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Polyaspartic acids were used as carriers for biologically active decarboxylated amiiio acid residues. Arimiig 
the numerous polydecarboxypeptides the a,p-poly-DL-aspartic acid 3-amiiiopropylamide (IXa), which w:w 
prepared easily and inexpensively from anhydropoly-DL-aspartic acid (YII) arid 1,3-diamiiioproparie, shvartl 
I'airly selective antibacterial and antifungal activit,y as well as activity agsirist Sarcoma 1x0 iri mice. M'urk I ( I  

relate structure to this activity included the synthesis of four structural and opticd isomers of IS&; rieil her  
a-polyaspartic acid 3-atninopropylamides (XI)  nor 8-polyaspartio acid 3-arniiicipropylamides (YIII), 1, and 11 i*o- 
iiiers, were as effective antimicrobial agents as IXa.  The fonr decarboxydipept,ides IT' and \'I, I, slid D isoniet,s, 
\yere c~inplet~ely inactive. ell h i e  KHwith  :tii I<>I)X, v:ilur of 10 pg/iiiI. Polysucriiiimide \TI w ~ s  ryti)(oxic*agxiri 

Polypeptides were used recently as "carriers" for 
biologically active compouridb, such as enzymes3 aiitl 
iiitrogeri  mustard^.^ -4 few a-polyglutamic acid deriva- 
tives are also reported as having antibacterial proper- 
ties.' 111 this paper the synthesis arid inhibitory activ- 
i t )  of derarboxypeptides, derived from aspartic acid 
:ind decarboxyamino &($ids, :LS well as their polymers, 
referred to as polydecarboxypeptides, are reported.6 

The best inhibitory activities were exhibited b j  
polymers of decarboxypeptides of aspartic acid with 
tiecarboxy-a,y-dianiiriobut! rica wid (1,3-diaminopro- 
p i i e )   id these (+ompounds will be used to demon- 
s i  rate synthetic procedures. 

The decarboxypeptides in both the L and D series 
ere obtained through aminolysis of carbobenzoxy- 

aspartic acid esters with a large excess of 1,3-diamino- 
propane follon ed by removal of the carbobenzoxy 
group. For example, /3-benzyl carbobenzoxyaspar- 
tat$ (I) and 1,3-dianii1ioproparie gave S-(3-amino- 
propyl)-SL-carbobenzoxy-L- and -1)-asparagines (V) 
(Chart 1). Catalytic hydrogenation of V afforded 
X-(3-uminopropj l ) - ~ -  and -r)-asparagines (VI), which 
w r e  isolated as dihydrovhlorides. 

The  preparation of carbobenzoxy-3-aminopropyl- 
:mine (11) allowed the synthesis of decarboxypeptides 
\\ ithout danger of sidc reactions. Monocarboben- 
zoxylatiori of 1,3-dianiirioprvF,alic with carbobenzoxj 
chloridci, even 111 the preseiirc of a large excess of the 
dianiiiie, : i d  low temperature presented great diffi- 
culty ; the maill product nxs always S,S'-dicarbo- 
t)r.iizosy-l.S-dianiiIio~)ropaIie. When dibenzyl carbon- 

( I )  Tliis work \vas supported by Grant  GAI 06679 from the h-ational 

( 2 )  l u  \ \ h u m  inquiries should be addressed. 
( : { )  I .  li. Silinan and E. Katchalski. .Inn. Reo. Btochem.. 36, 633 (1066). 
(1) ('. \V, Rlosher, R .  H.  Iwamoto, E.  11. Acton. and  I,. Goodman. .I. 

.lIvl, Ctrem., 7 ,  6.50 (1064);  hl .  Bzekerke, R. \ \ ade ,  and  Y. Bergel, J .  Chrin. 
Yo<. . ,  I H O i  11965). 

(51  l i .  liovaos and .I. Kotai, .Acta Chim.  d c u d .  Sci. Hung., 21, 45s 
( l ! I . ; $ ) ) :  K. Kovacs, A .  Kotai, and  I. Szabo, .Vufure. 186, 266 (1960); IC. 
I i n v a c s ,  .\. Kotai, 1. Szabo, and R. BIecseki. ib id . ,  192, 190 (1961). I n  
i i r l r l i t iun ,  A. Kotai,  K. Iloraca. and J. Csaszar [ A c l n  Chim. Acari. S c i .  Hung. .  
21, A t i l  (19.50)] reported the preparation of a n  u.&poly-oL-aspartic acid 
derivative ( I S ,  n = 5 ,  S = N H ? )  witliout its biological activity. 

( 6 )  Several decarboxylated amino acids and  derivatives of decarboxylated 
aiiiiiio acids, e.g., liistarnine, putrescine [H .  G .  Ham,  Biochem. Biophys. 
Re*. c 'unmun . .  14, A4 (1904) I ,  and spermine [H.  Tabor,  C. W. Tabor,  and 
8. AI. K~mentlinl, . 4 n n  Biochem., SO, 579 (1961)], are bioactive corn- 
~ ,ounr l s  nntl Some <,i tliese exhibit antibacterial activity;  polyelectrolyte* 
siicti  ns I,olyacrylic acid [\Y. Regelson S. Kuhar .  31. Tunis, J. Fields. J .  
J o l ~ n s o n  a n d  1::. Gluesenkamp, .\'nlure. 186, 778 (1960) ] and polylysine IT. 
I{irliarriwn, .J. l iodre t t ,  .I, Lindner, a n d  A I .  .I. Statiniann, /.'edertition I 'roc. ,  
18, :~O! I  (19.591; A I .  Sela and 13. Iiat.rlialski, . ~ ~ I Y L I ~ .  Pro te in  Chrm.,  14, 391 
I l Y . j ! l )  I s i t o \ v  antituriior ar,tivity. C'omhiuation u i  t l ie  t \ \ o  1yIx- uf v u t i 1 -  

p o i i t i d .  Iw l  to  tile syntlil--is oi polydecarbox3.pe~iiIlrx. 

Institutes of liealtli. Public Health Service. 

i i  'i .  I3crgei ancl 11:. l i a t r t i n l i k i ,  ,/. . - lnr.  Client. ,YO<L, 79, 4084 (1951) .  

ate8 \vas used for ricylatiori of the dinniiiic, I1 wis 
obtaitied i n  good yield as the hydrochloride salt. ,It 
the melting point temperature it  as converted to 2- 
oxohexnhydropyrimidiiie arid was identical with :I 

previously reported preparation.4 When mrboben- 
zox~-:3-arni1iopropyl~iine was liberated from its hytlro- 
chloride with sodium carbonate, the free base rearted 
with C 0 2  arid the carbobenzoxy-:3-amiriopropylcarbami(~ 
acid salt of carbobenzoxy-3-urniiiopropylamirie separ:it ct l 
out of the solution. 

S-~-~~sp:trt~1-3-alni1iopropylamine~ (1V) in t l i t .  I ,  
and u forms w r e  prepared by coupling of fl-hctizyl 
S-c,arbobeiizoxyaspartate (I) to I1 using the misetl 
anhydride procedure; the resulting decarboxypeptidr 
derivatives I11 gave, after catalytic hydroger1:itioii. 
IV which IT ere isolated as dihydrochlorides. 
h series of decarboxypeptides of type IX were pre- 

pared easily and iriexpensively from anhydropolj.-i)~- 
aspartic acid'" (VII) by opening of the succiriimide ring 
with :u" derivatives. The aminolysis w a b  carried 
out in dimethylformamide solution, in which the ari- 

hydropoly-uL-aspartic acid IS soluble, with n large es- 
cess of the :imine derivativc1s. This procedure w a h  
neceswry t ( 1  avoid extensive rross-linking when tli:r- 
mines were u w i  The operiiiig of the sucrinirnide ring 
was expected to  proceed similarly to the ring operiitig 
effected with whirh gave :I polypeptitlc. 
corit airiing approxim:rtelj- 435; asparaginyl and ,Tor, 
isoasparagin? 1 residues. The diamines used were 1 3- 
disminopropaiie, l,'-dixmiiiopropaiie, 1,4-diamirio- 
butaiie, and 1,G-cliamiriohexarie; the po1ydec:zrboxy- 
peptide< obtained were IXa -d,  respectively. In :uldi- 
tiori aminoet hanol, hydrazi lie aiid S,S-dimet hyl- 
h>-drazine were albo used for aniiiiolysis of IrLI, yielding 
polydecarboxypeptide IXe, c~,B-poly-i)~-as;~)artic, :wid 
hydrazide (IXf) , and dimethylhydrazide (IXg) , respw- 
tivel? . .Ill of these plyaspartic, acid derivativw w r v  

and thcri lyophilized. 
01) decarboxypeptides XI were pi.('- 

pared frvm the (.orresponding poly-a-nspart ic :wid 
benzyl esterh" by aminolysis with 1,3-diamirioprop:irrc. 
The resulting water-soluble poly- 
asparagines n-ere nlso purified hy dial\ 
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d: n, = 6: X = NH, 
e, 7~ = 2'; X = OH- 
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L- and D-poly-P-aspartic acid benzyl esters12 were 
similarly converted with 1,3-diaminopropane to poly- 
decarboxypeptides XIII .  These decarboxypeptides 
and polydecarboxypeptides were investigated for anti- 
microbial activity;I3 several of them were also tested 
for tumor inhibitory properties. 

The polydecarboxypeptides IXa-g were the simplest 
to synthesize and these preparations were available 
initially. Only IXa  exhibited significant antimi- 
crobial activity as demonstrated by the selective in- 
hibition of several gram-positive bacteria and fungi 
in serial broth dilution assays. Minimal inhibitory 
concentrations (MIC) for the fungal pathogens Crypto- 
coccus neoformans and Histoplasma capsulatum were 10 
and 50 pg/ml, respectively. For Staphylococcus aureus 
the MIC was 50 pg/ml, whereas for Nycobacteriunz 
smegmatis 100 pg/ml was required for inhibition. 

The presence in IXa  of D- and L- as well as a- and 
0-aspartyl residue suggested an investigation of the 

(12) J. Kovacs, R Ballina, and R Rodin, Chem. Ind. (London), 1955 
(1963) 

(13) Tests for antibacterial actiTity xe re  carried ou t  using Antibiotic 
Medium 3 (Difco), and Sabouraud Maltose Broth (Difco) was employed 
for  the determination of antifungal act i r i ty  Concentrations of the com- 
rmind  under teqt ranging from 1 to  1000 rg/ml nere incorporated into the 
appropriate medium. The  inoculated tubes mere incubated a t  3 i o  and 
inluhition end points nere  recorded-after 48 hr. 

structural features responsible for the antimicrobial 
activity. The L and D isomers of the poly-a-aspartyl 
derivative X I  possessed less antibacterial activity than 
IXa. D-XI, however, paralleled IXa  in the inhibition 
of C.  neoformans but the L isomer was only one-tenth 
as effective as IXa. The L isomer of the poly-0- 
aspartic acid derivative XI11 was similar to IXa  in the 
inhibition of S .  aureus, but less effective against M .  
smegmatis and C .  neoformans. D-XI11 displayed com- 
paratively minimal activity against the test micro- 
organisms. The four monomers, the L and D isomers 
of IV and VI, were completely inactive. From the 
results obtained, it was concluded that the superior 
activity of IXa was probably attributable to the man- 
ner of association of the a and residues in the same 
macromolecule. 

Experimental work recently completed, and to be 
published e1sewhere,l4 disclosed that  IXa  retains its 
antimicrobial activity in the presence of human serum, 
and that it can act synergistically with several anti- 
biotics, i.e., chloramphenicol, benzylpenicillin, oxy- 
tetracycline, and tetracycline. Mice infected with 

(14) M. A. Pisano. B. .I. Shidlovsky, H. N. Kovarn, and .I. Koracs ,  
"Antimicrohinl .4gents and Chemotherapy 1966." Ampriran Society for 
Microbiology, Ann Arbor, Mioh., in press. 
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TABLE 1 
PREPARATIOX OF POLYDECARBOXYPEPTIDES 

Polydecar- Starting 
hoxypeptide material Amine component Reaction conditions Yield, % 

IXba T'II 1,2-Diaminopropane 5 g of VI1 was added to 50 ml of 1,2-diamino- 34 
propane 

IXca VI1 Putrescine Same as for IXa (Experimental Section) 46 
IXdh T'II 1,A-Diaminohexaiie Same as for IXa (Experimental Section) 33 
1st. TI1 2-Aniiiioethaiiol 5 g of T'II in 50 ml of Dl IF  was added to 50 ml OS 

of 2-aminoethanol 
I S F  TI1 Hydrazine Same as for IXa (Esperinieiital Section); an- 32 

IXgd T'I I N,N-Dimethyl- 2 g of T'II was reflitxed in 13 g of N,N-dimet,hyl- 48 

L - X I ~  L-Xf 1,3-Diaminopropane 1 g of X in 20 ml of D M F  was added t'o 20 ml of 35 

hydrous hydrazine was iired 

hydrazine hydrazine for 45 min, then evaporated 

1,3-diaminopropane 
D-XI D-X 1,3-Diaminopropane Same as for L-XI 
D-XIIIg D-XIIh 1,3-Diaminopropane Same as for X I  72 
L-XI11 L X I I  1,3-Diaminopropane Same as for X I  53 

a The analytical values indicated the presence of about 50% free aspartyl residues with 1 mole of water. * The analytical values 
The analytical values indicated the presence of 0.5 

e Estimated molecular weight was about 60,000 [qsPjc (c 1, 
Estimated 

* Estimated molecular weight was about 10,000 [vspje 

indicated the presence of about 307, free aspartyl residues with 1 mole of water. 
H*O/aspartyl residues. 
dichloroacetic acid) was 0.441. 
molecular weight was about 20,000 [qap!e (c 1, dichloroacetic acid) was 0.181. 
(c 1, dichloroacetic acid) was 0.091. 

About 30y0 free aspartyl residues are present. 
f Estimated molecular weight was about 35,000 [vsp,e (c 1, dichloroacetic acid) was 0.271. 

of 0.16 for both I, and D isomers. This result is in agreement 
with the observation that a-aspartyl peptides gave violet colors 
with niiihydriii, while 
N-3-Aminopropyl-N2-carbobenzoxy-o-asparagine (V).--.4 solu- 

tion of 1 g (0.00285 mole) of N-carbobenzoxg-D-aspartic acid 
6-benzyl ester, mp 107-108", [aIz4D -11.97' (c 10, acetic acid), 
in 10 ml of dry methanol was added dropwise to 10 ml of 1,3- 
diamiriopropane with vigorous stirring. After standing 
overnight 50 ml of dry ether was added to the reaction mixture 
when 800 mg (847,) of solid material precipitated. It was filtered 
and washed with hexane; mp 204-205'. Recrystallization from 
wat,er-alcohol (1: 10) raised the melting point to 208-210", 
[CY] 3 0 ~  - 10.99" (c 4.53, acetic acid). 

Anal. Calcd for CljH2,S30j.H20: C, 52.75; €1, 6.79; N,  
12.31. Found: C, 52.62; H, 6.71; X, 12.08. 

L Isomer ( V )  was prepared similarly. One gram of the L- 
benzyl ester (mp 106-108", [aIz4o 10.9' (c 10, acetic acid)) 
yielded 905 mg (94Yc) of crude \-, mp 205-206', which after 
two recrystallizations from hot water melted a t  211-212", [a] 2 4 ~  

10.8" (c 5.02, acetic acid). 

peptides gave brown colors. 

Anal.  Found: C, 52.59: H, 6.81; N, 12.68. 
The hydrochloride of F-3-aminopropyl-N~-carbobeneoxy-~- 

asparagine was prepared by dissolving 500 mg of V in excess 
methanolic HCI; 450 mg of crude hydrochloride was precipitated 
with dry ether. After recrystallization from dry ethanol-ether 
i t  melted a t  178-180". 

Anal. Calcd for Cl:H&lN3Ofi: C, 50.07; H, 6.16; N,  11.67. 
Foiind: C, 49.71; H, 6.31; X, 11.31. 

N-3-Aminopropyl-n-asparagine (VI).-?i-3-Aminopropyl-V- 
carbobenzoxy-o-asparagine (1.8 g) was hydrogenated with pre- 
hydrogenated lOy0 Pd-C catalyst in water-ethanol suspension. 
The hydrogenat,ion was continued until a clear solution was 
obtained; this was filtered and evaporated in vacuo a t  room 
temperature. The residue was dissolved in ethanol and evapo- 
rated in vacuo. This was repeated three times, and 975 mg of a 
hygroscopic white solid was obtained which melted around 146- 
148" (unsharp). A paper chromatogram of 100 pg of this free 
base in 1-butanol-acetic acid-water (4: 1: 1) gave a brown spot 
with an Rf value of 0.13 when developed with ninhydrin. 

The free base (242 mg) was dissolved in methanolic HC1 and 
the solution evaporated in vacuo at 20". The residue was trit- 
urated with ether and acetone yielding 335 mg of hygroscopic 
dihydrochloride which was dissolved in methanol and reprecipi- 
tated with %propanol and ether, filtered, and dried in vacuo 

Anal. Calcd for C,H1?C12N303: C1, 27.05. Found: C1, 27.25. 
The L isomer (VI) was similarly obtained in 97y0 yield; in- 

frared (KBr), 2.95 (s), 3.15 (s), 3.38 (s), 6.05 (s), 6.42 (s) p. 
The free base was converted into the dihvdrochloride: infrared 

(PzOj); [ a I z 4 D  -24.2' ( C  1.425, 1 iv HC1). 

(KBr), 2.85 (s), 3.0 (s), 5 . i  ( s ) ,  6.0 (s), 6.35 i s ) ,  6.65 ( s f p ;  [ a I2 'D  
2Fi.8" ( C  2.53, 1 N HC1). 

Anal. Found: C1, 26.88. 
Polydecarboxypeptide 1Xa.-A general procedure for the 

aminolysis of anhydropoly-DL-aspartic acid (VII) is outlined 
below, using 3-aminopropylamine (VIII,  n = 3; X = NH2). 
Anhydropoly-oL-aspartic acid (35 g) was dissolved in 250 ml of 
dimethylformamide and was added dropwise to 350 ml of 3- 
aminopropylamine with constant stirring. The stirring was 
continued for 7 hr a t  room temperature; to the solution 600 ml 
of ether and 600 ml of petroleum ether were added gradually. 
h gummy material precipitated, which was washed with dry 
ether several times and was allowed to stand under ether over- 
night. The ether was discarded, the residue was dissolved in a 
small amount of methanol and reprecipitated with ether. This 
procedure was repeated three times. The solubility of the polymer 
in methanol decreased during this procedure. After trituration 
with 500 ml of ethanol, a light-colored powdery material was 
obtained. Finally it was washed with ether and petroleum ether 
and dried in vacuo; yield 41 g (79.5%). This polymer was com- 
pletely soluble in water, giving an alkaline solution; infrared 
(KBr), broad peaks at  2.9 (s), 3.2 (m), 3.33 (m), 6.05 (s), 6.5 
( s )  p. Reduced specific viscosity vsPjc (c 1, C1,CHC02H) was 
0 . 3 4 . ~  

A portion of this compound (10 g)  was dissolved in a small 
amount of water and dialyzed against a constant flow of distilled 
water (in a 2000-ml measuring cvlinder, 100 ml of water flow/%) 
sec) for 2 hr, then lyophilized;" yield 7.1 g (71%); qqplc (c I,  
Cl?CHCO,H) was 0.32.16 

Anal. -Calcd for C18H33N708: C, 45.5; €I, 7.0; N, 20.6. 
Foiind: C, 46.6, €1, 7.8; S, 19.7. 

The analytical values were calciilated for a polymer in which 
every third unit is a free aspartyl residue with 1 mole of watei. 
The fairly large deviation of the analytical values for the poly- 
peptide and for those described below can be attributed to the 
ability of such polymers to bind water, other solvents, and salts 
to a varying degree; it is sometimes impossible to remove these 
impurities without causing some degradation of the polymer itself. 

Hydrochloride of polydecarboxypeptide IXa was prepared from 
10 g of the undialyzed material by dissolving it in a small amount 
of water and neutralizing with 4 N HCl to pH 2.5. The hy- 
drochloride was dialyzed as described above for 2 hr; yield 8.4 g, 
after lyophilization; vSpiD (c 1, C1,CHCOZH) was 0.31.16 

Anal. Calcd for C18HgaN708.2HCl: C, 39.4; H, 6.2; ?J, 17.9; 
C1, 12.9. Found: C, 40.0; H, 7.0; N, 17.4; C1, 12.0. 

(16) These viscosity values would indicate approximate molecular weights 
of 35,000-50,000 assuming Doty's curve for poly-y-benzyl glutamate 
[P. Doty, J. H. Bradbury, and A.  M. Holtzer, J .  Am. Chem. Sac., 18, 947 
(195611 is applicable to this type of polymer. The starting material VI1 
has an estimated molecular weight of 16,000-18,000 by the same method. 



The Role of the 5’-Hydroxyl Group of Adenosine in 
Determining Substrate Specificity for Adenosine Deaminase 

The relatioiiship between structural alterations in t,he carbohydrate moiety of adenosine and t,he result,iug 
~hariges in substrate act,ivity was examined with adenosine deaminase. Of the 43 analogs studied, 16 were 
deaminated, all of them a t  slower rates than the natural sitbstrate. With the exception of adenosine 2‘- or 3’- 
monophosphate, modifications a t  t,he 2‘ or 3 ’  pohitions, including the simultaneoiis removal of the 2’- and 3’- 
hydroxyl groups or changes in their steric configuration, did not abolish substrate activity. Replacement of the 
bridge oxygen with a sulfur atom allowed deamination, but modifications at  the 1’ position prevented it. Ite- 
placement or substitution of the 5’-hydroxyl group with a variety of other groups, or removal of the 4’-hydrosy- 
methyl groiip, invariably led to loss of substrate activity. Very low activity was retained when an amino groiip 
replaced the 5’-hydroxyl group, or when, in the absence of the 5’-hydroxyl, a hydroxyl group was present. at  
carbon 3’ in a configurat,ion cis t o  the base moiety. These data show that the 2’- or 3’-hydrosyl groups of adeno- 
sine are not required for substrate activity, but t,hat the 5’-hydroxyI group is essent,ial for binding to the enzyme 
iinless its function can be assumed t,o a very limited extent by an amino or possibly other hydrogen bonding 
groups, or by a hydroxyl group at  the 3’ position cis to the base. The implication of these observations for t,he 
design of adenosirie analogs of interest in chemotherapy is discussed. 

Sucleoside analogs, particularly of the adenosine 
variety, have long been of interest in chemotherapy. 
One of the factors which severely limits the usefulness 
of many of these analogs is their ready degradation by 
adenosine deaminase. I t  is of interest, t’herefore, to 
determine which modifications in the nucleoside mole- 
cule decrease or abolish the susceptibility of an analog 
to deamination. Sumerous investigations of this 
nature have been carried out in recent years, utilizing 
structural analogs of adenosine modified in the h e  or 
in  the sugar moiety or in both.’ In  particdar, the coii- 

tributiori to biiidiug made by the 2’- and 3’-hydroxyl 
groups of t’he carbohydrate moiet’y has received c>losc 
:ittent,ion, arid t,he cwiclusioiis reached have varied, 
depending upon the typcs of analogs available f o r  
testing.? 

The availability of new adenosine analogs, all modi- 
fied in the sugar moiety arid particularly in the 5’ 
position, prompted us to examine furt’her the relation- 
ship between structural alterations i n  the carbohy- 
drate portion of adenosine arid the eiisuiiig vhanges 
in suswptibility to deamination. 

( I )  (a) k l ,  L. Schaedel, 11. J. \Valdvogel. and F. Schlenk, J .  B i d .  Chem.,  
171, 135 (1957); (b) D. A.  Clarke. J. Davoll, F. S. Phillips, and G. €3. 
I < r u u ’ i i ,  . I .  t’tiurmcbcol. E x p t l .  T h e m p . ,  106, 281 (1952); ( e )  0. P. Cliilson 
and J. R.  I‘isher, .4rch. Biocliem. B i o p h y a . ,  102, 77 (1963); Id) A. f3locli 
and (7 .  A .  Sichol, Antimicrobial  Agents  Chemotherapy,  4 ,  530 (1964); (e) 
J i .  J. Schaeffer, S. Marathe, and V. dlkr,  J. Pharm. Sei.. 63, 1368 (1964): 
( f )  A. Cuddington, Biochim. R i o p h y s .  dctu, 99, 442 (1965): (9) G. .I, Le- 
Page, and I. G. Junga, Cancer Res. ,  26, 16 (1965). 

( 2 )  (a)  H.  J. Schaeffer, K. K.  Kaistha, and S.  I(. Chakraborti,  .I. Z ’ h a r m .  
Sc i . ,  69, 1371 (1964); 
63, 1510 (1964); ( e )  J. E. Cory and R.  .J. Subadolink, Biochemirtry. 4 ,  17-. 
(1065); (d) 1%. J. Schaeffer and P. S. Rharrava,  <bid., 4, 71 (1965); ( V I  

JI .  .J. f+Iiaeffer and E. Odin, J. P h a r m .  Sci., 64, 421 (196.5): ( f )  S. VrederiL- 
son, A r c h .  Biochem. Biophys., 113, 383 (196t:); ( a )  .1. T,. York ani1 C:, \. 
T,rPage, Can. J .  Bincham., 44, 331 (1966). 

(b) H. J. Schaeffer. D. I). Godse, and G .  Liu. i h i  

Materials and Methods 
The deamination of adenosine, 2’-deoxyadenosine, and of their 

structural analogs was followed spectrophotometrically at  26: 
m ~ . ~  The measiirements were carried out at  25’ with a Gilford 
absorbance recorder (RIodel 2000) and a Beckman mofiO~hF(~- 
mator. 

Adenosine deaminase, type I, from intestinal mucosa ( l o t  
95B-9022) was purchased from Sigma Chemical Co. -4. specified 
by the supplier, this preparation deaminates adenosine d‘-mono- 
phosphate (5’-A4TP) a,t less than O.O1cc the rate a t  which aderi- 
osine is deaminated. This activity is held to be due to the preh- 
ence of phoqphatase. Niicleoside phosphorylase, myokinase, 
xanthine oxidase, and guanase activity is also below 0.0lC5 of the 
:tctivity foiind i n  the rritde extract. The enzyme was diluted i i i  

0.0.5 .If phosphate buffer, pH 7..5, to a concentration of 0.280 
iinit/ml ( I  unit being defined ari that amount of enzyme which 
c:uises the tieamiliation of 1 @mole of adenosine to inosine/min at 
pTI 7.5 and 2.5”) .  The assays were carried out by adding 0.1 nil 
of this solution to 2.9 ml each of 5 x J f ,  and 
2 x 10-4 ’19 substrate in 0.05 Mphosphate buffer, p1-I 7.5 .  Sinw 
the rates of deamination at  the two highest substrate concentrn- 
tions differed little, the enzyme appears to be essentially saturated 
at these levels. Progress of the deamination was recorded until 
the reaction was virtually completed. The rates of deaminatiori 
of  those analogs which were deaminated very slowly were deter- 
mined by increasing the amount of enzyme from 5 to 100 times 
(see Table I) .  All of the compounds which were apparently not, 
deaminated by the initial low enzyme concentrations were re- 
examined in the presence of 30 times the amount of enzyme. 
Since the activit,y of the enzyme in the buffer solution changes 
markedly upon standing (in the cold), a new solution was pre- 
pared after every 4 hr, and the rate of deamination of adenosirir 
was determined alongside each analog determination. 

The buffer-insolitble compound X was first dissolved in 0.02 
nil of dimethyl srilfoxide (DhlSO),4 and its rate of deamination 
was compared to the rate of deamination of adenosine i n  H ni iy-  
tiwe containing an eqiial :inlolint of  D34SO. 

Ji, 1 X 


