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ABSTRACT ' ~ /
) Proteol&tic activity has been implicated in seteral key,

processes in early embryonic development. In an attempt‘to
correlate pg?teolytic activity with developmental events, a
protease assay was developed using 2,4,6-trinitrobenzenesulfOnic
acid to determine the release of amino groups upon protein hydrolfsis..
The versatility and - sensitivity of this method made it possible -L'
to detect and characterize the proteolytic activity in small

-quantities of cysts and developing embryos of the brine shrimp,

Artemia salina. A protease with a molecular weight of 8L, OOO a
pH optimum of 3. 6 and a temperature optimum of 43 °C was partially
purified from cysts. An inhibitor of this acid protease was also
partially purified and found to have a moleCUalr weight of between
5,000 and 20, OOO. The inhibitaf s inactivated slowly when in—
. cubated 1in the presence of the acid protease.” Experiments using
developing embryos revealed another.Protease activity appearing
between 20 and 30 hours development (at 30 9C). This activity has
a molecular weight of 27,500 and a pH 0ptimum of 8.5, This alk- e
aline protease is inhibited by naturally occurring trypsin in-
hibitors but noy by the cyst inhibitor. Methods of quantitation’
| of the proteases and inhibitor were developed.to monitor their

relative levels during early embryOnic develcpment in Artemia.

/.
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INTRODUCTTON )

- & -

.

Proteolytic enzyme activity J?s been‘impliCated in a number‘
of cell processes essential to early ‘stages of embryonic development,

although evidence of specific function(s} oT,proteases has not been

.¢learly established. The onset of development following fertilization

in the sea urchin isngharacterized by polysome formation and a

burst of protein synthesis (1). Of interest is the finding that

\\an inhibitor of protein synthesis associated with the ribosomes

can be ‘inactivated ‘by treatmept with t¥ypsim to yielq-ribasomes
capable of protein’synthesis in vitro (2). In&this regard, _the
obserVation by Lundblsq (3)_that a burst of proteolytic activity
0ccnrs‘immediately upon fertilization is of considerable interest.

Vo |
Thus préteolytic activity has been implicated in derepression of -

A\
protein synthesis at the beginning of devalopment.

1t has also been demonstrated that stored yolk protein under-

goes a redistri%utiou in the developiﬁg *embryo probably due to,

proteolytic activity (4). Proteslytic enzymes are also thought to,
be importajt jn the activ;tEOn of certain enzymes (similar to the
actiVatiOn of trypsin and chymotrypsin) present in an inactive Torm
in the undeveloped egg (5)3‘ & -
The stud}-oi ncoteol;tic'activity in developing sySEems suffers
from the fact that most.assay methods have serious drawbacks, The
method of Anson (6) whioh was developed in 1938, and stilllis in

conmmen use_today,involves-measurement of acid soluble fragments of

BT

protein substratefl However, this procedure lis of limited value.

%%i?use it may be

nsensitive to limited proteolysis where large
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acid insoluble fragments are pnoduced. A relatively new method "

‘for the measurement of proteolysis uses an inaoluble cowhide sub-w’

-

strate with a tOValently bound azo-dye (7). As the cowhide is °

hydrolysed, the azo-dye is released and can be determined spectro-

T— "

photometrically. Although this method is sensitive, the reagents 4

are expensive and. the versatility of thiS'method is limited. Ofther-
assays involving synthetic substrates aggﬂeasy to use but extremely

- <.

selective for specific types of proteases and thevefore not useful
~ . S

-2

as a general proteolytic assay.

.P;evious work on Artemia'proteases Was described by Belliniéga) -
in 1957. 1In this study, whole homogenates of cysts and embryos . -
were assayed anad protease levels were monitored using Synthetic . p

substrates. Although proteolytic activity was detected in .these

- embryos, no attempt was made to characterize the protease.

et : L s, : -4
The purpose of 'this.study was to design a general
¥

”~

all types of protease activity in cysts and developing embryde of

" Artemia salina. 1In addition, this new assay procedure was used to :

elucidate the eompositiOn of protease(s) in Artemia cysts and

naupli} and to study some of these proteases in geveloping embryos.

A - »
. o

&
e e



MATER IAI;S AND METHODS

Determination of Amino Groups Liberated During Proteolysis

The determination of amino groups was routinely carried out
using the method developed by Fields (9) with minor modifications.
To 0.05 ml samples of material to be assayed \vrereladded 0.95 ml of
a solution containing 0.053 M Na,B O, and 0,053 M NaOH. Next,;,-
0.025 ml of 1,1 M 2,4,6—trinitrobenzeneeulfonic'acid (TNBS, Sigma
Chemical, St. Louis, Mo;) was added and the tubes allowed to stand
at room temperature for 15 min. The color development was stopped
by the addition of 2.0 ml of 0.1 M N&aH POQ containing approximately
1,5 mM N'aESO3 and the intensity-of color in each sample determined
immediately at 420 nm in a Baﬁsch & Lomb Spectronic 100 read against

a reagent blank. ~
. g a N R

!

Assay for Proteolytic Activity

Stock substrate solutions oontaining boVine serum albumin
(BSA, fraction V, Worthihgton Biochemical, Montreal) and buffer
were prepared to be diluted ;heﬁrneeded A1l stock substrate solutions
contained 16 mg/ml BSA and either 0.4 M sodium acetate, ‘pH 4. O
0.4 M sodium phosphate, pH 6.0 or O.4 M sodium phosphate, pH 8. 0.
The pH values of all buffer solutions were determined under assay
conditions and at 3700. BSA was deg;fgf:d prior to use by incu-
bation in the appro?riate buffer at 70°¢C for-30 min,. -Unless
indicated otherwise, all reaction vessels contained®4.0 mg/ml BSA
and 0.1 M tuffer at theldesired pH, and the fraction to be assayed

for proteolytic activity in a final volume of O.4 ml., The reaction /

Ta

LS A
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vessels were incubated in a thermdstated water bath at 37°C,
and at various times after enzyme afldition, 0.05 ml.aliquots were:
removed‘for the determination of amino groups as described above,
Since BSA contains free am%ggfgr ups (all N-terminal moieties and-
& ~groups on the protein) it reacts with the colorimetric reagents

~to produce background absorbance which must be considered when

evaluating the extent of proteolysis.-

——

Assay of Trypsin Activity

-

Tryp§3n 2x recrystallized and salt-free (Worthington.Bio-

chemical, Montreal) was assayed for activity as described by

-

wOréhington (10) and found to contain 167 TAME units/mg protein in

0.05 M sodium borate containing 0.01 M CaCl,, pH 8.1, at ZSOC. Vary-

2’
ing: amounts of trypsin in 1 mM HCl were added to a reaction vessel

containing 4 mg/ml BSA, 0.10 M‘sodium borate and 0.01 M CaClZ, pH 8.1,

in a final volume of O.4 ml. The reaction mixture was incubated at

.

25°C and aliquots were removed at 10 min intervals for the deter-
mination of liberated amino groups by the TNBS method described
above. The background absorbance at time zero was subtracted from

all other values to give the |actual increase in absorbance-(b.ﬁkao)

due to production of amino groups by the hydrolysis of substrate.
One unit of proteolytic activity was defined as that quantity

of eniyme which.gave rise to a A A

420 of 0401 in 1 min,

"

Isolation of Proteolytic Eniymes from Artemia C&sts and Nauplii

" " Encysted Artemia salina émbryos (Longlife Aquarium’ Products,
Harrison, N.J,) were hydrated in d;gtilléd water or artificial

sea water (11) then washed free of floating cysts, debris and

e



/(/ sand. All extraction and purification procedures Wero performed
at O-uOC unless otherwise indicated. Twonty grams (wet weight)
~0of hydrated cysts were uomogentzed in a glass tissue griuder
. . (Duall tyue) in 36 ml of 0.1 M KCl containing 0.015 M patassium

phosphate, pH 7.0. (It should be noted that all sub‘» t solutions

were buffered with O. 015 M potassium phosphate, pH
. ,' houogenate was centrifuged at 50,000 rpm in a 60 T rotor (Beckman
Instruments Co.) for 2 h and the supernatant fluid removed by
syringe avoiding the floating orange lipid layer. This fraction g
was either dialysed overfnight against 2 to 3 changeo of buffered
0,025 M KC1l (200 volumes/change) or filtered through a G=25 °
Sephadex column (2.5 x 40 cm) using the same buffer. The dialysed
or protein—rich fraction was applied to a DEAE-cellulose column
(2.5 x 30 cm) previously equilibrated with buffered 0.025 M KC1
~ ~ and the column washed with an additional 50 ml of buffered 0.025 M
5 ~ KCl, The adsorbed material was elufed using a 1 1itor.Iineur
E . gfadient of 0.025 M KCL to 0.6 M Kéi buffered with 0,015 M potassium
| phosphate, pH 7.0. Column fractions were aséayed*for proteolytic
activity at pH 4.0, 6.0 and 8.0 as described above, The coﬂfggpg
of the active fractions were pooled and concentrated either by
pressure dialysis at 40 psi N, (Diaflo membraue, Um-10), or by
4 Vacuum dialysis.to about 2.0 m;. The protease was pur Lied'further
E | by gol filtration on a-column of Ultrogel AcA}hYTETU’;}BZ cm)
previously equilibuated with buffered O.l‘M KCl and eluteJ?with

the same buffer. The contents of the active fractions were pooled,

concentrated by pressure dialysis as above and stored at -15°C.

Swimming nauplii were obtained from_18 grams (wet weight)
o 19

-

VLT



of Artemia cysts permitted to develop 40 h ‘at 30°C as previously
described (12). The nauplii were homogenized in 30 ml of buffered
0.1 M KC1 and the homogenate eéntrifuged for élh at 50,633 rpm
in a 60 Ti rotor (Beckman Ins?ruments Corp). The sppernatant
fraction was processed onyion—exchange and gel filtration columns
as described above.,

The protein content of Artemia cyst and nauplii preparations

was determined by the method of Lowry et al. (13) after delipid-

ization ac&ording to the procedure of Bligh & Dyer {14).

Isolation and Quantitation of a Protease Inhibitor from Extracts

of Artemia Cysts

From kinetic data on acid protease activity in the crude
ﬁnfractionated enzyme prgparation it ‘appeared that cyst extracts
contained a substance(s) inhibiting proteolytic activity. There-
fore, an attempt.was made to separate the inhibitory substance frqm
the enzyme in the cyst ho%pgenate. A crude cyst enzyme preparation
was chromatographed on a column of DEAE-~cellulose, and column
fractions were assayed gor inhibitory activity using a reaction
mixture containing 4 mg/ml BSA, 0.1 M sodium acetatg, pH 4.0,

0.05 ml of partially purified cyst enzyme obtained earlier and

0.25 ml \Wpf each column‘fraction to be tested in a final volume of
O.4 ml, The contents of those fractions displaying inhibitory‘
activity were concentrated by pressure dialyéis to about 2.0 ml
and purified further by gEI filtration on AcA34 as previodsly
described. The protein fractions with inhibitory activity were

‘ o
. concentrated by pressure dialysis and stored at 15 C,

When varying amounts of inhibitor were added to a constant
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amount of acid protease a reduction of the initial rate of pro- -g;q
tease activity occurred; thereafter a gradual ioss in inhibition
occurred.and completé enzyme activity was restored as the time

of incubation progressed. _The latter response appeared to be due
primariI} to“enzyme inactiVation,df the inhibitor. Therefore,

the amount of inhibitory activity that was present in the protein
preparation was determined by measuring the time required to
attain a predetermined level of hydrolysis, aé—E;tEHFined by the
liberation of amiﬁo groups, compared to a control reaction with
enzyme only.' The difference in time required to attain the same
level of hydrolysis'was proportional to the amount of enzyme added,
Therefo;:'e'one unit of inhibitory activity was defined as that
quantity of protein when added to one unit of activity of acid
protease caused a lag of one minute under standard incubatiﬂn
conditions; | *

The proteases igolated from Artemia embryos were also tested
for Sensitivity to ﬂaturally occurring inhibitors found in other
systems. Ovomucoid and soy bean trypsin inhibitor (SBTI, both |
from Worthington Biochemical) in final concentrations of 0.01, o
0.1 . and 1.0 mg/ml weré used in reaction .mixtures containing 4 mg/ml
BSA in O.1 M- sodium acetate, pH 4.0, for the acid proiease,“and
4 mg/ml BSA in 0.1 M sodium phosphate pH 8.0 for the alkaline
protease, in a final volume of O.b4 ml. The reaction vessels were
incubated at 3700 and at various times aliquots were removed and

agsayed for 'the extent of hydrolysis of the substrate as previously

described.

.
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Determination of pH Optima

Stock substrate solutions containing BSA and buffer similar
to those described above wege preﬁaréd.using the following buffers:,
citric acid-sodium-phosphate for assays between pH 2.5 and 4.0;
sodium acetate for pH 4.0 £o 5.5; sodium phosphate for pH 6.0 to
- 8,0; sodium borate for pH 8.0 to 9.0; and sodiumlborate—NaOH for
pH 10.0. The cyst protease activityiwas measursd at various pH
‘values from 2.5 to 8.0 whereas the nauplii protease-activity was

measured from pH 4.0 to 10.0 using the TNBS method described above.

/
Determination of Temperature Optimum fdr Acid Protease Activity

The cyst acid protease was assayed at pH 4.0 using BsA (4 mg/ml)
as substrate. Reaction mixtures werse incubated at ﬁemperatures
ranging from 25°C to 5500. Aliquots were removed at 15 min

‘{ntervals and the liberated amino groups determined as before.

Molecular Weight- Deteérminations

Moleculaf weight determinations were carried out using a gel
filtration technique, All standards and embryo fractioﬁs were
_applied to a column of ﬁltrogel Ach3h (2.0 x 52 cm) and eluted
with buffered 0.1 M KCI as described above. The void volume waé T
determined using blue éextran, and the column calibrated using
five proteins of known molecular weight (chymotrypsinogen, 25,000;
OValbuﬁin,'AB,OOO; bovine serum albumin 65,000; aldolase
145,000 and globulin 160,000). The relationship between elution
volume of the standard proteins was determined, and the molecular
weight of the cyst acid protease, the cyst protease inhibitor;

and the nauplius alkaline protease determined based upon the

I
<
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elution position of their biochemical activities.

Protease and Inhibitor Levels During Development of Aftem;a sallina

Dry encysted embryos of Artemia salina were sterilized in

7% antiformin solution for 30 min at 4°C (15), washed as described
above then hydrated for 3 hours at 0°C in artificial sea water (11).
IOne gram cysts (wet weight) was added to‘a 250 ml Erlenmeyér flask
containing 35 ml artificial sea water (11) . fortified with penicillin-
G (1,000 IU/ml) and streptomycin sulfate (100 pg/ﬁl) to retard
bacterial growth., Embryos were incubated at BOOC with gentle
shaking until needed, then collected on a scintered glass filter
and stored at -15°C.
For extraction of the proteases and inﬁibitor, the frozen
embryos were homogenized directly in a glass homogenizer (Duall }
fype) in 10-12 ml of ice-cold O,! M KC1 containg 0.015 M potassium f
phosphate, pH 7.0, and the homogenate centrifuged at 40,000 rpm
in ‘a 8% 41 rotor (Beckman Instruments Inc,) for 2 hours. The
supernatanf fluid was collected and passed through a-G-25 Sephadex
. column.(1.1 x 50 cm) as previously described. The protein eluting
in the void volume was collected and 1.0 él was retained for
protein analysis. _from'the remaiﬁder,‘10 ml was applied to a small
DEAE-cellulose column (1.3 x 4 cm) previously équilibrated with
buffered 0.025 M KCl, After application of the protein sample,
the column was washed with 5 ml of additional buffered 0.025 M KC1l -
(to rémove residual inhibitory protein) and the‘effluent and wash
were combined. This non~ddsorbable materiaI‘Was free of protease-

o
‘activity but contained all of the protease inhibitor. The protease(s) was

~

(were) eluted from the column usiné'10 ml of buffered 0.6 M KCI1,

L}
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- Embryos from various developmenfal stages:were treated in tue same
manner, The amount of protease activity in the buffered 0. 6 M KC1
washes was determined at pH 4.0, 6.0 and 8,0 in the presence of

1 mM EDTA as described previously _using the TNBS method to
determine the liberation of amino groups; The amount of acid
protease inhibitor activity in the non-adsorbable DEAE—celluloee
fréction'Was determined as described below. The reactiOn mixture.
contained 4 mg/ml BSA in 0.7 M sodium acetate, pH 4,0, l.?]

unites of acid protease activity, and 250/pl of the inhibitor-

rich DEAE-cellulose fraction in a volume of 0.4 ml. Aliquots

were removed at various times for the determination of liberated
amino groups by the TNBS method. The unifs of acid protease
inhibitor ;ctivity were determined as above and corrected for
Variafious in proteiu content and/or volume of the G-25 Sephadex

protein fraction., v



RESULT &
LJ) - ‘ : .

Assay of Amino Groups Liberated by Proteolysis

The use of a sensitive colorimetric determination for the detect-
ion of liberateo amino groups was employed in fhe development of‘a new
assay for proteolytic activity., A standard curve using alaniﬁe revealed
that the relationship between absorbance at 420 nm and the coQFenoration
of amino groups in fhe assayY was linear from O to 250 nmoles as shown
in Figﬁ}e_1. Therefore, samples with absorption values greater than 1.75
Aqao were discarded and smaller aliquots wore‘removed.ffom assay
mixtures for the deterhination 0of amino groups liberated.

The enzymatic hydrolysis of a peptide bond . in a protein results
in the production of two smaller polypeptides concomitant with the
liberation of a new free amino terminus as shown in reaction (1). This
amino group will react with trinitrobenzenesulfonic acid (TNBS) under

alkaline conditions to produce a colored complex as shown in reaction (2)

...NH-EH-CO_NH—EH-CO... +  H0

2 : .
‘3 -_¢ protease ' ) ‘ (1)
Lo oNH-CH-CO0” © +  H,N-CH-CO... 4
' Jf PH 9.5 NO,
wi-tnco...  + OEN@SOS
. : ’ : NOp
: NO

. . .
OaN@NH—CH—CO. .. + 503—-2 + H+
ino, -

colored complex

11
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FIGURE 1

Standard curve for assay of amino groups using\alahine.

[

To reaction vesséls containingO‘to 500 nmoles alanihe in
0.5 @1 distilled HZO were added 0.5 ml of 0.1 M N525407
containing 0.1 M NaOH. To this mixture 0,025 ml of 1.1 M
2,4,6~trinitrobenzenesulfonic acid (TNPS) was added and
the reaction vessels allowed to stand at room temperature.
After 15 min 2.0 @l of 0.1 M NaaHaPOQ containing approx-
imately 1.5 mM Na2803 Was added, and the color intensity

immediately determined at 420 nm against a reagent blank,

b
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The greater the number of peptide bornds split the greater will
€% f-

o .
be the'number of amino groups available to react with TNBS,

-

Therefore .the reaction should permit us to detect limited levels

. of proteolytic activity in addition to extensive hydrolysis of

/;Eéin substrates to their amino acid constituen%é.

Assay of Proteolytic Activity Using Trypsin
— .

A commercially aVa%}hhle preparation of trypsin was used to

H

'tést the efficﬁcy of thls procedure as an assaz for proteolytic

-

acéivity. The results of an experiment usiné ipcreasing concen-
trations of trypsin in a reaction mixture containing BSA as substrate
are shown in, Figure 2. The increase in absorbance at 420 nm as

a2 flinctIdn of time and enzyme concentration was as expected for
‘ . : Ve
trxp in activity and comparable to that reported by Kunitz using

a different assay procedure (16).

Stud‘ie)s__g_g Proteolytic Activity in Artemia Cysts
- -Sﬁﬁ;é,e&uéht":t_a the development of the TNBS method for the

detection of'ﬁfotease activity, a study was undertaken to determine
"the amount and,type(s) of proteolytic activity in the undeveloped ‘
cysts. The pésturibosomal supernétant fluid was obtained from

the cyst as described above and assayed at pH 4, 6 and 8., No
activity wgé observed at pH 6 and 8, however some activity was
detected at pH Lo After dialysis of this fractién, the proteolytic
activity at pH 4 increased by over 300% as shown in Figure 3.

When varying amounts of the dialysed prdtein fraction were assayed
for proteolytic activity, the data in Figure 4 were obtained.

In each case it should be noted that the initial rate of protedlysis '



/ =
2 ' FIGURE 2

_.0 : ”
Assay of proteolytic activity using trypsin.

’

All reaction veééels contained 4 mg/ml BSA, 0.1 M sodium
" vorate, pH 8.1, 0.01 M CaCl, and 0 to 200 ug trypsin in
0,001 M HC1 in a final volume of 0.4 ml., The vessels
were incubated at 25°C an the desired time 0.05 ml
aliquots were removed féf the determination of amino

groubs as described in Materials and Methods.
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FIGURE 3

Proteolytic activity in dialysed and undialysed extracts of

Artemia cysts.

One gram (wet weight) of hydrated cysts were homogenized in

10 ml of90.1 M KC1l buffered with 0.015 M pétassium phosphate,

. ind the homogenate ced@}ifuged at 40,000 rpm in a SW 41 rotor,

The supernatant was removed and part was dialysed overnight
against two changes of 4.0 liters of the hOmogeniZation

medium. Aliquots (300 al, 4.2‘mg protein) of both the dial-
¥Ysed and undialysed preparations were asséyed in standard
reactions_contaiuiﬁé L mg/ml BSA and 0.1 M sodium acetate

pH 4,0 in a total voluﬁe‘of C.4 ml, The reaction vessels

were incubated at 3?0C and.at the.desired times ‘aliquots were
removed and assayed for amino groups as described in Materials.

and Methods., = <

¢
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FIGURE 4

Proteolytic activi®y in dialysed extracts of Artemia cyst,

Dialysed post-ribosomal supernatant fluid from Artemia cysts
‘was tested at four different concentrations as indicated

above. The reaction conditions were as described for Fié. 3.

[
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was low, but as the time of incubation increased, a linear rate
of hydrolysis was achieved and sustained for the durapion of the

-

assay.

Fractionation of the Cyst Protease and Inhibitor on DEAE-Cellulose

In an attempt to purify‘the rroteolytic aétivity, the
dialysed post-ribosomal fraction was chr%matographed on a column
of DEAE-cellulose and the column fractioﬁs analysed at 28C nm
iﬁ a UV spectrophotometer and assayed for both proteclytic and
inhivitor activity. éhe results of these experiments are shown
in Figure 5 and indicate that a single peak of proteolytic activity
is present in Arteﬁia cysts, activé at pH E.O, and eluting at
about O.24 M KCl. A study of the kinetics.of the hydrolytic
reaction indicated that the initial lag in activity oﬁserved
in the crqde dialysed extract had been eli@inated by this fraction-

ation procedure, However, when enzymatically active fractions were

pooled and assayed again in the presence of the other column

fractions, it was observed that the non-adsorbable column fractions
essentially restored the lag in activity that was cbserved with

the unfractionated crude enzyme preparation. Therefore it appears
that Artemia cysts contain a non-dialysable protease inhibitor in

addition to a dialysable component(s) that is also inhibitory,

Chromatdgrqphy of the Cyst Acid Protease on Ultrogel AcA3l

In order to further purify the acid protease from the DEAE-
cellulose column, the combined protease fractions were concentrated
by pressure dialysis and chromatographed on a ¢olumn of Ultrogel

AcA34. The elution profile of the column is shown in Figure 6

ra

LR
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"FIGURE 5 |

Chromatography of Artemia cyst enzyme preparation on DEAE-
cellulose.

Twenty grams (wet weight) hydrated cyéts were homogenized in
30 ml of 0.1 M KC1 buffered with.0.015 M potassium ﬁhOSphate,
PH 7.0, and centrifuged for 2 hours at 50,000 rpm in a 60 Ti
rotor. The supernatant fluigd was dialysed overnight ;gainst
2 changes ( 2 liters each)lof 0.025 M KC1 buffered with 0,015 M
KC1l solution., The column was washed with an additional 50 ml
of buffered 0.025 M KC1 then eluted using & 1 liter linear
gradient of buffered KCl from 0.025 to 0.6 M KC1. Aliquots
of selected column fractions were assayed for proteolytic
activity at pH 4.0, 6.0 and 8.0 and for inhibitory activity
as described in ﬁateriéié and Methods. Since no proteolytic
activity was detected at:pH 6.0 and 8,0 only the results
obtained at pH 4.0 are shown.
| | *-—9, -absorbance at .280' nm

O0——0O, proteolytic activity, pH 4.0

®——@®, inhibitory activity |

— ——-—, KC1 concentration

N
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FIGURE 6

Chromatography of the cyst acid protease on Ultrogel AcA3k.

The fractions from the DEAE-cellulose column containing

to a volume of 2.0 ml. The sample

acid protease acti;zgg in\?ig. 5 were pooled.and coﬁcentra—
ted by pressure diélygéﬁ

was then appllied to a column of Ultrogel AcA34 (2.0 x 52 cm)
pre#iously equilibrated with 0.1 M KCl containing Q.015 M
potassium phosphate, pH 7.0, and eluted with the same

buffer, Aliquots of all column fractions were assayed at

pH 4.0 as described in Materials and Methods.

o—-———0 - , absorbance at 280 nm

®  , proteolytic activity at pH 4.0

——crm gL T
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and it' is clear that the protease activity elutes as a single
peak. The elution position of this protease compared with other (g
proteins of known molecular welght corresponds to a molecular

weight of 84,000 (Figure.?7).

pH and Temperature Optima of the Cyst Acid Protease

The partially purified acid protease: was assayed at varioushﬁ\\\_,—;

~ temperatures and pH in order to determine the conditlons of -

optimum hydrolysis. Using BSA as the substrate, the enzyme was
found to have a pH optimum of about 3.6 (Figure 8) and a temperature

optimum of about 4590 (Figure 9).

Effect of CaCl2 and EDTA on the Kinetics of Acid Protease Activity

" When the partially purified acid proteaee was assayed at
various enzyme concentrations, the initial }ate ﬂf hydrolysis &as
found to be linear, but the activity was not proportional to enzyme
.concentration at low levels of enzyme. as sﬁown in Figure 10. The
exact «cause of this deviatien from expected kinetics is not
known but an attempt was made to eliminate the problem. When
the assays wefe per formed iﬁ the presence of 0.01 M CaCl2 the
responee to 3£;;me concentration was nearly linear. However,
the addition of 1 mM EDTA to the reaction mixture completely
eliminated the problem and a.linear activity curve was obtained
as a function of enzyme concentration. The results of these
experimenfs are shown in Figure 11. Therefore, all subsequent
enzyme kinetic assays were carried out in the pfeéence‘of 1 mM

EDTA. | | —
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' FIGURE 7

Molecular weight estimation of Artemia cyst and nauplil

proteases.

A column of Ultrogel AcA3L edﬁgETbsated with 0.1 M KC1
containing 0,015 M pofassium ﬁhgggpafe, pH 7.0,.was used.
The reference proteins used were (1} chymotrypsinogeﬁ A,
(3) ovalbumin, (4) bovine serum albumin, (6)‘aldolase,

and (7) gamma globulin. The aciQ&protease eluted at a
. .

Koy of 0.84. Arrows ipdicate molecular weights of 84,000

and 27,500 fo the dcid and alkaline proteases, respectively.
3 . .
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FIGURE 8

Determination of pH optimum of the cyst agid protease.

The cyst acid protease used in this assdy was partially
purified on DEAE-cellulose and AcA34. The protease activity
. in a standard reaction mixture was assayed at varying pH

from 2,5 to 6.0 at 40°C as described in Materials and °
Methods. I
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FIGURE 9

Determinatien of temperature optimum of the cyst acid protease, -

The DEAE-cellulose: and AcA3Y partially purified acid protease
was aBSayed in a standard reaction mixture at pH 4.0 at

temperatures ranging from 25 % to 55 % as described in

Materials and Methods,

»
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FIGURE 10 r .
The effect of concentration on acid protease activity.

Varying quantities of partiallj purified acid protease

as described in Fig. 8 were assayed at pH 4,0 as described
in Materials and Methods. The increase in absorbance affer
30 min incubation in eéch'case was plotted against enzyme

concentration expressed in milligrams protein,



Sh

04

20

-6

0-8

©
o

© T o
S o o
WN 0Zb L1V 3INVEH0SaY

—_—

2

PROTEIN (MG)



35

LS

FIGURE 11

"Effect of GaCZI.‘2 and EDTA on kinetics of acid protease activity.

The partially purified acid protease was assayed as in Fig.

10 but inclﬁ_ded.o.m M CaC}l2 or 1 mM EDTA in reaction mixtures

L3

as indicated.
T 3

®e——® . control (no addition)

e———9 , &plus:0.01 M CaCl,

o—-+—0 , plus EDTA
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Chromatography of the Acid Protease Inhibitor on Ultrogel AcA3h

In order to further pufify the inhibitor of acid'protease
activity, the -combined inhibitory fractions from DEAE-cellulose
were c0ncentratedland chromatographed on ; column of Ultrogel
AcA34, The elution profile is shown in Figure 12. ‘The inhibitor
eluted as a single peak and preliminary data indicate that this

component has a molecular weight of less than 20,000.

Protease—inhibitor Kinetics

_ As described'earlier,-incubation of the acid protéase and
inhibitor tdgether in a standard protease reaction mixture
produced considerable inhibition initially, followed by a re-
~ sumption of activity at the expected rate of hydrolysis. In order
to determine whether the 1nactivation of the inhibitor in the
reaction mixture was the'reoult of thermal inactivation during
the couroe of thebreaction and not due to the presenoe of the acid

protease, the inhibitor was incubated in a standard reaction mixture,
lacking .only the protease, for up to two hours prior to the
jntroduction of the protease. The rosults of this experiment are
j1lustrated in Figure 13 and indicate that very little inhibitory
activity was 1ost by pretreatment of the inhibitor, at 30 °C in the
standard reaction minture. .Therefore, it appears that inhibitoer
inactivation is due primarily to the presence of the acid protease
and not to thermal effects. Consequently it should be possible to
stud& the kinetics between the protease and inhibitor.

When varying amounts of inhibitor were added to a oonstant
amount of acid protease it was observed that the duration of

inhibition was directly proportional to the amount of inhibitor

RN SRR T POt 1 e
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FIGURE 12

Chromat ography of the acid protease inhibitor on Ultrogel

AcA3h,

$he fractions containing inhibitory activity from a DEAR-

cellulose column (see Fig. 5) were concentrated by pressure

- dialysis and chromatographed on a column of Ultrogel AcA3Y

(2.0 X 52 cm) as described‘in Fig. 6. The column fractions

were analyzed for protein at 280 nm and'for inhibitory

activity as described in Materials and Methods,

O--—~—O-, absorbance at 280 nm

O——@® , inhibitor activity
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=
FIGURE 13 i
. # .
Effect of preincubation of inhibitor on its inhibitory
activity.

»

Partially purified inhibitor (91 units) was incubated at
BOOC in 5 separgte standérd acid protease mixtures lacking
only the acid protease., After various times of incubation,
1,5 units of acid protease was added to one df the reaction
vessels and the reactions allowed to proceed for the time

indicated on the abscissa. The liberatlon of amino groups

& . B
from BSAREZZ\&utggmined as described in Materials and

Methods.
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« added, These findings are shown in Figure 14, However it should
be noted that at low concentrations of“inhibitor this relatioﬁ-
ship is not linear. The effect of adding EDTA and/or CaCl, to
an enzyme-inhibitor mixture is-shown.in Figufe 15. When EDTA 1s
added, the inhibitory period is shortened slightly, whereas in the
presence of CaCla,-the inhibitory‘period ié decreased greatly.
In the presence of both EDTA and CaCl2 still less inhibition
| K\;Occurs and'the resbonéé to these reagents appears to be additive.
The reéults of experiments'using various inhibitor concentrations
'in the presence of EDTA‘and/or CaCl, are shown in Figure 16. Iﬁ
this illustration the duration of inhibition is plotted agalnst
inhibitor concentration, and it ﬁyould be noted that as the rate
of inactivation of the inhibitor is increased, such as in the présence
of.CaCI2 or EDTA and CaCla, the slope of the line decreases,
indicating a decrease in the period of inhibition prior to re~
sum;tion,of the expected rate of hydrolysis. Also it should be
noted that the control reaction laéking EDTA or CaCi2 shows a
non-linear response ;t low inhibitor concentrations but that
linearity could be restored without reduction in inhibitof function
by ingludiﬁg EDTA in the reaction. However, CaCl, alone ‘or ig
combination with EDTA increased the rate of inactivation of the

inhibitor by over 200%.

Levels of Protease(s) and Inhibitor in Developing Artemia Embryos

Embryos of Artemia salina were collected at various stage of

developmenf and the post-ribosomal supernatant fraction processed to

separate the inhibitor from the protease fraction. The amount of pro-

tease activity in each éample was measured at pH 4, 6 and 8 and the
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FIGURE 14

Effect of increasing inhibitor concentration on acid protease
activity,

All reaction mixtures contained 5.0 units of acid protease,

L mg/ml BSA, 0.1 M sodium acetate? rH 4, and increasiﬁg
amounts of inhibitor aé indicated. The reaation vessels were
incubated at 37°C and aliQﬁots were removed With time for

e
determination of amino groups as described in Materials and

Methods. /r//,/ﬂﬁ



bl

a5

30
TIME (MIN).

I-Of

o)

o




45

FIGURE 15

Effect of CaCl, and EDTA on inhibitor inactivationm,

Ali:reactidn mixtures contained 1.5 units of acid protease,

266 units of inhibitor, 4 mg/ml BSA, 0.1 M sodium acetate,

"pH 4.0 and either 0.01 M CaCl, and/or 1 mM EDTA. A1l

B o~
vessels were pre-incubated at 3700 and at times indicated,
aliquots were removed for the determination of amino groups

as described in Materials and Methods.
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FIGURE 16

A summary of the effect of CaCl, and EDTA on inhibitor
inactivation.

The results shown in Fig. 14 {(control) and Fig. 15 plus

identical experiments including 0,01 M CaCl2 and/or 1 mM-

EDTA in the reaction mixtures are summarized here. The'lag

in resﬁmption of protease activity was measured as des-

cribed in Materials and Methods and plotted against

- inhibitor concentration.:

T e

e

e It -
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.level of protease inhibitor in the DEAE-cellulose column effluent
determined as described above. The fesults of these assays are
shown in Figure 17. The acid protease activity remains relatively
" constant during the first day of development then'drbps shafply.

after 25 hours of development ta a lower but constant level of

activity. In contrast, the level of inhibitor rises markedly

during the first 12 hours of dévelopment reaching a maximum just r

before hatching, then declines. steadily to an undetectable, level
by 48 hours. During pre-hatched development, no alkaline protease
activity was detectable. However at 21 hours, shortly after the
onset of hatching, protease activity at pH 8 was detected. The
level of this protease rose sharpiy during the next 10 hours, and

continued to increase gradually as development progressed further.

Partial Purification of Alkaline Protease from Nauplil

In order to study further the late appearing alkaline protease
observed in the developmental studies, nauplil were allowed to
develop for 46 hours, then collected and processed as described
. above for the acid protease. When the nauplii protease_preparation
was chromatographed on a DEAE-cellulose column thé elution profile
gshown in Figure 18 was obtained. The alkaline protease attivity
. eluted as a broad peak at about 0.45 M Kpl.. In order to further )
purify the alkaline protease, the copbined protease fractions were
concentrated and chromatographed on a column‘of Ultrogel AcA3hL.
The elution profiIé of this column is shown in Figure 19. The
protease activity eluted in a peak corréépbnding to a molecular

weight of 27,500 (Fig. 7). From the shape of the alkaline

protease peaks from both DEAE-cellulose and Ultrogel AcA3l:

i e L e

o i L aewiae e

.
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FIGURE 17

Upper. Developmental pattern of-Artemia embryos incubated
at 30°C.

Hydrated cysts were allowed to develop in individual flasks

at 3000. At various times aliquots from each flask were

spread on a strip of filter paper and the number of cysts,

prenauplii and nauplii counted. The data arg presented as

. percent of emergence (O—0) and hatching (@—® ) as

a function of incubation time.

Lower. Protease and inhibitor levels in developing Artemia
embryos.

At the times indicated the total population of embryos

were collected and the post ribosomal supernatant fluid
fractionated and assayed for protease levels at pH 4, 6 and
8 and inhibitor levels as described in Materials and Methodé.

The activities were calculated .based on the protein content

of the post-ribosomal supernatant fraction.

O-—-—0 , proteolytic activity at pE 4.0
) SRR X , proteolytic activity at pH 8.0
®@——@ , inhibitor activity
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FIGURE 18

Chromatography of 40-hour nauplii post-ribosomal fraction on
DEAE-cellulose. )

The post-ribosomal supernatant, was prepared from 40 hour
nauplii obtained from 18 grams (wét weight) hydrated cysts
as previously described and chromatographed on a lcolumn of
DEAE-cellulose as described in Fig. 5. CoBumn fractions

were assayed for pr__oteolytic activity as described in

Materials and Methods.

O-——0 , absorbance at 280 nm
.—;-.' ’ proteol'ytic‘ activity at pH 4.0

X——X , proteolytic activity at pH 8.0

PN PO S,
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FIGURE 19

Chromat ography of 40 hour nauplii.pfotease activity on
Ultrogel AcA34.

The. combined fractions containing alkaline protease activity
from a DEAE-cellulose coluﬁn (see Fig., 18) Qere concentrated
by pressure dialysis at 40 psil NZ and chrométographea on

a column of Ultrogel AcA34 (2.0 x 52 cm).exactly ag described

in Fig. 6. The column fractions were analysed for protein

"at 280 nm and for ﬁroteolytic activity at pH 8.0 as

described in Materials and Methods.

O-——0 s absorbance at 280 nm

@———@® , rprotease activity
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columns it appears that more than one alkaline protease may be

present in 40 hour nauplii,

pH Optimum of the Alkaline Protease

When the partially purified alkaline protease from the
Ultrogel AcA34 column was assayed at Varying pH, it was observed
that maximal hydrolysis of BSA occurred at pH 8.5, The result

of this experiment is shown in Figure 20.

Sensitivity of Artemia Proteases to Inhibitors

Both #he alkaiine and acid proteases were tesfed.fo} sen-
sitivity to naturaliyloccurring trypsin inhibitoré-and compared to
the activity of the brine shrimp cyst protease inhiﬁitor. When
50y bean trypsin inhibitor (SBTI), ovomugbid, or cyst protease
inhibitor was added to reaction mixtures containing'BSA and assayed =
at the optimum pH, the results shown in Table 1 were obtained. It
is clear that the nauplii alkaline protease was inactivated by
both SBTI and ovomucoid, even at low concentrations, but un-
affected by the Artemia .p'rote_ase.'inhibit‘or. In contrast, the cyst

acid protegéé was inactiVated by the Artemia protease inhibitor

only.

Hydrolysis of Artemia Yolk Platelets and Ribosomes by the Cyst

Protease _

To determing-if the Artemia acid protease is able to utilize
yolk as a substrate, yolk-platelets from Artemia cysts were
prepared and t¥sted as a substrate compared to a standard reaction
containing BSA. The reéultg of this experiment are presented in

Figure 21 and show that yolk platelefs and BSA are almOSt‘equaliﬁ
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"

FIGURE 20

Determination of pH optiﬁum of the alkaline protease, - //’#f_

The 40-hour nauplii alkaline protease used in this assay

was purified on DEAE-cellulose and AcA34. The frotease //’“\)
activity was assayed in a standard reaction mixture at pH

values from 4;9 to 10.0 at 3?°Clas described in Materials

‘and Methods. .

-
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rTable 1. E;;:ét“of naturally occurring protease inhibitors

rl

on proteases Isolated from brine éﬁfimp cysts an@ nauplii.

zﬁ t

S

Protease  Concentration - Percent of Control
Inhibitor Acgd Protease | Alkaline Protease
u——-\ . - . = s
1,0 mg/ml 98 0
. SBTT 0.1 v ‘ o102 3.9
. 0,01 97. 6.0
1.0 mg/ml a 97 4eS5 v
Ovomucoid 0 7. 103 | 1.7
e s “L“\_ ' _ .
- . z("'r-‘] . "
e . w 215 units ] CLo1,2 ) ‘9? ‘ ,k
Inhibitor
é. -
* %‘

%Y s . '
B , ‘ -

4

Y TP T T T mhﬁ ot L i AT A S
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T FIGURE 21

Hydrolysis of yolk platelet protein by the cyst acid

prbtease,

Five units of partially purified byst acid protease was

. incubated'in reaction mixtures pontaining either 4 mg/ml
BSA or dried yolk platelets in 0.1 M sodium acetate, pH
4.0, with or without 0.01 M CaCl,. Atlselected incubation

» times alliquots were removed and assayed ‘for amino groups

as described in Materials and Methods,

-

- o—@0, BSA
L e——-e,
X——x
X—o—X% + CaCl2

O——0O , - Acid protease only.
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effective as su¥strates. Moreover, th addition of CaCl

> had

only a ght stimulatory effect on the activity of the acid
protease with either yolk platelets or BSA.

Two preparations of cysf ribosomes were also tested as
substrate, one washed free of loosely bound proteiﬁ; and the other
containing unwashed ribosomes. As shown iﬁ Figurc 22, both

ribosome preparations contain protein that serveé.as substrate

for the acid protease. =

PR

T T
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FIGURE 22
Ribosomes as substrate for the cyst acid protease.

Two ribosome preparations were tested as substrates for the
acid protease. One reaction vessel contained 0.1 M sodium
acetate, pH 4.0, 1.6 units of acid protease and unwashed

ribosomes containing 1.6 mg protein and 2.25 mg RNA in

a final volume of 0.4 ml (O 0). A second vessel

contained tﬁe game amount of buffer and acid protease plus

salt-washed ribosomes containing 2.3 mg protein and 2.5 mg

RNA in a final volume of 0.4 ml ( @ ®@). A third

vessel contained the buffer and acid protease alome (X-——X).

Reaction mixtures were incubated at 3?°C and aliquots re-~
moved for the determination of amino groups as described
in_Materials and Methods, No activity was detected inl

reactions containing ribosomes alone and therefore these

values are not shown. ' BN
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DISCUSSION

ssayé for proteolytic activity usually depend on measuring

acld soluble products detectable by UV absorption (6) or using
insolubie protein-s&bstrates which when hydrolysed release a‘soluble
dye (7)., These procedures have serious limitations if one is *
Asearching for a variety of proteolytic activities including proteases
active in a limited way that produce very specific cleavages and

few acid-soluble fragments. Therefore, it was necessary to develop
an assay system which did not rely upon extensive hydrolysis for the
detection of proteolytic activity. In the assay developed for *
this study, the s strate used is a soluble protein which remains

in solution during the assay for peptide bond hydrolysis, tﬁus
limited proteolysis of the substrate can be detected by simply
measuring the number of amino groups produced duriQ§ incubation,

- qpe kinetics of hydrolysis of protein substrates by trypsin,

an énzyme with known characteristics, using the TNBS method was
determinéd and compared to trypsin data obtained by qthér gethods.
The results wérg very similar to those obtained by Kunitz (16)
| using casein as a substrate., In both cases, the rate of hydrolysis
increased with increasing concentrations of trypsin tut the response
was nbt proportional to the quantity of trypsin used (Fig., 2).

These results are probably due to the narrow range of specificity

of trypsiﬁ for peptide bonds involving only arginine and lysine,
Préliminary data indicated that the TNBS method used in this study

is at least 10 times more sensitlive than the acid soluble assay

of Anson for measuring proteolysis.

65

P TP

Kl - - - Lo .
A U PR L .



—— e —— e e e B TR ATE T S e g™ 2 BER S g

66

The only protease detectable in undeveldped Artemia cysts

Tl

was an acild protease. Stﬁdies using this enzyme revealed that

it has a pH optimum of 3,6 and a temperature optimum of 4500

for the hydrolysis of BSA. In ‘addition, this enzyme was found

to have a molecular weight of 84, OOO by gel filtration. The
partially purified enzyme loses activity readily when stored in
dilute solutions at 0-4 C; ‘however, as a concentrateé solution
greater than 1 mg/ml it could be stored at 4 °¢ for several weeks
or at -15°C.f0r months without significantikoss in activity.

The enzyme was also found to be sensitive to pressure‘and loses
activity readily when subjected to pressures over 40 péi. The =~ '
activity of the acid protease was stimulated slightly by addition
of EDTA to reaction mixtures; this response may be due to removal
of inhibitory heavy métal ions. However the addition of CaCl2

to reaction mixtures produéed a slight stimulation in activity.
Th%se findings are in general agreement with those of Iundbléd

et al. (17) who studied proteases with similar properties in
extracts of newly fertilized.sea urchin eggs.

When the kinetics of hydrolysis of BSA by the acid pfotease
were studied, it was observed that the rate of hydrolysis was
linear throughout the reaction in. contrast to the kinetic pattern,
observed when trypsin was tested.. These differences suggest that
. the acid ﬁrofease, unlike irypsin, is able to hyd;olyse a broeg&
spectrum of peptide bonds. Also, in some experiments not reported
here; we observed that when the acid protease was assayed using
various Artemia cxeg protein fractions as substrate (obtained

from a DEAE cellulose column fractionation experiment of goluble
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cyst proteins as illustrated in Fig. '5), that all Artemia protein
fractions wéere equally active-as substrates. Therefore, it appears
that the acid_proteasé from-Artemia cysts has considerably less
specificity for peptide bonds than does.trypsin,

During developmenf’fﬁe acld protease level remainé relatively
constant throughout the period of emergence and hatching, and
declines only after about 25 hours og.deve10pment to a lower but
constant level, |

Unfractionated post-ribosomal supernatant fractions from
Artemiz contain at iéast two protease inhibitors. When the cyst.
post-ribosomal fraction was assayed for proteolytic activity,
very little was detected, However after dialysis or gel filtration
the crude extract was at least 3 times more active. These data
indicate the presence of a small molecular weight'inhibitor in
the cyst extract. When a dialysed or G-25 Sephadex treated
fraction was assayed for proteoiytic activity.at pH 4, anm initial
restriction ﬁf activity was observed followed by a gradual increase

“in activity until- a }inear raté of hydrolysis was obtained (Fig. 5).
This restriction in proteolytic activity or %gg in initial

activity was shown to be due to the presence of another inhibitor
in the cyst extract which could be separa%ed from the protease by
chromatography on DEAE-cellu}oae. Therefore, when the DEAE-
cellulose purified acid protease was assayed usiné BSA as "substrate,
no initial lag in activity was observed. The inhibitory fraction
in the cyst extract was easily removed from the protease fraction

since it didn't bind to DEAE~cellulose.

The cyst acid protease inhibitor has been studied to some
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. extent., It has a molecular welght of between. 5,000 and 20,000

and is not stabdle in dilute solutions when stored at 0-4°C but
is stable to freezing as a concentrated solution. 1The inbibitor-
enzyme interaction described above indicates that the a;id pro-
tease has' a highﬂaffinity for the inhibitor. This is particularly
evident when one considers the fact that a 1agge excess of BSA

(or substrate) in the reaction mixtures had no effect on the
kinetice of inhibitor inactivation by the protease in the presence
of EDTA, Moreover, the rate'of inactivation of the inhibitor

was increased by over 200% when_PaCl2 was added to the reaction
mixture, whereas CaClZ addition had no stimulatory effect on
hydrolysis of BSA., These observations support further the con-
clusion that the protease has a high affinity for‘ the inhibitor
The inactivation of the ac}d proteasé inhibitor probably occurs
due tp proteolysis as has been described for the inactivation of
the bovine pancreatic trypsin inhibitor (18). However, the
mechanism of inhibitor inactivation in the Artemia system is
still open to question.

The role of the protease inﬁibitor‘in developing Artemia
embryos remains to‘be_studied. Ho%ever, it appears that the
acld protease may be maintained in an inactive form dﬁring
pre-embryonic development,

During the developmental studies it was observed that another
protease(s) appears in Artemia embryos after hatching that could
not be detected in undeveloped cysts. 1In fact, the first indi-
cation of alkaline proteage activity occurs at 21 hour%Idevelopment

(at 30°C) shortly after the appearance of nauplius larvae in
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the incubation medium. Subsequent to this developmental
stage alkaline protease activity in the nOSt-ribosomal supernatant
fraction increases markedly. After 30 hours development, the

total amount of this protease{s) .began to level off {(data notshown)
although the specific activity continued to increase. The alhalins
-protease(s) fnom uo.hr nauplil was (were) partially purified and
found to have a pH optimum of 8.5 for the hydrolysis of B3A and
a molecular weight‘of 27,500 by gel filtration.. The activity is
inhibited strongly by the naturally occurring trypsin‘inhybitors
ovomucoid and SBTI, but not inhibited by the Artemia cyst protesse
inhibitoh; The nauplii protease has not been studied‘extensively
but the elution patterns of this activity from DEAE-cellulose and
Ultrogel AcA3kL suggest that there may be more than one alkaline
proteasé in 40 hour naupiii. The function of the alkaline protease
in developing Artemia embryos is not known but it appears to
have properties similar to trypsin and other trypsin-like enzymes
found in a wide variety of tissues and organisms (19).

Very little is known about the exact function of acid K
proteases in developing systess, thus we can only speculate about
their actual pnrpose. The results presented here have demOn;
strated that the acid protease from Artemia has’the ability to
utilize yolk as a substrate and therefore it could function in
yolk utilization for the release of amino acids required for the
synthesis of structural, and enzymatic proteins. However yolk
utilization is thought to occur primarily after hatching and
therefore this protease may not be jimportant for this purpose since

it decreases markedly after hatching. What then is the .function
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of the acid protease? ‘In Artemia, this protease may be instru-
mental iﬁ.the'derepression of cyst ribosomes and thus assist
in the activation of the protein synthesizing apparaﬁus (2).

The observation that the acid protease ig able to utilize ribosome
assoclated proteihs as substrate is consistent with this hypéthesis.
However, this function seems unlikely unless the pH of the cyio-

plasm is sufficiently low to permit the acid protease to function. -
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SUMMARY

A new method for the measurement of proteolyticwactivity
was developed using BSA as a substrate and 2,4,6-trinitrobenzene-
sulfonic acid (TNBS)\Ebidetect amino groups produced as the
re§u1t of peptide bond hydrolysis. Using this assa& a single

protease wggxigplated from Artemia salina cysts and studied.

After partial‘purifiCation the enzym& was found to have a rH
optimum of 3.6, a temperature optimum of 4500 and a molecular
weight of about 84,000. CaCl2 and EDTA were required for maximal
activity. An inh;bitor of acid protease activity was also found
in Artemia cysts. The inhibitor has a molecular weight of between
S,OOOnand 20,000 and a high affinity for the acld protease.
However this protease inhibitor-can be inactivated by incubation
with the protease at 37°C.

A second protease appeared between ZO.and 30 hours of develop-
mént at 30°C. This protease has a pH optimum of 8.5 and é
moleculér weight of 27,500. This alkaline protease is inactivated
by ovomucoild and say bean trypsin inhibitor but not by the cyst
.inhibitor; therefore, it appears to by a trypsin. .

The properties of the enzymes and inhibitor were discussed
with respecf to their possible function in the developing embryo

of Artemla salina. !
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