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21. Reduetive formylation of the azo linkage fal-
lowed by ring closure in formamide—formic acid® gave
the substituted 9-phenylguanine (22).  Acid hydroly-
sis removed the acetyl blocking group with generation
of 23,

Experimental Section

Melting points were faken in capillary tubes on a Mel-Temp
block und are uncorrected. Each analytical sample showed
proper uv and ir speetra, moved as a single spot on te on Brink-
mann silica gel GF, and gave combustion analysis for C, H,
and N or F within 0,495 of theory. The physical properties of 5~
16 are listed in Table II.

Acetamidoethyl p-Nitrophenyl Ether (19a). A.—To a salution
of 4.92 g (20 mmoles) of 17a! in 40 ml of CHCl; was added 3.1 g
(22 mmoles) of hexamethylenetetramine. The mixtiure was re-
fluxed with stirriug for 100 hr, during when the iutermediate
heximonium bromide separated. The Intter was collected on
a tilter, washed (CHCly), dried, and added to a mixture of 8 ml of
11,0, 40 ml of EtOH, aud 10 ml of 12 N IICl.  After 24 hr the
mixeure was filtered from the separated NH,Cl, then evaporated
in vacuo. 'Lhe residual, c¢rude 18a-HCI was dissolved in 530 ml
of CHCl; and 8.1 g of EtyN.  To the hot solution was added 4.1 g
of Ae;O over a period of about 10 min.  The cooled sohition wux
washed with three 100-inl portious of .0, then dried (MgS0Oy),
and evaporated ¢n vacwo. Reerystallization from CeHe gave
20 g (4597) of ervatals, mp 121-122° Anal. (CpHENOL)
¢, H,N.

(11) B. R. Baker aud G..[, Lourens, J. Med, Chem. 11, 26 (1968), paper
CIX of this series.

Vol 12

B.--T'o n suspension of 10 g (335 nimoles) of p-nitrophenyd
phthalimidoethyl ethert in 100 il of refluxing FrOTT was added
377 g (0. mole) of 85775 hydrazine hydrate. Solintion was cedin-
plete in 2 min and g precipitade separeded n 85 e, Afrer
nototal of 20 min, the Lot mixture was treated with 200 ml of
3N HCL After 10 min, the mixture was cooled and the phtlad-
hydrazide was removed by fileration. "The filtrate was evaporated
o vaeuo nnd the rexidual 18a-11CT 4 NuH,-HCT was aeetylated
as abave. Reerystadlization fram Cellg gnve 4.0 g (53000 of
erystalg, mup 120-120°%, that were identical with preparation
Al
Acetamidopropyl p-nitrophenyl ether (19b) wax prepared {roin
17b* and hexamethylenetetramine as deseribed for 17a; vield
4655, mp 117-118%  dnal. (CoHaN.04) C 11, N

p-Aminopheny! Acetamidoethyl Ether (20a).-A solution of
1.12 g (5 minoles) of 19a in 100 ml of E¢OH was shaken with 1.
at 2-3 atm i the presence of 50 mg of tOy nntil reduetion af the
Ny group was complete.  The filtered =olution was evapornted
invacun.  Reeryvstallization ol the residue from tolnene gave .85
¢ (87001 oC white ervstals, imp 03-04°0 Inall (Cuyl LyNGLY O,
11, N.

Similarly, 20b was prepared in TOC0 vield, mp 70 s07.
(CulleN:0,) C, 11, N.

9-(p-Aminoethoxyphenyl)guanine (23a) was prepured from
20a vi¢ 21a ax dexcribed for O-(p-aminophenylguanine,® except
the free hase wis released at pll 10 with N1LOH; yield 224,
mp >300%; Aaae (pIL 1) 270 (ufl), (pll 13) 270 mp. Aanl.
(CiallaNeQ2) () 11, N.

Sunilarly, 23b was prepared 10 4077 vield asg white crystals ¢hat
were uniform ou tle in 3:5 KtOH-CHCL, but gave erratie eom-
bustion vahies,

Arail.

(12) ¥ :
3880 (1059).
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Thirty-eight candidate irreversible inhibitors of guanine deaminase derived from 9-phenylguauine with a terini-
nal sulfonyl fluoride bridged to the meta or para position of the phenyl moiety by an amide or ether linkage were

evalnated with the enzyme fromn Walker 256 rat tumor.

Three of the compounds (6, 7, 9) were excellent irre-

versible inhibitors of this enzyme, but also showed o isozynie specificity since these could also inactivate the rat

liver enzyme.

Of the 13 compounds showing moderate irreversible iuhibition of the Walker 256 euzyine, fonr

(5, 28, 30, 31) showed isozyme specificity with no Inactivation of the rat liver enzyme.

The design, synthesis, and evaluation of active-site-
directed irreversible inhibitors* of guanine deaminase”
has been a project in this laboratory. 9-Phenylguanine
(1) was found to be a good reversible inhibitor of the
enzyme, being complexed slightly better than the sub-
gtrate.® It was then established that the 28-fold
inecrement in binding by the phenyl group of 1 was due

(1) This work was generously supported by Grant CA.08695 from the

National Cancer Institute, U. 8. Public Health Service.

(2) For the previons paper in this series see B. R. Baker and W. I, Wood,
J. Med. Chem., 12, 214 (1969).

(3) For the previous paper on this enzyme see B. R. Baker and W. {*,
Wood, ibid. 11, 650 (1968), paper CXXIIT of this series.

(4} B. R. Baker, "Design of Active-Site-Directed Irreversible Euzyme

Inhibitors. The Organiec Cliemistry of the Enzymic Active-Site,” John Wiley

nud Sons, lne., New York, N. Y., 1967.

(3) For the cliemotherapentic utility of a tumor-specific inlithitor o
ruanine deaminase see B. R. Baker, J. Med. Chem., 10, 5 (1967), popec
LXXIIT of this series.

(6) 1. k. Baker and D, V., Raati, ihid., 10, 62 (1467}, papec LN NIV of tlds

corivs,

ta a hydrocarbon interaction with the enzyme.” Irom
a study of the nature and dimensions of this hydro-
phobic bonding region,® compounds of types 2 and 3
were considered likely candidutes as irreversible in-
hibitors of guanine deaminase that operate by the

0
AN,
il LD
1LR=H
R 2, R=m-NHCORSO,F
3. R = p-O(CH,),NHCORSO,F

{0 B R Baker niol WL, Wood, ¢rid., 10, T1O1 (1967, paper C11 of 1bis
TN
8y B0 G Bolser ol W, 10 Waood, dhad, 11, 61 (FUGS), paper CNNA{{ of

thiz seried,
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active-site-directed mechanism;?* the results with these
two classes of candidate irreversible inhibitors are the
subject of this paper.

Enzyme Results.—In addition to the use of a com-~
mercial guanine deaminase from rabbit liver, the
enzyme from Walker 256 rat tumor and rat liver have
now been employed. Reversible binding to the enzyme
from rabbit liver and Walker 256 is similar as shown
in Table I; little more than a twofold difference was
observed. Thirty-eight candidate irreversible in-
hibitors of types 2 (Table II) and 3 (Table III) were
synthesized and evaluated as irreversible inhibitors
with the enzyme from the three sources. The last
compound synthesized (4) showed irreversible in-
hibition of the rabbit liver enzyme. Since 4 had an
I, = 2.5 uM, it could be assayed at 12 uM (514) by
the standard inactivation assay where the amount of
remaining enzyme was assayed by the rate of con-
version of guanine to xanthine.® However, no ir-
reversible inhibition of the rabbit liver enzyme was
shown by 4 at an I;, = 2.5 pM concentration. This
lack of irreversible inhibition by an Ij concentration
of some inhibitors of trypsin,’® chymotrypsin,!! and
dihydrofolic reductase'? has been traced to the high
potency of reversible inhibition by the compound,
which limited the concentration of the inhibitor to a
value below that of the enzyme in the incubation.
This was resolved in previous cases'®~!? by using a more
sensitive assay in order to reduce the enzyme con-
centration below that of the inhibitor in the incubation.
The results with 4 in the inactivation experiments
indicated that the guanine deaminase concentration
was on the order of 1 pA/; thus, many of the potent
reversible compounds in Tables IT and III when as-
sayed at 5I; would be present in less concentration
than the enzyme. Therefore an assay more sensitive
for guanine deaminase was devised; futhermore, all
the inactivations were performed with 12 uM inhibitor
by removing excess inhibitor by octanol extraction
prior to assay of the remaining enzyme. With this
new assay system, a number of the candidate irrever-
sible inhibitors were then found to be effective.

One of the most effective irreversible inhibitors at
12 uM was the sulfonyl fluoride (6) derived from 9-
(m-benzamidophenyl)guanine; it was studied in con-
siderable detail to establish the methodology. With
its I = 0.035 uM, 6 was an excellent reversible in-
hibitor, being 72-fold better than the sulfonamide 4;
therefore, when 6 was assayed at 51, = 0.17 ud as an
irreversible inhibitor of the Walker 256 enzyme by the
earlier assay,® no irreversible inhibition was seen for
the reasons discussed above. In contrast, 12 i/ 6
showed 1009, inactivation of guanine deaminase when
assayed by coupling with xanthine oxidase. I‘urther-
more, 6 was fairly effective at 1 43 and still showed
detectable irreversible inhibition at 0.25 xJ, but not
0.07 w3, thus the upper limit of the incubation con-

(9) B. R. Baker and W. F. Wood, J. Med, Chem., 10, 1109 (1967), paper
C111 of this series.

(10) B. R. Baker and E. H, Erickson, 7b1d., 12, 112 (1969}, paper CX LIV
of this series,

(11) B. R. Baker and J. A. Hurlbut, ibid,, 12, 118 (1969), paper CXLYV of
1his series.

(12} B. R. Baker sl R. B, Meyer, Jr., ibid., 12, 108 (1969), paper CXLIIT
of this series.
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TasrLe 1

REVERSIBLE INHIBITTON® OF GUANINE DEAMINASE FROM
RaBBiT LIVER AND WALKER 256 Rar Tumor BY

0
N,
it L
2NNSN
R
M conen for 509 inhib———
No. R Rabbit liver’ Walker 256

1 H 10 8.0

p-CH; 3.5 8.2

m-CHj 2.0 2.6

p-Cl 3.8 2,1

p-CF; 4.3 8.0

p-OCII, 0.20 0.35

p-OKEt 0.098 0.19

p-Et 1.3 2.3

p-NH, 25 22

m-NH, 3.9 9.0

p-CeHa 0.36 0.54

3,4-Benzo 0.22 0.28

p-COOH >200 130

p-CONH, 13 23

e Assayed with 13.3 pM guanine in pH 7.4 Tris buffer coutain-
ing 109 DMSO as previously described.® ? Data from ref 8.

centration of enzyme can be estimated to be on the
order of 0.5 udd.

Removal of the 2-Cl atom of 6 to give the parent 7
resulted in a threefold less effective reversible inhibitor
and a somewhat less effective irreversible inhibitor;
insertion of a 4-Me (8) increased reversible, but de-
creased irreversible, effectiveness. When the m-SQ.F
molety of 7 was moved to the para position, the re-
sultant 9 was still as effective as an irreversible in-
hibitor of the Walker 256 enzyme.

The p-benzamides (10, 11) were not only poor re-
versible inhibitors, but showed no irreversible in-
hibition. In contrast, the p-sulfonamide (13) showed
irreversible inhibition of Walker 256 guanine de-
aminase, but 12 did not. The m-urea-bridged in-
hibitors (14-19) varied from poor to ineffective ir-
reversible inhibitors of the Walker 256 enzyme.

Insertion of one (20), two (21), or four (22) methy-
lenes between the amide and phenyl moieties of 9,
20-22 were less effective than 9 both reversibly and
irreversibly. In contrast, insertion of an oxymethylene
moiety (23) in 9 led to loss of irreversible inhibition,
even though the bridge distance between the amide
and SO,F moieties was the same as in 21.  Such 4 loss
of irreversible inhibition by replacement of a methylene
group by an oxy has been previously observed with
inhibitors of dihydrofolic reductase and conforma-
tional reasons for this difference have been discussed.!?

Insertion of a p-OCH; group (24) on 9 caused a large
loss in reversible binding and complete loss of ir-
reversible inhibition; similar results were observed
with 25-27.

The candidate irreversible inhibitors derived from

(13) (a) B. R. Baker aud G. J. Lourens, ibid., 11, 666 (1968), paper
CXXVII of this series; (b} B, R. Baker aud G. J. Lourens, ibid., 12, 92
(1969), paper CXXXIX of thiy series,
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Tasrg Il

IRREVERSIBLE INHIBITION Ot ({UANINE DEAMINASE BY

Q
AN
PEASNANN

R
Iniuls, Tioee, %
Nu. R Sonree (a0 w M ull i inaceva®

4 1m-NHSO,CeH SO F-p Rabbit liver 12 61) G2
2.5 61) 13
W2H6 2.6 12 G0 ROy

12 60) 20)

Rat Hiver 12 (1) 22

b} =N H3O,Cel 180 - W256 0,54 12 61) 24
Rat liver 12 Gl) b

6 1m-NHCQ CeHy-2-Cl-5-80),F W250 0,055 12 B0 100

| 61) 65

).25 [§0) 15

0,07 Gt} )

at liver 12 61) S

1 60) 0

Rabbit liver 12 61) 100

7 =N HCO CeH 30, 1= W2506 (R 12 Gl 03
1 60 i

Rat liver 12 60 I

Rabbit, liver [IRE 12 60 3t

& m=NIHCOCglig-4-Ne-3-80, 1 W206 0,038 12 60 35

3 61) 27

Rat liver 12 60 w3

abbit liver {2 61 22

O m-NHCOCsH S0, F-p W256 0. 064 12 65 04

! 318} 45

Rat liver 12 60 0l

{ 60 3D

1tabbit liver ), 02 12 60 86
10 p-N HCOCHS0.F-p W256 18 120 r

Rabbit liver NG IR 120 -

11 »-NHCOCHS0F-m W256 150 10f 60 1}
labbit liver 70 40/ (§0) {y

12 p-NHS0,Cel180:1-p W256 3 Bh 51) )
Rabbit liver Bh 75 60 oy

13 p-NHROCHSOF-n W256 02 20) 50 RR
Rat liver 20 61) 35
Rabbit liver 20) 210) 60 o

14 m=-NHCONHC SO -m W256 0.12 2 50 45
Rac liver 12 50 74

Rabbit liver 0. 10 12 610) 0

15 m-NHCONHCH ;-2-Cl-5-80,17 W256 0.35 12 50 51
Rat liver 12 1) <4

Rabhbit liver 12 (50 100

16 m-NHCON HCl3-4-Me-3-50.F W256 0.072 12 60 1"
7 m~-NHCONHCI,-2-0OMe-5-S0,F W26 .10 12 60) 1
1% m=-NHCONHCH SO F-p W2h6 0. 0534 12 6l 1
14 m-NHCON HCeH ;-3-Cl-4-S( 1, F W2h6 0,053 12 51) )
20) m-NHCOCH,CeH SO0 F-p W256 0. 16 12 60 O
Rac liver 12 1) 36

21 =N HCO{CHLCollgsOLF-p W256 {1, 21 12 61} [
Rat liver 12 61) 205

22 m=-NHCOCCH )G S0 p W256 (.22 2 0 62
Rat liver 12 60) B

Rabbic liver 0.15 12 6 1

R n-N HCOCH O CsHS O -p W256 0,25 12 60 0
24 $-0Me-3-NHCOCHSO,F-p W256 17 25 60) {y
25 4-(Me-3-NHCOCH&RO.F -y W256 2 25 61 1
20 4-OMe-3-NHCONHCH& 0¥ -p W2H6 1 25 8 {r
27 4-0Me-3-NHCONHCHSOLF-m W250 1H 25 61) ty
REYG m=-N11COCH.Br W256 1,20 (2 6O 30
Lat fiver {2 io B


w-XHCOCH-.Ur
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TasLe II (Continued)

Inhib, Time, %

No. R Source 150,% uM uM min inactvnd
29 p-NHCOCH:Br W256 10 10 120 0
Rabbit livere 16 16 120 0°

e Assayed with 13.3 »M guanine in pH 7.4 Tris buffer containing 109, DMSO as previously described;® Iy = concentration for 509,
inhibition. ? Incubated at 37° in pH 7.4 Tris buffer containing 109, DMSO, then the remaining enzyme was assayed with guanine,
xanthine oxidase, and 2,6-dichlorophenolindophenol as described in the Experimental Section, unless otherwise indicated. The results
are an average of duplicate experiments. © Assayed by conversion of guanine to xanthine.® ¢ Three CsH-:OH extractions were needed
to remove inhibitor. ¢ Data from ref 3. / Maximum solubility. ¢ See ref 9 for synthesis.

TasLe 111
IRREVERSIBLE INHIBITION OF GUANINE DBAMINASE BY
0

N,
vl L
TINTON

OR
Inhib, Tiie, %%
No. R Source 150,% uM uM win inactivn®
30 (CH.);,NHCOC:HS0.F-m W256 0.07 12 60 47
Rat liver 12 60 0
31 (CH,):NHCOC:H,SO,F-p W256 0.28 12 60 46
Rat liver 12 60 0
Rabbit liver 0.31 12 60 ~0
32 (CH,),NHCOC:Hs-4-Me-3-SO.F W256 0.15 12 60 ~0Q
Rat liver 12 60 ~0
Rabbit liver 0.25 12 60 0
33 (CH)NHCONHCHSO,F-m W256 0.070 12 60 43
Rat liver 12 60 28
34 (CH,):NHCONHCHSO,F-p W256 0.067 12 60 0
35 (CH,).NHCONHC,H;-2-Cl-5-SQ.F W256 0.13 12 60 18
Rat liver 12 60 22
36 (CH.):NHCONHC;H;-4-Me-3-SO.F W256 0.043 12 60 0
37 (CH,):NHCONHCH;-2-OCH;-5-SO,F W256 0.084 12 60 0
38 (CH,);NHCOCH SO, F-p W256 0.18 12 60 0
39 (CH,);:NHCOCH,SO,F-m W256 0.14 12 60 ~0
40 (CH,),NHCON HC.HS0,F-m w236 0.0095 12 60 0
41 (CH.):NHCONHCH,SO,F-p W256 0.036 12 60 0
ab See corresponding footnotes in Table I1,
9-(p-alkoxyphenyl)guanine (30-41) were excellent re-  of the rat liver enzyme and two (4, 13) were of the same

versible inhibitors of guanine deaminase with I’s  order of effectiveness on the rat liver and Walker 256
in the range of 0.01-0.28 w3 (Table III). This varia~-  enzymes. Of the eight compounds less effective as
tion in Iy indicated that at least part of the phenyl-  irreversible inhibitors of the rat liver enzyme, four
sulfonyl fluoride moiety was in contact with the enzyme (20-23) showed some inactivation of the rat liver
surface. Of these 12 compounds, only three (30, 31, enzyme and four (5, 28, 30, 31) showed no inactivation
33) showed appreciable irreversible inhibition of the  of the rat liver enzyme. Although isozyme specificity
guanine deaminase from Walker 256 rat tumor. has been achieved with the latter four compounds,

The effective irreversible inhibitors of Walker 256 these are not sufficiently effective on the tumor enzyme;
guanine deaminase in Tables II and III were then however, by further substitution it should be possible
assayed with the enzyme from rat liver to determine to achieve better irreversible inhibition of the tumor
whether or not any of the compounds were specific enzyme without loss of specificity. Similarly, further
irreversible inhibitors of the tumor enzyme. The  study of analogs of the highly effective, but non-
three irreversible inhibitors at 12 p3 giving >909, selective inhibitors (7, 9) may lead to compounds with
inactivation of the tumor enzyme (6, 7, 9) were also  more irreversible specificity toward the tumor enzyme.
effective irreversible inhibitors of the rat liver enzyme. A few of the compounds that were effective irrever-
The 13 inhibitors giving 25-709 inactivation of the  sible inhibitors of the rat liver enzyme were tested on
rat tumor enzyme were also checked as irreversible rabbit liver enzyme. Four of the compounds (4, 6,
inhibitors of the rat liver enzyme. Of these, three 9, 15) were about equally effective irreversible in-
(8, 14, 15) were more effective irreversible inhibitors  hibitors of the two liver enzymes, three (7, 8, 22) were
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move effective oo rat liver, and two (13, 14) showed uo
irreversible inhibition of the rubbit liver enzyme; thus,
the rat and rabbit liver enzymes ure not identical.

Although reversible binding of substituted 9-phenyl-
gitanines to xanthine oxidase and gnunine deaminase
is quite similar,®™® these two enzyme are readily
differentiated by ireversible inhibitors. (1) Guanine
deaminase, but not xanthine oxidase, can be irreversibly
inhibited by jn-acylamido-9-phenylguanines bearing a
terminal SO.l moiety. (2) In contrast, xanthine
oxidase, but not guanine deaminase, can be Irreversibly
inhibited by p-acylamido-9-phenvlguanines bearing n
terminal SO,F moiety. (3) para ethers on 9-phenyl-
guanine with a terminal SO." moiety such as 30 and
31 can inactivate guanine deaminase but not xanthine
oxidase.  (4) Both m- and p-benzenesulforzunido-9-
phenylgnanines with a terminal SO.lY group can in-
activate both xanthine oxidase and guanine deaminase.

The cffective irreversible inhibitors of guanine de-
aminase and xanthine oxidase correlate well with the
respective maps of their hydrophobic bouding ve-
gion=.* Thosc compounds that project the SO,
gronp into a hydrophobie bounding region are not ir-
reversible inhibitors as predicted.  Contrariwise, all
of the effective rreversible inhibitors projected the
SOuF molety into a polar region; those eandidate con-
pounds that projected the SO:17 group into a polar
region, hut were not irreversible inhibitors, apparently
were not in juxtaposition to a snitable enzyimie nneleo-
philie group sneh as o seriue hydroxyl aud therefore
did not form a covalent bhond.!*

Experimental Section?

The =ynthesiz of the componnds tu Tables LX I and 1117
have been dexcribed previously.
Enzyme Assays.—The ussay of the lunctivation of caunnereial

(1O For uvomponad by vomporad analysis xee W, 7 Wood, DL thesis,
Uudversity of California at Santa Barbae, Oct 1968,

guauine deaminase (rom rmbbie Nver by measurenient of the raae
of couversion of 13.3 pM guanine to xanthine has bheen previeasly
desvribed.®  Assuny of enzyme Inaetvation by eonpling with
xinthine oxidaxe, nx measured Dy redirtion of  2,6-dichiloro-
phenolindophenol (DCPE)2 was aboue ten times as =ensitive.
Furthermore, n nmceh higher concentration of inhibitor tlea 51,
could be used by removing the inhibicor by 1-octauol exarmetion
prior to assiy ax (ollows.

Guanine deamiiuse was present in the 45900, 1IN0,
fractione from Wadker 236 raf tiimor and from ratv liver nsxed
for dilydrofulic rednetase.® Thix fraction (1 ml/g) from Walker
256 was dilnted 1210 foe inenbation; the rat liver preparation
wix diluted 1:40.  Bovine xanthine oxidase (40 uniixml; |
it converts 1 ogmole of xanthine to urle acid in tomin) wis
purchased and dilnted 1:50 with buffer (0.05 M Tris, pll 7.4
for ax<ay, DCPI wax dizzolved i1 11,0 at 0.1 mg/ml. In a
tube labeled Cy were placed 0.45 ml of diluted cazyme and 0.45
ml of additional enzyme for each Yy point necded.  The solution
wits placed 1 an iee bath netil vready for assay. Ta a tibe
labeled L, were placed 0,45 1wl of butfer and 50 pl of DMSO
containing inhihitor; this was also placed moau iee bhath, 1o
i tube Inbeled Co. were placed 0.45 ml of dilnted enzynie and 50
wl of DMRO; this was enbated ac 37° for © e, then cooled
in o dee batle Inoa abe labeled T were placed 0045 il of
diluted enzyime and 50 gl of DMRO cantaining inhibitor; this
wits sl fieathced ae 37° for 1 he, then placed 1 an icee bath.
Inneh tnbe except Cnowis owice extracted with 2 ml of 11,0+
satnrated 1-octanol, 0.5 1l of <olntion by Vortex mixing for 30
s¢e, centriingation for 3 min anelintenl centrifnge, and renoval
of The T-oetansl with an eye dropper.  Tnoall bt the Ly tnbe, o
pratein pellet formed at the interphase which contained s
gnanine deamninase ard was merely pushed (o the =ide of the
titbe.  All bitt the I tube were assayed as follows.,

e Lamd glass envette were placed 0,55 mil of buifer, 100 4l
of DCPL, 50 pl of xanthite oxidase, 200 wb of 66.7 p W guanine
(cuvette poncentration = Ly g M), and 100 wl of incubation
solution.  The rate of decrense of O at 60U mu wiax observed;
the Ca dignot showed o rate of 0.01-0.015 0D nnit i when
measnred with a Gilford recarding specetrophotameter and wlen
carrected for o blauk containing no gunanine.  The Lo tube was
axayed similarly by addition of 100 ul of Co uliquot 1o place of
100 pl of the buffer.  The OD) ehange/min was linear with gnandne
demsiniinse concentration.,

1 Uhe techaieal assistaaee of Julie Lesonaa, Mareca Balior, wid leaw
Reesder with Lhe snzyme assavs is ackaow)edued,
(1) 15 R Baker sead Gl Loareas, ihed,, 10, 112300 L1652, juper GV 5

hix sericy.



