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Summary 

1. The red blood cells of mice and rats contained guanine aminohydrolase 
(EC 3.5.4.3). This enzyme was not  present in rabbit, sheep or human red blood 
cells. 

2. The enzyme from rat blood cells was separated into two activities by 
column chromatography on DEAE-cellulose. Both isozymes were labile but it 
was possible to show that  the more abundant  enzyme followed Michaelis-- 
Menten kinetics, had an apparent Km of 4.0 " 10 -6 M and was not  activated by 
GTP nor inhibited by allantoin. 

3. We believe, therefore, tha t  guanine aminohydrolase was the protein in 
rat and mouse red blood cells that  inhibited the enzyme (in rabbit reticulo- 
cytes) responsible for guanylation of tRNA. 

Introduction 

Recently a new and novel type of modification of tRNA has been re- 
ported in rabbit reticulocytes [1,2].  The modification, which has been termed 
"guanyla t ion" ,  is novel in that  it involves the replacement of a base within the 
polynucleotide chain of tRNA by guanine. The reaction is highly specific for 
the tRNA molecule modified (in rabbit reticulocytes guanylation occurs in 
t R N A ~  is) and in no other tRNA) [1--3] and also for the position within the 
polynucleotide chain undergoing modification (after T~ or pancreatic RNAase 
digestion of tRNA guanylated with labeled guanine only a single oligonucleo- 
tide was labeled) [2].  

An early study showed that  reticulocytes of rabbits, sheep and man but 
not  those of rats or mice carry out the guanylation reaction [2].  The guanylat- 
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ing enzyme has recently been partially purified and it has further been shown 
that  mouse and rat hemolysates contained an inhibitor of tRNA guanylation 
[3]. Since tRNA and the enzymes that  modify it have been implicated in such 
important  phenomena as viral infection [4],  cell development [5],  hormone 
action [6] and tumorogenesis [7],  the present study was undertaken to charac- 
terize the tRNA guanylation inhibitor present in rodent  cells. The results 
showed that  the inhibition was not  due to a factor specific for the guanylation 
reaction but was due to a high level of the enzyme guanase (guanine amino- 
hydrolase, EC 3.5.4.3) in rat and mouse reticulocytes. There were in fact two 
isozymes for guanase in rat reticulocytes, neither of which were activated or 
inhibited by GTP. 

Materials and Methods 

[8-14 C] Guanine 40 Ci/mole and [8- ~ 4 C] guanosine 50 Ci/mole were pur- 
chased from Schwarz/Mann Corporation and New England Nuclear Corpora- 
tion respectively. Omnifluor was obtained from New England Nuclear. Rabbit 
liver guanase was purchased from Sigma Chemical and had a specific activity of 
0.10 units/mg protein. Milk xanthine oxidase had a specific activity of 14 
units/mg and was obtained from Worthington Biochemicals. 

Preparation of hemolysates 
When reticulocytes were used they were obtained by the phenylhydrazine 

technique [2,3].  Human reticulocytes were obtained from patients with ele- 
vated reticulocyte counts. One patient had hemoglobin SC disease and a second 
was admit ted for acute alcoholism. Cells were obtained by cardiac puncture 
from rabbits, mice and rats and venous puncture from sheep. The cells were 
sedimented at 750 X g to remove the plasma, washed twice with cold isotonic 
saline and shock-lysed by the addition of an equal volume of cold glass<listilled 
water. Unlysed cells and stroma were removed by centrifugation at 12 000 X g. 
The stroma from sheep reticulocytes did not  pack tightly after centrifugation 
and only the upper one-third of the centrifuged hemolysate was used. 

Preparation of the tRNA-guanylating enzyme 
A lysate of  rabbit reticulocytes was sedimented at 105 000 × g after stroma 

had been removed. The tRNA was then removed from this post-ribosomal 
supernatant as follows [8] : a suspension of Whatman DE-32 was centrifuged in 
a clinical centrifuge tube to a packed resin volume of 3.5 ml. The 105 000 X g 
supernatant was dialyzed against 0.30 M KCI. 6 ml of the dialyzed hemolysate 
were added to the DE-32 and the mixture stirred in an ice bath for 5 min. The 
resin was removed by centrifugation. The tRNA-free lysate was dialyzed against 
H2 O and used as the source of tRNA-guanylating enzyme. 

Assay for the inhibitor of the tRNA-guanylating enzyme 
The reaction mixture contained 0.20 ml of guanylating enzyme (16.4 mg 

of protein), 10 pmoles of TES, pH 7.4; 55 pmoles of  KC1, 1.9 A260 units of 
yeast tRNA and 0.035 tzmoles of [ ~ 4C] guanine and mouse reticulocyte lysate 
containing about  3.0 mg of protein in a volume of 0.50 ml. The solution was 
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incubated at 37°C for 3 h. At the end of the incubation period the tubes were 
chilled to 0°C and 1 ml of  0.1 M sodium acetate,  pH 5.0--0.1 M NaC1--0.01 M 
EDTA was added followed by 2 volumes of water-saturated phenol [9] .  After 
shaking for 5 min the phases were separated and the aqueous phase collected 
by aspiration. The phenol  phase was washed with an equal volume of the 
acetate buffer and the aqueous phases were pooled. The tRNA was precipitated 
with 2 volumes of 95% ethanol.  After storage at --15°C for at least 2 h the 
tRNA was collected by centrifugation and dried in vacuo. The powder  was dis- 
solved in 0.40 M ammonium acetate,  pH 8.2, and adsorbed to  a DEAE-cellulose 
column [1] .  The column was washed with the 0.40 M ammonium acetate 
buffer until all radioactive material except  the guanylated tRNA was eluted. 
The tRNA was then eluted with 1.0 M NaC1 in 0.40 M ammonium acetate,  pH 
8.2. The absorbance of the tRNA at 260 nm was determined and then the 
tRNA was precipitated by the addit ion of tr ichloroacetic acid to 7.5%. The 
precipitated tRNA was collected on glass fiber filters and the radioactivity 
determined with a liquid scintillation counter  [2] .  Incorporat ion was expressed 
as count/min/A~ 6 o unit. 

Spectrophotometric assay for guanase in reticulocyte lysates 
The assay for guanase was a modificat ion of  the method described by 

Kalckar [10] and is based on the spec t rophotometr ic  determinat ion of uric 
acid produced when guanine is incubated with guanase in the presence of  
excess xanthine oxidase [10,13] .  The reaction mixture contained 0.03 pmoles 
guanine {added from a stock solution that  was 1.0 mM with guanine dissolved 
in 50 mM HC1), 6.0 pmoles Tris--HC!, pH 8.0, 0.025 units of xanthine oxidase 
and the appropriate amount  of lysate in a volume of  1.0 ml. The reaction was 
moni tored  at 290 nm with a Beckman Acta II spec t rophotometer .  

Chromatography of  red cell guanase on DEAE-cellulose 
The ribosomes and tRNA were removed from a hemolysate of rat reticulo- 

cytes and 0.10 ml of  the hemolysate  was diluted with 0.90 ml of 25 mM 
sodium phosphate,  pH 7.0. The diluted hemolysate  was adsorbed to a DEAE 
cellulose column (1 cm X 34 cm) that  had been equilibrated with 50 mM 
sodium phosphate (pH 7.0). The column was eluted with a linear gradient f rom 
50 mM sodium phosphate (pH 7.0) to 400 mM sodium phosphate (pH 7.0) at a 
flow rate of  1 ml/min at 4°C. At the start of the elution both  buffer  reservoirs 
contained 100 ml of  the respective buffers. Fractions of 3.6 ml were collected 
and moni tored for absorbance at 280 nm and for guanase activity. 

A nalysis 
Guanine, xanthine and uric acid were separated by descending paper chro- 

matography with a solvent of  n-butanol,  0.1 M HC1, ethyleneglycol  monoe thy l  
ether,  4 : 1 : 1. When radioactive compounds  were chromatographed,  the paper 
was cut into 1 cm strips and the radioactivity determined by placing the strips 
into vials containing 10 ml of  omnif luor  dissolved in toluene (4 g/l). Protein 
(hemoglobin) concentra t ion of hemolysates was determined with Drabkin's 
reagent [11] ; otherwise, protein was determined by the method of Warburg 
and Christian [12] .  
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Results 

Species specificity for the guanylation o f  tRNA and demonstration o f  an in- 
hibitor in mouse and rat lysates 

Lysates prepared from rabbit, sheep and human reticulocytes were able to 
carry out the guanylation of tRNA but the preparations from mouse or rat 
were unable to carry out  this reaction. This observation is identical to the 
results observed with intact reticulocytes of  these species [2].  When rodent  
reticulocyte extracts were added to rabbit reticulocytes there was a marked 
inhibition of the guanylation reaction. Guanosine as well as guanine served as a 
substrate for the tRNA-guanylating enzyme and the uptake of the nucleoside 
was inhibited by the rodent  lysates as well. Guanosine was not  incorporated 
into tRNA by the rodent  lysate. 

Characterization o f  the inhibitor as a protein 
The inhibitor was found to have the following properties: it was non- 

dialyzable, heat labile, destroyed by phenol extraction and refractory to pan- 
creatic RNAase. The insensitivity to RNAase was demonstrated by incubating 
the inhibitor with matrix bound RNAase [3] followed by removal of the 
insoluble RNAase by filtration prior to assaying the inhibitor in the tRNA- 
guanylating enzyme assay using rabbit hemolysate.  These observations indi- 
cated that  the inhibitor was probably a protein. 

Identification of  the inhibitor as the enzyme guanase 
The requirements for the tRNA-guanylation reaction are simple. The only 

requirement of the enzyme are guanine, a tRNA that  is capable of guanine 
acceptance and a monovalent  cation [3].  A likely explanation of the inhibition 
is the destruction of one of the substrates of the guanylating enzyme rather 
than the specific inhibition of  the enzyme. We decided to test this possibility 
before embarking on the purification of the inhibitor. The substrates tRNA and 
[ ' 4C]guan ine  were incubated separately with the mouse lysate. We then re- 
moved the protein, recovered the tRNA and guanine, respectively, and tested 
them as substrates for the rabbit reticulocyte-guanylating enzyme. The data in 
Table I clearly show that  whereas the recovered tRNA was an active guanine 
acceptor, the guanine completely lost its ability to be a substrate in the tRNA- 
guanylating reaction. Table I also shows that  [ 14 C] guanine did not  disappear 
when incubated with rabbit rather than mouse reticulocytes. 

Since guanine was converted to a compound that  could not  be utilized by 
the tRNA-guanylating enzyme it became compelling to identify the product(s) 
of this reaction. [ 14C] Guanine was incubated with a mouse hemolysate.  At the 
end of the incubation, the protein was removed by acid precipitation and the 
supernatant analyzed by paper chromatography in a solvent that  readily sepa- 
rated guanine, xanthine and uric acid. Incubation of guanine in mouse hemo- 
lysate resulted in almost complete conversion of guanine to xanthine and, to a 
much lesser extent,  uric acid, whereas incubation of [14C]guanine with a 
rabbit hemolysate did not  result in disappearance of  guanine. A similar experi- 
ment with rat hemolysates also brought about  conversion of guanine to xan- 
thine but incubation with sheep or human hemolysates resulted in recovery of 
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T A B L E  I 

E F F E C T  OF MO U SE  L Y S A T E  ON T H E  S U B S T R A T E S  OF T H E  G U A N Y L A T I O N  R E A C T I O N  

96 A260 uni ts  of  yeas t  t R N A  were  i n c u b a t e d  at  37°C for  1 h wi th  1.0 ml mo u se  lysate  in 15 mM TES 
(pH 7.4),  final v o l u m e  is 22 ml.  The  t R N A  was  r ecove red  by  pheno l  e x t r a c t i o n  and e thano l  p rec ip i t a t ion  
[1 ].  I t  was  t hen  d ia lyzed  against  H 2 0  and assayed wi th  the  rabbi t  r e t i cu locy t e  t R N A - g u a n y l a t i n g  e n z y m e .  
13 #Ci of  [ 14C] guanine  was  s imilar ly i n c u b a t e d  and  the  p ro t e in  p rec ip i t a t ed  by  the  add i t ion  of  HCl to a 
c o n c e n t r a t i o n  of  2 M. A f t e r  r e m o v a l  of  the p ro t e in  p rec ip i t a t e  the  so lu t ion  was lyophi l i zed  and the  guanine 
dissolved in 0.01 M HCl pr ior  to assay. 

I n c u b a t i o n  [ 14C] Guan ine  

i n c o r p o r a t i o n  

( cpm/A260)  

tRNA + rabbit lysate 
tRNA + mouse lysate 

[14C] Guanine + rabbit lysate 

[14C] Guanine + mouse lysate 

437 
449 
433 

5 

only [14C] guanine from the incubation medium. These results suggested that  
the strong inhibition of tRNA-guanylating enzyme by rodent  lysates was due to 
a potent  guanase activity which resided in rodent  red blood cells but was not  
present in the reticulocytes of the other species investigated. The identification 
of  the tRNA-guanylation inhibitor as the enzyme guanase was confirmed by 
two additional experiments. First, guanase activity was assayed in hemolysates 
prepared from reticulocytes of different organisms. Only those species (rat and 
mouse) which were inhibitors also showed significant guanase activity. Finally, 
mouse hemolysates were heated to different temperatures and assayed in paral- 
lel for tRNA-guanylation inhibition and for guanase activity. The results 
showed that  the two activities have almost identical susceptibilities to heat 
denaturation. 

Properties of  rat reticulocyte guanase 
Fig. 1 shows that  two guanase isozymes were resolved when rat reticulo- 

cyte lysates were chromatographed on DEAE-cellulose. The peaks were desig- 
nated guanases A and B, respectively. Both of these enzymes were very labile 
after purification on DEAE-cellulose. The enzymes were unstable a t - -40°C,  
--15°C, 4°C and 25°C and could not  be stabilized by 10 mM mercaptoethanol 
or bovine serum albumin. Guanase A followed Michaelis--Menten kinetics {Fig. 
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Fig. 1. Sepa ra t i on  of  t w o  g u a n a s e  a c t i v i t i e s  f r o m  ra t  r e t i c u l o c y t e s  o n  D E A E - c e H u l o s e .  A b s o r b a n c e  a t  2 8 0  
n m  (4 . . . . . .  A); guanase  ac t iv i ty  in pmoles  ur ic  ac id  f o r m e d  p e r  m i n  ( e  e).  
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Fig. 2. Effect  of vary ing  guan i ne  c o n c e n t r a t i o n  on  the  rate  o f  t h e  r e a c t i o n  c a t a l y z e d  b y  guanase  A. 

2), and an apparent  Km of 4.0 • 10 -6 M was calculated for guanine from a 
Lineweaver--Burk plot (not shown).  The greater instability of guanase B pre- 
cluded a similar s tudy with that  isozyme. We were able, however,  to do a s tudy 
of  the effect  of  GTP and the end product  of  purine metabolism of these cells, 
allantoin, on the catalytic rates of both  isozymes. Neither isozyme was affected 
by  24 pM GTP or 1.2 mM Mg 2÷. Guanase A was not  affected by  0.24 mM 
allantoin. 

Discussion 

The inhibition of  guanylation of tRNA by rat and mouse lysates is clearly 
due to a potent  guanase activity in these cells rather than to a specific inhibitor. 
The question of whether rat and mouse ret iculocytes carry out  guanylation has 
not  yet  been answered. The enzyme, guanase, is highly specific for its substrate 
and will not  react with guanosine or GMP [15] .  Therefore,  we explored the 
possibility that  some guanine derivative rather than guanine was the substrate 
for the t R N A  guanylating enzyme in rodent  reticulocytes.  Guanosine, 3'-GMP, 
5'-GMP, GDP and GTP were not  incorporated into tRNA by  mouse reticulo- 
cyte hemolysates.  This finding is consistent with our previous repor t  that  when 
rabbit  ret iculocytes are incubated with uniformly labeled guanosine only the 
purine ring and no t  the ribose moiety  is incorporated into tRNA [3] .  Guano- 
sine must  be cleaved to guanine and ribose prior to the incorporation of  the 
guanine moiety  into ret iculocyte tRNA.  Modification of  tRNA occurs during 
cell differentiation [5,14] and it is possible that  guanylation in the  rodent  
ret iculocytes occurs at a t ime in cell development  prior to the synthesis of  
guanase. The finding that  guanase is the inhibitor of the tl%NA-guanylating 
enzyme is somewhat  analogous to the discovery that  an apparent inhibitor of  
t R N A  methylase in rabbit  and rat liver, kidney and pancreas is in fact the 
enzyme glycine N-methyltransferase [16] .  Both enzymes remove a low molecu- 
lax weight substrate of the appropriate t R N A  modification enzyme,  S-adenosyl- 
methionine or guanine. The  analogy is not  perfect,  however,  since S-adenosyl- 
homocysteine,  the product  of  glycine N-methyltransferase is also a potent  in- 
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hibitor of tRNA methylase. Xanthine, the major product  of the guanase reac- 
tion, is neither an inhibitor or a substrate of the tRNA-guanylating enzyme 
[2] .  Glycine N-methyltransferase is found in adult  but  not  in fetal liver and it 
is possible that  guanase may not  occur in immature erythroid precursor cells 
but  is found in circulating reticulocytes.  

The species and cellular distribution of guanase is complicated. This en- 
zyme is found in the liver of most mammalian species but  does not  occur in the 
pig, making possible the development  of  a condit ion similar to gout in this 
animal in which guanine rather than urate precipitates in the joints [17] .  In 
this repor t  we show that  guanase does not  occur in circulating red blood cells 
(both e ry throcytes  and ret iculocytes were examined) of rabbit,  sheep or man, 
but  is found in mouse and rat red blood cells. The guanase activity in rat 
e ry throcytes  was 15 times greater than in mouse red blood cells. More recently,  
liver and brain guanase has been shown to have a complicated intracellular 
distribution [18] ,  to be inducible by guanine administration [19] and to have 
a proteinaceous guanase inhibitor [19,20] .  Rat liver contains two guanase iso- 
zymes, whereas only one enzyme is detectable in mouse liver [18] .  One rat 
liver isozyme (the first to elute f rom DEAE-cellulose) showed a sigmoid depend- 
ence on substrate concentra t ion,  was activated by GTP and inhibited by allan- 
toin. The other  rat liver isozyme had a hyperbolic  saturation curve and was not  
influenced by GTP or allantoin. The single mouse liver guanase was not  in- 
fluenced by GTP or allantoin [21] .  In rat ret iculocytes two isozymes were 
detected by DEAE cellulose chromatography.  The first one showed classical 
Michaelis--Menten kinetics and was not  influenced by GTP or allantoin. The 
second isozyme was too  unstable to permit  a complete kinetic analysis but it 
was slightly inhibited by allantoin. The data are at present too complicated to 
allow the deduct ion of  the mechanism by which guanase regulates guanine 
metabolism in different  organs and species. The problem will probably not  be 
solved until the enzyme is purified and the subunit  structure of  guanase is 
known. Fur thermore ,  the intriguing question of why there is substantial guan- 
ase activity in rat  and mouse red blood cells and why this enzyme is absent in 
the human and other  red blood cells that  we examined remains to be answered. 
Recently a guanase has been purified to homogenei ty  f rom rabbit  liver [22] .  
The purified enzyme is a single polypept ide chain with a molecular weight of  
55 000. 
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