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Microorganisms have become an essential part of several
industrial processes that invelve chemical changes, both of
dogradation and of synthesis., Such transformations are the result
of enzymatic activities and the rapid strides made in this field
of applied microbiology have become possible only through an
understanding of the relevant enzymes which are produced by the

organism,

As apart from their industrial significance, several
microbial enzymes have found extensive use as biochemical
“reagente” in analytical procedures. The special value of enzymes
in analysis lies in their ability often to resct specifically with
an individual compound in a complex mixture without interference

from the other components,

In the present investigation two different mierobial

ensymes, citrase ulle(--lu acid acylase have been studied,

Citrase, isolated from a bacterial source, has heen
adapted to the rapid, specific and sensitive assay of citrate

in biological materials for which there is at present no quick



and accurate assay procedure,

An { =amino acid acylase has been isolated and purified
from a fungal source and has been shown to differ in some of its
properties from those reported hitherte in literature for this
group of ensymes. Acylases have great commereial value in the

preparation of optically active amino aecids,

The studies on citrase are described in Part I of thiae

thesis and the studies om acylase inm Part II,



PART I,
STUDIRES ON CITRASE:
AN ENZYMATIC PROCEDURE FOR
THE ASSAY OF CITRATE IN BIOLOGICAL MATIRIALS



INTRODUCTION

Citric aeid is extensively distridbuted in living systems,
High coneentrations of the acid are present in several plant tissues,
particularly in eitrus fruits from which it was isolated for the
first time in erystalline form by Scheele in 1784, Among other
plant sources rich in citrate are cotton leaves, potatees and
pineapples (Thunberg, 1953), In mammals, relatively large con~
centrations are present in milk and mammary glands (Thunberg, 1053);
semen and prostate glands (Mann, 1940) and particularly in bones
(Dickens, 1941), Many fungi, such as Aspergillus miger, produce
large amounts of citric acid by fermentation and have been used
almost exclusively for the commercial production of the aecid

(8t and Johngon, 1048),

The importance of eitrie acid in biological intermediary
metabolism has become apparent over the last three decades, As a
key compound in the Krebs cycle (Krebs and Johnson, 1037; Krebs
and Lowenstein, 1060) citric acid plays an important role im the
oxidative metabelism of fats, carbohydrates and amine acids.

Clinical variations in the eitrate content of tissues

and biolegieal fluids have been associated with particular



abnormalities and disease and has become of significance in
diagnestiec procedures. Literature on this aspeet has been revioewed
recently by Nerdmann and Nordmann (1061)., Some illustrative
exomples are eited from this review: Low levels of urinary
citrate are associated with renal stones and renal tubular
acidosise Alterations in citrate levels of bleod and urine have
been reported in cases of bone diseases. Urinary citrate output
is low in hypothyroidism and in ovarian insufficienecy. Citrie
acid content of plasma is elevated during hepatitis but not in
extrahepatic obstruction of the biliary duct., High bleed citrate
and low urinary citrate are associated with myocardial infaretion.
Lowering of blood and urinary eitrate occurs during acute renal
failure, The decrease in urinary citrate is an carly symptom
during renal failure and has been suggested as a reutine tost to

asseas renal fuanctien,

In view of the general importance of citriec aeid in
biological metabolism, in clinical chemistry and in industry,
particularly of food and pharmmaceutics, it is not surprising that
several amalytical procedures and medifications have been

described in the literature for the assay of eitrate, The



methods are mainly chemical, some physical and a few enzymatic.

The more important of these are comsidered briefly below:

1, Chemical methods for assay of citrate

a) Pentabromoacetone method: 0f the chemical methods
the majority invelve the oxidation of citric acid to pentabromo-
acetone (Stahre, 1897) which may be estimated by a variety of
gravimetric, titimetric or colorimetric procedures. Since the
application of this procedure to biological materials by Pucher,
Sherman and Vickery (1936), many variations have been proposed
particularly in the conditions of the oxidation and the conversion
of the pentabromoacetone to a coloured complex (Natelson, Pincus,
Lugovoy, 1948; Hargreaves, Abrahams and Vickery, 1951; Wolcott
and Boyer, 1048; Stern, 1957; Weil-Malherbe and Bone, 1949;
Taylor, 1953; MeArdle, 1955; Ettinger, Goldbaum and Smith, 1952;
Beutler and Yeh, 1950; Buffa and Peters, 1950; Cartier and Pin,
1049; Taussky, 1049; MeDonald and Waterbury, 1959), The use of
828! for conversion of citric acid to pentabromoacetone followed
by measurement of radiocaetivity in the derivative has been

recommended by Jacobs and Lee (1964),



The oxidation to pentabromoacetone however is non-
specific and several substances such as (-keto acids, aldehyde
and acetone interfere. These substances have therefore to be
eliminated from the test sample by prolonged heating with cone
centrated sulphurie acid, Purther the oxidation conditions have
to be carefully contrelled and the reaction has to be completed
in slow stages., The preocedure though sensitive to quantities as
low as 10 ug citric acid becomes lengthy, particularly with
bieclogical materials, when freedem from interference has to be

ensured.

b) Purth-liermann leaetiont

This colorimetric methed first described by Furth
and Hermann (1938) depends on the production of a pink colour by
the reaction of eitric acid with pyridine and acetie anhydride,
The mothed has been modified by Nekhorocheff and Wajszer (1033),
Saffran and Denstedt (1948), Marier and Boulet (1958) and
Hartford (1002), The procedure though rapid is insccurate and
lacks specificity and fumarie, itaconie, transaconitie,
cisaconitic and iseeitric aeids interfere and the procedure io

not to be recommended for assay of biological samples.



¢) Berg's resgtion: The intersction of ferric chloride
and eitrie acid has been utilised to develop a colorimetric method
tor citrate (Williams, Muller and Niederl, 1031; Storek, 1954), The

method is non-specific and other hydreoxy acids interfere,

d) Molybdate method: The bleaching effeet of citrate
on the colour of reduced molybdate at pil 1,3 has been used by
Matulis and Gujon (1964), The method is however mot applicable
-2

to micro quantities and other hydroxy acids, heavy metals, nro‘

and tartrate interfere markedly.

e) Indirect oxidation:t An indireet oxidation method
was developed by Gordon (1051) in which citrate is oxidised with
excess of bg. hypochlorite, KM‘ or coric sulphate as oxidiming
agent ., the excess being used to oxidise a standard amount of dye.
The procedure again is applicable only to relatively pure citrate
samples and a wide variety of organic compounds interfere in the
assay.

f) Acetone method: Backstrom (1942) exidised citrate
to acetone with KM‘ and estimated the ketone by treatment with
KOd and vanillin to develop colour proportional to the eriginal

citrate concentration, This procedure is open to interference frem



aldehydes and ketones.

g) Menometric method: AJl, Wong and Hersey (1952)
have deseribed o rapid procedure whereby citric acid is oxidised
under controlled conditions with ceriec sulphate in Warburg flasks
and measured manometrically by the C0, prodused. Among substances
which interfere are O ~ketoglutariec acid, pyruvie acid, ozaloacetie
aeid and maliec acid, PFor application to biological material,citrie
acid has to be preliminarily isolated by chromatography to remove

interfering substonces.

2, Physical Methods

In recent times paper, colwm and thin layer chromato=-

graphy have been used to separate eitrate prior to its determination.

a) Paper chromatography: A gemeral technique of two
dimensional chromatography has been deseribed by Nerdmenn et al.
(1954) for the separation of non-volatile eorganie aeids using the
systoms: ethanol, ammenia and water; and n-propancl, formie
acid, cuecalyptol and water, Isccitric acid is not separated from

eitric acid in these chromatograss,



b) silica gel chromatography: The separation of

organic acids on silica gel coluwms has been described by
(Isherwood, 1946; Kinnory, Takeda and Greonberg, 1958), The

procedure dees not seperate citric acid and isocitric aeid,

e¢) hin layer chromategraphy: Plates with
eellulose powder have been used by Geebell and Xlingemberg
(1962) for separation of components of the tricarboxylie acid
eycle, Two dimension technique is used with the systems:

ethanol-ammonia-water and isobutancl-formic acid.

3. Emaymatie Methods

a) Thunberg method: A sensitive method for eitric
aeid determination appliceble to 100 ug of the acid was developed
by Thunberg as early as 1920, The procedure depends on the
bleaching of methylene blue when a crude seed extract of cucumber
(Cucumus sativug) is added to citrate in Thunberg tubes in the
presence of the dye. The amount of eitric acid is evaluated by an
elaborate procedure of measuring the period of time required for
the complete oxidation by the enzymes of the seed extraet in

presence as well as aheence of test sample, Further as the seed
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extract contains a variety of enzymes, the determination is

subjeet to many interfering substances such as malic acid, ethanol,
fumaric acid, and a host of other compounds of natural eccurrence
which make the procedure unsuitable for the assay of biological
materials (Natelson, Lugovey and Pinecus, 1647),

b) Betermination with sonitase end isceitrie

dehydrogenase:

A method has been suggested by Siebert (1963) for
the determination of citrate by the initial conversion of eitrate
to isocitrate by the action of the enzyme acenitase;

citrate em=s (cis-aconitate) ewms isocitrate
and the subsequent oxidation and decarboxylation of isoeitrate
by the NADP-linked isocitric dehydrogenase:
isceitrate + NADP ——— o ~ketoglutarate + CO, + NADPH,,
The inerease in optical demsity at 366 mu (or 340 mu) due to the

formation of mme from NADP being a measure of the reaction,

The procedure does net distinguish between citrate and
cisaconitate, Dut the most serious drawback is that the method
is applicable only to pure citrate solutions and recovery experi-
wents in which standard eitrate solutions are added to tissue

extracts result in very low recoveries,
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¢) Determination of eitrate with eitrese and
oxaloacetate decarboxylase
The eatimation of citrate by the use of coupled enzyme
reactions initiated by citrase was first developed by Dagley &
Dawes (1953), Citrase may be induced in Aercbagter aerogenes
(Pagley and Dawes, 1083a; 1088), Streptococcus faecalis (Gillespie
and Gunsalus, 1053) and Esgherichia goli (Grumberg-iianago and
Gunsalus, 1953; Dagley, 1055) and is present constitutively in
Streptococous discetilastis (Harvey and Collins, 1063), The
enzyme catalywes the cleavage of citrate to oxaloacetate and
acetate and requires divalent metal ions, Mg ® being the most
offestive, The reaction is reversible (Smith, Stamer and Gunsalus,
1080; llarvey and Collins, 1083; Tate and Datta, 1005) and the
enzyme is inhibited by the oxaloacetate produced (Dagley and
Dawes, 1953; Wheat and Ajl, 1085; Bowen and Nogers, 1063 a and b).
A quantitative change of citrate by citrase is obtained only when
oxaloncetate is removed from the system, This was achieved by
Dagley and Dawes (1956) by the use of a erude extract of eitrate
from Aerobacter asrogenes which contains a very active oxalow

agetate decarboxylase in addition to eitrase., By the coupled
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action of the two enzymes, the citrate was quantitatively converted
to acetate, pyruvate and carben dioxide; and the pyruvate formed was
estinated by the colorimetric procedure of Iriedemann and Haugen
(1943), The semsitivity of this precedure was greatly inereased by
Bowen and SivaReman (1960) and Dagley and Sivallaman (1983) by
partially purifying the Aercbacter aerogenes extract by heat

. denaturation and treatment with alumina gel to remove NAnﬂ_Lomel
and estimating the pyruvate formed from citrate by further coupling
with the reduction of pyruvate by NAD-linked lactate dehydregenase,
The use of erude or of only partially purified bacterial extracts,
however, presents certain problems since contaminating enzymes
greatly reduce the specificity of the procedure, Dagley and Sivallaman
(1903) had thus observed the interference by glutamate and

@(-koucluun“; and in the application to biclegical samples many
steps were required to eliminate these compounds, such as treatment

with a cation exchanger and heating with sulphuric aeid.



13

PRUSENT INVESTIGATIONS

It will be evident frem the foregeing intreduection that
although chemical procedures based on the pentabromoacetone
derivative are available for the semsitive and specifiec assay
of citrate in biological specimens, these are somewhat lengthy
and require several hours of careful manipmlation, The develop~
ment of a rapid and acourate procedure for assay in biological
samples of a metabolically important compound such as eitrate

would be an useful contridbution to biochemical analyses,

A method that appeared to have interesting possibilities
was one developed in this Laberatory by Sivallaman and Subramanian
(1963) for the assay of pure citrate solutions., This rapid and
sensitive procedure is based on the use of a purified and stable
preparation of citrase to break eitrate down to oxaloacectate and

acetate, eoupled with the reduetion of oxaloacetate by mnua and
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malate dehydrogenase according to the following reactionss

Citrate == agetate + oxaloscetate
Oxaloacetate + !umz w=a malate s NAD

At a pil of 7.4, m, is oxidised rapidly when
citrate is the limiting substrate to give & stochiometrie assay
of eitrate, the cleavage of one mole of citrate resulting in
the oxidation of one mole smz. The assay is carried out
speetrophotametrically by measuring the absorption of xmﬂ at
34¢ mu, This sensitive procedure has been used very regently by
Ward and Srere (1065) for the measurement of citrase activity,
In the present investigation the application of thias
rapid and elegant technique to the determination of citrate in
a variety of biological samples has heenm worked out and the
ageuracy and specificity of the assay procedure and freedom from
interference from a wide range of compounds normally present in

biological materiale have been established,
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MATERIALS

The following chemicals and enzyme reagents were used in the
assay procedure,
I. Chemicals

1. Citric aeid, lllao. Analytical leagent obtained from
B,D.1, ,England, was used for the preparation of standard solutions,

2, Heduced nicotinamide-adenine dimmcleotide, NADH,
(sodium salt, Na, JNATH, 41,0, Type 1) vas obtained from Sigma
Chemical Co., UsSeA,

3. Metaphoaphoric acid, m,. containing about 807 Hvoa
was a product of Thomas Tyres, Pugland,

4, Magnesium sulphate, w‘.m,o; Salphurie aeid, naao‘;
Sodiwna hydroxide, NalOHl and Potessium dihydrogen phosphate, mam‘

were Analytieal grade reagents obtained from B,D,.iH,
5+ Dipotassium hydrogen phosphate, K'I!N‘ was a reagent
grade manufactured by B,D,H,

IT, Enzyme Reagente

1, Citrase: (Citrate oxaloacetate-lyase, 2,0, 4,1,3.0)

The enzyme was isolated from Aerobacter gerogemes, type NCTC 418,
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The culture was routinely maintained on nutrient broth agar slants,

(a) Growth of eells: A.aerogencs cells were grown without

aeration at 30°C in 10 L flat beottemed flasks filled to the neck
with the mineral salts-citrate medium of Dagley and Dawes (10833a),

The medium was prepared im two parts as follows:

Composition of mediums

(1) Na, citrate.2i,0 90 g

maro“ 20 g
Water to male to about 8,8 L

N NaOH (about 90 ml) to adjust pi! to 7,0

(11) (wm,), 80, 10 g
ugso‘.mgo 4 g
Water to make te 1 L
and the two separately sterilised at 15 p.s.i., for 20 min and
mixed after cooling, The medium was ineculated with 100 ml of a

24 hr oculture of cells grown previously on the citrate medium,
The celis were harvested after 18 hr in a Sharples

supercentrifuge, Yield of eell paste from 10 L was about 15 g.
(b) Extraction of gcells: Batehes of 10 g cell paste

were suspended in 50 ml 0,03 M potassium phosphate buffer, pii 7,0

and sonicated at 10 KC/see for 20 min in a Raytheon sonic
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oscillator Model 101 ¥, The sonicates were centrifuged at
20,000 x g for 30 min at 4°C in a Spinco Rotor 21 of the Model L
ultrocentrifuge. The clear supernatant containing about 1% protein
vas adjusted to a protein content of 0,0f with 0,03 M potassium
phosphate buffer, pi 7.0 and bc“bo. of 150 ml were used for
purification of the enzyme.

e) Puriticstion of citrase

The enzyme was purified according te the precedure of
Sivaleman (1961). All operations were carried out at 0° to 5°C,
The diluted senic extract {150 ml, 0.8% protein) was treated with
streptomyein sulphate to a final concentration of 1.,4% of the
sulphate and the preeipitated mucleic acids removed by centrifuging
after 1,6 hr at 20,000 x g for 30 min in a Spinco Roter 21, The
clear supernatant was treated with 5,0 ml of alumina c( gel
(¥illstatter and Kreut, 1023; gel preparation of dry wt, 11 mg/ml),
The susponsion was cleared by cemtrifugation at 3000 x g for
10 win in the PR 2 refrigerated ceatrifuge. The supernatant
vhich contained the activity was treated with anothor 17 ml of
alumins gel (dry wt 11 mg/ml) to absorb the activity, The gel

was then collected by centrifugation as in the earlier case, The

taba



gel containing the adsorbed onzyme was washed with 40 ml of 0,01 M
potassium phosphate buffer pil 7.0 containing NgS0, (1.6 =) and the
gel separated by cemtrifugation, All buffers used in subseguent
parification operations contained Mgs0, (1.6 mi) to stabilise the
enzyme. The enzyme was then eluted from the washed gel with 40 ml

of 0,05 M potassium phosphate buffer, pi 7,0,

The enzyme was precipitated from the eluate (37 ml) by
addition of powdered asmonium sulphate to 0,45 saturation (10,4 g).
The preeipitate whieh was collected by centrifugation at 20,000 x g
for 20 min in a Spince Rotor 30 was dissolved in 2 ml of 0,01 M
potassium phosphate buffer, pi 7.4 and dialysed overnight against

100 ml buffer of the same composition,

The dialysed enzyme wos then chromatographed on DFAE-
ccllulose (Bio Rad, Cellex D, exchange ecapasity 0,62 meq./g) us
follows: The DEAE cellulose (4 g) was pretreated with alkali and
acid as recommended by Peterson and Sober (1062) and was then
washed first with five lots of 0,5 M potassium phosphate buffer,
gl 7.4 (50 ml) and then with five lots of 0,01 M petassium
phosphate buffer, pi 7.4 (100 ml); both buffers containing

g0, (1.6 wi), The cellulose exchanger was then packed in oue
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lot to give a 1 x 20 em column, The dialysed ensyme solution

(40 mg protein) was loaded on the columm and ehromatographed by
continuous gradient elution with potassium phosphate buffer,

pl 7.4, with gradual increase in comcentration over the range

0.01 t0 0.3 My The buffer concentration gradient was obtained by
the use of 200 ml of 0,01 M buffer in the wixing chamber and

200 ml of 0,5 M buffer im the seperating fumnel and fleow rates

of 15 sec/drop from both the colwmn and the separating funnel
(Pige 141), Fractions of 3 ml size werc collected en 8

Technicon Automatic Fraction Cellector and the elution of the
enzyme detected by sampling a drep from each tube for citrase
activity dceording to the procedure of Dagley and Dawes (1985),
The enzyme emerged at about the 20th tube and fractions containing
the enzyme were pooled (20 ml) and treated with powdered ammonium
sulphate to 0.5 saturation (0,2 g). The precipitate was colleoted
by centrifugation at 20,000 x g for 10 min in e Spinco Rotor 30
and dissolved in 0,01 M potassiwm phosphate buffer, pil 7,0 (1 ml)
and the enzyme fractionally precipitated with saturated ammonium
sulphate solution neutralised to pi 7,0, the imitial slight

precipitate obtained on first addition of ammonium sulphate solution
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being discarded, Yield of pure enzyme was 5 to 0 mg of specific

activity 45 to 60 u moles citrate/min/mg protein,

2, Malate Dehydrogenase (L-malatetNAD oxidoreductase, E.C.1.141,37)
The enzyme was purified from pig heart according to the

procedure of Straub (1042) as deseribed by Ochoa (1955), The

preparation was made by Mr 8, S, Subramanian of this Laboratory

and had a speeific activity of about 60,000 units/mg protein

(1 unit of enzyme activity defined as that amount which causes a

deorease in 0,Ds,, . of 0,01/min for 3 ul volume and 10 mm light

path), The preparation was free of lactate dehydrogenase,

fumarase and malic ensyme activities,

Pre t. £

All buffers and solutions used in the assay procedures
were made up with water double~distilled in glass.

The following reagent solutions were preparations,

1. ' buffer (0,3 M T4)

gontaining MgS0, (4.8 mi)

The buffer was prepared by dissolving 43,33 .xﬂm% and
o.nsgnzn‘umsmoamr.mnzonor-ﬁv/v

aqueous solution of MgS0,.7H,0 and diluting the mixture to 1L
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with water, The buffer was stored at 0°C,

2. Stendard Citrate: 21.0 mg citric acids1H,0 were dissolved

in about 50 ml water, treated with 24,2 mg anhydrous sodium bicar-
bonate (ms. AR grade) and made up to 100 ml, The selution

which is nmeutral was stored frozem at -20°C,

de Metaphosphoric acid: Sticks of P, were dissolved in

ice=cold water and adjusted te 2,5 M, The reagent was stored at

0°C and prepared fresh every month,
4. 1,5 N sodium hydroxide selution,

6. Citrase:

Stock solution: The purified enzyme was dissolved (10 mg/ml)
in ice cold 0,01 M potassium phosphate buffer, pil 7.4 containing
1,6 mi w‘. distributed into 0.5 ml portions and stored at «20°C,
The solution was thawed in an ice~bath when required. Frozen
solutions are stable and have been used in the assay with me
apparent difference up to -n peried of one year,

Beagent Solution:

Fresh solutions are prepared daily by diluting the stoek

solution with iece-cold 0,01 M potassium phosphate buffer, pi 7.4,
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containing 1,0 m MgSO, te a protein concentration of 1,5 mg/ml,
Neagent solutions etored frozem and thawed every day have been
used in the assay for a period of 1 week without any apparent
difference.

6. Malate dehydrogemase (MDif)

Stock suspension: A suspension of the purified enzyme
(16 mg) was made with ice eold 70¥ agqueous amsonium sulphate,
(xn‘)sso‘ solution (2 ml) and stored fromen at =20°C, The
preparation is stable for at least a year,

Reagent solution: Fresh solutions are prepared daily by
diluting the stock suspension with 0,1 M potassium phosphate

buffer, pi 7.4 to a protein concentration of 0,16 mg/ml,

11,5 mg of the NAm' disodium salt are dissolved in 8 ml
water, The solution (2 to 3 miM) is stored fromen and prepared

fresh every week,

METHODS & RESULTS
1. Moasurements
All gl measurements were made on & Beckman Model G pil meter

with glass and calomel electrodes.
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Spectrophotometric measurements were made on a Beckman DU
Spectrophotometer fitted with a photomultiplier attactment.,
Measurements were made in 3 ml eapacity Pyrex or Corex rectangular
glass cells of light path of 10 mm and provided with lide, All

enzyne measurements were made at room temperature of 23° to 30°C,

Protein estimations were made by the spectrophotemeotric

method of Warburg and Christian (1941),

2. Chemical assay

In order to check the accuracy of the present enzymatic
procedure, all values obtained with biolegical samples were
compared with the average value from determinations in triplicate
by the pentabromoacetone method of Natelson, Pincus and Lugovey

(1048) as deseribed by Stern (1987).

The procedure was briefly as follows: Triechlorsacetic
acid was mixed with the solutien to be tested to o final cone
centration of 5%, The precipitate was removed by centrifugation
and an aliquot containing 10 to 100 ug eitric acid taken in a
glass stoppered tube and brought to 3.0 ml volume with water,

O.IﬂlBNﬂam‘ﬂnglmhdmthmhbcaﬂ
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the tube unstoppered and heated in an air-oven at 120°-140°C till
the selution evaporated to about 1 ml, 7The solution was then cooled
and treated with 3 drops M Kbr then with 5% Xind, (about 10 drops)
with shaking over a period of 10 min to maintain a purple ecolour.
The tube was cooled in ice-water and the excess Kllno‘ Just
decolourised with 0% n,oz. The final end-point was obtained with
alternate addition of 0,5¢ w‘ and 0,08 llﬂ()2 followed by 1 drop
0.08¢ w‘ to give a very faint permanent pink eelour, 2.5 ml
mmmmmuumm.u;ummmm“
vigorously for 2 min, The tube was lightly centrifuged for 5 -tn.
to separate water and heptane layers. 2.0 ml of the heptane layer
was transferred to a clean glass stoppered tube and treated with
4,0 ml 4% thiourea solution containing 27 sodium borate, A tube
with heptane and thiourea was ineluded for the reagent blank, The
tubes wore stoppered and shaken vigorously for 2 min, A sample of
the aqueous layer was taken in Beckman cuvettes and read at 430 mu,
A rending was also taken at 680 mu and subtracted from that at

430 mu to correct for any cloudiness. A standard citric acid

solution equivalent te 40 ug was slways carrvied through the

procedure, A linear relationship was obtained between amount and



colour intensity over the range 10 to 100 ug of eitric aseid. A

standard curve is illustrated in Fig, 1.2,

GENERAL ASSAY PROCEDURE
Stendard curve for eitrate
All solutions except of NADI!‘ and enzymes were
equilibrated to 30° before use, Determinations were carried out

in triplicate,

The fellowing solutions are pipetted into a silieca

(or glass) cuvette.

1,00 ml 0,3 ¥ phosphate buffer containing lcso‘
(solution 1)
0,10 ml Napil, {solutien 7)

1,78 ml standard citrate solution containing
0,01 to 0,20 uwM citrate

0410 ml UDH reagent solution (6)

2,98 ml

The cuveties are covered with lids and the contents
nixed by inverting twice or thrice and the initial optical density
read at 340 mu against water as blank,

0,02 ml citrase reagent solution {5) is pipetted onto a

snall glass spatula and stirred inte the experimental cuvette,



Fig.1.2
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There is no need to add eitrase to the blank cuvette as the reagent

solution shows no absorption at 340 mm,

The optical densities of the experimental cuvette are
measured at 340 mu every 15 sec from 30 sec onwards till 3 min.
The optical density values drop rapidly with quantitative cleavage
of citrate during the first minute and are then stable, The
decrease in optical density at 340 ms (A 0.D,, ) is determined
after correecting the initial value for the dilution on addition

of the citrase reagent solution:

2,98
D 0uDensn w (Initial 0,0y x —— = Pinal 0.D,)
M0 3,00 ‘

A standard curve for citrate assay is shown in
Fige 1,3, It will be evident from Fig., 1.3 that there is a linear
relationship between the AO.D.w value and citrate concentration
from 0 to 0,2 uM citrate in 3 ml test solution., It will also be
evident from the standard ecurve that a stochiometriec assay of
citrate is obtained since 0.1 wi eitrate vesults in a /0.0,
value of 0,208 which corresponds to the ealeulated value of
0,207 for the oxidation of 0.1 uM NADH,, assusing 6,22 x 10° en’/mole

a3 the molecular extinetion coefficient of NAD, (Horecker and
Kornberg, 1048),
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The present enzymatie assay proecedure was tested for
interference with a wide variety of substances commonly present
in biological sanmples.

The following compounds were tested: Di~alanine, Dl
aspartic acid, Lecysteine, glyeine, L-glutamic acid, Di-phenyl-
alanine, Vl~gerine, Di~tyrosine, l-asparagine, L-glutamine,
acetaldehyde, glyceraldehyde, glyeerol, dihydroxyacotone, glucose
and cisaconitie, tramsaconitic, citracomic, Dl-eitramalie, fumarie,
glyoxylu.q:-hwuurlc. Dl~isocitrie, itaconic, lactie, maleiec,
Dl~malic, mesaconic, pyruvie, succinie, tricarballylic and tartarie
acids at the two cencentrations of 0.3 uwM and 1 wi in 3 ml assay
system and acetic acid, ascorbic acid and ethanel at a level of

10 wM in 3 ml assay solution,

Solutions of all the compounda were neutralized and made
up in potassium phosphate buffer, pi 7.4, 0.1 Y finel conceatration,
Each compound was separately tested both in the absenee of citrate

and in the presence of citrate (0.1 uM in 3 ml assay solution),

No oxidation of runaa eould be detected when the compounds
were tested in the absenve of eitrate. In the presence of 0,1 uM

citrate all experimental cuvettes ;on.n.m value of



0,200 to o.zxo)muuuu conplete absence of interference,

The influence of added oxaloacetic acid in the system was
also chesked at 0,1 uM level in 3 ml test system, In this case
the concentration of )IAM' in the test system was increased by
dwo-by pipetting 0.15 ml lelz solution 7 and redusing the sample
size proportionately. In the absence of citrate 0,1 uM KADII! was
oxidized within a period of 1 min, The test with eitrate was
earried out by taking the initial 0.0, resding after 1 min of
addition of MDH reagent solution 6 followed by addition of ecitrane
reagent solution 5 and recording 0.D. readings thereafter at 15 sec
intervale. Under these conditions /\0.D.,, for citrate showed

the expected value of 0.2,

1. Pre on_of e

Senoral

The advantage of enuymatic methods of analysis lies mainly in
the specificity of an enzyme to react with an individual component
of a mixture, This makes any lengthy procedure for the elimination

of interfering substances umnecessary, The freedom of the present



procedure from interference from all of o wide range of substances
that were tested in these studies makes the procedure directly appli-
cable to most biological samples. In such cases, initial treatment
such as heating te stop autolytic changes and to denature enzymes
that might cause oxidation of umz may be required, Fxaaples of
material that require such treatment only are samples of fungal and
basterial culture media and plant extracts which contain little
protein, The presence of large amounts of protein as in serum and
bacterial sonicates, however, leads to an opalescence on heating
vhich subsequently interfores to some extent with the speetrophoto-
metrie determinations at 340 mu, Such samples have, therefore, teo
be treated with a deproteinising agent for an accurate assay. Heta-
phosphorie aeid which was recommended first by Xrebs and Eggleston
(1944) and later by Dagley and Sivalaman (1063) was used in the
deproteination step. The latter authors had already indicated the
unsuitability of other agents suech as sine sulphate with NaOH or
l!a(t)ﬂ)2 and trichlercacetic acid for enzymie assay of citrate, Excess
metaphoaphoriec acid was converted quantitatively to orthephesphorie
acid by heating for 30 min at 100°C since neutralised metaphosphorie

acid inhibits citrase (Dagley and Sivallaman, 1953),



2) Biclegieal Sanples

Parallel assays were carried out by both the mew enzymatie
procedure and the pomtabremoacetone procedure as described by
Stern (1957), The enzymatic assay was carried out as deseribed for
standard citrate solutions,

a) Culture Fluide:

The production of eitrie acid by Aspergillus niger (NCIM 613)
grown on Currie's medium and the utilisation of citrate by cells
of Aerobaster aerogemes (NCTC 418) grown in a mineral salts-excess
citrate mediun (Dagley and Dawes, 1953b) were followed by the
enzymatic procedure, Samples of the gulture wmedium of A. were
removed on the 7th day and filtered, Samples of the A.serogenes
grown medium were withdrawn asoptically at periedic intervals and
centrifuged for 10 min, at 10,000 x g, Aliquots of the clear
filtrate or supernatant were heated for 15 min in test tubes
immersed in a boiling water bath, cooled and made up to a suitable
volume, Aliquots of the clear treated solutions were neutralised

and taken for citrate assay.

) Leat tissue of Gossyping herbasewn (eotten)
Q

Cotton leaves are ,(ruh source of eitrie acid, Samples of the

air dried leaf powder were extracted with 100 volumes 0.1 N naso‘ by
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mechanical stirring for 20 min at room temperature followed by
heating 10 min in & boiling water bath, The extract was cooled,
filtered and the residue washed with water, The filtrate and
washings were combined and made to volume and aliquots nentralised
with N NaOil and again made to volume, Aliquots of the finmal
noutral solution were taken for the assay of chuh.

) Serum:

Fresh serum obtained from horse and from rabbit were used for
assay. Samples varying from 0,50 ml te 5 ml size can be assayed
conveniently, In the case of the lower ramge the qux assay has to
be carried out in 1 ml capacity microcuvettes with 10 mm light path,
Details for the larger volume is deseribed below: 5 ml serum was
troated with 1 ml of 2,6 M m'oa solution in 7 ml centrifuge tubes
while stirring with a thin glass rod, The voluminous preecipitate
which formed was kept for O min and then cemtrifuged off at 5000 x g
for 15 min, 3,0 ml of the clear centrifugate was transforred to a
stoppered test tube and heated in a beiling water bath for 30 min,
The solution was then cooled, adjusted to pil 7.4 with 1,5 N NaOH and
made up to a volume of 10 ml with water., The amount of Nadi required
for neutralisation is determined either by titration of an aliquot

using bromothymol blue as indicator or by adjusting the pi using a
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glass electrode. In the former case where an indicator is used
the aliquot is discarded while in the latter this is unnecessary,
1 wl to 1,5 ml aliquots of the final solution were taken for citrate
assay.

The results obtained with the various biological samples are
summarised in Table 1,1,

It will be evident from these results that there is exeellent
agroement in all cases between the values obtained by the enzymatie
procedure and those obtained by the chemicnl method of Natelson
et al, (1948),

3) Becovery Trials

As a further check on the reliability of the enzymatie procedure
for ouuQ assay in biological samples, recovery trials were performed
with biological specimens to which known amounts of citrate had been
added, Details of particular examples are given below,

a) Calture fluids and cotten leaf extracts

Samples of culture filtrates and cotton leaf extracts were
heated for 10 min, cooled, neutralised as described earlier and
made up to a suitable volume, Known amounts of eitric acid were then

added to aliquots of the materials and samples were assayed as
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Material

Citric aecid content

.

Enzymatic Chemical
assay assay
1o Culture Medium (A.niger) 21,80 mg/ml 22,12 mg/ml
7 days growth
2, Culture Medium (A.nerogenes O hr 47,3 wi/ml 47,0 uid/ml
grown on citrate-mineral 2 hr 43,8 uM/ml 44,7 /-1
salte medium)
4hr 34,0 wi/ml 33,0 uM/ml
6 hr 18,1 wi/ml -
8hr 0.0 0,0
3. Cotton leaf powder 4,62 z/100 g 4,70 g/100 g
4, Horse serum 31,46 mg/100 ml 32,00 ug/100 m)
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deseribed earlier, Control samples without added citrate were aleo
analyned to determine the original citriec acid contents.

b) Serus samples

Serum samples were treated with known amounts of citric acid
and immediately deproteinised with metaphosphoriec aeid and analysed
as deseribed earlier, Control samples of serum without added citrate
were estimated for the original ecitric acid content,

o) Bacterial crushes

liecovery trials were also performed with samples of sonicates
of Aerobascter aerogenes propared as described earlier unler the
mothod for isolation of citrase. Aliguots of the centrifuged sonicate
were heated for 15 min in a boiling water bath, cooled and treated
with known amounts of citric acid, Aliquots were deproteinised as in
the case of serum samples and assayed also under similar conditions.
Control samples were analysed and found to contain no eitrate,

The results of the recevery experiments are summarised in
Table 1.2,

It is evident from Table 1.2 that the recovery of added citrate
from a large variety of bioclogical sample is practically quantitative

by the enzymatic procedure.



Biolegical material Mgt Teorree 3T
ut wi
1, Culture medium (A.niger)7day 0.100 0,100 100
2, Culture medium
(Aegerogenes ) 8 hr 0,100 0,007 o7
3, Cotten leaf extract 04200 0,202 101
4. Cell sonicate (A.serogenes) 0,200 0,200 100
5. Mabbit serum 1,000 1,040 104
6, llorse serum 1,006 0,980 08




RISCUSSION

All accurate procedures which have hitherte beem applied
to citrate in biolegical samples have the drawback of being longthy
on agecount of their intrinsic nmon-specificity and the diffieunlty
in removing compounds that interfere. The most accurate of the
chemiocnl procedures, which is the pentabromoacetons method, thus
invelves several steps for removal olﬂﬁi'-km acide, aldehyde and
acetone (Natelson ot al, 1048)., Amongst the emsymatic procedures
the most accurate and sensitive methed deseribed in literature is
that of Dagley and SivaRaman (1903) using partially purified
extracts of Aerobagter asrogenes. The presence of contaminating
enzymes however in this instunce produces interference in presence
of glutamic aeid and (~ketoglutarate and the removal of these
involves tedious procedures.

The enzymatie procedure suggested by Sivallaman and Subramsnian
(1963) in which purified citrase and malate dehydrogenase are used
in the spectrophotometric assay of eitrate has been oh:n in the
present studies to have none of these disadvantages, The method is
sensitive and anounts as low as 0,02 ul or abeut 4 ug eitriec acid
can be aceurately assayed in standard 3 ml eapacity spectrophoto=

wetrie cuvettes of 10 mm light path,
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The new enzymatic procedure is also extremely rapid, a direct
assay requiring only a minute after mixing of reagents. The pro-
cedure is intrinsically free from interference and shows absolute
specificity for citrate from among a wide range of compounds that
have been tested, Where protein levels are low in biological
samples the only pretreatment required for the specimen is heat
denaturation of the enzymes in the sample which might react either
with citrate or with m\ma. Where protein levels are high and an
opalescence results on heat treatment, deproteinisation with meta-
phosphoric acid ies recommended followed by converaion of excess
metaphosphorie acid to orthophosphorie acid by heating for 30 min
at 100°C and neutralisation with alkali. In this case the entire
assay procedure takes no more than an hour and a half,

The present enzymatic procedure is also accurate and results
obtained with several different biological specimens are in complete
agreement with parallel determinations carried out by the pentabromo-
scetone procedure of Natelson ot al. (1048). The aceuracy of the
new procedure has alse been eetablished by recovery trials where
added citrate has been gquantitatively accounted for in diffewent
biolegieal samples,

The enzymes used in the present studies have also beon shown
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to have excellent keeping qualities. Pure citrasc stock preparations
bave been used without any difficulty after several months of storage
for as long as a year in the freeze, while repeated thawing at 0°C and
freezing at «-20°C has also been found to have no apparent deleterious
effect on the rapidity and accuraey of citrate assay. Stoclk samples
of malate dehydrogenase also show remarkable keeping qualities and
have been used for at least a year without apparent loss of effectivencss
in the assay system., In this connection it may be pointed out that the
application of onsymes such as the citrate cleaving enzyme (Srere and
Lipmann, 10563; Srere, 1950) to citrate assay was also considered but
was not pursued as the enzyme is unstable and loses as much as 40¥ of

its activity on storage overmight at «20°C,

SOMARY

A new procedure has been worked cut for the emzymatie assay of
eitrate in biological materials based on the coupled action of the

two onzymes citrase and malate dehydrogenase in presence of Nma.
Under the conditions described the breakdown of 1 mole citrate

results in the oxidation of exactly 1 mole NADH,, The estimation is

carried out spectrophotometrically by measuring the deerease in the

optical density at 340 mu due to the oxidation of mz.

1. The procedure is highly sensitive and amounts as low as



1 to 4 ug citric acid can be accurately assayed.

2, The methed is rapid and the enzymatic reaction is complete
within a minute,

3. The enzymatic procedure shows {reedon from interference f{rom
the following compounds that were testod: alanine, aspartic acid,
cyateine, glyeine, glutamic acid, phenylal anine, serine, tyrosine,
asparagine, glutamine, acetaldehyde, glyceraldehyde, glycerol,
dihydroxyacetone, glucose, cisaconitic, transaconitie, citraconiec,
citramalic, fumarie, glyoxylie, ((~kotoglutariec, isecitric, itacoaie,
lactic, maleie, malie, mesagonie, pyruvie, sucecinie, tricarballylie
and tartaric acids at levels of 1 M in 3 m]l test system and ethanel,
acetic acid and ascorbic aeid at a level of 10 uM in 3 ml, In the
presence of oxaloacetie uld) citrate con be estimated by the use of
an adequate ma level and addition of citrase after the initial
reduction of oxaloacetate is complete,

4., The specificity of the analytical procedure renders all
pretreatment for removal of interfering substances unnecessary in
the cese of samples of low protein content such as culture fluids and
leaf extracts, In such cases the entire assay con be completed within
30 minutes, Where biological samples are rich in protein, such as

serun and bacterial crushes, removal of protein with metaphosphorie
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acid is recommended followed by removal of precipitated protein and
heating for 30 min to convert excess of the metaphosphorie acid te
orthophosphoric acid. In these instances the assay takes ahout an

le.d.ldl.

5. The accuracy of the new assay procedure has been checked
both by parallel chemical determinations of eitrate in a variety of

biological specimens as well as by recovery trisls,
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PART II.

STUDLES ON o -AMINO ACID ACYLASE:
PURIFICATION AND PROPERTIES OF AN ACYLASE

FROM Aspergillus flavus-oryzee NWIL 5 3 O



The group of enzymes classed as -amino acid acylases or
Neagylomine acid amido-hydrolases are peptidases capable of hydro-
lysing the peptide bond of Neasgylated amino acid derivatives. The
first report of such an enzyme was made by Schmiedeberg (1881),who
observed the hydrolysie of hippurie acid (benzoylglyeine) by
ajueous extracts of animal tissues and called the enzyme "histozmyme”.
The nomenclature was later chenged to "hippuricase” (Clementi,1023)
and the mere general uotation “"aminoacylase” (Smorodinzev, 1023),
Greenstein and his co-workers wiio initiated extensive studies on
this class of onzymesin more recent years, adopted the nomenclature
"amino acid acylase” which has now been [further modified to the
systematico name of Neacylamino aeid amido-ihydrolasea.

1. TYPFS AND OCCURRINCE

At least five different enzymes have been well characterised
in thie group:

1) Aeylase I (N-seylamine acid amide~hydrolase, ©.C, 3,0,1,14)
which is the most extensively studied in the greoup has a wide range
of specificity and hydrolyses the Neagyl-derivatives of several
L-ol~nmine acids with the oxeeption of aspartie acid and the aromatie
acids, particularly tryptophan (Greemstein and Winitz, 1961; Bruns
and Schulze, 1962), Acylase I occurs in mammalian tissues such as
liver, kidney, pancreas and hepatoma {(Abderhalden and Abderhalden,1038;



47

Price and Greenstein, .100). The richest source reported for the
engyme is hog kidney, where it cccurs particularly in the eytoplasm
with decreasing levels in the order; mierosomal, muclear and mito-
chondrial fractions (Nanson, Hermenn and Bleeh, 1050),

ii) Acylase II, which is present in mammalian remal
tissue, is more specific in its activity than acylase I and hydro-
lyses only N-acylated derivatives of l-aspartic aeid (Birnbaum,
Levintow; Kingsley and Greenstein, 1952),

iii) An enzyme, € =lysine acylase, specific for € —aeylated-
L-lysine derivatives has been isolated from rat, hog and ehick
kidneys (Paik, Blooh-Frankenthal, Birmbaum, Winits and Greenstein,
1987; Paik and Benoitin, 1963) and from bacterial sources like a
strain of Pseudomonas (¥ada, 1080) and the soil organism, Achremobagter
pestifer (Chibata, 1064). The renal enzyme differs from the baeterial
in its substrate specificity., The enzymes do not act readily on
ok -substituted derivatives of L-lysine,

iv) Mierobial and plant acylase I1I, has been isolated from
several fungi (Michi and Nomaka, 1034a, b} Dorkar, 1057; Michi and
Teuda, 1057); yeast {Chibate and Ishikawa, 1058), soil Pseudomonas
(Kameda, Toyoura and Kimura, 1968) and plants (Chibata and Tesa,

1069; Ozaki and Wetter, 1980), The enzyme has a wide range of
specificity acting on the Neacylated derivatives of several l=d «amine
acids and differs from renal acylase I particularly in the suscepti-
bility of acylated aromatic amine acids to hydrolysis by the mould

and plant enzyme and the marked resistance of these to the remal
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enayme, The possibility of the existence of a renal acylase III
capable of acting on acylated aromatic amine acids has been suggested
by Greenstein and his group (Greenstein and Winitz, 1061; Rae,
Birnbaum, Kingsley and Greenstein, 1952).

v) An interesting ensyme isclated from soil baeteria has
been shown to be specifie towards Neacylated derivatives of Deamino
acids (Kameda, Toyoura snd Kimura, 1008),

Among the less well authenticated acylases is a mammalian
kidnoy microsomal enzyme claimed to be specific for leag-chain
Neacyl derivatives of glyeine and leamino aecide like palmitoyl-
glyeine and myristoylelLephenylalanine (llazama, Kitagawa and

Yomamura, 1963),

2, PURIFICATION & PROVERTIES OF ACYLASES

Some of the important investigations on acylases reported
in the literature are susmarized briefly belows

(1) BENAL ACYLASE X

Partial purification of the envyme to the extent of a
35~fald concentration from hog kidney was obtained by Birabaum,
Levintow, Kingeley and Greenstein (1952) by a procedure iavelving
isoeleotrie precipitation and ammenium sulphate and acetene fractiona-
tions, Ohi and Ovekhovieh (1058) reported a 100-fold concentration
from the same source by starch gel electrophoresis., lemal aseylase I
was isolated inm pure form by Druns and Schulze (1062) and the finmal
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preparation after 300 to 300-fold concentration was shown to be
homogeneous on the basis of ultracentrifugal, electrophoretic and
immnoelectrophoretic behavieur, The purification procedure involved
isoelectric precipitation, azmonium sulphate and othanol fractiona=
tions and ehromatography en DEAE-gellulese. The enzyme has a
molecular woight of 70,500 and an activity of 20,000 meles acetyle
mothionine/mole protein/min at 37°C,

(a) oPTICAL SPECIFICITY

Smorodinzev (1023) firet made the important observation
that erude enzyme extract  from animal tissues, like liver and
kidoey, has marked optical specificity and hydrelysed Nebenzoylel-
aminebutyrie acid but not Nebemsoyl-Desminobutyrie acid.

The application of this preperty of optical specificity to
the resolution of racemic (~anine acids has been extensively investi-
gated by Greenstein and his co-workers (Greenstein, 1054; Greenstein
and Winitz, 1001). The basis of this ensymatie procedure is the
remarkably high eptical specificity of renal asylase I towards most
acylated, particulorly asetylated, lL-amine aeid derivatives, the ratie
of the rates of hydrolysis of the nu.tyl-l-a-tm aoid to that of the
agetyl-Deamino acid being 40,00031 or greater when the N=agotylated
racenate is the substrate (Dirnbaum, Levintow, Kingsley and
Greenstein, 1052), Ny the application of this procedure of asymmetric
hydrolysis, Greenstein and his coworkers have resolved nearly all
known ((~amine aeids. The gemeral procedure invelves the initial
hydrolysis of the Neacylated Dl~amino aeid to give the L-amine aeid,



acyl acid and Neagyle-D-amine acid. The Le-amino seid is then
separated from the acyl-Deamino acid either by differential solu~
bility or by the use of ion exchange resins, The Deamine acid is
then obtained from the soyleD-amine acid by acid hydrolysis, The
isomers separated by such procedures have been shown by the use of
optically specific amino acid oxidases or decarboxylases to be
remarkably pure, usually containing mot more than 1 part in 1000
of the antipode (Meister, Levintov, Kingsley and Greenstein, 1051),

An interesting extension of this procedure for the
isolation of optical isomers of amino acids is covered under a
recent Patent (Fr, 1964, 1,374,707) wherein a mold acylase prepa-
ration is copolymerised with Necarboxy- ) ~methyl-glutamie anhydride
and tho resulting copolymer is packed in a column and the acylated
racemate resclved by percolating through the columm,

(b) CHEMICAL STRUCTURE AND SUBSTRATE SUSCEPTIBILITY

The original observation that renal acylases are \-amino acid
acylases was also made by Smorodinzev (1023) who showed that animal
tisaue extracts hydrolysed Nebenzoyl- j~amine acide and met (> -anino
acide derivatives, like benzoyl-3 -alanine and benzoyl- S=amino
butyrie acid, Later workers have shown thot partially purified remal
acylase 1 actson discylated derivatives of O ) ~diamine butyric acid,
ornithine and lysine to yield the corresponding (> -acyl amine acids (Fu,
Hao, Birnbsum and Greenstein, 1952),

Afm@«mlgmphummtohnmud
for the enzymatic action of acylase I and acyl-amine acid amides
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and esters are resistant to hydrolysis under conditions where the
free acid is rapidly hydrelysed (Fa, Birnbaum and Greenstein,1954),

The influence of the nature of the amino acid residue and
of the acyl group on susceptibility to the action of acylase I has
also been studied extensively by Greenstein and his group using
relatively erude ensyme preparations and more recently by Bruns
and Schultze (1002) with the pure enzyme, The earlier data have
been reviewed by Greenstein and Winitz (1061), Among the amimo
aeid derivatives tested those of methionine were the most susceptibdle,
Those invelving the aliphatic amine acide were in general preferred
subnatrates. In the straight-chain aliphatic homologues of glywine,
rsusceptibility increased with chain length to a maximum of n-valine,
the rates decreasing thereafter with the longer chain derivatives.
The branching of the amino acid chain depressed the rate and tert-
leucine with a completely substituted \é -garbon was resistant to
renal and panereatic acylases, Allostereoisomers of threonine and
isoleucine differed in their susceptibility from that of the
corresponding normal form, Derivatives involving aspartic acid,
proline, hydrexyproline and tryptophan were resistant to the

action of agylase I.

In studies on sensitivity of aeylase I to the nature of
the aeyl greup, halogenaeyl derivatives such as chloroasetyl have
been shown to be hydrolysed faster than the corresponding secetyl
derivative, while benzoyl derivatives are acted on at rates slower
than the corresponding acetyl, propiomyl or formyl derivative. In



the monohalogen series, rates deoreased in the order of decreasing
electronegativity of the halogem atom, fluorescetyl derivatives

being the most susceptible and iodeacetyl the least. ‘hen the Neasyl
group is triflueoroscetyl, the hydrolysis rates were generally the
fastest, but the high degree of optical specificity of the enzyme was
then considerably lowered and the trifluoroacetyl Deamino aeid
derivatives were aleso split at measurable rates (Fones and Lee,1054),
A similar lowering effeet on optical aspecificity was observed with
chloropropionyl derivatives (Fu, Birmbaum and Greenstein, 1954),

Acylase I also acts on dipeptides such as glycyl and alanyl
amino acids, in the case of the latter, lL-alanyl derivatives being
split faster than the D-alanyl (Ree, Birnbaum, Fiageley and Greenstein,
1052), The hydrolysis of glyeylglycine by acylase I has been shown
to differ from that of the same substrate by glyeylglyeine dipeptidase
(Smith,1051) in that Co°* is required for the action of the dipeptidase
while the metal inhibite hydrolysis by acylase ! (Eruns and Schulge,
1062),

Pure acylase I has been shown to have no cathepsin-like

activity (Bruns and Schulze, 1062) unlike less pure preperations
(Chi ond Orekhovieh, 1058).

Pure acylase I has been shown to be strongly imhibited by
«8H group-specific reagents (Brune and Sechulze, 1062), The pure

engyme has also been shown to require no metal for its activity



particularly towards the more susceptible derivatives, the presence
of Co™* actually acting as an imhibitor in these instances. The
mcotlxm"‘l Coa’huboudmm, however, to enhance
hydrolysies of the less suseeptible amino acid derivatives sueh as
benzoylglycine (Bruns and Sehulse, 1062) and the acyl Deamine acid
derivatives (Marshall, Birnbaum and Greenatein, 10568), Partially
purified acylase I was shown to eontain no cobalt but the metal
could be incorporated by treating the ensyme preparation with Co
followed by dialysis and lyophilisation, The Co ' medified prepe-
rotion has then been shown to hydrolyse all substrates at a rate
bigher than that of the native enzyme and the cobalt~treated acylase
was unaffected by ethylene diamine tetrascetic aeid (FDTA) (Marshall,
Birnbauns and Greenstein, 1986),

i1) ACYLASE II

The enzyme has been separated from acylase 1 and partially
parified by Birnbaum, Levintow, Kingsley and Greenstein (1952) using
hog kidney as the source, The enzyme is specifically an Le-aspartie
acid aeylase and hydrolyses asymmetrically, Neaeylated derivatives
of L-aspartie acid such as Nechlorcacetyl-l-aspartic aeid, Dipeptides
of l~aspartiec acid )uko glyeyl=l=aspartie acid ,are hydrolysed at slow
rates, Neacylated-l-asparagine is not susceptible to acylase II bdut
is readily hydrolysed by asylase I,

coz’o h” have no effect on the activity of acylase II
(Rao, Dirnboum, Kingsley and Greenstein, 1952),



141) €_-LYSINE ACYLASE

Paik, Block~Frankenthal, Birnbaum, Winitz and Greenstein (1057)
reported an asylase system in rat kidney which hydrolysed © -acylated-
L-lysine derivatives stereospecifically. The ensyme was concentrated
160-fold by Paik and Bemoitin (1963) frem hog kidneys., MDTA and metals
had mo effeot on this renal emsyme, Aliphatie & =N acyl derivatives
were readily hydrolysed while aromatie derivatives were unaffected., In
marked contrast, the{-Neagyl-derivatives of lysine were hydrolysed
very slovly while O{ «Nearyl derivatives were acted on at appreciable
rates, C-Nlilyoylel~lysine was resistant but the C «N-agetyl group
of lysine was still hydrolysed when the X —amine or the carbexyl or
both were in peptide linkages,

< ~Lysine acylases have been shown to be preseat in a strain
of Pgeudomonas (¥ade, 1989), in Aspergillus oryzae (Chidata, Ishikawa
and Tosa, 1960) and in Achremobacter pestifer BA (Chibata, Ishikawa
and Tosa, 1062), The fungal enzyme unlilke the renal and bactorial,
has no optical epeeificity. The bacterial enzywe has beem purified
from tolucne-treated cells of A.pegtifer by fractionation with
ammonium sulfate, precipitation with Sivanel (0:0-diemino-2-othoxy-
scridine leetate), acotone and amsonium sulphate fractionation and
elegtrophoresis on cellulose columns, The bacterial enzyme required
no metal and was inhibited by -Sil group~specific reagents and bas
boen shown to differ from the renal preparation in its substrate
specifieity (Chibata, Tosa and Ishikewa, 1004), € NeBDenzoylel~
lyaine was thus hydrolysed at a rate comparable to the asetyl



derivative while the aryl derivative was resistant to hydrolyeis
by the remal acylase, Also unlike the remal preparation,( - € wNew
diacyl=lelysine derivatives and compounds having no free -COOH

group wore resistant to the action of the bacterial enzyme,

iv) MICROBIAL AND PLANF ACYLASES (ACYLASE XIT)

Investigations on microbial acylases have been carried
out mainly by Japanese workers over the last decade, particularly
after Greenstein and his colleagues had established the usefulness

of this group of emzymes in the preparation of optically pure amine
acids,

The earlier investigotions were restricted mainly to a
study of the ensymatio hydrolysis of hippurie aeid. Thus Dox (1910)
showed the presence of a hippurie acid hydrolysiang enzyme in several
cheese moulds like Peniecillium wni_m and Pochrysogenum and
Grassman and Basu (1931) reported sush an activity in bran cultures
of Aspergillus orysae.

Neuberg and Linhardt (1024) observed that the acylase from
takadiastase, a commercial ensyme product from meuldy bran (A.prysse)

asymmetrically hydrolysed bemzoyl-Di-alanine leaving bemzoyl-D-alanine

unreacted in the digest, The procedure was applied to the resolution
of alanine by Hoppert (1028) and two-and-a~half decades later by
Neuberg and Mandl (1950) to the resolution of wmethionime, tryptophan,
phenylalanine, isoleucine, aspartic acid, lysine and tyrosine, The
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tokadinstase preparations used in these studies hod only low levels
of activity and prolonged digestion often over several days were
required with massive amounts of the enzyme preparation, even as much
as the substrate by weight.

Ellis and Walker (1042) investiguted the rates of hydrolysis
of hippurie acid and various isemeric ring substituted derivatives of
hippuric acid by the acylase of takadiastase, The nature of the
substituents was found to have little effect on rates of hydrolysis
but the position of the substituent was found to be important,

Michi and Nonaka (1054a) systematically studied several
fungal strains for acylose activity towards N-acylated-Pl-glutamie
acid., Extracts of mouldy bran were found to contain acylase activity,
the highest levels being asscciated with Aspergillus temarii,
A.aryzae, Penieillium viongeous, P. exalioun and I',corymbiferum.

Michi and Nonoka (1954h) concentrated the activity about five-fold

by ammonium sulphate and acetone fractionations and used the concen-
trates for the resolution of glutamic acid and valine, Dorkar (1057)
obtained about 400=fold concentration of activity of extracts of wheat
bran cultures of Aspergillus flavus-orysae by a procedure involving
acetone and ammonium sulphate fractionations, adeorption on ealcium
phosphate gel and refractionation with ammonium sulphate, The
partially purified preparation, moet active at pil 0,3 to 8.4, was
shown to hydrolyse Neacylated tryptophan and phenylalanine derivatives
more rapidly than the correspending alanine derivatiwes in marked
contrast to remal acylase 1 which does not act on tryptophan derivatives
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and hydrolyses phenylalanine derivatives at about a thirtieth the
rate of the corresponding alanine ones (Brune and Sehulse, 1062),

The mould preparation was shown te be active towards clhilercacetyl,
acetyl and formyl derivatives of several amine acids, the formyl
derivatives being most susceptible and acetyl the least. The
susceptibility of the Neaeyl derivatives tested inecreased in the
following order: aspartic aecid, histidine, glutamic acid, alanine,
tryptophan, methionine, phenylalanine, The enzyme was not inhibited
by -8ii-group-specific reagents but was cempletely inactive in the
presence of EDTA, o-phenanthweline and O, i '«dipyridyl, The enzyme
was completely inactive after treatnent with EDTA followed by dialysie
and was resctivated by Fe' and Zn®* while Co®*, un*, ug®*, cu®*,
!‘o:“ were without effect, The mould preparation was also used for
the resolution of tryptophan, Miechi and Teuda (1057) and Miehi (1058)
obtained essentially similar data on substrate susceptibility with

an enzyme concentrate . from Penigcillium vinaceous cultivated on
wheat bran-caleium carbonate., These authors obtained the concentrate
by a procedure involving mmonium sulphate fractionation, preeipita-
tion with Rivanel (0:0-diamino~2-ethoxyseridine lactate) and
refractionation with ammonium sulphate, The preparation was used for
the resolution of trypteophan, phenylalanine and methionine, The
preparation was also readily active towards (/-Neacetyl lysine, a
substrate which is only slowly acted on by renmal acylase. This

mould acylase concentrate was reported to be activated by 00".

The enzyme from takadinstase has been concentrated 1000w-fold
by Imouye and Akabori (1660) using a procedure invelving starch



column electrophoresis.,These authors reported an activation by 002’
for the substrates acetylphenylalonine and acetylvaline, while other
divalent motals imhibited hydrolysis., The optimum pil was 8,0 for

low levels of Co"', The enzyme lost half ite activity in the presence
of 3,6 x 10™ p-chloromercuribenzeate, Move recently, Doi and Hata
(1963a) have reported a 1500-fold concentration in activity of take=
diastase acylase by a procedure invelving precipitation with caleium
ehloride, clution and fractionation with ammonium sulphate, ehromato-
graphy on DEAB-sephadex and acetone fractionation, The purified
enzyme was found to run as a single component in free electrophoresis
at pil 7,0 but the sedimentation pattern in the ultracentrifuge
indicated the lack of homogeneity. These authors have also reported
that the hydrolytie rate of acetylleuecine for the purified enayme
was enhanced by Co°* while that of chloroacetyljhenylalanine was
lowered in presence of Coz’. The enzyme eould not be rendered metal
free by treatment with EDTA followed by fractionmation on a sephadex
column, FHowever the metal free protein eould be obtained by treatment
with o-phenanthroline followed by dialysie, The metal-free enzyme
was inuctive but was reactivated by Co* and Zn*, Co®* being more
offoctive than 7n°* in bydrolysis of acetylleucine but less effestive
than Zn°* in hydrelysis of chlorcacetylphenylalanine (Doi and Hata,
1063b).

An acylase has been isolated from brewers yeast by Chibata
and Ishikowa (1058) and concentrated 10-fold by suceessive liguefaction
with ehloroform and precipitation with ammonium sulphate, The preparation



rapidly hydrolysed phenylalanine and tyresine derivatives but acted
on tryptophan derivatives at relatively lower rates than the mould

ONEYNOS o

An ecylase has been conceantrated 150-fold from rape seeds
by Ozaki and Wetter (1061) by emseniws sulphate and caleiwm phosphate
gel fractionation, The enzyme preparation was stereospecific for the
lL-isomer and hydrolysed acetylphenylalanine, acetyltyrosine and acetyl-
mothionine rapidly but acetyltryptephan and acetylalanine more slowly.
003’ was required for activation of this seed enzyme.

Low levels of acylase activity have been reported in Escherichia
eoli (Vogel and Douner,1088; Chibata, Kisumi and Yamada,1958) but no
studies scem to have been carried out on the substrate requirements of

the enzyme from this source.

v) D-AMINO ACID ACTIASE

The simultaneous presence of L- and Deamine aecid acylases
capable of hydrolysing benzoyl derivatives of phenylalanine, tyrosine
and alanine have been reported by Kamada, Toyoura and Kimura (1058) in
a strain of Pseudomonas. The aetivity towards the l-isomer was separated
from that towards the D-form by fractiomation with protamine sulphate.
The D-acylase was concentrated 13-fold during the separation procedure
and was used for the rosolution of phenylalanine, Some atrains of
Pgeudomonas have also been iesolated with single optical specifieity
towards the leisomer (Kameda, Toyoura, Kimura and Matsui, 1088),
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PRESENT_INVESTIGATION

In earlier work carried out at this Laboratory by Borkar (1057),
an acylase had been concentrated 400-fold from wheat bran cultures of
Aspergillus flavus-oryszae NIIL 538, This enzyme was shown to differ from
renal acylase I in its subetrate and metal requirements, The main
distinguishing feature in substrate susceptibility is the preference of
the mould enzyme for aromatic amino acid derivatives while the aliphatie
and not the aromatic derivatives are the preferred substrates for remal
acylase I (Greenstein and Winitz, 1061), Thus acylated tryptophan deri-
vatives were hydrolysed by the mould preparation faster than corresponding
alanine derivatives while the former are resistant to hydrolysis by
acylase I and the latter are rapidly hydrelysed (Bruns and Sehulze, 1962),
Purther, the partially purified mould preparation was rendered completely
inactive after FDTA treatment followed by dialysis and required 7Zn°" or
Po* and not Co”* for reactivation (Borkar, 1957) while renal ncylase I
ie not inhibited by EDTA (Marshall, Birnbaum and Greenstein, 1956) and
does not require metal ions for its action on susceptible substrates

(Rao, Birnboum, Kingsley and Greenstein, 1052),

Several groups working in Japan have concentrated mould acylases,
particularly from Penicillium vinaceous and takadiastase and shown (that
these also behave like the enasyme from A.flavus-oryzae in hydrolysing
the Neacylated aromatic amino acids with greater ease than the
corresponding Neacylated aliphatic amine acids (Michi, 1958; Chibata
and Ishikawa, 1968),



3§

Although the substrate susceptibilities of the A.flavus-
oryzae and other mould acylases appear to follow a common pattern,
the two seem to differ in their metal activation behavicur. While
tokadiastase acylase which has been rendered metal-free ie resctivated
by either Co>* or 7n°* (Doi and Hata, 1963b), partially purified
A.flavus-oryzae acylase which has been treated with FDTA and dialysed
ie nctivated by 7n2* or Fe* and met at all by Co°* (Borkar, 1057).

In view of the distinctive properties of the A.flavus-oryzae
acylase as compared to other microbial scylases as well as to renal
acylase 1, it was decided to resume the earlier work of Borkar (1951))
particularly in regard to the purification and properties of the '
enzyme, In the earlier ”lﬁ.\ the enzyme concentrated 400-fold had
been shown electrophoretically to contain at least 3 components in
sbout equal proportioms, A further 3 to 4-fold concentration of
acylase activity was therefore considered desirable before ntn?lyin;

the properties of the enzyme preparation,

In the results reported here, a 1500~ to 2000-fold
parification of A.flavus-oryzae enzyme ie reported both from wheat
bran cultures and surface growth on a liguid, semi-synthetic
medium, The influence of metal ions, pii, substrate structure and
some inhibitors on the asctivity of the purified enzyme is also
desoribed,



EXPERIMENTAL
METHODS _AND MATURIALS

1. Growth of erganism

(a) Organisw; Aspergillus flavus-oryzse NRAL 536 wae
used as the source of the enzyme, Among several fungi screencd
for astivity this erganism had been found to be the best acylase
_ producer by Borkar (1957).

(b) Maintensnce of stock culture: The mould was grown on
potato~-dextrose agar slants prepared as follows:

200 g peeled and cut potatoes were steamed with 700 ml
distilled water for 1 hr and the extract strained through muslin,

20 g dextrose and 30 g shredded agar were added to the extract and
the volume was made to 1 L with distilled water, The medium was
steamed for about 1 hr till the agar dissolved completely, About

10 ml lots of the medium were dispemsed in pyrex test tubes (6" x 1")
and autoclaved at 15 p.s.i. for 20 min and slants prepared in the
-ususl manner,

The slants were stored at 5°C,

(e) Inogulum: Active spores were obtained by growing the
organism on malt agar slants prepared as follows:

Difeo malt extract was dissolved in 1 L distilled water to
give a selution of specifie gravity 1,02 (corresponding to 5% solids).
The pli was adjusted to 6,7 and 25 g shredded agar added to the
solution and steamed till the agar dissolved, Slants of the medium
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wore obtained as described above,

The malt agar slants were inoculated with a loop of spores
from 5 days-old stock cultures on potato-dextrose agar. and were grown
for 10 days at 37°C, Two successive subcultures were made on malt
agar slants to obtain active spores, Spore suspensions for inocu-
lation were obtained by adding 5 to 10 ml sterile water and teasing
the spores off each slant with a nichrome inoculating needle.

(4) Surface cultures on corn steep liguor-dextrose mediume

The organism was found to grow well on a simple corn steep
liquor medium of the following compositions

Corn steep liquor (505 solids) = 30 ml
Dextrose - 40 g
Water - 1L
pil adjusted to 6.4 with N NaoOH,

For determining the optimum period of growth for acylase
production, 250 ml medium were dispensed in 1 L pyrex conical flasks
and autoclaved at 15 pes.is for 30 min, The medium was then inocu-
lated with spores from one malt agar slant and grown at 30°C under
stationary conditions,

For enzyme preparation, 1 L lots of medium were dispensed
in 4 L pyrex Fernbach culture flasks and steam sterilised at
15 p.s.i. for 30 min, Spores from four malt agar slants were used

for inoculating each flask and grown under stationary conditions
at 30°C for 8 days.
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(o) ¥heat bran cultures: Mouldy bran was prepared
according to the procedure deseribed by Borkar (1057).

¥heat bran was ground in a Wiley mill and passed through
a 850-mesh sieve, 480 g fresh powlered bran was mixed with 550 ml
water and sterilised in a covered enamelled basin by auteclaving
for 2 hr at 20 pes.i. The quantity of water used was just suffi-
cient to moisten the bran, The bran was then spread under sterile
conditions in a sterilized shallow enmamel tray (18" x 15" x 2")
to give a utfon layer of about " to 1" thickness.

Spores from 8 malt agar slante were used for each tray
containing 1 kg moist bran, The bran was inoculated unifornly and
the trays covered with sterilized filter paper sheets and left
72 hr at 28%in a sterile chamber in which the humidity was maintained
with shallow trays eontaining water, A thick greenish-yellow carpet

of mouldy bran was obtained at the end of the period of growth,

20 ifi of
(a) Extraction of acylase activity

(i) Surface cultures on liguid medium: The pale straw
yellow coloured mycelium was harvested and washed once with
3 volumes distilled water on a Buchner fumnel, The mat was then
extracted at 0% to 8°C with 2 volumes saturated, ice cold toluene-
water by grinding in a mortar and pestle with 1.5 parts cooled,
acid-washed sand, The extract was squeezed through mmelin and
clarified by centrifugation at 2000 x g for 45 min at 0°C, 100 g
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mat usually yielded about 200 te 250 ml brown coloured, clear
extract containing 0,57 protein,

(ii) Mouldy brant Extraction was carried out as deseribed
by Borkar (1957)., 1 kg mouldy bran was broken up and taken in an
ice~cold porcelain ball mill jar of about 10 L capacity. 1.5 L of
saturated ico-cold toluene water was added to the bran culture and
the contents ground with porcelain balls (1/3 volume of jar) for
1 hr in the mill, After the end of this period the mouldy bran was
obtained as a uniform paste at a temperature of about 15°C, The
pasty mass was .qunlgd through muslin and the extract filtered
overnight at 0°C, Approximately 1,1 L filtrate was obtained from
each tray of 1 kg of bran,

(b) Agetone precipitation
The acotone used was refluxed over anhydrous "e""a and

distilled.
(e) Tricaleiuwm phosphate - cellulose ¢olumn chromatography

Tricaleium phoaphate adsorbent was prepared according to
the method of Swingle and Tiselius (1051) by the slow addition of
orthophosphorie acid to a chilled solution of a calcium complex
of suerose (MacIntire, Palmer and Marshall, 1045), The details
are given below,

To 225 g pure sucrose in 1 L water were added 37,5 g of
Cad prepared by caleining 76 g of precipitated cama at 1000°C for
3 hr, The suspension was agitated periodically for several hours
until wost of the Cad had dissolved, The solution was clarified



by centrifuging at 1000 x g for 30 min, Concentrated (857,
p.grs 1,71) orthphospherie acid (about 0 ml) was added dropwise
with stirring over the course of an hr to 400 ml of the valecium-
sucrose solution chilled to about 5°C until the pil was 9,5, The
stirring was continued for 4 hr, The resulting precipitate of
tricalecium phosphate was washed thoroughly with water and was
stored as a suspension (dry weight 30 mg/ml).

Tricaleium phosphate-cellulose column for chromatography
was prepared according to the proeedure of Massey (1960), 20 g
Whatman ecellulese powder (ashness, standard grade) were suspended
in 200 ml water and mixed with 100 ml of the 3% triealcium phosphate
suspension, The mixture was eovacuated in a stoppered Duchner
flask at the water pump for 15 min to remove occluded air, The
material was packed in a glase tube with a coarse sintered dise
at the base over which a 2 mm thickness of cellulose pewder had
been layered previously, The dimensions of the colum were
25 x 2,2 ems The rate of flow was about 15 ml/hr, Chromatography
was carried out at 0° to 5°C and 3 to 4 ml fractions were collected
on a Technicon Automatic fraction collector,
(d) pEAE-gellulose ehromatography

The DEAE-gellulose column was prepared as deseribed
carlier under Purificotion of Citrase in Part(page 19). except
that buffers used contained no MgS0 .

Chromatography was carried out at 0° to 5°C and 3 to 4 md

fractions were collected on a Technicon fraction collector,
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(e) Determination of oeylase astivity

The purification of acylase was followed using Neacetyl-
Di~tryptophan as substrate, The test system consisted of 2 ml
neutralised 0.1 M Neggetyl-Dl-tryptophan; 0.0 ml 0.1 ¥ phosphate
buffer pil 0,4, enzyme n‘iﬁx water to make to 3 ml total volume,
Ihe reaction was carried out for 16 min at 37°C, The reaction
was stopped by the addition of 1 ml glacial acetic acid and the
anount of'!mlroly-h of the acyl amine acid was determined by the
Van sxyk:l/:;:s procedure (Van Slyke, 1020), The quantity of enzyme
was always adjusted to give mo more tham 5f hydrelysis of the acetyl
ragcemate in 20 min, FEnzyme and substrate blanks were routinely run
under identical conditions,

In following the purification of the enzyme, parallel
determinations were carried out using sodium F-gly«rophuph-h
buffer, pid 6.4, in place of orthophosphate ﬁ;oﬁnr with separate
supplenents of the following metal salts: 7nSO, (3 x xo"‘u).
Fos0, (3 x 107), coc1, (3 x 10™3%) to give final metal ion

concentrations as indicated in perenthesis,

In the chromatographic separation of acylase on columms
of tricalcium phosphate-cellulose and DEAU-gellulese, the following
rapid test was carried out to qualitatively identify aetivity in
the effluent, A drop of column effluent from cash fraction was
added to the test system of 0.2 ml of neutralised 0,1 M Neacetyle
Dl=tryptophan solution and 0,1 ml of 0.1 M potassium phosphate
buffer, pi 6.4 and the mixture left for 20 min at 37°C, A
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spot (5 to 10 ul) from each test sample was then placed on a sheet
of filter paper within pencilled eireles and dried in a eurrent of
hot air. The sheet was then sprayed with 0.1 w/v ¥ selution of
ninhydrin in n-butanel and heated for 8 min at 80°C, The presence
of activity was immediately apparent by the appearance of a purple
spot on the filter paper sheet due to the liberated mmimo acid,
while the inactive fractions showed no colour at all. A spot of
each fraction was also checked direetly by placing on filter paper
and developing with ninhydrin to rule out the presenge of ninhyirin-
reacting substances in the colwm eoffluents,

In studies on the properties of the purified enzyme, the
extent of hydrolysis of the acyl derivative was determined by
estimating the liberated amino acid by a medification of the nin-
hydrin method of Moore and Stein (1048,1054), The test system
comprised of 1,0 ml of 0,1 M neutralised Neaecyl derivative of the
racomate (or 0,08 M of the acyl derivative of the optieally active
form); 0.3 ml 0,1 M veronal buffer, pif 8,0; 0.1 ml Zﬁo‘ solution
(6 x 10™2M) at 37°C. 0.1 ml enzyme was added to the teat system,
mixed and 0,2 ml sawmple withdrawn for assay within 15 sec of adding
the enzyme followed by further samples of 0.2 ml after intervals
of 6, 10, 15 min or any other stated interval from the time of
withdrawing the first sample, The reaction was arrested by adding
the 0,2 ml samples to 1,8 =l ninhydrin reagent made up as follows:

Ninhydrin reagent: 400 mg minhydrim (B.D.l., AJK,) were
dissolved just before use in 20 ml of methyl cellosolve(cthylene

glycol=monomethyl ether, £, Merek) and treated with stirring with
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10 ml of 4 M sodium acetate buffer, pi 5,5, containing a-m,. The
acetate buffer containing Snclz was prepared by dissolving 200 mg
s-clg.aﬂ,o (teanal, A,R,) in 1256 ml 4 M acetate buffer, pil 5.0,
The mothyl cellosolve solution after treatment with the acetate
buffer was further diluted with 10 ml 4 M sodium acetate buffer,
pil 5,6 and 32 ml 0.2 ¥ sodium citrate buffer, pi 5.0, The presence
of citrate prevented turbidity during colour develomment with teat

samples,.

1.8 ml lots of the ninhydrin reagent were pipetted into
test tubes (19 x 1 em) provided with aluminiuws caps. After the
addition of 0,2 ml test samples the tubes were capped and left in
a vigorously boiling water bath for 30 min, The tubes were then
cooled quickly in runaing tap water and diluted with 2 ml of 80350
ethanol-water. The tubes were read at 570 mu in 10 mms lisht path
glass cuvettes in an Unicam SP 600 spectrophotometer, Standard
curves were obtained with pure amino acid samples and lincar relation-
ships between amino acid concentration and 0.D, 570 were obtained ia
all cases under the conditions of assay. The colour yields for the
different amino acids ealculated on a molar basis with reference to
leucine were in agreement with the values given by Moore and Stein
(1048),

Protein measurements were made with the Folin phemol
reagent according to the procedure of Lowry, Hosebrough, Farr and
Randall (1951) as deseribed by Layne (1957)., Crystalline bovine
plasma albumin (Armour & Co,) was used as the working standard and
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colorimetric measurements were made on an Unicam SP 600 spectro~
photometer at 500 mu (or 750 mu for the lower range of values).
fnzyme solutions wfo diluted usually to contain 25 to 250 ug
protein/ml,

Protein measurements were aleo made by the spectrophoto-
metric procedure of Warburg amd Christian (1041), Values obtained
by this procedure were in good agreement with those obtained by the

use of the phenol reagent,

The total activity of fractions have been expressed as
moles substrate hydrolysed per hr at 37°C and specific activity as
umoles substrate hydrolysed imitially per hr per mg protein nitrogen,
The units of expressing activity were similar to those used by

Greonstein and coworkers and most others in the field,

3« Properties of purified acylase
(a) Substrates

Acetyl-li~tryptophan which was routinely used for following
the purification procedure and in the study of most of the unzyme
properties was prepared by the method described by de Vigneand and
Sealock (1932), 6.8 g recrystallised Di~tryptophan were dissolved
in 10 ml water with addition of 16,75 ml of 2N NaOH and treated
with 8,0 ml of 2N Nalll and 8 ml of acetic anhydride added in eight
portions during an interval of 16 min, The reaction mixture was

kept in an ice bath during the treatment and the flask was vigorously
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shaken after ecach addition of acetic anhydride. After the flask

was allowed to stand at room temperature for 20 min, 35,8 ml of

6N ngso‘ were added and the selution cooled in an ice-salt bath,

The white erystalline compound which precipitated was filtered

and then freed from any traces of tryptophan by washing with 25 ml

of 0,2 N liC]l and finally with water, The derivative was reerystalli-
sod from water, Yield 5.4 g, m.p. 204°C,

Acetyl-l-tryptophan, acetyl=D-tryptophan, fomayl=lle
tryptephan, ehloroacetyl=ll~tryptophan, formyleDi-alanine,
acotyl=li~alanine, chleroacetyl=DL-alanine, formyl=Di=phenylalanine,
acetyl=Dl-phenylalanine, acetyl-Di-mothionine and chlorcacetyl-Dl-
aspartic acid were preparations made by Dr, P, S, Borkar at this
Laboratory. All substrates were recrystallised before use,
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BESULTS
1. 0 oD_OF ACYLASE PRODUCTION

The activity extracted from mycelia at various stages
of growth is shown in Table 2,1,

TABLE 2,1
ml e ro t _30°C
Mycelium
Age of culture
Wet wt, Total activity Specific activity
(days) e (ui/hr) (wi/hr/mg N)
3 21 250 10
5 23 300 po—
7 20 550 14
8 30 700 14
10 36 700 13

It will be ewident from Table 2,1 that the highest yields
are obtained on about the 8th day, Mycelium was therefore harvested
at this stage of growth for working up the acylase activity.

2. PURIPICATION OF A.f ACYLASE

Extracts of wheat bran cultures and mycelium harvested
from surface cultures on corn steep liguor-dextrose medium were
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worked up separately, The folleowing were the steps in the
fractionation procedure:

(1) Acetone frastionationt

(a) Wheat bran cultures: This step was similar to that
used by Borkar (1057), Batches of 900 ml extract were worked up
at a time, 900 ml of crude extract at 0°C were stirred ina 2 L
beaker and treated with 100 ml ice-cold modium acetate buffer, 1 M,
pl 5,6, The beaker containing the buffered extract was then
chilled in a bath of ice-salt mixture and addition of acetone was
started when the temperature of the buffered extract was -2°C, The
acetone was added from a separating fumnel the tip of which was
drawn out to a capillary and extended nearly to the bottom of the
beaker, 0500 ml acetone were added over a period of 1 to 2 hr with
continuous stirring, The mixture was then stirred for another hr
and the resulting precipitate separated by centrifugation in a
refrigerated PRe2 gcentrifuge at «10°C and 2000 x g for 15 min, The
clear supernatant was poured into a 2 L beaker cooled in ice~salt
mixture and the precipitate extracted with water, The deep brown
extract was centrifuged and dialysed overnight against water at 0°
to remove residual acetone, This fraction was found to have little
activity towards acetyl tryptophan and was discarded,

The supernatant from the initial treatment with acetone
was treated at «10°C with a further volume of 200 ml acetone over
a period of 1 hr, The mixture was allowed to stand for an hr at

«~10°C and the precipitate separated as in the earlier case, The
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precipitate was extracted twice with 20 ml water each time at 0°C
and the clear brown solution dialysed against water and etored
frozen at =20°C,

(b) Myeelium grown on eorn steep ligquor-dextrose medium

Conditions for acetone fractionation of extracts of mycelium
¢rom surface cultures were different from those required for the
wheat bran extract. 450 ml batches of myecelial extract were treated
with 50 ml M sodium acetate buffer, pil 5,6 and treated with 320 ml
acotone under conditions similar to those used for the bran extract.
The precipitate was removed by centrifugation and the supernatant
treated with a further lot of 250 ml acetone. Doth preecipitates
were separately taken up in water and dialysed overnight against
distilled water at 0°C to remove acetone. The first acetone
fraction had a low specifie activity and was discarded, The second
fraction containing about half the original activity was worked up

further for isolation of acylase,

The acetone fractions were stable for several months on

storage at -20°C,

1i) Tricaleium phosphate-gellulose column chromatography

From this stage M}bm and mycelial isolates were
treated under identical conditions. The dialysed extract of the
second acetone fraction was loaded on the calcium phosphate-cellulose
column (25 x 2,2 om) and washed overmight with 150 ml 0,01 M potassium

phosphate buffer, pil 7.4, No activity was extracted from the
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column by washing with thie duffer, The buffer was then changed
and the golumn washed with 0,056 M potassium phosphate buffer,pil 7.4,
The activity was now eluted from the column in a volume of about
40 ml commencing usually with about 80 ml after change of buffer,

The fraections containing the activity were pooled (40 ml)
and treated at 0°C with ammonium sulphate (19,2 g) to 0.75 saturation,
The precipitate containing the activity was separated by ceatrifu-
gation in a Spineo rotor 21 at 25,000 x g for 30 min at 0°C, The
clear supernatant was poured off and the white precipitate extracted
with 5 m]l water and the clear extract dialysed overnight against 1 L
water at 0°C, The fraction showed the same activity towards acetyl

tryptophan both in the absence of metal and in presence of z-so‘
(8 x 10"!).

111) DEAB-cellulese chromtography

The dialysed fraction from the calcium phosphate-cellulose
column chromatography was loaded on the DEAE-cellulese column
(20 x 1 em) and ehromatographed by centimuous gradient elution with
potassium phosphate buffer (pi 7.,4) with gradual increase in buffer
strength over the range 0,01 = 0,3 M (see Pig, 1.1). The activity
was eluted from the column in a volume of about 26 ml of a buffer

strength corresponding to about 0.1 M concentration.

The fractions containing the activity were pooled (206 ml)
and treated at 0°C with ammonium sulphate (12 g) te 0,75 saturation,

The preecipitate was separated in a Spinee rotor 30 at 20,000 x g
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for 30 min at 0°C, The clear supernatant was decanted off and

the white precipitate extracted with 2 ml water and the colourless,
vater-clear extract dialysed overnight against water at 0°C with
several changes.

This fraction when tested without added metal showed an
activity towards acetyl tryptophan of 1,204 wM/hr/mg N in the
case of bran cultures and 2,001 uM/hr/mg N in the case of the
surface growth, In the presence of 7> (3 x io"il) howover the
specific activity increased to 14,200 wM/hr/mg N at pi 6,4 and
22,300 uwid/hr/mg N at pil 8,0 in the case of bran eultures and
10,280 uwM/br/mg N at pil 6.4 and 21,000 uMd/hr/mg N at pi 8,0 in
the case of the mycelium, In the presence of re®* (3 x 10'3!)_
activation effeet was less marked, the values at pil 6.4 being
8,332 wM/hr/mg N for the bran eculture concentrate and 7,313 for
myceliun, Co®* (3 x 1o’°n) had no effect on the hydrelytic rates,

The results of typical experiments with bran cultures
and the mycelium from corn steep ligquor-dextrose medium are
sumarised separately in Tables 2,2 and 2,3,

No check on homogeneity could be carried out by ultra=
centrifugation or by electreophoresis in free solution as the
material was in inadequate amounts,



TAHLE 2,2
Purification of M acylase from mouldy bran

Test substrate: Neacetyl-Di~tryptophan,

Practions (1), (i1), (ii1) and (iv) assayed without metal
supplement at pil 8,4, Fraotion (v) assayed with Zn~*

(£inal concentration 3 x 10~

) and at pi 8,0,

Speeific Total 4 Becovery
Fraction '{:‘r m sctivity  activity of inmitial
(wi/hr/mg N) (mM / hr)  activity
i) Extract 1000 30.5 13 63.4 100
ii) Pirst acetone
(o to 0.' w) 40 ‘o? 5‘01 ‘o“ 2.5
14ii) Second
acetone 40 23,7 199 30.2 47,6
(0.5 %0 0,7
v/v)
iv) c.s(ro )o Bel=
4’2
RS 10 1.88 1678 5,08 8.0
v) DEAE-
ooliulese 3 0,33 22,300 3,563 5.0




.
TANLE 2,3

Purification of é’!w acylase from
myeeliun grown on cornm steep liguor-dextrose
medium

Test substrate: Neagetyl-Dl-tryptophan.

Fractions, (1), (11), (i1i), (iv) assayed without metal

supplement ot pil 0,4, Prostion (v) assayed with Zn°*

(£inal concentration 3 x 10™ %) and at pi 8,0,

smuu Total # Recovery
Praction "z:l"')" m sctivity of initial
(-l/hr/lc N) (m/ nr) activity
1) Extrect 500 540 14,0 5,60 100
i1) {3":: 3‘:;:':7') 20 7.9 43,9 1.11 10.8
iii) Second ‘ectone
(ooen o 1ts ) 3.4 250 4.11 3.3

collulese 8 1.0 2500 3,20 58.8

v) DEAN-gcellulose 3 0.12 21,000 1.21 21,6
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3. PROPERTIES OF PURIFIED ACYLASE
The properties reported here are those of the purified
preparation from wheat bran cultures,

1) Substrate hydrolysis: The graph of the time plotted
against per cent hydrolysis of Neacetyl-Dl-tryptophan by the
purified A.flavas-oryzap enzyme is shown in Fig. 2.1, It will be
evident from Fig. 2.1 that the hydrolysis catalysed by the
purified enzyme follows zero-order kinetics upto at least 5%
splitting of the total racemate derivative under the conditions

of assay.

The curve of omeyme concentrations versus per cent
hydrolysis of Neacetyl=-Dl-tryptophan is shown in Fig. 2.2, It
can be seen from Fig. 2,2 that the rate of hydrolysis of the
substrate is also proportional te enzyme concentration upto at
least 5f splitting of the total racemate,

ii) Bffect of pil: The effect of pil on the activity
of the purified acylase towards N-acetyl-DL-tryptophan is shown
in Fig. 2.3, The determinations were made in the presence of 7"~
(final concentration, 4 x 10" M), It is seen from the plot that
the optimum pil for hydrolysis of acetyltryptophan is 8,0 and the
rate of hydrolysis at this pil value is 22,000 uM/hr/mg N, This
p! value is markedly higher than the optimum pli of about 0.4
reported by Borkar (1057) for the action of the eruder preparation
of Aflavus-oryzas (4500 wi/hr/mg N), However, the eruder froctions
require mo metal supplement for activation and the purified
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SYST®M: 0,1 M SUBSTRATE SOLUTION, 10 ml; VERONAL BUFFER
(0.1 M, pH 8,0) 3 ml; ZnSO, SOLUTION (6 x 10~3M) 1 ml;
ENZYME SOLUTION (5 ug) 1 -f

TEMPERATURE, 37°C.

SUBSTRATE BLANKS WITHOUT ENZYME SHOWED NO HYDROLYSIS.
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FIG. 2.2 EFPECT OF ENZYME CONCENTRATION ON ACTIVITY
OF PURIFIED A,FLAVUS—ORYZAFE ACYLASE TOWARDS ACKTYL-DL-
TRYPTOPHAN,

SYSTEM; 0.1 M SUBSTRATE SOLUTION, 1 ml; VERONAL BUFFER
(0.1 M, pH 8,0) 0.3 ml; ZnS0, SOLUTION (6 x 10~3),
0s1 ml; ENZYME SOLUTION (5 to 10 ug), 0.1 ml,

5 min at 37°C,
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FIG, 2,3 EFFECT OF pH ON ACTIVITY OF PURIFIED A,FLAVUS—ORYZAE
ACYLASE,

BUFFERS USED: CITRATE (pH 3,5 to 5,8); POTASSIUM PHOSPHATE
(pi 6,0 to 6,8); VERONAL (plf 7.0 to 9,0).

SYSTEM: 0,1 M ACETYLTRYPTOPHAN SOLUTION, 1 ml; BUFPIR (0.1 M),
0.3 ml; ZnS0, SOLUTION (6 x1 ), 0.1 ml; ENZYME (5 to 15 ug)
SOLUTION,O,1 ml,

TEMPERATURE 37°C,

SUBSTRATE DLANKS WITHOUT ENZYME SHOWED NO HYDROLYSIS,



preparation probably corresponds to a metal-free or metal-doficient
enzyme, Such a shift in the optimum pii for enzymatic action has alseo
been reported by Inouye and Akabori (1960) and Doi and Hata (1063a) om
concentration of tukadiastase acylase,

iii) Substrate speeificity: The initial rates of hydrolysis
of the Neacylated amino acid derivatives tested are deseribed in
Table 2,4, 7The results are expressed relative to a rate of 100
towards acetyl-Dl-tryptophan,

TABLE 2.4
N-acylated amine acids tested with purified
A, acylase
Test system: substrate (0.1 M racemate or 0,05 M optically

active derivative), 1 ml; veronal buffer (0,1 M), pi 8,0,
0.3 ml; 7nS0, solution (6 x 107M), 0.1 ml; enayme, 0.1 ml
(for less than 5% hydrolysis of substrate/10 min),

10 min at 37°C. Results expressed relative to a rate of
100 towards acetyl-ll-tryptophan,

Anino aeid meiety lielative rates of hydrolysis
Formyl Acetyl  Chlorcacetyl
L~Tryptophan - 100 -
DeTryptophan -~ 0 -
DL-Tryptophan 81 100 107
Di~Alanine 163 70 108
D=Phenylalanine 608 144 -
DL-lethionine - 120 -
Di=Aspartic aeid - - 3

Substrates showed no hydrelysis without enzymwe,
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The results clearly indicate that the acylase is
optically specific for the acyl derivative of the L-amino acid,
Thus while Neacetyl-l-tryptophan is hydrolysed rapidly, no
hydrolysis of Neacetyle=D-tryptophan could be observed, Farther
the presence of acetyl-Detryptophan in the racemate appears to
have no effect on the hydrolysis rate of the susceptible L-anino

acid derivative,

The results show that the different substrates are
hydrolysed at widely varying rates by the purified enzyme,
derivatives of phenylalanine being the most susceptible parti-
cularly the formyl derivative. Acetyl and chloroacetyl deri-
vatives of tryptophan are hydrolysed faster than the corresponding
alanine derivatives but formyl alanine is hydrolysed twice as fast
as formyl tryptophan. Among the acetyl derivatives tested, that
of methionine is hydrolysed at a rate intermediate between that
of phenylalanine and tryptophan,

A marked influence of the nature of the acyl group of
hydrolytie rates is evident for derivatives of alanine and
phenylalanine, the formyl derivative of alanine being hydrelysed
twice as fast as the acetyl and 1} times as fast as the chloro~
acetyl derivatives, while the formyl derivative of phenylalanine
is hydrolysed four times as fast as the acetyl derivative,

It must be pointed out that the hydrolysis of the
various substrates was carried out at plii 8,0 and in presence of
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m>* (final concentration 4 x 10"\() which is optimum for
acetyl tryptophan but may not be so for the other substrates,

The difference between the mould acylase and panereatic
carboxypeptidase is also evident from Table 2,4, 'While acetyl
tryptophan and chloroacetyl tryptophan are hydrolysed at about
similar rates by the acylase, the acetyl derivative is hydrolysed
12 times slower than the chlerocacetyl by carboxypeptidase (Gilbert,
Price and Greenstein, 1949).

iv) Inhibitors: The effect of some imhibiters on the
activity of the purified enzyme towards Neacetyl~Dl-tryptophan
is described in Table 2,5,

TALE 2,0

b act ified
acylase towards aeetyl-Dl-tryptophan

The composition of the assay system was the same as
in Table 2,4 execept that inhibitors were added at
the indicated loveds and that Zn>* was omitted when
o-phenanthroline was included in the medium,

5 Final Inhibition

Reagent concentration %
o~Fhenanthroline 1.3 x m.’l 100
p~Chloromercuribenzoste 1 x 10'% 0
Iodoacotate 5 x 10" 40

The enzyme is completely inhibited by the metal binding agent,
o~phenanthroline,



p=Chloromercuribenzoate has no effeet on the enzyme
activity at the level tested while iodoacetate causes a 40%
inhibition under the conditions of assay.

v) Stability: The stability of the purified enzyme to
storage in the frozen state at -20°C was low and reughly 2/3 of

the initial activity was lest on storage for 3 to 4 months,

DISCUSS

Purificationt The present procedure for purification
of acylase from extracts of A.flavus~oryzae which involves the
following steps: acetone fraction, tricalcium phosphate-cellulose
column chromatography and DEAB-cellulose chromatography yields a
concentrate which hydrolyses Neagetyl-l-tryptophan at a rate of
about 20,000 uM/hr/mg N, The corresponding specifie activity
obtained in carlier work carried out by Berkar (1067) was
4500 uM/hr/mg N. The highest activity reported hitherte in
literature for mould acylases is by Doi and Hata (1963a) for a
takadiastase acylase preparation and the value reported for
their preparation is 28,100 wd/hr/mg N towards scetyl methionine
which compares with the correspending value of 27,000 uM/hr/mg N
for the present preparation. The preparation deseribed by Doi and
Hata (1063ad is reported to be homogeneous elestrophoretically at
pil 7.0 while the ultracentrifugal sedimentation pattern indicates



84

the presence of fast moving components with a main peak. flenal
acylase I which has been obtained in a homogeneous state by
Bruns and Schulze (1962) does mot hydrolyse acetyltryptophan
but hydrolyses acetylmethionine at a rate of 98,000 uwi/hr/mg N.
In its substrate specificity, the purified A.flavus-oryzae
acylase resembles the cruder preparations described by Borkar
(1957) in ite main requirements. Aromatiec amine acide are thus
hydrolysed rapidly by both preparations, phenylalanine deriva-
tives being the most susceptible particularly the formyl deri-
vative, Tryptophan derivatives are hydrolysed rapidly by both
preparations, but while Borkar (1057) has reported faster rates
for formyl, acetyl and chloroacetyl tryptopban derivatives as
compared with the corresponding alanine derivatives, this is so
for the present preparation only with regard to acetyl and
chloroacetyl derivatives, the formyl derivative of alanine being
hydrolysed twice as fast as the tryptophan derivative in the
present case, Chloroacetyl aspartie acid is resistant to both
enzyme preparations and agetyl methionine is easily susceptible
to both, The susceptibility of acylated aromatic amino acid
derivatives towards the mould escylase is in agreement with the
results reported by other workers as indicated in the introdugctory
chapter, In marked contrast to mould acylase, renal acylase I

does not aet on tryptophan derivatives (Bruas and Sclmlze, 1962),

In its metal requirements the purified A,flavus-oryzae
acylase is unique, The purified preparation is apparently rendered



motal-deficient and requires h“ for activation, '.20 has a
slightly lower activation effect while Co°* has mo effect at all.
The eruder acylase preparation obtained by Borkar (1057) from the
same mould is mot activated any further by Zn>', Fe* or Co>*
supplements but the metal-free enzyme obtained by IDTA-treatment
followed by dialysis is reactivated completely by Zn>* at a

final concentration of about 1.7 x 10™M and Pe>*at o corresponding
coneentration of 1,7 x 10™M while Co”® is without effoct. The
concentrate obtained by Doi and Hata (1063a) from takadiastase
requires no metal supplements for its action on ehloroacetyleli-
phenylalanine except when rendered metal-free by treatment with
o-phenanthroline followed by dialysis. The metal-free enzyme is
reactivated by Zn"* or Co>* for its sction on ochlercacetyl phonyl-
alanine., The hydrolysis of acetyl-l~leucine by the native enzyme
however, is reported to be strongly activated by Co>* but inhibited
by 7a°*, It is interesting to nete that renal scylase I is mot
inhibited by metal binding reagents like EDTA, unlike the mould
enzyme and does mot require metal for its aetion on suseeptible
substrates (Druns and Sehulze, 1962), The remal enzyme is affected
however by 8H groupespecific reagents like p=chloromercuribenzoate,
unlike purified A.flavus-oryzae acylase, p-Chloremercuribenzoate
has been reported by Inouye and Akabori (1960) to inhibit a taka-
diastase acylase concentrate to the extent of 48% at a concentra-
tion of 3.6 x 10™%,



1, An acylase of Aspergillus flavus-oryzae NWIL 536 was concen—
trated 1300 to 2000-fold from mycelium grown on liguid corn steep

liquor~iextrose medium under stationary conditions as well as from
wheat bran cultures by a procedure involving extraction of the
enzymo, fractionation with acetome, chromategraphy em tricalcium
phosphate-cellulose and DEAE-gellulose columns,

2, The purified enzyme required added Zn”* for its activity.
Pe”* also activated the purified emzyme but less so than Zn°', Co>*
was without any effeect, The differences in metal requirement of the
enzyme and that of other mould acylases are discussed,

3. The purified enzyme had an optimum pif of 8,0 for its action
on acetyltryptophan in the presence of Zn“.

4, The purified enzyme showed optical specificity towards
Neagetyl=l=tryptophan, Neagetyl=D=tryptophan being resistant to
hydrolysis., The enzyme hydrolysed acetylel-tryptophan at a rate of
22,000 wM/hr/mg N at pil 8,0 in presence of 7n>*,

5. The enzyme acted rapidly on aromatic amino acid derivatives,
like other microbial acylases and unlike renal acylase I. The
differences in substrate specificity of the mould preparation from
renal acylase I and pancreatic carbexypeptidase are discussed,

Oe¢ The mould enzyme was completely inhibited by o-phenanthroline
unlike renal acylase I, p~Chloromercuribenzeate had no effect on the
nould preparation unlike the renal enzyme., These properties are in
agreement with the results reported earlier for a 400=-fold concentrate
of the enzyme from the same source and distinguish the enzyme from
renal acylase I and some of the other mould acylases.
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Statement X

The following new facts, which contribute to new knowledge on
the subject were discovered:

1) A new procedure has been standardised for the enzymatie assay
of eitrate in biological materials, based on the coupled action of the
two enzymes citrase and malate dehydrogenase in presence of redueed
nicotinamide-adenine dinucleotide (um,). Under the conditions
described the breakdown of 1 mole eitrate results in the oxidation
of exactly 1 mole lm,. The estimation is carried out spectrophoto-
metrically by measuring the deerease in the optieal density at 340 ma
due to the oxidation of mm,.

2) The procedure is sensitive and amounts as low as 1 t0 4 ug
citric acid can be assayed accurately,

3) The new enzymatic procedure is specific for eitrate and the
presence of a large variety of compounds have been shown to cause ne
interference in the assay,

4) The specificity of the new assay procedure makes any lengthy
pretreatment of biological samples unnecessary. The procedure is
therefore rapid and the assay step is completed within a minute and a
complete assay of biological samples such as culture fiuids and plant
extracts can be carried out within 30 minutes while serum and bacterial
sonicates take an hour longer,

5) The accuracy of the new assay procedure has been established
both by parallel chemical determination and recovery trials in a wide
range of bielogical specimens,

6) The new assay procedure is the only one available now for the
rapid, speeific and accurate assay of citrate in biologieal samples,
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7) a new procedure for the concentration of an acylase from
Aspergillus flavee-oryzae NRAL 536 grown both on wheat bran and
on a liquid corn steep liquor-dextrose medium has been worked out,
The enzyme which is concentrated 1500~ to 2000-fold has a specifiec
activity of 22,000 wi/hr/mg N towards acetyl-l-tryptophan and is
as active as the purest mould acylase prip-rntion reported hitherto
in literature and obtained from takadiastase,

8) Like roenal acylase 1 and mould acylase III from other
sources, the purified enzyme shows optical specificity towards the
L~amino acid derivative,

9) The purified enzyme acts rapidly on aromatic amine acid
derivatives like other microbial acylases and unlike renal acylase I,

10) The purified enzyme requires m®*

the former being more effective than the latter, while 002’ is

or Po’* for 1ts activity,

without effect, The enzyme shows differences in its metal require-

ments from others of ite class reported hitherto in literature,
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