A DIRECT SPLCTROPIOTOMETRIC ASSAY FOR ARGIINASE

by

Andres Buonasnno

Department of Biochemistry and Biophysics

3

<
D

Submitted in Pertiel Fulfillment of the Recuirements
r

of the University Undergreocduaste Fellows Progrem

¥
i

O
|

7 = 1978

Lporoved by:

—

<£ \ bJ ' | [ Ny

Celia Pace

Anril 1979



-

1401 T 2818, Ant.#146

College 3tation, TX. 778L0

b
O
)
=
|k
V)
~
=
-
—_
O
~J
Co

Dr, li, triecdmen, Coordinator

University Undergraduate Iellows Progrem
Texes A&M University

College Stetion, TX, 77843

™ ) o I R
pear Dr., Lrieanic Oy

3

submit the accompanying theses entitled A Direct Svectro-

n

photometric Assey for Arginase as the final requirement

of the University Undergrocduate Fellows Program,.

s the nlan of develoument for z simple

C
, - . 5 N A1 N T e I S o AR R
and accurate direct spectrophotometric assay for arginese,

The report mzy be helpful to persons studying steacdy-stete

N

to thenk you, and other nersons involved with

giving me a2n onnortu-

O

nity to take vart in such a2 valuzble nrogram.

Sincerely

o8 0 o A s B, ’
fonhnes & Lecnarne

A 3 o T D) ke Rahali
snoecres 1 - BROR ENILe.

il



el
ba WAL X

OVLIDGE

m

IS

.
ra

vish to thank Dr.C.i.

nnical assistance, and

hours he

hia

N C
L

shen

nerts of

e for his
thonk him

T in heln-
this »ro-



\ TR M A
ABSTRACT

This report describes the develpment of a
cdirect, spectrophotometric assey for arginase.
The ossey mey be conveniently used at high sub-
strate concentrations (8X¥m) for assaying crude
sources of arginesey and for steady-stete kinetic

studlies of the enzyme, The assay has the advantage
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A DIRECT SPECTROPHOTOMETRIC ASSAY FOR ARGINASE

INTRODUCTIOCH

Liver enzymes are of special interest when studying
mechanisms and control of enzyme degradation, since LO%
of the enzymes in the liver are replaced daily. Arginese,
an enzyme found in the liver of ureotelic organisms, proves
to be @ good model for studying vnrotein turnover since it has
been shown that its rate of degradestion in the rat liver may
be varied considerably depending on the amount of protein in
the rat's diet (1), One major problem in working with

(&)

arginase, 1s thet there is no convenient and accurate assay

for the enzyme,

Argincse catalyses the cleavage of scrginine to ornithine
and urea, lMany indirect, colorimetric technicues have been
developed for assaying arginases, the nost popular of these
neasures the formation of urea (2). The problem with these
assays 1s that they require a 30 (5) or 60 (4) minute boiling
sten and thet the colored compleres formed are

!

light l=bile,
thus recuiring special precautions during the assays. The
veriation of liichaelis constants reported for bovine liver
zrginase, ranging from 2.6 (5) to 7.0 md (6), are possibly a
reflection of the asssys aveilable, Ward and Srere reported
a direct, svectrophotometric assay for arginase based on the
difference in sbsorption between products and reactants ot
5.7 nn, The assay is useful for routine essays, but it mey
not be used for steady-state kinetic studies for arginase
since it can only be used 2t substrate concentrations of
cpproximately 15% Vmex (less than 2mi). This report is an
extension of Ward endSrere's method which allows it to be

used on cruder sources of arginase, and for studying the

- 1. L ” 4 ~ = -~
steady~state kinetics of arginase,
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2 A

'Grade A' hydrochloride L-arginine (Loty 7003

ENoif
and L-ornithine (Lot 601361) were:. purchased from Celbiochem

r

£
2 Pure'! ures (Lotﬁ W109L4) was purchased from Schwarz/
f liver arginesse was purchased from Boehringer

Lot# 1276508/1) and Worthington Biochemical Co. (Lot

AT NO
;‘.L’L_,’() {\/3 \9 )

ALl svectral mecasurements were donc with a Cary lModel 15

recording spectrophotometer using cuartz cnvettco(@ gth
1.0 cm) made by Pyrocell Manufactoring Co.. 411 pli measurements

were tzoken with o Rediometer lModel 26 »iH meter.

] i T B GO, I - -
504 o2l L=ornithine, =nd 50ml

urea were set to pH 9.5 and pH 7.5 with 0, 1M i1cCH, These
solutions were scenned between 215 anc 20bLnm =2t o fixed

glitwvicth of O.5mm,

The absorption spectra of arginine, ornithine, ond urea

at pH 9.5 ere shown in Figure 1. The difference zbsorption
cefficients, A€ Eaxe- Eorn ~Eupen scre 2150 shown ond can be

seen to incresse sharply below 215mm. Consequently, the

absorbance chenge accompanying the conversion of erginine
to ornithine plus urea will be meximized by using the lowvest
possible wavelength.

n a typicel ass e used 2,oml of IL-arginine solution

23
with concentretions renging from 0,10 to 15.,0mi., The solution

~

hod been adjusted to a pH of 9.5 with 0, 1lilia

the reactlion azoproximately one unit of arginsse ves edded

to the substrate., & wavelength wes selected so that tb

c2bsorbence was still in the usable ronge of the spectronhoto-
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F e ks VR S ey r e Ry - £ A o I
TABLT I, licler Absorption Coefficients for Argininme,

Ay T . T IR A I

Ornithine, and Urea 2t oH 9.5 and »nl /.5,

a

Molar Absorntion Coefficient™ Aé

ArE Orn Urec

(=

215nm 259.5 139.2 2l 98
e 277.6 158.0 249 117
21% %233, 175.3 e 3 155
212 295.8 192.8 e 8 199
217 L7849 213541 a5 61
210 50%.2 236,0 5.4 352
209 /obha b =ISeP S L68
208 914.8 28641 8.l 620
207 1140, 3 31h. 2 816
206 1420.8 k5, 2 1062
205 175L,0 37544 1 361

204 219l L11.7 257 1758

S .

N o5

?15}‘{f m‘m»‘o5:\ :5-95 1.\}’\ "-3-1-55
21k 103417 41.06 1.25 60,87
213 550l /;: . 69 1a50 85e 55
212 177 54 D2e DL 1.91 122486
211 2575 58,70 2e 55 175

210 31L.48 65.68 5 24 215,56
209 Lh235.07 7he 4O T Shly. 54
208 56k, 46 81.24 5460 L7742
207 L0311 39.96 7407 647,98
206 972449 99.16 10.69 362, bl

205 126L, % 108.88 14,72 1140.7
204 1615.4 119.40 204353 1L75.7

2l . =1 -1 b
liter mole” '¢cm AE 7 Earg~ Eom-Euvrea



meter once the enryme ves added. The absorbance due to the

enzyme solution must be determ

cbsorption n the source of arginase. For exemnle,

from the in Figure 2 t izl velocity at the
oncentration (1

yrbance vias

vies determined at
cial
velocity at the lowest substrate concentration (0.41mM) wes
ance was 0,90, Iiote that

b
1f the 10,5mM solution was run at 204nm, it would have an
c

e .
highest st

determined 2t 204nm where the absor

e of 22.6; for this reason the initisl velocity

termined at 215nm,

Calculating Initial Velocities and the Michaelis Consgtant

Absorbance was recorded for zbout one minute after the
enzyme vas added to the substreste, Initial velocities were
determined by measuring the z2bsorbance change cduring
50 seconds of the recction., These rates vere
Lo initial velocities exwressed as substrate conce
oer time, by dividing by the € values given in Table 1,

J
T 5 N e o .
Initial veloclities were messurec Lo

e 404 A P T P
es the uncertainty over * 5.

obtained from Linevescver-Iburk

igure 2. Tne IGikehalclbits

(o=

nt determinations us Lo sources

Commarison of Resulils Between Colorigetric end Direct,

Snecltronhotometric Assays

The zrginase reaction wes followed using

colorimetric ures asssay (&) end our direct, spectrophoto-

,,
Archibeldst

metric assey in order to compeore resultis obtained by both

O
Gl
™
@
i._.
@)
)
D

methods., The results, nresented in Iigure 3,
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agreement between the two assays. The direct assay wes donhe
at 211nm with an arginine concentration of O.4mii, but at
intermediate substrate concentrations several different

.1

wavelengths can be used with ecquivalent results.

In determining the licheelils constant and the maxinal
velocity for zn enzyme catzlyzed resction, Clealand (8)
recomiiends the initiesl velocities to be measured over a
substrate renge from 0.”2¥m to 5Km, The value of A€ at 215nn
is large enough to follow the kinetics of arginase reaction
and at this wevelength substrate concentrations of zbout 8im
can be used, At 205.,71nm, the wavelength recommended by Vard
and Srere (7), the highest substrate concentration which caon

Al

be used 1is approximately eoual to Xm, It is cleer from Iigure
1 that we could have gotten larger velues of € by extending
the studies to lower wavelengths. This was not done, however,

since substrete concentrations as low as 0.05{m czn be run

»t 204nm. Thus, steady-state kinetic studies of arginase
can be conveniently carried out using the datz in Tablel &nd

the zpproach described in this vnaper,

Amajor disadvantege of the assay described here is that

= O

it 1s pH denendent; the ebsorption spectra of both

o

rginine

q

end ornithine vary with pl. To apply this @ssay at different

pH's requires redetermining the absorption spectra at the pl
e

of interest. Fortunately, hepatic arginzses heve ¢ wide range

e
()

=,

nH optima, occuring betwveen »nH 9,% and 10.5 (9).
Borote seemed like an 1 er since it hss good
buffering conacity ot pH 9.5, and unlike most buffers, it:

sorbs very little at the wavelength rsnge being used. But

Ay

borate can not be used in the assay, since it is = poten
inhibitor of arginase (10). Although, the pll of the mixture
decreases as the reaction proceeds, the decressed occuring

during the time recuired to measure initisl velocities is



not significant,

In recent studies we have triecd to apply our assay to
study the role of manganese 1n the activation of arginese.
There were difficulties in avplying the assay at pH 9.5,
in that at high pH's manganese oxides are formed. The brown,
manganese oxide precipitate sbsorbs light, thus it interferes
with the spectrophotometric assay.

Values for the difference molar ebsorption coefficients
vere determined at pH 7.5, since manganese oxides are not
formed at this »H (refer to Teble 1), The disadvantage in
working at a pH of 7.5 is that the activity of arginase 1s
at best sbout 40% of that at 2 pH of 9.5 (11 ). This, olus
the fact that the difference absorption coefficients cre
lowver leads to a less sensitive assay for asrginase at pH 7.D
Thus faer we have not obtained useful data concerning the role

of mangenese 1n the activation oif arginase.

The direct, spectrovhotometric assay reported here is of

C3

neral applicability, and is faster and more accurate then

-+

e
he conventional colorimetric procedures generally used for

sseying arginese,
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