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 SUMMARY
The effect of 10 ppm of cadmium on eggs of Pacific herring,  Clupea
pallasii, incubated at 20% salinity and 5°C was tested with particular
reference to hatchability, cadmium uptake by eggs, along with the relative
activity of four carbon dioxide fixing enzymes (i.e. NAD- and NADP-~ malic
enzymes, propionyl CoA carboxylase and phosphoenol pyruvate (PEP) carboxy-
kinase) at five stages of development. It was found that cadmium-exposed
eggs hatched approximately ten days earlier than those of the control; the
percentage of viable hatch was 82.00 and 27.3 in control and cadmium-~
exposed eggs respectively; the average size of viable larvae was 8.46 and
5.49 mm in the same sequence. Like the garpike, cadmium uptake by herring
eggs reached its maximum early in the incubation period and was maintained
throughout the five developmental stages studied; the total uptake wvas,
however, much greater than that reported for Baltic herring.

_ ‘The relative activity of all four carbon dioxide fixing enzymes studied
was depressed as a result of cadmium exposure; propionyl CoA carboxylase was
depressed as early as prior to flattening of blastodisc stage; PEP carboxy-—
kinase depression started prior to closure of blastéphore stage, whereas

NAD- and NADP- malic enzymes were depressed only prior to the hatching stage.
It is postulated that the relatively small larvae hatching from cadmium-
‘exposed eggs may be the result of: (1) the depressive effect of cadmium on
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the relative activity of the aforesaid enzymes at different stages of
development, and/or (2) that in cadmium-exposed eggs. rost of the cadmium °
~is bound to the chorion making it vulnerable and thus hatchablllty is
induced earlier than expected and a premature larva is produced.

INTRODUCTION

In view of the .recent observation of the effect of cadmium on

. fertilized Baltic eggs (Rosenthal and Sperllng, 1974), and also the recent
finding of four carbon dioxide fixing enzymes in fish eggs (Mounib and
Eisan, 1973), it was felt appropriate to examine the effect of this heavy
metal on Pacific herrlng eggs at different stages of development Wlth
partlcular reference to these enzymes.

MATERTAL AND METHODS

Flsh eggs were obtained, by strlpplng from Pacific herrlng, Cﬂupea

- pa11a511, that were kept in tanks. The eggs were placed on glass plates

in single layers and then submexrged into filtered sea water of 20% sallnlty
and 5°C for about 30 min. when sperm were added to m&ke a final density
- of approximately 1500 - 2000 sperm/ml. Thirty minutes were allowed for
fertilization to take place. The eggs were washed twice, with care, and
then transfcrred using filtered sea water, to incubation tanks that contalned
' filtered sea water (20% salinity, 5°C) for the control eggs, whereas eggs
exposed to cadmium received in addition 10 ppm of cadmium; this level of
cadmium was achieved by adding the appropriate amount of a stock solution -
of cadmium (4000 ppm) to the water in the incubation tank. Watexr was .
renewed every other day and the required amount of the cadmium-stock
j»solutlon was added to cadmium-exposed eggs. Each incubation tank had-20
litres of water that was contimiously aesrated. The water temperature was
measured 3 times a day, and salinities were checked before and after each
water change (Table 1).

Watexr and egg (2 x'5 eggs) samples were taken at 24 hour intervals
to determine the actual cadmium concentration maintained in the 1ncubat1ng
.medlum and the cadmium uptake by eggs. Sampllng procedure and cadmium.
determination were carrled out as described by Rosenthal and Sperling’ (1974).

For blochemlcal studles, large nunbers of eggs were collected at five
dlfferent developmental stages from both control and cadmlumrexposed eggs
(Table 2); dead and unfertilized eggs were eliminated and the remaining
eggs were suspendea in approximately 5 volumes of a cold buffered medium
that was composed of: sucrose (0.25 M), tris (0.05 M), reduced glutathione
(0.1%, w/v), and EDTA, free acid, (0.1%, w/v),at pH 7.00 (the pH of the
medium was adjusted with 1 N HC1l) (Mounib and Eisan, 1972a). Eggs in the
suspended medium were immediately frozen and kept at =-25°C until they were
rcady for enzyme assays. Concurrently samples were taken from these same
five developmental stages to determine the rate of fertilization. Through-
out the whole investigation, daily mortality rate, percentage of daily
hatch and number of viable larvae were recorded for subsamples that were’
handled separately.



For the preparatlon of extracts for enzyme determlnatlono, the frozen
~ eggs were sonicated until they had.completely thawed, placed in an ice bath
for 15 min., homogenized in the cold, and then sonicated again for a total .
‘of 2 nmin. interrupted for a 3 min. cooling period every 30 sec. (Mounib, 1974).
The sonicated homogenate was then centrlfuged at 27,000 g in the cold (2°C)
for 20 min. and the supernatant fluid was separated for use in enzym° deter-
.nunatlons. :

Protein concentration in supernates of sonicated honpgenates was
determined according to Lowry, Rosebrough, Farr and Randall (1951).

Carbon dioxide_fiking enzymes were assayed as follows:- .

(a) the two malic enzymes requiring NAD- and NADP- respectively (EC 1.1.1l.°
. 39 NAD-malic dehydrogenase, decarboxylating; and EC 1:1.1.40 NADP-
" malic dehydrogenase decarbox¥1at1ng) were determined as 1’C02 produced
from the decarboxylatlon of C— -malate (Mounib, 1974).

“(b) propionyl CoA ca;boxylase ((EC 6.4.1.3, propionyl—CoA COZ ligase (ADP))
© " was estimated as 1‘*COZ incorporated into methylmalonate-COy following
the procedure of Tietz and Ochoa 1962 as modified by Mounib and Elsan
1972 .

(c) phosphoénolpyruvate (PEP) carboxykinase (EC 4.1.1.32; GTP: oxaloacetate
. caxboxy-lyase. transphosphorylating) was determined as the exchange N
incorporation of CO, into oxaloacetate (Utter & Kurahash1 1955; Mounib

and Eisan, 1972).

RESULTS AND DISCUSSION

As in the case of Baltlc spring spawners, Pacific herrlng eggs, ‘when
" exposed to cadmium started hatching several days earlier than the control
{Table 3); the difference between the mean hatching points (50% hatch) was
.. ' approximately 10 days. Eggs of Pacific herring seemed to be more resistant
*". _to cadmium exposure than those of Baltic herring, as in the latter no viable
‘hatch was observed at 20% salinity and in the presence of 10 ppm (Rosenthal
and Sperling, 1974), whereas in the present investigation under the same
salinity and concentration of cadmium 27.3% viable larvae were obtained
(Table 4). In addition the size of larvae from cadmium-exposed eggs was
considerably smaller than that from the controls (Table 4). We also noticed
that the newly hatched larvae from cadmium exposed eggs were less active
than those from the control, as they spent most of their time lying at the
bottom of the incubation tank and were typical of a premature hatch.

The uptake of cadmium by Pacific herring eggs reached its maximum early
. in the incubation period and was maintained throughout the five developmental
- stages studied (Table 5). These results are in agreement with those of
garpike eggs (Westernhagen, Dethlefsen and Rosenthal, 1975). However, it is
noted that cadmium uptake by Pacific herring eggs was much higher than that




reported for Baltic herring.

The observation . that eggs of Pac1f1c herrlng were more re31stant to -
the effect of cadmium, and also showed a relatlvely higher uptake of cadmium
than those of Baltic herring, may be due to the fact that the chorion in the
former is much thicker than that in the latter. This assumption is supported
by the previous finding that most of the cadmium uptake resides in the . -
chorion (Rosenthal and Sperling, 1974) However, it must be borne in mlnd
‘that in the present investigation a temperature of 5°C was used, whereas
in Baltic herring experiments, the incubation temperature was 10°C; thus
the possibility that such differences in the 1ncubat1ng temperature played
a role in the observed differences between Pac1f1c and Baltlc herring eggs
should not be precludad

The relative actLVLty of NAD- and NADP- malic enzymes, in the control
eggs, tended to increase from stage A to D and then dropped at stage B
(Table 6). Only at stage E of development was the relative activity of
NAD- and NADP- malic enzymes hlgher in the control eggs than that in the
cadmlum-exposed ones (Table 6)

In the. control eggs, the relative actLV1ty of propionyl CoA carboxylase
was very close at A and B stages of development, but almost doubled at stage .
C, and was maintained throughout stages D and E (Table 7). It is depicted
(Table 7) that eggs ‘exposed to cadmium had lower relative activity of-
_propionyl CoA carboxylase than those of the control at all developmental
. stages, and this was partlcularly the case at stages C,D, and E of develop-
ment. . : :

The relative activity of PED carboxyklnase was very low at stage A
. but increased sharply at stages B, C and D, and then decreased at E (Table 8).
- Although exposure of c¢ggs to cadmium had no- apparent effect on PEP carboxy-
. kinase at.stage A, a depressive effect was distinct throughout stages B to B.

From the foregoing results, the evidence is in support of the contention.
. that exposure of Pacific herrlng eggs to cadmium at 10 ppm in a salinity of
. 20% and 5°C, reoulted in a reduction in the relative actlv1ty of all four
studied enzymes at stage E of development. However, the sen51t1v1ty of these
.enzymes to cadmium treatment was different, e.g. propionyl CoA carboxylase
_was depressed as early as stage A, whereas the reduction in enzyme activity
was observed at otage B for PEP carboxykinase and at stage E for NAD- and
NADP- malic enzymes:

_ Since all of the four studied enzymes are involved in biosynthetic
processes, it may be possible that the depressive effect of cadmium on their
activity during the different developmental stages of eggs culminated in a
small inactive larva. The relatively small larvae hatching from cadmium-
exposed eggs could also be attributed to the fact that most of the cadmium
is bound to the chorion which makes it vulnerable and thus hatching is
induced earlier than its regular time and premature larvae are produced.’
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TABLE I.

Temperature, salinity and pH values of watexr during incubation.

Number of

'Treatment -Tenperature - - - L...8alinity.-- 0 oo pH- - - Water Changes‘
'mMean'sE. ' n Mean 78.F. n ' Mean #S.E. |
Control 129 5.06%.055 12 20.8740.826 18  7.8930.011 12
- With cadmium 131 5.07%0.052 11  20.02%¢0.013 18  7.87:0.014 11
-
TABLE 2. . Developmental stages of eggs used in biochemical work. . .
Time after  Net Wet
: fertilization wt.
gample . . . i e Developmental Stage... ... .. L (days) . A
. cA (control) - : : ' 2.5 10.00 .
. S - J prior to blastodisc flattening (R) ‘
.cd A (cadmiumrexposed) ’ 2.5 10.00
‘B (control) o R ‘ 5.5 10.05
R » Prior to closure of blastophore (B) ‘ : '
-Ccd B (cadmiumrexposed) , . ' . 5.5 ©10.12
cc (control) 1 . 7.5 1 10.10
| mail bud off yolk, beginning of :
: enmbryonic activity (c)
.cd C (cadmium—exposed) ~ 7.5 10.05
cD (control) : , _ " 14.5 10.25.
Grey eye pigmentation, open anus,
closed mouth, first hatching glands
developed (D)
ca b (cadmiumrexposed) 14.5 10.05
CE (control) ' ~ ' 17.0 10.10
' Prior to hatching ()
cd E (cadmiun-exposed) _ 17.0 10.48
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TABLE 3. Percentages_of,daily_hatéh,in.CQnt#Ol.and,gadmium,QXPQSEdzgggs,of.Pacific herring.

Days After Fertilization ' . . ‘_Hatchi‘ng_Rate,(%)
| " ‘Control - © - . 'Cadmium Exposed
18 0 50.3
19 0 o 21,1
20 o . o ‘ | 140
21 | i 0 “ 3.6
22 | 0 , 4.6
23 : . B
) 24 0 0.7
25 ‘ AT - - 1.5
26 o 0 0.7
27 | 139 | T o
28 - S 42.3: o
29 - 7.9 0
30 . ) 11.7 0
31 o 5.9 0
32 ' | ; . 3.4 0
33 - - 3.6 0
38 : : 2.8 0
35 . S 2.2 o
F36 . 12 0
o 37 R S 0.4 0
38 ~ . 0.1 0




TABIE 4. Rate of fertilization, number of eggs, mortality, and hatch percentage and length df larvaé at 50% hatch . ‘
- in control and cadmium-exposed eggs of Pacific herring. '

Total number Fertilization Mortality % Total Viable o Iength of viable larvae (mm)
of eggs : % until hatching hatch % Thatch % -at 50% hatch (Mean * S.D.)
. Control 1553 987 133 85.3  82.0 . '8.46%0.30

Cadmium~ ) : . ‘
exposed eggs 1767 ' 99.8 ' 63.9 . 36.0 - 27.3 ' - 5.49%0.24




TABLE 5.

Cadmium uptake by eggs

(ng/egg)

Developmental Stage®*

_Control.

17

18

33

12

Mean * S.E.

0.499:0.189
| 0.56450}133
0.174%0.049
0.132i01656_

0.3440.084

Cadmium exposed

16

17

30

14

Mean % S.E.

96.941+2.654
98.208+2.974

109.188+1.875

© 100.117+3.311

102.352+1.236

- * See Table 2.



TABLE 6. Relative activity of NAD- and NADP~ malic enzymes in control and cadmium-
L exposed Pacific herring eggs at different stages of development*

.........................................

'NAD- -malic-enzyme

NADP- malic enzyme

Developmental
Stage** _ .
S Control Cd-exposed . Control Cd-exposed
A 15.07.*.:0-.22 . 15.09%0.17 54.131‘2..36 51.69:’:3.10.
B 18. 231'0‘. 34 18.75+0.19 68. 83i'l~. 76 A 68. 49i‘2.. 00
C 19.3810;60 18.60x0.73 72.12i3;09 71.42+3.22
@ = 20.83+0.27 20.22+1.13 72.12+2.41 73.09+2. 66
E Y 16.16%0.44 12.810. 37 59.52¢1.77 49.19:1,09

*Complete system contained (p moles in 2 ml): l%C-4-malate, 50 (total activity: 2 uc);
. MnCly, 10; NAD {or NADP), 3; Tris, 300; and a suitable aliquot of the tested extract;
the final pH was 7.00. Malic enzyme activity is determined as. 14 C02 produced from
the decarboxylation of'luc-4fma1ate (n-moles of ll’Coz/mg of protein/5 min.). Mean
values of six experiments % S.E. . oo : '

"See Table 2.



TABLE 7. Relative activity of propionyl CoA carboxylase in control and cadmium-
exposed Pacific herrlng eggs at different stages of development*

'Developmental . . . ) : .
Stage** - Control Eggs " Cadmium-Exposed Eggs
- A 3.86£.06 . | 3.10%0.05
u B 3.75%0.11 . - 3.00+0.09
o c 6.58+0.13 . . 4.230.10
S D 6.50£0.16  4.64%0.12
S E '6.91%0.20 |  4.8630.17

. * Comy 1ete system contalned (u moles in 3.10 ml): proplonyl CoA, 3; A'I’P, 6-
NaH C03, 40 (total activity: 2 pC); MgClp, 25; KCl, 10; Tris 200; -and an
-aliquot of the tested extract; the final pH was 8.00.. Propionyl CoA car—
boxylase is determined as the incorporation of Hll‘COg into methylmalonyl
CoA. All values are expressed as n moles of 1l*c:--methylmalonate CoA/mg
proteln per 15 min; mean values of six experlments + S.E.

. . %* See Table 2.



TABLE 8. Relative activity of posphoenolpyruvate (PEP) carboxykinase in
control and cadmium-exposed Pacific hexring eggs at different . -
stages of development*. S . S

Developmental

_Stage** s '~ Control Eggs . “'Cadmium-ExposedbEggs
a © 0.82:0.09 ~ 0.75%0.10
B 11.52£0.21 : 8.05%0,17
c 160.47£2.71 - . 40.12%1.86
D 92.34:4.43 . 64.7742.86
E . 81.11%¥3.92 . _ . 55.10t4.00
. oz

* Complete system contained (p moles in 3.00 ml) GTP, 10; MnCl,, 10;
oxaloacetate, 10; NaHl%*CO3, 100 (total activity: 2 uc); KCl, 20, and
Tris 300; and an aliguot of the tested extract; the final pH was 7.00.
PEP carboxykinase is determined as the exchange incorporation of.
H;ACO3" into oxaloacetate. All values are expressed as n-mole
‘lgc—oxaloacetate/mg protein per 5 min; mean values of six experiments
+ S.E. ' '

** See Table 2.



