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This report describes the develpment of a

direct, spectrophotometric esscy for cTginase.
'I'h e C3S,SOY n12Y be conveniently used a t lugh sub­

strate concentrations (8Km) for assaying crude

sources of nrgin2se� 2nd for steady-state kinetic

stUdies of the enzyme. The aSBey hRS the odvontnge
over other conventiOTI81 colorimetric essays, in

th2t fest a.nel. �lccurc_te.
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A DIRECT SPECTROPHOTOHETIHC ASSAY FOR ARGIFAS·i�

H:TRODUCTIO.tJ

Liver enzymes are of special interest when studying
mechanisms and control of enzyme degradation, since 40%
of the enzymes in the liver are replaced daily. Arginase,
an enzyme found in the liver of ureotelic organisms, proves

to be a good model for studying protein turnover since it has

been shown that its rate of degradation in the rat liver may

be varLe d considerably depending on the amoun t 0 f protein in

the rat's diet (1). One major problem in working with

arglnase, is that there is no convenient and accurate assay

for the enzyme.

Arginase catalyses the cleavage of arginine to ornithine

and ur c a, 1','l.:2DY .i.ntri r-e c t , colorimetric technioues h av e been

developed for assaying arginases, the most popular of these

measures the formation of urea (2). The problem with these

Gssays :Ls that they r e ou ir e Cl 30 (j) or 60 (4) minute boiling

step an d that the colored cornpLere s formed are light L?bile,
thus requiring special pr-e c au tions during the assays. 'I'h e

vCJriotion of 1·�ichaeLLs constants reported for bovin.e liver

&rginase, ranging from 2.6 (5) to 7.0 m� (6), are possibly a

reflection of the assays av a.i.Lab.Lc, \Va.rd and Srere reported
(J direct, spectrophotometric assay for argil1c�se based on the

difference in absorption between products and reactants at

[�05. 7 nm , The elssay .i s useful for routine 2.SSDYS, but it mey

not be used for steady-state kinetic studies for arginase
since it can only be use� 2t substr2te concentrations of

c:.p�9rox=Lm9.tely 15% Vr:12.X (less than 2ml·I). This report .i s em

extension 0 f ViaI'd. 2.11 cLSrer e 's m c t.ho d vI111 eli a.l l owa it to be

used on cruder sources of arginase, and for studying the

A
.. THis t.h o ae s f'o Ll.o v-n the form2t recoi.l1i:1en(ec� by the

J·ourl1rd_ 0 l' BioJogic[.l Ch em.i rrt r-y ,



T:SCln'�I

, '-'
�erl2,..l.S

'GrCJ6e At hyclrochlorides of L-2_rgill:Lne (Loti;'� ?00326)
and Irornithine (Lot;�: 601361) rferer.rpurchased from CD1biochem,
,r

..

' j,"l ()l. ' U'l t,r:-.,'... Pur e '
ure C·r O-l--_IJ HT109L) ur ch ::>(1 "'rOl' CC'l r"//" � , _ . 2 L: t_, rr '/, .� VIUS P ..L I C:} Se) I ,11 I� 1 \'f2 L

Mann. Beef liver arginase was purchased from Boehringer
oim (I!Ot7/ 1276508/1) and Worthington Biocher:licc,l Co.CCot;:/

AR36C869) •

All snectral measurements were done �'TJ' t h rJ ("
'::1ry 750 rl e1 1 5x , _ .J.. c.... \. VL'_ 1..1.. vI...,

recording spectrophotometer using Quortz cuvettes(pathlength
1.0 cn ) lTI2de by Pyrocell 1�8nufccctorj_ng Co •• !�ll

\'Iere b:::ken w.i t.h C' R2(hometer nodel 26 DE meter.

me;:;surernent s

�'Ietho cis

Solutions of 0.5mrI L-c:rg=i_nine,. 2mI'I L-ornitilj_ne, �ond 50mlI
urea were set to pH 9.5 and ? • 5 1,.';'i thO. 11" I _i,

solutions TIere sC2nned betDeen 215 and 204nm 2t 2 fixed

slitwidth of D.5mm.

The obsor�tion snectra of arginine, ornithine, eDd urea

at pH 9.5 are ShODD in Figure 1. The difference aboorntion

GO sho�n 2nd caD be

seen to incrcc"se sherpLy b eLo v. 215nrn. Consequently, the

absorbance change accompanying the conversion of 2rcinine
to ornithine plus uree Dill be D9ximized by using the lo�est

possible D&velength.
In a �yplcal assay De used 2.5ml of L-arginine solution

with concentrations ransing from 0.10 to 15.0mM. The solution

h been adjusted to a
-!' 0 5 "l '-', 0 l-�I':r-,""IT01. ;;. \.' __ �i.!. • h ..,\c,U.ll. To .i.nL tiC? t e

the re.:::;cLLon 8)proximately one unit of 23,r8in;],'3e \',;2,8 edded

to the substrcte. A wavelength l' � e-) c�
'\100 selected E;O t.hut the

2bsorb2�ce TIas still in the usable r2n;e of the spectro8hoto-
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TAF)LS 1. Eolor AbsorpU_on Co e fficj_en t s for Lrginine,

Ornithine, Dnd Ure2 �t DB Y.� Fnd 7.5.

1';,!Dvel ength l·=olar Ab sc)ro tio:n Co e ffi ci en t
,-,

Arg

215m;: ') 7,9 5<-> •

,? 1 L1- 277.6

213 333.7
,212 395.8
21 1 LI·72-.9
.: 1 0 593.2

209 '7 jl+. Lt·

208 914.8
,20,( 1 140.3
206 1L1-20.8

205 175L�.0

204 2193.�-

Orn Uree:

At.
b

1 :)9.2 12.6 98

158.0 2.9 1 17

175.3 5.3 lc:;r;.//

192.8 3.8 laq./ ./

21 =;. 1 L:-.5 261

,236.0 5.4 ��52

260. 1 6.'7 468
286.1+ (3. LI 620

314.2 10.6 816

:545.2. 13./ 1062

375.4 17.'7 1361
�-1 1 • ?

.-,"7 '7 1758�<�).

c:

215hm

214

78.52
103�17 41.06

1+6.69
52.5L+

58.70

65.63

1.02

1 .25

1.50
1 .91212

133.5L�

177.3Ll-

23�-. 75

314.48

Lf;?3. 0 '7

564.46
'7 L:-O. 81 89.96

99. 16

108.88

211

210

209

208 o 1 ') J,
U • (_--'-i" 5.80

7.87207

206

205 1264. :5
1615.4 20.

60.8'?

122.89
17=;. '70

2L�5.56
:34L�. 3�·

062.64

llLt-O.7

1475.7



meter once the en7,y1',1e ries Ddded. The ab so rbcn c e du o to the

enzyme solution must be determined inde]endently, since its

cobsorption c�_epends on the source of DrGin�;1se. For examn1c,
fron the

) ":,� c' rl et cr..m i. ....1 e \rl ('..r t�.J C ._J \..A.. JJ,... J .• .-/ _I.. V

.215nm r:here the 2bsorbanc e FDa 2. L�7, wh iI e the .in.i tied

velocity at the 10TIest substr�te concentration (0.41m�) D2S

determinecl at (20�-ml vrh er-c the absorbance VIDB 0.90. i.o t c thr.t

if the 10.5mM solution TIas run at 204nm, it would have 2n

absorbance of 22.6; for this reason the initial velocity
was determined at 215nm.

CalculD.LLng Initi31 Velocitj_es and the l-lichc}elis Const2nt

Absorbance TIas recorded for about one minute after the

ded to the substrate. Initial velocities were

c1etermined 1 •

oy me(";'_surJ_ng the &bsorbnl1ce cll

first 30 seconds of the re2ction. These rates �ere converted

to Ln.I ti velocities exnressed 26 substrcte concentrction

per -elme, by dividi by t h e A £ v e1 u e s Siv en i jl �r 2 bJ. 8 1.

Initial velo c i.ti e E; "I.'Jere meE_surec�. to better th;;Jjj ± �(-/ .L the"/(_) c:: �

hj_gheGt SlJb str (�� t e conc en trn t i.o n, to better then + at

substrcte concentrations D.eer Em (2. 1rnli) , 211 c). only nt t h e

10Der GUbstr2te concentrctions DOS the uncertointy over +

li.i ch o e.l Ls co n s t o..n t e rrere obtained from I,iney'o2_ver-Dur>\:

plots
, "

t'
.

SUCD 28 -ena ShOTID In ch o cLi s

co n s tcrrt from E;ix inclcT)encJ.c:C:ct determin2tiOllG USl

of ,::'T[;i112_[)e \'_TDG 2. 10 ± o. 16 mIl.

triO sources

COLlDc1rison 0 f �aeslJ.l ts Bob-feen Coloril�etric 2nd Direct,
SDcctroDllotometric As[:�t::'.Ys

The �rGin&Ge re2ction D28 follo�ed using Archib21ds'

colorimetric uree essay (4) and our direct, spectronhoto-
metric 2SS2Y in order to 2re results obtr· eO. by both

methods. The resuJts, �0r8sentec)" in Figure J, shoy.' the c.l o ae
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agreement between the two assays. The direct assay was done

8t 211n111 wi th ClJ1 aTginine concentretion 0 f 0.4mliI, but at

.i.n t er-me c.i a t e sub at r-o t e concentrations several different

wavelengths can be used with equivalent results.

DISCUSSIOIi

In determining the Michaelis constant and the maximal

velo ci ty for s.n enzyme c at.o.l y z e d r e ac tion, Cl ca12,nd (8)
recommends the initi?l velocities to be measured over 8

substrete range from 0.2Ym to 5Km. 'I'h o v a.l u e ofAl at 215:nm
is l2Tgeenough to f0110 YT the kin e t .i. c s 0 f ar gj_ 11 2 8ere [) c U_ 0 n

and at this w2velength substrate concentrations of about SKm

can be used. At 205.7nm, the wavelength recommended by Ward

an d Srere (7), the h i.gh e s t 3Ubstrat e co n c cnt r-atLon wh L ch c an

be used is appr-o x.i.mot e.ly eque1 to I<;Jn. It is cl c r r- from Figure
1 that ne cou.l d h av o GO t ten 1 arger v21u ec; 0 f Al by ext enc�j.. nG

the studies to loner wavelengths. This was not done, however,
since substrate conc on trat Lo n S 28 lor,' as 0.0 5Kn1 c r n be run

can be conveniently carried out using the dote in Toblel 2nd

the approach described in
• 1 •

t.n i o p ap er ,

l\.rt1a.jor cJj_82dv Em tOEe 0 f th e aSf3DY de scribed here is that

it :Ls de�gen6_ellt; the ebsorpt:Lon spectre. of both orgj_l1ine
and ornithine vary TIith

's reouires redetermining the absorption spectre ot the pH
oft erest. For tun n tely, [1 e JJ [\ tic argin r:' 8 e:3 11 cW e t: r.L de r [-' ng e

optima, occuring bet�een 9. 3 211 d 10. 5 ((_9).
Bor?te seemed like an ideel bUffer since it has good

buffering capacity nt 9.5, 2nd unlike moet buffers, it·
absorbs very little at the wavelength ronge being used. But

borate cnn not be used in the assay, since it is 2 potent
Lnh i,bi tor 0 f 2crginose (10). A1 though, th C 0 f th e m I xt.ur- e

decreases as the reaction proceeds, the decreased occuring
during the time reQuired 'Co measure initial velocities is
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no t signi fL cont ,

In recent studies v!e have tried to app l.y our D_SS[W to

study the role of menganese .i.n the activation of argin[;1se.
'I'her e \l!ere difficul ties in applying the a.ssay at pll 9.5,
in that at high pH's manganese oxides are formed. The brown,

manganese OX1de precipitate absorbs light, thus it interferes

with the spectrophotometric assay.

V81ues for the difference mo.l ar absorption coefficients

TIere determined at pH 7.5, since mang�nese oxides arc not

formed at this };E (refer to TobIe 1). 'I'h o disc:,clvcmte.ge jon

working at 2 of 7.5 is that the activity of 2rginase 1S

t'
,

b t J ocr "t' t t TT far-- ( :\) rnh' 12, 0 e s -c a 0u -:-;'0 0 I n D a 2 p r; 0 _/ • :J 1 1 • 1- 1 S, pus

the fact that the difference absorption coefficients are

lower leads to 0 less sensitive assay for arginase at pH 7.5.
Thus far we have not obtained usefu� data concerning the role

of manganese in the activation of arginase.

The direct, spectrophotometric assay reported here is of

general applicability, and is faster and more accurate than

the cOl1ventionol colorimetric procedures generally used for

ass2ying arginase.
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