate of 1.0 ml/min. 

followed by gradient elution over 50 min from 12% to 80% 

acetonitrile at the same flow rate. One ml fractions were 

collected and 10 p1 removed to count in a Packard Auto Gamma 

The column was 

This was 
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3 ' , 5 '  CYCLIC GMP RADIOIMMUNOASSAY 101 

scintillation counter. Peak fractions were identified and pooled 

if necessary. 

Radioimmunoassav procedure: The competitive RIA for cGMP is 

a modification of the procedure originally described by Steiner et 

al. (3) which we have used extensively ( 4 - 9 ) .  Briefly, the 

samples, antibody and radio labeled tracer were diluted in 0.05 M 

sodium acetate buffer, pH 6.2. 

consisting o f  0.1 ml antibody dilution, 0.1 ml of [1251]S-cGMP-TME 

(approximately 10,000 cpm) and 0.2 ml of sample or standard cGMP 

was incubated overnight in 12 x 75 mm glass tubes at 4" C. The 

correct antibody dilution for equilibrium conditions was 

established prior to assay by the antibody titration binding assay 

described below. Bound and free cyclic nucleotide were separated 

by ammonium sulfate precipitation. After incubation, 2.5 ml cold 

2.08 mol/l ammonium sulfate solution was added to all tubes but 

controls. The precipitated immune complexes were separated from 

supernatant by centrifugation at 3000 xg for 20 minutes at 4" C. 

After decanting the supernatants, the inside walls of the tubes 

were carefully swabbed with'cotton tipped applicators to remove 

excess moisture. The tubes were counted and the concentration o f  

cGMP was determined from standard curves consisting of graded 

doses of pure guanosine 3':5'-cyclic monophosphate. 

stock solution from which all dilutions of cGMP were made 

consisted of 2000 pmol pure cGMP/ml in assay buffer. Each 

experimental point was obtained in duplicate. Antibody titration 

and cGMP RIA have been performed greater than 10 times. 

A reaction volume of 0.4 ml 

The standard 
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102 THOMPSON, LUTTRELL, AND G I A N N E L L A  

RESULTS 

Using t h e  i o d i n a t i o n  cond i t i ons  descr ibed g rea te r  than 80% 

Nalz5 I was reproduci  b l y  incorporated i n t o  succi  n y l  cGMP t y r o s  i ne 

methyl es te r .  

was v i r t u a l l y  complete w i t h  the  Sep-Pak c a r t r i d g e  chromatography 

step. The approximate s p e c i f i c  a c t i v i t y  o f  t h e  post Sep-Pak pool 

r a d i o l i g a n d  was estimated using methods o u t l i n e d  by Bol ton (10) t o  

be 480 Ci/mmole. 

Separation o f  i o d i n a t i o n  products from unbound '''I 

Figure 1 shows a t y p i c a l  HPLC e l u t i o n  p r o f i l e  o f  t he  

i o d i n a t i o n  products e lu ted  f r o m  the  Sep Pak w i t h  60" a c e t o n i t r i l e  

b u f f e r .  

rad io labe led  species, c a l l e d  A ,  8, C, and D. The m a j o r i t y  o f  t he  

isotope inco rpo ra t i on  was found i n  peak A .  

small peaks were found. The r e l a t i v e  amplitude o f  these 

components peaks were dependent upon the  methyl es te r .  

D peaks are increased and the  A and B peaks are reduced when t h e  

succ iny l  methyl e s t e r  i s  stored under suboptimal cond i t i ons  p r i o r  

t o  i o d i n a t i o n  such as m u l t i p l e  f reeze thaw o r  storage i n  a f r o s t -  

f r e e  f reeze r  {data no t  shown). 

These p r o f i l e s  c o n s i s t e n t l y  show a t  l e a s t  4 separated 

Occasional ly o the r  

The C and 

Each o f  t h e  i o d i n a t i o n  products found upon HPLC separat ion 

were incubated w i t h  d i f f e r e n t  concentrat ions o f  anti-cGMP ant ibody 

t o  determine t h e i r  s p e c i f i c  ant ibody e q u i l i b r i u m  b ind ing 

c h a r a c t e r i s t i c s .  I n  a t y p i c a l  antibody t i t r a t i o n  experiment, 

Figure 2 shows t h a t  t h e  pooled Sep-Pak ma te r ia l  as w e l l  as both 

peak A and B b ind  t o  po lyc lonal  r a b b i t  anti-cGMP i n  a dose-re la ted 
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3 ' , 5 '  CYCLIC GMP RADIOIMMUNOASSAY 103 

50 r A 

0 10 20 30 40 50 60 

Fraction 

F igu re  1 - Grad ien t  e l u t i o n  p r o f i l e  o f  [lZ5I] succ iny l  c y c l i c  GMP 
t y r o s i n e  methyl  e s t e r  i o d i n a t i o n  d e r i v a t i v e s  on 
reverse-phase HPLC. 5 p1 o f  each column e l u a t e  
f r a c t i o n  was counted; cpm p e r  f r a c t i o n  i s  shown above. 

manner. 

b i n d i n g  o f  t h e  t h r e e  p repara t i ons ,  a l though t h e  d i f f e r e n c e  i n  

r e a c t i v i t y  was 2 - f o l d  o r  l e s s  between peaks A and B. 

may rep resen t  mono- and d i - i o d o  d e r i v a t i v e s ,  r e s p e c t i v e l y .  The 

poo ls  corresponding t o  t h e  peaks C and D demonstrated no an t i body  

b i n d i n g  a c t i v i t y .  

Peak A c o n s i s t e n t l y  demonstrated t h e  h ighes t  s p e c i f i c  

Peak A and B 

The HPLC p u r i f i e d  1251-~GMP produc ts  corresponding t o  peaks 

and B and t h e  poo led  Sep-Pak e l u a t e  were t e s t e d  as r a d i o l i g a n d s  i n  

R I A  f o r  cGMP. The r e s u l t i n g  standard compe t i t i on  curves a re  shown 
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104 THOMPSON, LUTTRELL, AND GIANNELLA 

6ot A' 

* O I  10 

'4 

I I I I I I I 1 
1 2 3 4 5 6 7 8 

Antibody Dilution x 

F i g u r e  2 - Ant ibody  t i t r a t i o n  o f  o s t  Sep Pak (0 ) ,  peak A ( A ) ,  and 
peak B ( A )  p u r i f i e d  ["I] S-cGMP-TME p roduc ts .  

i n  F i g u r e  3. 

approx imate ly  40% b i n d i n g  ( t y p i c a l l y  1:3000 t o  1:4000) each o f  t h e  

p roduc ts  y i e l d  l i n e a r  s tandard  c o m p e t i t i o n  curves  w i t h  p u r i f i e d  

cGMP. 

super imposable and a re  v i r t u a l l y  i d e n t i c a l  t o  those ob ta ined  w i t h  

commerc ia l l y  a v a i l a b l e  r a d i o t r a c e r  f u r n i s h e d  w i t h  cGMP k i t s  ( d a t a  

n o t  shown). 

a re  found i n  peak A, t h e  poo led  Sep-Pak e l u a t e s  a re  o f  s u f f i c i e n t  

q u a l i t y  t o  serve  as t r a c e r  f o r  cGMP d e t e c t i o n  w i t h o u t  f u r t h e r  

p rocess ing .  If, however, t h e  p r o p o r t i o n  o f  p roduc ts  C o r  D a re  

When t e s t e d  a t  d i l u t i o n s  o f  an t i body  t h a t  y i e l d  

The s tandard  curves  so generated a r e  v i r t u a l l y  

Thus when t h e  m a j o r i t y  o f  t h e  r a d i o l a b e l e d  p roduc ts  
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3 ' , 5 '  CYCLIC GMP RADIOIMMUNOASSAY 105 

I 1 I I I I I I 1 I 
0.01 0.025 0.05 0.1 0.25 0.5 1.0 2.5 5.0 10.0 

pMole cGMP 

Figure 3 - Radioimmunoassay standard cGMP competition curves using 
[ l Z 5 I ]  S-cGMP-TME. Post Sep Pak (0), Peak A ( A ) ,  Peak 
B (A). 

increased due to degradation of the methyl ester, further 

separation of the reaction products by HPLC is required for 

homogeneous tracer. Tracer was stable for up to 3 months at 4" C 

with no change in antibody binding characteristics except for the 

expected alteration due to radioactive decay. 

useable tracer from a single iodination i s  approximately 400 x lo6 

cpm, sufficient for at least 40,000 individual assays with 10,000 

cpm per assay tube. 

Typical yield of 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



106 THOMPSON, LUTTRELL, AND GIANNELLA 

DISCUSSION 

The Sep-Pak separat ion o f  rad io labe led  succ iny l  c y c l i c  

guanosine 3',5' monophosphate t y r o s i n e  methyl es te r  GMP t r a c e r  

f r o m  unincorporated '''1 i s  rap id ,  convenient, and cheap. 

e t  a l .  (11) and C a i l l a  e t  a l .  (12)  descr ibe paper and gel  

f i l t r a t i o n  chromatographic separat ion techniques t o  separate t h e  

i o d i n a t i o n  products o f  S-cGMP-TME. Un l i ke  these chromatographic 

separat ions,  t he  t r a c e r  p u r i f i c a t i o n  procedure o f f e r e d  here i s  

accomplished i n  a mat ter  o f  minutes w i t h  minimal manipulat ion,  

y i e l d i n g  a s tab le  product when 

con ta in ing  a c e t o n i t r i l e .  The immunological c h a r a c t e r i s t i c s  o f  t he  

Sep-Pak p u r i f i e d  r a d i o l i g a n d  are v i r t u a l l y  i d e n t i c a l  t o  t h e  HPLC 

p u r i f i e d  peak A i f  the  other  r e a c t i o n  products are q u a n t i t a t i v e l y  

minimal. The Sep-Pak product, i f  shown t o  be r e l a t i v e l y  

homogeneous by a n a l y t i c a l  HPLC, i s  t he re fo re  s u i t a b l e  f o r  use as a 

r a d i o - t r a c e r  i n  the  R I A  f o r  cGMP. 

Brooker 

s tored i n  the  e l u t i n g  b u f f e r  

We have found t h a t  storage cond i t i ons  p r i o r  t o  i o d i n a t i o n  can 

a l t e r  t he  i o d i n a t i o n  c h a r a c t e r i s t i c s  o f  t he  methyl e s t e r .  

Improper storage o f  t he  methyl es te r  w i l l  l ead  t o  heterogeneous 

i o d i n a t i o n  products, some o f  which are not  immunoreactive (e.g. 

peaks C and D ) .  When t h i s  happens, t h e  Sep-Pak e lua te  i s  no t  

homogeneous and t h e  s p e c i f i c  b ind ing o f  t r a c e r  t o  ant ibody i s  

reduced. Therefore, i t  i s  imperat ive t o  e i t h e r  determine t h a t  t h e  

Sep-Pak e lua te  i s  e s s e n t i a l l y  homogeneous p r i o r  t o  use by 

performing a n a l y t i c a l  HPLC on the  product, o r  t o  r o u t i n e l y  
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3',5' CYCLIC GMP RADIOIMMUNOASSAY 10 7 

i n c o r p o r a t e  HPLC p u r i f i c a t i o n  f o r  t h e  t r a c e r .  

l a t t e r  course us ing  a ded ica ted  reve rse  phase column. 

We have chosen t h e  

The separa t i on  procedure descr ibed y i e l d s  a s i m i l a r  HPLC 

p r o f i l e  o f  r e a c t i o n  produc ts  f rom i o d i n a t i o n  r e a c t i o n s  employing 

enzymobeads (BioRad, Richmond, CA), a1 though i n c o r p o r a t i o n  o f  '''1 

i n t o  S-cGMP-TME o v e r a l l  i s  s i g n i f i c a n t l y  l e s s  than found i n  t h e  

c h l  orami ne T approach. 
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