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ANALYSIS OF GUANYLATE CYCLASE ACTIVITY 
BY HIGH-PRESSURE LIQUID CHROMATOGRAPHY 

Shashikant Mehta, Diane Dunlap, Jean-Numa Lapeyre and Abby Maize1 
Section of Experimental Pathology 

The University o f  Texas System Cancer Center 
M. D. Anderson Hospital and Tumor Institute 

Texas Medical Center 
Houston, Texas 77030 

ABSTRACT 

A method for the assay of guanylate cyclase which permits the 
correction of concurrent phosphatase and phosphodiesterase reac- 
tions has been developed using HPLC. The method, based on the 
conversion of tritium labelled guanosine triphosphate to tritium 
label led cyclic guanosine monophosphate, uses [14C]-cGMP as the 
internal standard to account for the degradative and procedural. 
losses. Radiolabelled reaction products are isolated by high pres- 
sure liquid chromatography on a Partisil SAX column with a single 
step isocratic elution using 12.5 mM potassium phosphate buffer 
(pH 3.25). Since column recovery o f  the nucleotides is virtually 
quantitative and complete purification is achieved, the method 
possesses a high degree of accuracy and precision. 

INTRODUCTION 

Several methods have been developed to measure the activity 

of guanylate cyclase from mannnalian tissue (1-9). The methodolo- 

gies are usually based on the quantitation of the enzyme end pro- 

duct, cGMP, following incubation of the crude or semi-purified 

enzyme with labelled GTP as substrate. 

cation of the cGMP product has been accomplished by a variety o f  

The isolation and purifi- 
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HEHTA ET 1518 

chromatographic methods including ion-exchange resins fol 1 owed by 

alumina chromatography and assorted paper chromatographic or thin 

layer chromatographic systems (for review see 10). The separated 

cGMP is subsequently recovered and quantified by scintillation 

counting of the radiolabelled product. The above mentioned tech- 

niques involve the use of several separate methodological steps 

to effectively separate cGMP from other guanine-derived nucleo- 

tides. 

Rapid and highly specific purification o f  nucleotides by HPLC 

can be achieved by several current methods (11-19). The presently 

developed assay uses a [14C]-cGMP internal standard i n  the reac- 

tion mix to specifically measure the turnover o f  cGMP that i s  

formed de novo from a tritiated precursor. The guanine-containing 

nucleotides were isolated by a modification of HPLC protocol de- 

veloped by Hartwick and Brown ( 1 1 )  for the separation of nucleo- 

tides in biological samples. Conditions for the separation of the 

compounds of interest were optimized so that the elutions could be 

performed isocratical ly at room temperature. 

MATERIALS AND METHODS 

Crude Enzyme Preparation 

Guanylate cyclase was assayed using a cytoplasmic fraction 

prepared from tissue derived from 150-200 g Timco rats. Following 

cervical dislocation, rat spleen or liver was extirpated and imme- 

diately placed at 4°C. All subsequent procedures were performed 

at 0-4°C. The tissue was finely minced in 0.15 M NaC1, 10 mM Tris- 

HC1 (pH 7.8) and twice washed in this buffer. The tissue was 
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GUANYLATE CYCLASE ACTIVITY 1519 

homogenized (0.5 g wet t i s s u e  i n  10 m l  homogenizat ion medium) w i t h  

severa l  s t r o k e s  of  a T e f l o n - g l a s s  homogenizer i n  10 mM Tris-HC1, 

pH 7.8. C e l l  d i s r u p t i o n  was mon i to red  by l i g h t  microscopy f o l l o w -  

i n g  s t a i n i n g  w i t h  0.1% s o l u t i o n  of t o l u i d i n e  b l u e .  The r e s u l t a n t  

broken c e l l  suspensions was spun a t  2000 rpm i n  a Beckman J21C cen- 

t r i f u g e  t o  sediment t h e  n u c l e i .  The supernatan t  s o l u t i o n  was t h e n  

spun i n  a Beckman 50 T i  r o t o r  a t  105,000 x g f o r  one hour .  The 

post - r ibosomal  supernatan t  f rom t h e  u l t r a c e n t r i f u g a t i o n  was used 

as t h e  source of s o l u b l e  guany la te  c y c l a s e  i n  t h e  assay. 

cGMP Assay C o n d i t i o n s  

The i n c u b a t i o n  m i x t u r e  f o r  t h e  assay of  g u a n y l a t e  c y c l a s e  was 

a m o d i f i c a t i o n  o f  t h e  procedure o f  Kr ishnan and Kr ishna ( 7 ) .  The 

assay m i x t u r e  conta ined 3.3 mM MnS04, 10 mM t h e o p h y l l i n e ,  1 mM c o l d  

cGMP c o n t a i n i n g  8 .3  nCi[14C]-cGMP ( 5 5  m C i / m o l ) ,  40 mM Tris-HC1, 

pH 7.4 and 0-60 u g  of c y t o s o l  p r o t e i n .  The r e a c t i o n  was i n i t i a t e d  

by t h e  a d d i t i o n  o f  GTP (250 uM) which conta ined r3H]-GTP t o  a f i n a l  

s p e c i f i c  a c t i v i t y  of  110 cpm/pmole. 

fo rmula ted  was f i v e  t imes t h e  r e p o r t e d  apparent  Km v a l u e  f o r  guany- 

l a t e  c y c l a s e  ( 7 ) .  The r e a c t i o n s  were m a i n t a i n e d  a t  37°C f o r  0-20 

minutes ,  then t e r m i n a t e d  by c o o l i n g  t o  O°C and add ing  p e r c h l o r i c  

a c i d  (PCA) t o  a f i n a l  c o n c e n t r a t i o n  o f  0.15 N PCA. The m i x t u r e  was 

subsequent ly  c e n t r i f u g e d  i n  a Beckman m i c r o c e n t r i f u g e  f o r  one 

minute  and 10 u 1  a l i q u o t s  o f  t h e  a c i d  s o l u b l e  supernatan t  used f o r  

subsequent q u a n t i t a t i o n  by h igh-pressure  1 i q u i d  chromatography (HPLC). 

The GTP c o n c e n t r a t i o n  thus  
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15 20 MEHTA ET XL. 

High-pressure Liquid Chromatography 

The HPLC system used was a modified System 1 from Glenco, 

Inc. (Houston, TX) in which the ultraviolet (U.V.) monitoring 

system was from Pharmacia, Inc. (Upsala, Sweden). The HPLC pro- 

cedure utilized was a modification o f  the original procedures of 

Hartwick and Brown (11). The acid soluble material derived from 

the assay mixture after PCA precipitation was injected onto a 

25 x 0.4 cm Whatman Partisil 10/25 SAX column (strong anion ex- 

changer). The samples were eluted isocratically at a flow rate 

of 0.8 ml/min (500-550 PSI) at room temperature with 12.5 mM 

potassium phosphate buffer (pH 3 . 2 5 ) ,  

U.V. absorption of the column effluent at 254 nm. Nucleotide 

di- and triphosphates as well as oligonucleotides not eluted by 

the low ionic strength buffer were eluted from the column with 

1.0 M potassium phosphate buffer (pH 3 . 2 5 ) .  This step was includ- 

ed to recycle the column after multiple assay runs. 

side and nucleotide peaks of interest were collected directly into 

scintillation vials and counted in a Beckman LS8lOO liquid scin- 

tillation counter using ACS cocktail (Amersham). The ['4C]-3' , 5 ' -  

cGMP included in the reaction mix served as an internal standard 

for cGMP elution and to correct for procedural and metabolic loss- 

es of newly synthesized cGMP. 

Elution was monitored by 

The nucleo- 

Thin Layer Chromatography 

Thin layer chromatography on PEI cellulose of cGMP and other 

guanine derived nucleotides was performed as described previously 

(20) - 
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Mater ia l s  

Guanosine, GTP, GDP,  5'-GMP and 3,5'-cGMP were purchased 

from Sigma; r3H]-GTP (16.7 Ci/mmol), C3H]-cGMP (8  Ci/mmol), 

[14C]-GTP (55 mCi/mmol) and [14C]-cGMP ( 5 5  mCi/mnol) were 

purchased from Amersham. Pre-coated p l a s t i c  backed polygram 

C E L  300 PEI p l a t e s  were purchased from B r i n k m a n  Instruments.  

411 o the r  chemicals were o f  reagent q u a l i t y  o r  bet ter .  

RESULTS 

HPLC Separation of Guanine Compounds 

A r ep resen ta t ive  chromatographic separa t ion  of guanosine 

and assor ted  guanine nuc leo t ides  using a P a r t i s i l  SAX column 

may be seen in Figure 1 .  The column was e lu t ed  i s o c r a t i c a l l y  

w i t h  12.5 mM potassium phosphate buf fer  (pH 3 .25) ,  a t  0.8 ml/min. 

Af te r  e lu t ion  of 5'-GMP, the  buf fer  was changed t o  1 .0  M 

potassium phosphate for the  subsequent e l u t i c n  of GDP and GTP. 

Assay samples were rout ine ly  processed one a f t e r  t he  o the r  

with t h e  column equ i l ib ra t ed  only with 12 .5  mM potassium phos- 

phate buf fer  (pH. 3.25). Each sample was r u n  u n t i l  5'-GMP was 

e lu ted  (approximately 40 m i J . )  a f t e r  which time another  sample 

could be in j ec t ed .  Under these  condi t ions ,  GDP and GTP were 

bound t o  t h e  s t rong  anion exchange matrix and d i d  not i n t e r -  

f e r e  w i t h  subsequent ana lyses .  

been completed, G D P  and GTP were removed with 1.0 M potassium 

phosphate e lu t ion  (pH 3.25) and the  column subsequently 

re -equi l ibra ted  w i t h  12.5 mM buffer .  

After mul t ip le  assays  had 
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1522 MEHTA ET U. 

WL.  ELIJTED 

Figure 1 .  

Elution profile o f  guanine-derived compounds on Partisil S A X :  
Standards were solubilized in 0.15 N P C A ,  injected onto the column 
and initially eluted with 12.5 mf4 potassium phosphate buffer. A t  
the indicated point (arrow), the buffer was changed to 1.0 :.I. p h o s -  
phate. The peaks represent, in order o f  elution, guanosine, cGMP, 
5 ' - G M P ,  GDP and GTP, respectively. 

The reproducibility of nucleotide elution on Partisil 

SAX was assessed using mu1 tiple independent samples (Table 1 ) .  

All samples were solubilized in 0.15 PI PCA prior to injection 

to reproduce the standard assay conditions. The reported 

relative standard errors of mean of the determinations were 

less than 2 . 5 %  indicative o f  the precision of the separation 

achieved. Furthermore, complete separation of guanine, cGMP, 

5 ' -GMP,  GDP and GTP was achieved with no overlap between the 

compound detectable by either optical density or radiochemical 

measurements. 
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TABLE 1 

HPLC o f  Guanine-Derived Compounds. 
~~~~~~ ~ 

E l  u t i o n l  

Time (Minu tes)  Volume ( m l )  

Guanosine2 4.3 t 0.10 3.3 2 0.10 

Cyclic-GMP 19.1 t 0.05 14.9 c 0.05 

5'-GMP 37.9 2 0.10 29.5 f 0.10 

G DP 50.9 c 0.05 39.7 2 0.05 

GTP 59.8 t 0.05 46.6 2 0.05 

l T h e  column was r u n  i n i t i a l l y  w i t h  12.5 mM potass ium phosphate 
b u f f e r ,  pH 3.25 a t  a f l o w  r a t e  o f  0.8 ml /min.  R o u t i n e l y ,  3.5 
rnin. f o l l o w i n g  t h e  e l u t i o n  o f  5'-GMP, t h e  b u f f e r  was changed t o  
1.0 M phosphate b u f f e r .  The t ime r e f e r s  t o  t h e  t o t a l  c o n t i n u -  
ous t i m e  of  chromatography and t h e  volume r e f e r s  t o  t o t a l  f l u i d  
volume passed through t h e  column. 

2The r e s u l t s  r e p r e s e n t  t h e  mean t S.E.M. o f  f i v e  independent  
chromatographic  separa t ions .  Samples were prepared f o r  
chromatography i n  0.15 N PCA t o  reproduce r o u t i n e  assay 
c o n d i t i o n s .  

I 

Guanylate Cyclase Assay C h a r a c t e r i s t i c s  

U t i l i z i n g  c y t o s o l  d e r i v e d  from r a t  l i v e r  o r  sp leen,  t h e  

a c t i v i t y  o f  guany la te  c y c l a s e  was assayed as d e s c r i b e d  i n  

M a t e r i a l s  and Methods. I n  F i g u r e  2, t h e  r a t e  o f  f o r m a t i o n  o f  

cGMP was determined w i t h  a c o n s t a n t  amount o f  c y t J s o l  f rom r a t  

sp leen.  The t i m e  course o f  cGMP f o r m a t i o n  was l i n e a r  up t o  

20 rnin., demonst ra t ing  a c o n s t a n t  p r o p o r t i o n a l i t y  between t h e  

r a t e  o f  cGMP f o r m a t i o n  and t h e  amount o f  incubated  enzyme. 
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ao 

60 

40 

20 

TIME (MIN) 

Figure 2 .  

Time course of cGMP formation: 40 pg of cytosol from rat 
spleen was incubated, according to Materials and Methods, for vari- 
able periods of time as indicated. Following incubation, samples 
were precipitated with perchloric acid, injected onto the column 
and the cGMP fraction collected. 
cGMP formed, per 40 LICJ cytosol protein, in the specified time 
intervals. 

The data represents the amount o f  

Therefore, a 20 min. time point was chosen to maximize the quan- 

tity of cGMP produced during the assay. 

In order to further maximize the sensitivity without com- 

promising the accuracy of the assay, the effect of the quan- 

tity of acid soluble reaction products on column performance 

and recovery of cGMP was examined. Cytosol was incubated 

under the assay conditions previously described and aliquots 

containing increasing amounts o f  the acid-soluble reaction 

products obtained after PCA precip:tation were injected on 

the column. Figure 3 shows that the quantity of eluted cGMP 
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F i g u r e  3. 

Column recovery  o f  cGMP: 40 ug o f  s p l e n i c  c y t o s o l  p r o t e i n  was 
incubated  as i n  s tandard assay c o n d i t i o n s .  The r e a c t i o n  was t e r m i n -  
a t e d  by t h e  a d d i t i o n  o f  p e r c h l o r i c  a c i d  t o  a f i n a l  c o n c e n t r a t i o n  of  
0.15 N PCA. The a c i d  s o l u b l e  m a t e r i a l  was a l i q u o t e d  i n t o  samples 
o f  i n c r e a s i n g  volume and subsequent ly  i n j e c t e d  o n t o  t h e  column. The 
cGMP peak was c l l e c t e d  and cpm determined i n  t h e  [3H] and F 1 4 C ]  

was used a s  t h e  i n t e r n a l  s tandard.  0-0 r 3 H ]  counts  i n  t h e  cSMP 
f r a c t i o n ;  0-0 ["k] counts i n  t h e  cGMP f r a c t i o n .  A l l  samples were 
c o r r e c t e d  f o r  background a c t i v i t y .  

p o p u l a t i o n s .  [ s HI-GTP was used as t h e  cGMP p r e c u r s o r  and [ 4CJ-cGMP 

was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  q u a n t i t y  o f  i n j e c t e d  r e a c t i o n  

produc t  th roughout  t h e  range of  volume encountered i n  t h e  

assay. Consequently, t h e  i n j e c t e d  volume of a c i d  s o l u b l e  
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supernatant was not critical and could be varied to accom- 

modate samples having low levels of activity. Routinely, 

10 p1 o f  the reaction acid-soluble supernatant was suffi- 

cient to accurately measure cGMP levels and guanylate 

cyclase activity. 

Proportionality between cGMP formation and amount of 

incubated cytosol protein in the assay was next examined. 

This was done to determine whether the ratio of cGMP forma- 

tion to incubated protein was linear over the range o f  pro- 

tein concentrations encountered in the assay. Figure 4 shows 

that linearity was obtained up to 60 Ug o f  cytosol protein. 

Column Recovery of cGMP 

Measurement of guanylate cyclase in biological preparations 

is hampered by the competing reactions lowering the GTP concentra- 

tions by phosphatase and cGMP concentration by phosphodiesterase 

In addition to metabolic losses, procedural losses inherent to the 

methodology must be accounted for. In order to determine the mag- 

nitude of these losses, the column recovery of purified cGMP on 

Partisil SAX was subsequently determined. 

by thin-layer chromatography on PEI cellulose (20) ; and, a known 

amount was injected onto a Partisil column. The recovery o f  the 

cGMP from the column was seen to be greater than 98%. 

the assay, to account for any biological losses, each sample 

always contained known amounts o f  [ 

[14C]-cGMP was  prifiea 

Thus, in 

14 C]-cGMP as a marker and sub- 
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F i g u r e  4 .  

cGMP p r o d u c t i o n  as a f u n c t i o n  o i  amount o f  p r o t e i n  i n c u b a t e d :  
Amount o f  cGMP formed, under  r o u t i n e  assay c o n d i t i o n s ,  was d e t e r -  
mined as a f u n c t i o n  of i n c r e a s i n g  c o n c e n t r a t i o n s  o f  c y t o s o l i c  
p r o t e i n  as i n d i c a t e d  i n  t h e  f i g u r e .  The r e s u l t s  r e p r e s e n t  t h e  
mean = S.E.M. o f  f ou r  independent  c y t r s o l  p r e p a r a t i o n s .  

s t r a t e  t o  measure cGMP convers ion  and /o r  breakdown. C o n t r o l  i n -  

c u b a t i o n s  whicn con ta ined  [14C]-cGi4P and e i t h e r  no enzyme p r o t e i n  

o r  h e a t  denatured p r o t e i n  (lOO°C f o r  2 m i n . )  were r u n  t o  compen- 

s tandard  f o r  s a t e  f o r  background i n c o r p o r a t i o n  and t o  se rve  as a 

d e g r a d a t i v e  l o s s  d e t e r m i n a t i o n s .  

F i g u r e  5 shows a t y p i c a l  chromatographic  p r o f i  

t i o n  p roduc ts  formed w i t h  sp leen  c y t o s o l .  I n  panel  

e of t h e  r e a c -  

A ,  measurement 
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d 

10 20 30 40 50 00 70 80 
Fraction 

Figure 5. 

HPLC pro ile of guanylate cyclase assay products: Panel A ,  

contained initially 2.95~10 
and 60 ug of spleen cytosol. In the sample incubation denoted by 
0-0, 16,000 cprn and 650,000 cpm were recovered in cGMP and GMP 
peaks, respectively, after subtracting the background. The back- 
ground from incubation with he?$ inactivated cytosol i s  denoted 
by O-Oe C] components foyad after assay 
incubation. C]-cGMP was con- 
verted t o  GMP after 29 min. For this particular assay, the speci- 
f i c  activity o f  the [.H]-GTP was 195 cpm/pmole. 

2 a profile of [ 5 H] component found after assay incubation. Assay 
cpm [3H]-GTP, 17,500 cpm [ ' 4 C ] - ~ f i l P  

Panel 8, profile of [ 
In the sample incubation, 3 . 5 %  of [ 
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o f  t h e  u n c o r r e c t e d  g u a n y l a t e  c y c l a s e  a c t i v i t y  i s  determined by t h e  

f o r m a t i o n  of  r3H]-cGMP from t h e  r3H]-GTP p r e c u r s o r .  

under t h e  cGMP peak i n  t h e  c o n t r o l  i n c u b a t i o n  i s  a p p r o x i m a t e l y  

. O O l  t o  .0015 o f  t h e  counts  i n i t i a l l y  p r e s e n t  i n  t h e  r e a c t i o n  mix .  

Dur ing  t h e  r e a c t i o n ,  t h e  fo rmat ion  o f  a s i z e a b l e  r3H]-GMP peak 

a s c r i b e d  t o  e i t h e r  phosphatase a c t i v i t y  a c t i n g  on t h e  GTP p r e c u r s o r  

o r  phosphodiesterase breakdown of  de novo formed cGMP i s  observed. 

A d d i t i o n  o f  [14C]-cGMP p e r m i t s  t h e  d e t e r m i n a t i o n  of subsequent 

l o s s e s  o f  de novo syn thes ized cGMP d u r i n g  t h e  r e a c t i o n .  

such a chromatographic  p r o f i l e  i s  shown demonst ra t ing  t h a t  t h e  

phosphodiesterase a c t i v i t y  i n  sp leen i s  n o t  c o m p l e t e l y  b locked by 

t h e  presence o f  10 mM t h e o p h y l l i n e .  

i n  t h e  i n h i b i t i o n  o f  f u r t h e r  breakdown o f  cGMP i n  v a r i o u s  t i s s u e s  

and c e l l  l i n e s  w i t h  t h e o p h y l l i n e  has been no ted  u s i n g  t h e  HPLC 

assay. I n  a 20 min. i n c u b a t i o n ,  approx imate ly  3.5% convers ion  o f  

cGMP s tandard  i s  no ted  i n  sp leen w h i l e  i n  t rans formed lymphocytes 

(CCRF-CEM), t h i s  va lue  exceeds 12% ( d a t a  n o t  shown). For  t h i s  

reason, a c o r r e c t i o n  f o r  t h e  m e t a b o l i c  l o s s  o f  [14C]-cGMP i s  

a p p l i e d  t o  t h e  observed uncor rec ted  g u a n y l a t e  c y c l a s e  a c t i v i t y  

shown i n  Dane1 A .  

The background 

I n  panel  B, 

Vary ing  degrees o f  e f f i c a c y  

A u t h e n t i c i t y  o f  cGMP Recov- 

The a u t h e n t i c i t y  o f  t h e  c o l l e c t e d  cGMP i n  an e n z y m a t i c a l l y  

a c t i v e  sample was confirmed u s i n g  P E I  t h i n - l a y e r  chromatography. 

The p u t a t i v e  [3H]-cGMP f r a c t i o n s  were c o l l e c t e d  and subsequent ly  

s p o t t e d  on a P E I  p l a t e  and developed (20) .  

c o r r e c t e d  fo r  recovery  o f  known standards on P E I ,  were found i n  

A l l  t h e  t r i t i u m  counts,  
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1530 MEHTA ET AL. 

t he  cGMP region ( R f  = 0 . 4 8 ) .  

was f i r s t  chromatographed on PEI, t he  cGMP f r a c t i o n  e lu t ed  and  

subsequently r u n  on a P a r t i s i l  SAX column, a l l  of the t r i t i a t e d  

counts were again found t o  e l u t e  from the column in the  cGMP 

pos i t ion. 

Conversely, when  the l abe l l ed  cGMP 

Effec t  o f  Radioactive Precursor 

The method i s  dependent  upon the conversion o f  C3H]-GTP 

( l a b e l l e d  in the 8 pos i t i on )  t o  [3H]-cGMP by guanylate cyc lase .  

The p o s s i b i l i t y  of t r i t i u m  l o s s  by exchange r eac t ions  a t  t he  

8 pos i t ion  was examined by using [14C]-ring l abe l l ed  GTP in 

place o f  the  t r i t i a t e d  precursor.  

duplicated w i t h  a reac t ion  m i x  containing [ 

spec i f i c  a c t i v i t y  of 110 cpm/pmole, the  measured guanylate 

cyclase a c t i v i t y  was within a s ing le  standard devia t ion  of t h a t  

observed w i t h  t he  tritium precursor.  For t h i s  reason, the  

u t i l i z a t i o n  o f  the inexpensive t r i t i a t e d  GTP precursor r a the r  t h a n  

['14C]-GTP was prefer red .  

When assay condi t ions  were 
14 C]-GTP a t  a 

Enzymatic Determinations 

Determinations o f  guanylate cyclase a c t i v i t y  using the  HPLC 

methodology described above compares favorably with previously 

reported values in  sp len ic  and 1 i ve r  cytosol (Table 11) ( 2 1  , 2 2 ) .  

I n  t h e  case of the  l i v e r ,  a determination was included where the  

cytosol preparation was preincubated with sodium az ide  s ince  t h i s  

compound has been shown t o  increase  the a c t i v i t y  o f  so lub le  

guanylate cyc lase  in crude pro te in  prepara t ions  ( 2 1 ) .  Consistent 
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GUANYLATE CYCLASE A C T I V I T Y  1531 

TABLE 2. 

Guanylate Cyclase Act iv i ty .  

pmole cGMP formed/mg protein/minl 

Splenic cytosol 89.8 3.4 

Liver cytosol 48.4 t 1.8  

Liver cytosol2 
+NaN3 

196.7 I 4.6 

'The r e s u l t s  represent  the  mean f the  standard e r r o r  o f  the me3n 
of mult ip le  independent samples. 
pmole of cyclic-GMP formed per mg of cytosol pro te in  per m i n u t e .  

2The sodium az ide  treatment involves incubating the  cytosol i n  1 mM 
NaN3 for  15 min. p r i o r  t o  assay incubation. This procedure was 
done according t o  the  methodology of Kimura e t  a l .  ( 2 1 ) .  

The r e s u l t s  a r e  expressed a s  the 

with previous y reported d a t a ,  t he  leve l  o f  guanylate cyc lase  

a c t i v i t y  sign f i c a n t l y  increased a f t e r  sodium az ide  exposure. 

data found in  Table I 1  a l s o  demonstrate t h e  high degree of repro- 

d u c i b i l i t y  in t h e  e n t i r e  assay a s  determined by the  magnitude of 

the  standard e r r o r s .  The values found in Table I 1  were compiled 

from assays performed on mult ip le  independent enzyme prepara t ions .  

To f u r t h e r  examine the  r ep roduc ib i l i t y  o f  t he  e n t i r e  a s say ,  a 

cytosol f r ac t ion  of rat sp l en ic  t i s s u e  was a l iquoted  in to  th ree  

samples. These th ree  a l iquo t s  were then t r ea t ed  a s  independent 

e n t i t i e s  and  assayed. 

94 .4  i- 2 . 2  pmole cGMP/mg/min. 

i nd ica t e s  a high degree of prec is ion  and  compares favorably with 

the  precision seen previously i n  terms of t h e  high pressure  

l i qu id  chromatography o f  s t a n d a r d  compounds. 

The 

The mean -c S.E.M. o f  these  samples was 

The magnitude of the standard e r r o r  
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DISCUSSION 

I n  t h i s  communication, an assay f o r  g u a n y l a t e  c y c l a s e  a c t i v i t y  

based on t h e  convers ion  o f  tri t i a t e d  guanosine t r i p h o s p h a t e  t o  

t r i t i a t e d  c y c l i c - g u a n o s i n e  menophosphnte was accompl ished w i t h  HPLC. 

The parameters i n v o l v e d  i n  o p t i m i z i n g  t h e  HPLC n u c l e o t i d e  s e p a r a t i o n  

procedure o f  Harwick and Brown (11)  f o r  an enzyme assay were d e t e r -  

mined. Our use o f  low i o n i c  s t v e n g t h  i s o c r a t i c  e l u t i o n s  where GDP 

and GTP are  f i rm ly  bound t o  t h e  column has e l i m i n a t e d  t h e  need t o  

r e - e q u i l i b r a t e  t h e  column a f t e r  each d e t e r m i n a t i o n .  

s i n g l e  i s o c r a t i c  e l u t i o n  a l s o  r e s u l t s  i n  marked s e p a r a t i o n  of  cGMP 

f rom o t h e r  guanine based compounds e n - u r i n g  i t s  p u r i t y  f o r  t h e  de- 

t e r m i n a t i o n s .  The HPLC e l u t i o n  p r o f i l e s  ach ieved w i t h  t h e  p r e s e n t  

methodology a l s o  may be adapted t o  t h e  s imul taneous d e t e r m i n a t i o n  

o f  b o t h  cGMP f o r m a t i o n  and degradat ion .  

may be c o l l e c t e d  i n  a q u a n t i t a t i v e  manner w i t h  a h i g h  degree o f  

p u r i t y .  I n c l u s i o n  o f  [14C]-cGMP i n  t h e  HPLC assay a l l o w s  f o r  t h e  

d e t e r m i n a t i o n  o f  cGMP breakdown and f o r  t h e  d e t e r m i n a t i o n  o f  what 

degradat ion  produc ts  have been formed. 

The use o f  t h i s  

The necessary end-products  

P r e v i o u s l y ,  HPLC s e p a r a t i o n  techniques have been u t i l i z e d  f o r  

enzymatic d e t e r m i n a t i o n s  (14,15,23-25). Those i n v o l v e d  i n  t h e  

d e t e r m i n a t i o n  o f  guany la te  c y c l a s e  were burdened by l a r g e  column 

dimensions and/or  assor ted  env i ronmenth l  r e s t r a i n t s  (14,15) .  The 

present  HPLC procedure u t i l i z e s  a smal l  and e f f i c i e n t  an ion  exchange 

column run  a t  ambient temperature t o  ach ieve  s e p a r a t i o n  c h a r a c t e r i s -  

t i c s  seen w i t h  much more cumbersome systems. 

c o n s i d e r a b l y  s i m p l i f i e d ;  i t  r e q u i r e s  a minimum o f  sample h a n d l i n g  

The methodology i s  
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GUANYLATE CYCLASE ACTIVITY 1533 

before the elution of the radiolabelled cGMP or its degradation pro- 

ducts. 

quantitative, the assay has the advantage of a high degree of 

reproducibility and accuracy. 

chromatographic method with automated sample injection systems for 

enzymatic analysis o f  nucleosides and nucleotides involved in GTP 

metabolism should therefore provide a precise tool for those inter- 

ested in this branch of cyclic nucleotide research. 

Since the recovery of the reaction end products is nearly 

Ad6ption of the high-pressure 1 iquid 
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