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SUMMARY

The lobster's intrinsic defenses against disease include agglutinins,
inducible badericidin(s), precipitin(s) and phagocytosis. This report deals
mainly with phagocytosis in which an in vitro procedure was utilized to estimate
the normal phagocytic capacity and changes in it induced by treating lobsters
with vaccines. Maximum in vitro phagocytosis occurred in 90 minutes at 15C.
Lobsters. treated with vaccines showed a marked increase in their capacity to
phagocytose opsonized A. viridans (var.) homari cells and both opsonized and
untreated erythrocytes compared with control lobsters (injected only with
“artificial sea water). The discussion relates the lobster's substantial phago-
cytic capacity and its enhancement to the other features of the intrinsic defense
mechanisms.

da.\



iud
Thünen


) -

'. Tes
TR
-

v

i

. ‘2.

INTRODUCTION
Among lobsters (genus Homarus) held in capt1v1ty, hlgh mortalities periodically
result from outbreaks of the fatal bacterial infection, gaffkemia. The lack of
host defenses against virulent strains of the causative agent Aerococcus viridans

(var.) homari (faxmerly Gaffkya homari) has been emphasized in Trecent Teviews (Stewart

and Rabin, 1970; Sindermann, 1971).  Thus the development of some form of resistance
through immunization or by the use of chemotherapeutlc aids_for protection or treat—
ment-is-highly desirable.  Our previous studies on these"two “subjects have™ dealt™™
with the hemolymph factors of agglutinin activity -(Cornick and Stewart, 1968, 1973)
precipitin activity (Stewart and Foley, 1969) bactericidal’ act1v1ty (Cornick and
Stewart, 1968 and Stewart and Zwicker, 1972) and the.effectiveness of the antibiotic
vancomycin prior to and following challenge with the pathogen Aerococcus viridans
(var.) homari: (Stewart and Arie, in press). Accord1ng1y, this report describes fur-
ther studies on'the lobster defense mechanisms notably phagocytosis by Homarus ameri-
canus hemocytes, a factor which it has been possible to enhance and ‘which has a

central role in coping with disease.’

Before proceedlng with this report however, we believe it would be useful to
give a'brief review of the changes in the name of this pathogen. The causative
agent of gaffkemia, the bacterium formerly known as Gaffkya homari (Hitchner and °
Snieszko, 1947; Snieszko and Taylor, 1947) is now called Aerococcus viridans (var.) -
homari after the recommendations of Kelly and Evans (1974) (confirmed by inclusion
in Bergéy's Manual, Buchanan and G1bbons, in press). During the transition period
following the rejection of the generic term Gaffkya Trevisan (Editorial Secretary,

1971; Kocur . and Martinec, 1965), confusion existed and the pathogen briefly was called

Ped1ococcus homari following the suggestion of Deibel and Niven (1960). Thus the
organism . previously known as Gaffkya homari is referred to by us 'as ‘Aerococcus
viridans (var.) homarl. .

EXPERIMENTAL AND RESULTS

The system developed for maintaining lobster hemocytes (lobster blood cells)
in-a viable state in vitro. (Paterson and Stewart, 1974) was employed to estimate
the phagocyt1c capacity of normal lobsters and those treated with secveral different
vaccines. The test system consisted of hemocytes held as a monolayer in lobster
hemolymph medium (LHM) (Table 1) at ISC bacteria (A. viridans (var.) homari) or

- sheep erythrocytes (SRBC) either untreated or opsonized with lobster serum were

introduced at.the same time as the hemocytes. .Observat10ns for phagocyt051s were
made 90 min later using phase contrast microscopy. :The dymamlcs of the process

. using hemocytes from normal lobsters are 111ustrated 1n Flg. 1.

Lobsters were treated with one of the follow1ng vaccines: ..formalin killed
Pseudomonas perolens whole cells, an endotoxin prepared from P. perolens or formalin
killed A. viridans (var. ) homari whole cells. Animals treated with these vaccines
showed a marked increase’in their capacity to phagocytose opsonized live A. viridans
(var.) homari cells and both opsonized and untreated erythrocytes’ compared with
control lobsters which had been injected only with artificial sea water (ASW)
(Tables 2, 3 and 4). Both_the percentage of hemocytes showing phagocytosis and
the number of particles/10° hemocytes: were higher for the vaccinated animals.

DISCUSSION

Only two percent of the hemocytes from normal lobsters phagocytosed opson1zed
particles. This level of phagocytosis, hcwever, is considerable when the total num-
bers of hemocytes is taken into account. A typical market sized lobster will weigh
around 500 g and has perhaps 150 ml of hemolymph, giving an approximate total of
between 2 and 4 x 10 hemocytes/an1ma1 Thus even at the two percent level a normal
lobster would have 4 to 8 x 10" phagocytic. cells which because of their ability to
engulf between one and fifty particles/phagocyte provides the lobster with the
capacity -to cope with "palatable" particles whose numbers exceed 1 x 108. This level
would appear to be adequate to cope with most bacterial invasions the lobster is

11ke1y to experience, Becaise7this: already~con51derab1e<capac1ty can’be enhanced

,possesses in its hemolymph substantial .concentrations of agglutlnln, bacter1c1da1

: and pre01p1tat1ng agents w1th broad act1V1ty ranges.w-;, - AT,

:

_qu1te readlly, the lobster would seem to be well equipped’ for defense since it also fl,

4"‘

R The lobster, in fact "¢an ward of off 1nfect1ons by. all but two bacterlal spec1es,

L.

.(originally described by Hess (1937)) and gaffkemia.. The causative agent - of gaffkemia, ‘2
t)

- one which’ causes; in a 11m1ted number ‘of cases,- the external’ affllctlon, shell dlsease ff“-
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. A. viridans :(var.) homari, is uniquely suited to overcome t
the lobster. Once the pathogen has gained a portal of: entr;e(bgzzigsiﬁ 3§£e?§:z Ofent)
) it grows extermely well in the hepatoPancreas, heart, muscle and hemolymph (Stewggz and
Ar1e, 1973). Virulent strains are unaffected by ‘the bacter1c1d1n and the agglutini
- -, and although the pathogen has been observed recently to be phagoc;tosed 1n v1§o 1n t:e Site
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hemolymph and previous data has shown phagocytosis in the heart and hepatopancreas,
the net rcsult has been not elimination of the pathogen but rather a disappearance
of the hemocytes (Stewart et al,1969). Thus the possession of a substantial phago-
~cytic capacity which can be enhanced quantitatively is not sufficient to protect
the lobster against this pathogen. Our unpublished results tend to support this
by showing that although vaccines prepared from P. perolens cause an enhancement -
in phagocytic capacity this is not accompanied by increased protection against
challenge with A. viridans (var.) homari. Recent evidence_ (Stewart and Zwicker,

1974; and our unpublished results), however, has shown that by the use of appropriate

vaccines prepared from avirulent strains of the pathogen, a limited degree of resist-
ance can be induced; with vaccines prepared from virulent strains of A. viridans

(var.) homari we can obtain protectlon agalnst challenge with high doses of the
pathogen (LD, (LD equal to 1.114 x 107). This is in contrast to the situation with ;
untreated logsters which succumb to challenge from negligible numbers of the patho-

gen (10 bacteria/kg body wt.).

In summary, P. perolens vaccines enhance phagocytic levels considerably but
do not confer protection against gaffkemia while A. viridans (var.) homari vaccines
confer protection against this dlseasq,but give a more limited phagocytic enhance-
ment (Tables 2, 3 and 4). This raises the possibility of a qualitative change
occurring in phagocytlc capacity thus 1ntrodu01ng an element of discrimination-in
addition to quantitative change. Work is continuing on phagocytosis and the in-
duction of resistance for the purpose of developing practlcal aids for protectlon
of lobsters against dlsease.
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¥ :’(From Paterson and Stewart, 1974)

NgCl,. 6H,0 S - T 10 | ey

NaCl . 28.4-

,
MgS0,, . 7H,0 o 2.0

CaC12.2H20 _ » ‘ 2.25
KC1 ' 0.7
Dextrose ’ 0.5

MEM essential amino acids + glutamine ‘(SOx) ' 20 ml/1
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hemocytes from normal lobsters at 15°C. -
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TABLE 2 | EFFECT OF VARIOUS VACCINES® ON THE PHAGOCYTOSIS OF OPSONIZED

AND UNTREATED SHEEP ERYTHROCYTES BY HEMOCYTES OF THE AMERICAN LOBSTER

s

!

PERCENT™ OF HEMOCYTES
SHOWING PHAGOCYTOSIS

~ NUMBER ERYTHROCYTES

PHAGOCYTOSED /10° HEMOCYTES. -

|

3
i

VACCINE | OPSONIZED | UNTREATED OPSONIZED UNTREATED |  PERCENT®
ADMINISTERED | ERYTHROCYTES | ERYTHROCYTES | ERYTHROCYTES | ERYTHROCYTES | RESPONSE
CONTROL (ASW) L6 0.3 4 3 0(05);
PSEUDOMONAS PEROLENS - | o
"ENDOTOXIN 4.4 2.6 302 71 60 (3/5) 1
PSEUDOMONAS PEROLENS | | B
(FORMALIN KILLED) 49 1.6 119 51 75 (3/4)
AEROCOCCUS VIRIDANS |
(FORMALIN KILLED) 1.9 0.4 100 6

20 (1/5)

*PHAGOCYTOSIS MEASURED 1 wk AFTER LAST OF 4 WEEKLY INJECTIONS.
"MEAN VALUES FROM 4-6 ANIMALS. | . | |
PVALUES GREATER THAN THE ASW CONTROL MEAN + 95% CL CONSTITUTED A POSITIVE RESPONSE,
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TABLE 3| EFFECT. OF VARIOUS VAcC'lNES’*‘oN THE PHAGOCYTOSIS*OF OPSONIZED

. AEROCOCCUS .VIRIDANS VAR.. HOMARI BY HEMOCYTES OF. THE. AMERICAN LOBSTER

|

- ety m—————— -

- VACCINE
ADMINISTERED

PERCENT™ OF HEN\OCYTES
SHOWING PHAGOCYTOSIS

NUMBER OF BACTER IA

PHAGOCYTOSED / 10 HEMOCYTES

PERCENTUn
RESPONSE

CONTROL (ASW)

PSEUDOMONAS PEROLENS
ENDOTOXIN (200 mg/km)

FORMALIN KILLED
A. VIRIDANS

3 6
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| o © 1093

648

0(05)
83.5 (5/6). -

7501

PHAGOCYTOSIS MEASURED 1 wk AFTER LAST OF 4 WEE(LY INJECTIONS

“MEAN VALUES FRON 4-6 ANIMALS.

“VALUES GREATER THAN THE ASW CONTROL N\EAN ‘r 95¢7§, CL CONST!TUTED A POSITIVE RESPONSE.
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TABLE Ll EFFECT OF - VARIOUS VACCINES ON PHAGOCYTOSIS OF
SR - .OPSONIZED SHEEP ERYTHROCYTES BY HEMOCYTES OF: THE AMERICAN LOBSTER

A 3
e T
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AT e B W e

ADMINISTERED + ,2‘3. f SHOWING PHAGOCYTOSIS PHAGOCYTOSED/IO3 HEN\OCYTES

or D L R

| PERCENT®
RESPONSE__

.$I~.

- CONTROL (Asw) 1w D 16
e . . o . ,: : SR i q",l;.,_‘.gt

PSEUDOMONAS PEROLENS. | SR P NI

P ENDOTOX IN (200 mg/km) A E A N

J~ | AEROCOCCUS VIRIDANS T AT SR
“(FORMALIN KILLED) |

0 (0/5)

67.1l6)

500

*PHAGOCYTOSIS IN MEASURED 1 wk AFTER L/\ST OF 4 WEEKLY INJECTIONS
© ™MEAN VALUES FROM 4-6 ANIMALS .~ = v 0 e
; CVALUES GREATER THAN THE ASW CONTROL I\(EAN + 95% CL CONSTHUTED A POSITIVE RESPONSE
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