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ABSTRACT

Bacterial counts of samples of freshly caught shrimps,

Psnaeus duorarum and of sea water from Nigeria, were carried

out for a period of teh months, from April 1975 to Jamuary 1976.
A monthly variation in the size of the bacterial populations_of
shrimps and sea'water was observed.

Gfam-positive bacteria were geonerally mofe abundantly
iaolated than Gram-neg;tive bacteria from shrimps and sea water,
Coryneforms predominated the isolates. Fext in abundance were
micrococci, followed by staphylococci. Other genera occurring
on shrimps and iﬁ ses wéter were Acinetobacter 8pp, Bacillus 8PD,
Flavobacterium spp, Psaﬁdomonas spp, Some members of.Enterobacterian
cege, Aeromonas spp and 'Moraxella spﬁ; The flora of-the shrimp
after spoilage at chilled témperature consisted mainly of
Pseudomonzs spp, and at room temperature censisted mainly of
Asromonag SpPe. |

Asrobic bacterial fléra of smoked shrimps obtained from
markets in Lagos and Port Harcourt was examined, The bacterial
loads ranged from 1oglo 3.3 to log,q 9.4, The isolates were
mostly Gram-positive, micrococci and coryneforms.

Chitinolytic Vibrio slginolyticps,. Bacillus cerous,

Psendomonas SpP, Aeromonss 8pp, Flavobacterium spp. were isolated

from sea water, Chitinolytic Vibrioc alginolyticus, Pseudomonas spp
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and mc;illus cereus were also isolated from the surface and
gut. of freshly ceught shrimps, |

The ‘production and properties of cliitinaseby Y. alginolyticug ;
was studied using 3, 4~dinitrophenyl-tetra N-acetyl-chitotetraoside
(3, 4 - DNP-TNAC) as substrate, The chitinase had a pH optimum
of 5.5 to 6.0 and temperature optimum of 56°C. Chitinase
ectivity on 5, 4 = DNP~ THAC was inhibited by chitin. The Km
value for the chitinase was about 705’1;115 and ¥ nax was 0,02911 mol
win™t of 3,4-DNP-released.

Chitinase priiuction by Y. a.lginollyticnag_;_ ‘Was highly

inducible. The peak of chitinase activity was recorded from

the culture broth of V. alginolyticuss on the 6th day of incuba~
tion. A percentage of 90 I- 95 of the total chitinase activity
was recovered by partially purifying the eénzyme with ammonium \
sulphate (80% saturation) and a sixty-fold increase in specific
activity was ob;tained, by further purification on G=200 Sephadex,

as compared with culture eﬁpernatanta
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INTRODUCTION

_Over the past few years, fishing for shrimpsl(Penaeus
duorarum) has been increasing steadily in importance in Nigeria.
A total of 1942,3 metric tons were landed in Nigeria in 1971
(Report, 1975). The catch has been increasing steadily from
1971 values to 2267.48 metric tons in 1975 (Report, 1975).

Shrimps are caught almost throughout the year except for
three off-season months} Dacember - February. The catch from
artisan fishexrmon is usﬁally landed whole, unicéd. Sﬁrimps
caught by trawlers-are either bsheaded or boxed whole. They

are either covered with ice or frozen directly in a freezer

~after catch. The time interval between catching and landing

by frawlers varies between 2 « 40 days. The time between capture

and receipt at the depot is therafore longer than desirable for
the optimum quality of the product. Furihermore, before éntry
into markets or deliverj at the processing plant, organoleptic
changes which render the shrimps unsuitable for use as food-may
occur. The mgthod of preservation by means of ice, elthough
partially effactive, allows spoilage to take place,

The spoilage of marine products is generally attributed
to three main causes (Williams, Campbell and Rees, 1952b).

(1) the pr?sence*of autolytic enzymes which are in part

responsible for gradual aof tening of the tisgues;
T o l ’ 2 : ' . ~.;~»;,_.=.-
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(2) the oxrfdant changes such as the development of
rancidity?

(3) bacterial activity which brings about very noticeabls
changes in the flavour, odour and géneral appearance
of the product,

Of the three, the last is gonerally considercd the most important.
For this reason a knowledge of the types of bacteria present

in the products, and of their characteristics is importent in
developing and improving methods of handling and preservation

of marine products, :

In 1944, Shewan poétul;ted that-fish in their natural
environment carry a commensal bacterial load, The composition
of the bactorial flora is determined by extgrnal féctors,
among which are the feeding habits of the fish, the method of
catching, the quality of the waters in which they exist, and
the gaography of the areas in which they are caught, For
example, if shrimps are causht in the deep sea, the bacterial
leag can be expected to econsist largely of marine bacteria,
ﬁbereas if‘collectad from zones subject to pollution, the
naturally occurring flors may be contaminsted by other %ypes :
introduced by the presence of pollutants in the water. Also
during cateh and handling procodures, further coﬁtaminants are

introdnced 83 a result of contact with man, In this process,




the mescphilic organisms Zscherichia coli, faescal streptococei .

and the common food pathogsens, Salmonella end Staphylococcus

aureus, may be introcduced. The bacterial load of ahrimps
therefore varies consideradbly and the quality of the catch will

depend on the numbers and types of bacterial contaminants and

how the contaminants are conirolled during processing and merketing.

The results of investigation by Reay and Shewen (1949) into
the numbers of b&ctaria on the skin of haddock cauéht by trawl
off Aberdeen, at various times of the year indicated that there
wag a seagonal variation in the quantitative load of bacteria on
the fish. Seasonal variation of the number of bacteris in sea-
water has been observed by workers in different parts of the
world (Lloyd, 1930; Zobell and MeEwan, 1935; Woed, 1953).

Reay and éhewan (op.cit.) observed that of the various
types of bacteria found on fish the most important genera were

Achromobacter, Mierocoscus, Flavobacterium, Pseudomornas and

Bacillus. Although members of the coli-zerogenes group have
baeen found én fish their presence is regarded as of little
s8ignificance in spoilage.

The bacterial flora of shrimps has been investigated by
geveral workeré. Green (1949) showed that the total viable counts
at 20% for freshly landed Gulf shrimps ranged between 104/%m and

107/gm. It was also found during the study th=t out'of 4] samples
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of freshly caught shrimps, 495 contaiﬁed menbers of the coli-
aerogenes group,

The main groups of bacteriz present on freshly caught
Gulf shrimps were ihe same a3 those found on other marine

products; these included Achromobacter, Hierococcuz, Pasudononas,

and Pacillue (Williams, Campbell and Rees, 1952b}. Headed Gulf
shrimps contained a bacterial flora consisting of Hicrococcus,

Achromobacter, Pseudomonas and Flavobacterium (Campbell and

Williams, 1952), while the intestinal flora comprised Bacterium,

" Achromobacter and Hicrococcus in equal frequency (williams and

Rees, 1952).

Hagar and Shaikmshmud (1956) reported that the main groups

of bacteria on Bombay prawns were Achromobacter and Micrococcus.

Other genera less frequently isolated included Pacillus, Racterium,

Flavobacterium, Sarcinia, Pseudomonas, Serratia, Kurthia and

Aerobacter. Sreenivasan (1959) reported total viable counts of

104/ém and 107 /gm for freshly caught prawns in Indis. He also

found that Micrococcus and Corynebacterium were the genera

frequently isolated from the shrimps.
De Silva (1976) reported that the bacierial flora of prawns
off shore Sri-Lanka conaizted of coryneforms, Micrococcus,

Fﬂavobacterium,,Qytophaga, Achromobacter, Fscudomonag, Aeromonag,

some members of the Baterobacteriaceas and Bacillus, .
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Cann, Hobbs, Wilson and Horsley (19T1) found that over 50% \\
of the microbial fldra c¢f tropical shrimps comp:riaed:_"of corynef orms
and Miecrococcus species, Sreenivasan (1959); Velarkar and
Govindam (1959); Pillai, Sastri and Nayar (1961); Velankar,
|
Govindam, Appukutan and Iyer (1961); Jacob, Iyer, Nair and Pillai |
(1962); and Lekshmy, Govindam and Pillai (1962) reported on o l
the different aspects of spoilage of Pramms, preservation of
pramms in ice, assessment of quality by objective sfandards,
chemical assessment and estimation of total bacterial loads of

the iced and uniced shrimps in India,

The microbiologzy of the West African Cozstal wéters, and

e
————

of Nigerian watera in particular has-not so far been studied,
- Most of the shrimps lended in Nigeria are marketed whole
¢ither as frosh or frozen shrimp. If processed, processing

ususlly consists of the removal of the head, deveining and

——
————

freezing of the tail meats. Although thers are many variations
in the details of processing, throughout the whole process,
congiderable manual handling of the producté oceurs.

The increaging world demand for shrimp from Nigeria hss |

2k

" opened up export markets which have become important sourcas of
foreign exchange. There is now an appreciabie export mos%t \
particularly to America and Japan, , \
As with many other foods, quality standards are being

introduced in the ghrimp industry to satisfy international trade requirel

- \
ments. The shrimp must neet any bacteriological and chemical \
1
|
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standards réquired by the importing country. It therefore
becomes necessary that a preshipment qualityegrading schems be
established baged on bactericlogical data obtainzd throush research,

Such bacterioclogical standards would serve in guality control

in shrimp processing factories. Bacteriological quality control during

processing is essential because fish deteriorate rather fast in
the tropics owing to the high relative humidity of the atmosphere
and the high ambient temperature which enhance deteriorative
microbial activities. _

The bacteriolozy of the apﬁilage flora of crustacea has
been extensively studied, Tobin, Alford and Hellesky, 1941;
Alford, Tobin and HcCleskey, 1942§ Green, 1949b; Campbell and
ﬁilliams, 1952; Fellers, Gagnon, end Khatchikian, 1956; Fhatchikian,
Fellers and Litsky, 1959; Sreem.vz;-san, 1959; Walker, Camn and
Shewan, 1970; Hobbs, Cann, Wilson .and Horsley, 19713 and Cann,
1973.- From the literature cited dGOVB, spoilage Qf fishery
products at ice tempsratuves resul:s from the growth of Crame

negative bacteria of the Pseudémonqg.and Achromotacter genera.

At higher temperatures, the Gram-pusgitive coryneforms and
Micrococcus and some members of the Bnterobacteriaceas contribute
significantly to deterioration of the products. Cam (1973)
showed -that at the chilling temperatures usually employed for
loy=tomparature spoilage experiments, speciee of Pseudomorag. are
nore frequently isclated from storage specimens, next in abundance

are Achromobacter spp.

Frazier (1958) on the other hand showed
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type is slow and it'is

that at higher temperaturﬁs Micrococcus spP. and Bacillus spp
are frequently isolated,

. Campbell and Williams (1952); Walker, Cann ﬁnd Shewan
(1970); Hobbs, Camnn, Wilsen end Horsley (1971); and Cann (1973)

ptudied changes in bacterial populations of iced shrimps. For

nen-tropical shrimps, Pandalus and Nephrops speéies; they found

that Miergeoccus, Bacillus and Flavobacterium pepulations

decreased steadily while Achromobacter increased. For tropical

ghrimps, Cann (1971) in Thailand found the flora of the shrimps
during spoilage in ice te censist mainly of Pseudqmonas.

Further work on spoilage of tropical shrimps has .méinly
been carried out in India by Sreenivasan (1959). Velanker and
Govindam (1959), Pillai, Sastri and Né.yar (1961); Velarkar,
Govindam, Appukutan end Iyer (1961); Jacob, Iyer, Nair and Pillai
(1962); LeKshmy, Govindam and Pillai (1962).. |

Two principal types of decompesition in raw shrimps were
postulated by Dugzan and Strasburger (1946). One of these, the
putrefactive type, occurs when shrimps, prior to icing, are
exposed for a time at a temperature favourable for bacterial
mulfiplication. The subseguent breagdown is‘characterized by
the appearance of indole, presumably formed from tryptophan
through bacterial action. Once started, this type of decomposition
proceeds fairly rapidly, even thouzh the shr@mps aye subseqnetly

well-iced. The second type of decompesition, the amm@ni&cgl PR
charae terized by an odsur ef free 3

ammonia in addition te other odouwrs associsted with protein |
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~of T,M.A. production as an index of quality.

10

decompoesition,

A

Indole iz a reliable indication of spoilage eof raw shrimps
prior to freezing and cahning {Duggan and Strasburger, 1946).

Its production during processing has also been accepted as an

"

indication ef inferier sanitatien in processing'plants or

deterioration in storage prier to fiml processing (Barry,

Weeks and Duggan, 1956).

The speilapge of shrimps during refrigerated storsge has been

found to be due to the metabolic activities ef psychrephilic

bacteria, e.g., Pseudomonag, The preduction ef trimefhylamina

(7.M.A.) during storage and its contribution to the easily

detectable pungent spoilage'adqurs hag led te the widespread use

The relation

between T.M.A. and bacterial speilage, however, is net clear. It has

been found (Tarr, 1939), and Shaw and Shewan (1968) that the

characteristic edours of spoilage can ecccur independently of T.M.A.

production, depending on the nature of the bacterial inoculum,

It is also pessidle that T.M.A. accumulates in shrimps' muscle

first as an edourless salt’which is converted to the ®fishy"
smelling base only in the later stages of spoilage.

Shrimps have a high content of non~proiein nitrozen, and
autolytic changes‘caused by¢the onzymes pregent in the tissues

of shrinps may increase the supply ef nitrogenous substrates

(e.g., enino acids and amines) and simple sugars for bacterial

|
\
|
\
|
\
|
|
|

|
|
|

|
|
|
|
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growth, From these.hydrdlytic products, the bacteria may

synthesise T.M,A., ammonie, amines (e.g., putrescine and cadaverine ),
lovwer fatty acids snd aldehyde and eventually hydrogen and other
sulfides, mercaptan and indole, which , . are indicative of
putrefaction (Shewan, 1961 Ye

The production of T.H.A. from trimethylamine- oxide

)V R £

(T.M.4.0,) is considered to be due to bacterial action - the
activities of one group, the Gram-negative, nonmpigmented rods
with peritrichdus-flagella (Watson, 1939). No fungli (except a
few yeasts) have bee. associated with shrimp spoilage. In those

jnatances in which yeasts were isolated, it waa not possible to

)
I
H
I
1

show that thoy were responsitle for apoilage (Wood, 1953). MHost

_previous workers ~ Reed and Sponcer (1929) Proctor and Nickerson

(1935), Stewart (1932) and Shewan {1944) - did not isolate
dnaerobes from spoiling fish muscle end slime; Shaw and shewan
(1968) found out that. Pseudomenas group 4 brought about the
greatest organcleptic changes in sterilized fish flegh.

Achromobacter, although present as a part of the spoilage flora,

appeared to play & minimal role in the production of organoleptic
changes (Nickerson and Sinkey, 1972). - Investigation om cod and

haddocks (Castel, Richards and Wilmot, 194%; Chai, Chen, Rosen

end Len, 1968) have shown that Pseudomonas putrefageiens produced
hydrogen sulphide from protein thus causing spoilage in water-fizh

from North Atlentic. It 48 also lmown that certain bacteria

v
- [

!
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produce an enzyme triamincoxidase which activiates T.M.4.0

thus making it susceptible to reduction by dehyﬁrogenase enzymes
of bacteria,

A variety of chemiesal compounds may be &ddéd to foods to
prevent microbial spoilage. In some instances this is done to
oxtend the storage life of foods which are held at refrigeration
temperatures, Salting, for example, is used to preserve shrimps,
In some cases limited amounts of salt, usually 2 ~ 95, are used.
This, together with refrigeratedlstorage, is sufticient to
prevent the growth of the psychrophilic organisms which would
otherwiée grov and spoil the product.

Bacteria vary in their capacity to gro¥ in the presence of
sodium chloride. Some of thenm are not able'to grow in materials
containing less than 3 per cent sélt, while others grow well even
in concentrations higher than 1q%{ Salted shrimps are spoilt
By salt-tolerané; or halophilic bacteria of the geners Serratia,

liicrococcus, Bagillus, Achromobact@r, Pseudomonas and others

(Frazier, 1958),

Conatituents of ths axoskeleton of crustaceans sre chiefly

chitin and calcium carbonate. Seki (1965) desecribed caleified

and uncalecified layers in the sxoslgleton of eruataceany, the

latter of which is favourable for the decomposition of chitin
after the death of the crustaceans., Both layers contain chitin

¥hich amounts to about 60 to 80per cent of the dry weight of the
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orggnic fraction of shrimps, During spoilage of shrimps,changes
have been found in the exoskeleton of shrimps ranging from the \
sof tening and weakening of the shells to the gradual dacomposition\
of the shells, There are fow enimals which can attack ehitin

and it is generally agreed that jits degradation in nature is
largely due to microbial action (Seki, op.cit.).

Shelling and beheading of shrimps.form part of the
processing. The carapace and shell .of shrimps which are ysry rich
sources of chitinrare contimiously dumpéd back into the sea as
waste during processing, The.éhitin from this shrimp wasté (and
from other coelentrates, aﬁnelids, molluscs and arthropods) is
Probably utilised by biological aéents, because little accumlates
in marine sediments. If the chitin \uéé_not decomposed, its
accumulation would soon céuse a serious drain on the marine cérﬁon
and nitrogen (Zobell and Rittenborg, 1938). Ressarch has continued
to find new uses for chitin as a resource, and practical recovery
methods are being investiga#ed. Chitin is aveilable in industrial
quantity and i's';u.tilized in pharmaceuticals, food processing, paper

forgulation, cement factories, agriculture, and waste treatment
(First Internaticnal Conference, Chitin Chitosan, 1977).
Chitin is a tough, Ieathgfy substance., It is insoluble

in the usual orgsnic solvents, and requires streng mineral acid

for ite solution. Chitin is a continuous homopolymer of
B=D (1 4) ~H =~ acetylelucosamine (Ra¢) residues (Fig 1).

It is extremely resistant to ordinary chemical or physical

———T
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degradation under conditions found in the marine environrent,
requiring the enzyme chitinase to catalyse ils breakdown,

__As part of the study of spoilage of shrimp, it is necessary
to know which of the spoilage flora is chitinolytic. Also He
ability to degrade chitin can be used to characterise the organisms
on the surface and in the gut of shrimps. The important role of
these chitinolytic bacteria in decomposing the chitin of the
exogkeleton of shrimps during spoilage and also in cycling
nutrients in the biological econcmy of the sea neceésitates
further investigation into verious parameters governing the
isolation and characterization of these bacteria. |

Since Benecke {1905) reporied the isolation of Bacillus

chitinovorous from the polluted watera of Kiel harbour, there

have appeared numerous reports of the isolation of micro-organisms
capable of decomposing chitin. Stormer (1908) observed chitin
decomposition by & Streptomyces sp. Folpmers (1921) isolated

two chitinolytic bacteria from water of the harbour of PBergen

off Zoom end chitinolytic actinomycetes from the soil. Rammelberg

(1931) isolated an identical organism to B. chitinovorcus from

manured garden soil, Stanier (1931) reported the presence of
chitinolytic bacteria in lake water and showed that chitin was
decomposed hoth aercbically and anamerobically. Jahmson (1931)
isoclated a chitinélytic Hyxococcus, which was autibiotic o
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soveral Ustilago species, The same author (1932) reported the
rresence of chitinolytie microw-organisms from decaying exoskeletons
of the hard shell crab (Cancer masister). Jensen (1932) reported
an increase in the population of bacteria and actinomycetes in

soil to which chitin was added. Among the fungi in this soil,
lycogne nigra and Fusarium species were prevalent, These fungi,

ag woll as two actinomycetes, were isolated, These were able to
grov and produce ammonia on chitin. _

Benton (1935) isolated and classified 250 chitinolytic
baeteria from mud, water and plankton of lakes, All of these
bacterik wore motile aoerobes and most were Gram-negative. Benton
(op.cit) listed a variety of sources from which chitinolytie
bacteria were isclated: intestine of‘frogs, bata, snipe, speckled
trout, mud from stagnant pools, sand under running watér, g0il,
compost heaps, water of different lakes, decaying crayfish, and
Mayfly nymph shella.

Bucherer (1935) isolated two chitinolytic bacteris from

80il, one of them being Bacillus chitinobacter, a spore-forming

rod. Several atrains of chitinolytic actinomycetes iaolated by

Bucherer were identified by Waksman as Streptomvces _griseolus,

S. exfolistus Waksman and Curtis, 8. fradiae Waksman and Curtis,

S» Qureus Waksman and Curtis, and 5. griseus (Rrainsky) Waksmen

and Curtis, Stuart (1936) isolated eight halophilic chitinolytic

!
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Bacterium chitinochroma, Erickson (1941) studie@ ten strains
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micro-organisme from solar salts of different parts of the world;

five of them resembled Serratia salinaria Harrispn and Eennedy,

whereas the other three strains were similar to Sarcinia littoralis
Paulsen, Hess (1937) isolated chitinolytic bacteria from live

lobsters (Homarus americamus) that showed a disease of the

oxoskeleton. These bacteria were facultatively aerobic and did
not digest cellulose or agar. _

Aleshina (1938) reported chitin degradation by a mixture
of sulphate-reducing organisms (but he probably had mixed cultures),
Z0ba11 and Rittenberg (1938) isolated 31 straine. of chitinolytic
bacteria from marine sources, Most of the strains were Cram-
negative rods; one coccus and two species of E;p;&g'were also

pfesent. The authors reported the occurrence of bacteria which

derivéd- their nitrogen fronm chitin when other enargy sources were not

availablo, but no nan-nitrogencus breakdown product of chitin
was isolated. Other bacteria were found to degrade chitin in
the presencae of other carbon and nitrogen'sour-cesn

Schmidt-lange and Bucherer (1938) inoculated a wide variety
-of micro-organisms pathogenic to man and animals on chitin agap
plates. All of the chitinolytic organismé isclated wera
actinomycetes. Hosk (1940) isolated two Gran-nogative asporow

genous rods from marine sources, Bacterium chitinophilum and

&% PO
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of actinomycetes of the speciaes group Micromonospora chalceae

(Foulerton) ¢rskov. isolated from lake mud. Stanier (1947)
isolated a mumber of chitinolytic bacteria from enrichment cultures,
All of the isolated strains were non-fruiting and belong to the

Cytophaga johnsonae sp. Campbell and Williams (1951) isolated

twenty strains of chitinolytic bacteria from rerine mud. These

strains comprised four new species of Achromobacter, two new

species of Pseudomonas, one new 5pecies of'FlavobacEeriun and
one ngw species of Microgcoccus,

VoldKamp > (1955) did a review of chitinolytic micro-
organisms and alsc isolata& fifty strains qf chitinolytic

bacteria from the soil; among these organisms were Achromobacter,

Flavobacterium, Chromobacterium, Bacillus, Cytophaga and Pseudomonas,

Okutani (1966) isolated sixzty-two strains o? chitinplytic bacteria
from the digestive tract of Japanese sea-ba?e fish,'Lateolabrai
japonicua, The straine were Gram-negative ;sporogeﬁous motile
rods gnd wore clasgified as Vibrio spp. and Aeromonas spp.
T;mmis, Hobbs and Berkeley, (1974) isolated anaercbic chitinolytic
bacteria from chitin~enriched marine sediments. All isolates
were apecies of Clogtridiu. }

For a long time it wass believed that the higher animals
did not digest chitin, Abderhalden (Reference from Bemton, 1935)

called_attention to the fact that the thinning of chitinous shells

in the digestive tracts of fish is due to the acidiﬁy of the

—
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gastric juice. The chitin is not destroyed, and can be recovered
from the lower intestine.r Some workors claimed to have detected
chi;inase in the alimentary tract of-certain animals, but other
investigators find no evidence that animals can dizest chitiﬁ.
However, the possibility of symbiotic bacteria aiding animals

in the digestion of chitin should ﬁot be overloocked, Chitinolytic
bactoris were isolated from the intestinal contents of several
common marine animals. Zobell and Rittenberg (1937) found from &
hundred to more than a thousand chitinolytic béctefia per

cubif centimetre in the stomach contents of squids and other
cephalopods, which ingest chitinous food. Gkutani.(1966) also
reported chitinolytic bacteria from the digestive tract of the

Japanese sea-base fish, Lateolabrax japonicus. ThHese suggest,

the possibility that many bacteria play an‘importani role as
symbionts which aid animals in the digestion of chitin,

Lysozyme with chitinase activity have been reborted from
the blood and mucous of Plaice (Fletcher and White, 1937).
Chitinase activity has been reported from the gastric mucosa of
jnsectivorous fish (Okutani, 1956), the $issue, plasma and lymph
of fishes (Fange, Lundbhad and Lind, . 1976). The latter group
of workers suggested that the high chitinasg activi%y found in
the pancreas of Chimasra monstrosa mﬁy be cénnected with the

|
habit of the fish,feeding on invertebrates such as shrinmps,

e - which—possess chitin exoskeleton. The possibility of the chitinase
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.- - having & defensive f#nction in fishes, offering protection
against invading chitin-containing organisms (parasitic crustaceans
and fungi) was suggested by Fange, Iundbhad and Lind (op.cit.).
The degradation of chitin by micro-organisms involves
random hydrolysés of 1, 4-B-acetamido-2-deoxy-D-glucoside
linkages in chitin by the enzyme chitinase (BC 3.2.1.14),
Jeuniaux (1963) suggested that the complete enzymatic hydrolysis
of chitin to free N-acetyl-Dwglucosamine is performed by two
hydrolases, the actﬁxmws‘of‘}x#%?gégisecutive, the chitinase
and the chitobiase, lThe-chitobiase hydrolyses diacétyl—chitobiose
(the gimer of N-acetyl-D-glucosamine) and triacetyl-chitotriose.
This enzyme chitobiase (BC 3.2,1.29) has noﬁ been included with
B-N-acetylglucosaminidase (EC 3,2,1,30). The enzymo: BeFi~
acefylglucosaminidase hydrolyses the terminal-non-reducing=-2-
acetamido-Z;deoxy-B-glucOSe regidues in chitobiose aﬁd glycoproteins,
Some lysozymes have been found to exhibit chitinase activity
(Berger and Weiser, 1957). Lysozyme (EC 3.2.1,17) breaks down
the membranss of certain bacteria; this précess is a hydrolysis
of Beled-links between Neacetylmuraminic acid and Ne-acetylglucosamine
(éalton and Ghysen, 1960). The enzyme is also called F-acetyle
muranide-glycanohydrolase or furamidase,
Chitinases have no murﬁmidasa activity and are thus

distinguished from most lysozymes vwhich possess muramidase as

well as chitinase activity (Wadstrom and Hisatsuwie. 1970).

i ,?‘ _;’.'.lag‘ .
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Jolles, Bernier, Berthou, Charlemagne, Fsure, Hermann, Jelles,

Perlin and Saint-Blanchard (1974) found that turnip lysozyme
has weak chitinase activity while the hen lysezyme has none,

Lysozyme activity was generally estimated frem the bactériolytic

effoct of suspensicns of Micrococcus lysodeikticus {Shugar, 1952).
Ballardie and Capen {1972) synthesized a new gubstrate for

lysozyme, 3, 4~Dinitrophenyl-tetrauN-acetyl—chitotetraaside

' (3, 4-DNP-THAC) (Fig. 2). This substrate was ccnsidofed

appropriate for investigation of the sStudics of chitinase activity,
oucause it was preparsd from acetylated chitin (NAP-4) raacted
with podium 3, 4-dindtrophenclate in dimothyformamide.

Chitinolytic bactaria grown on chitin agﬁr show a c¢lear
zone around their celonies; indicating a breakdown of chitin
by extracellular chitinasé. Reynolds (1954) reported extracellulﬁr

chitinase produced by & species of Streptomyces in agitated

subnerged culture., The enzyme was found to be inducible and

its pH optimum value wes between 6,5 and 7-5.i Clarke and Tracey
(1956) found a surprising number of human pathogenic bacteria
rroducing chitinase and sugpented that the chitiﬁﬂse may be a
constitutive enzyme in many apecies of bacteria, Jeuniaux (1958)

reported an optinum pE of 6.3 for Streptomyces ggiseus‘chitinaSe

and an inhibition et a pH bélew 4.5. The value for Michealis constant ~

for Streptomyces antibioticus chitinase was Q. 010-0 011 gm/&oo ml

(Jbuniaux, 1957). Berger and Reynolds (1958) wprked with. a

cell-free enzyme preparation of a strain of Streptomyces

griseus grown in chitin liquid medium., The chitinase
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Fig, 2. The chomical strucinre of ths chfomogenic

substrate 3, 4=-DNP-THAC

The order of bond hydrolysis could be one of the

followings
(a) 1,3
1, 2, 4
f 1, 4, 2
(b) 2,4
4, 2
(e) 3,1

The amount of colour released depended on the type

of cleavage of bonds.
3, 1
1, 3
2, 4

Rapid colouration
Slower colouration

No eolouration.
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system was found to consist of two enzymes, chitinage apd chitobiage,
Okutani (1966) reported an axtracellular chitinaqe from

Aeromonas chitinophthora ang Vibrio gerris. The optimum pH values

were 7.0 and 5,5 to 6,0 respoctively. Reissert (1972) reported
an optimum temperature of 25°C and pi 5.5 for chitinase from the
fungus Chytriomyces hyalinus, Karling., The Michaelig Constant
was 5.7)u moles of reducing sugar raeleaged pef ng of protein,
Sundarraj and Bhat (1972 ) investigated chitin decomposition by
Cyvtophaga johnsonii and found that, unlike other chitinolytic
bacteria, some strains of thig bacterium did not liberate ‘
chitinase extracellularly. Instead, the cells of such strains
had need for close contact with the ehitin particles in order
to hydrolyse them, The partiaily purified chitinase wag found
to be most active at betwaen pH 6,3.6.6 gﬁd at 4¢%, Morrisey,
Duggan and Koths (1976) reportea chitinage productionfby an

Arthrobacter spp, fhe °nzZyms was found to be inducible and

optimal pH and temperature for enzyme activity were foimd to

be 4.9 and 50% respectively, Chigalenchik and Pirieps (21976)

raported extracelluylar chitinase from Aeromonas liguefaciensg
in the culture liquid containing deminsralired erab shell as
carbon and nitrogen source, The chitinase hag maximum activity

at pH 6.5 and 40°%,
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A study of the bacteriology of the pink shrimp (Penaeus

duorarum) from the time of catching through processing up to

the time the product gets to consumers was undertaken, The
information obtained from the study, is hoped, would make it
possible to formulate bacteriological standards for this

commarcially important shrimp.

The aspects of the bacteriology of the shrimp that would

be studied include:

(a) Quantitative and qualitative observations of the -
f flora of freshly caught shrimps. |
(b) The bacterial groupé reéponsible for spoilage and
their relative impbrtance in the spoilage process,
(¢} Deternination of the physiological propsrties of
the apoilage organisms.
(4) - Isolation and characterizatién of chitinolytic

bacteria from shrimps and sea water and the production,

properties and purification of their chitinases,

;C{i.
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FATERTALS AND MZTHODS

A. Sources and collection of gomples

Fresh shrimps were collected from artisan fisheimen
at Ilubirin village, Lagos, within. T2 hours after cateh and
taken to the laboratory in sterile insulated containers

chilled with ice. The shrimps were caught in wateré around
Lagos and landed whole, uniced,

{ Botween April 1975 angd January 1976, the:shrimps were
caught off shore at fishing positions deacribed below,
using the Xiars fishing travler of the Federal Dapartment
of Fisheries, The fishing positions which are off Iagos
Bar included s

Ist position, lat 6° 19.5¢ = Long, 3°.20%,

Depth 27 metres

Warp length, 180 metres, course 0900 True,

The 2nd position ﬁas Lat 6° 16.7N; Lonz. 30 369E;

Depth 45 metres; yarp length'225 retres and course

270° True. The shrimps were emptied from the trawl

unto the deck and were selected at random by means
of ,sterile foreceps, into sterile cans which were

held in ice.

T
Sxamination of specimens Wasdone between 8 ~ 10 hours after

catch., The shrinps generally were #given no wash other than

C R e e — L
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that incident to lifting the loaded trawl throuwgh the water,

at the same tims as the shrimp samples,

Ses water saﬁples for bacteriological examimtion wers collected

Frozen shrimps Gf%ﬁﬁ?b) vere supplied by Osad jere

Y

Fishing Company, lagos. Smoked shrimps were bought from local

Mrocessors at Adeniji Adele road, Ilubirin village, Elemankiri

village and Port Harcourt markets,

B. Media.

(1) EBrilliant green agar (modified) (BGA)

{

Fifty~two gm of Oxoid brilliant green agar (modified)

(1973) were dissolvedinllitre sea water, by boiling,

This was cooled to 50°C, mixed well and poured into plates.

(2) Chitin Agar
Yeast extract -

Bcteriological peptone -

Agar -
Colloidal chitin T
Filtered sea water -
pH -

Yoast extract, peptone and

0.1 gm

5.0 gn

1.5en .
1,0 gm

1000 ml

6.0

agar were dissolved in

sea water by steaming for 30 minutes.

The colloidal chitin was added to the molten medium.

The medium was sterilized at 1.1 Kng-2 for 15 minutes,

Petri dishes,

allowed to cool to 45°C, and poured into 9 cm diameter

!
|
|
!
|
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3, Chitin enrichment medium
L‘ - FeS0.TEO 0.5 em
Ca012 - " 01 gm
Fe(NH4)2(SO4)2.GHZO - 0,005 gm
b‘ Filtered sea water = 1000 mil,

1
I

T@e mineral salts listed above were disaélved

in the sea water, and the PH of the medium adjusted
to 6.0. Strips of purified chitin from exoskeleton

of shrimps Were added before autoclaving at 1.1 kng-z
for 15 minutes.,

4. Deoxychocolate citrate agar (D.C.A) agar were dissolved

in 1 litre sea water, The suspension waz boiled to

i‘ dissolve ' completely, and poured into plates,

5. Glucose veast extract asar

" Glucose . - 1.0 gn
Yeast extract - C.l em

_* ' 3 Agar LS m

3 Filtered sea water - 1000 nl

. pH - 6,0 ‘

N Ll

Yeast extract and agar were dissolved in sea water by

steaming for 30 minutes and then sterilized at 1.1 kng“z
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for 1% minutes,

added before pouring the medium into plates,

6. Hugh and Leifson's medium {1953)
Base: Tryptone ' 2,0 gn
NaCl 5.0 gm
KZH?04 03 am
Agay 3.0 g
Bromo-cresol purple (27 agueous) 1.0 ml
f

Distilled water 1000 nl
The various components were dissolved and dispensed in

5 ml amounts in tubes and sterilized by autoclaving at

1.1 kng“z for 10 minutes, Half a millilitre of a

10 par cent sterile glucosa solution was added, mixed
and alloved to set,

7. Hugh and leifson's medium

Recommendations (1965)

Base: fTryptone

1.0 gn

Yeast extract 0.1 gm

Glucose 1.0 gm
Bromocresol - purple 0.004 g

- Agaxr 0.2 gm
Distilled water '1000 ml,

Tae Eomponents were dissolved by ateaming, and disponsad

in 5 ml -aliquots into test tubes and autoclaved -at.0,73
kgCn™ for 20 minutes,

|
Hembrane~filtered glucose sclution wag

%
b
1
i
z
i
\
|
|
|
a
1
&
1
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8. Litmus milk

One hundred gm of Oxoid litnus milk were stirred in 1

) litre distilled water to dissolve,

The suspension wag j
2 . !
filtered throush cotton wool and dispensed in 5 mi
amounts into tubes and sterilized by autoclaving at
- r . ' ‘
0.75 kgCn™2 for & minutes. The indicator was reduced | ;
when the medium was hot, but the 2 mauve 7 colour i
k was restorad on cooling,
[ . |
9. HacConkey broth (purple) |
Single strength | Double strength | ]
MacConkey broth HacConkey broth {
3 ' : (s8) (D.5,) -
lFaeConkey broth 40 gm 80 gm
pouder
4
Distilled water 1000 ml 1000 mil.
ﬁ To rehydrate the commercial preparation of the medium

recommended quantities were dissolved in the distilled

water and disﬁensed in 10 ml aliquots into test tubes E
fitted with Durham's tubes. The broth was sterilized

by autoclaving at 1,1 kng_z for 15 minutes,
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10, Hitrate broth

11,

12,

13,

Potassium nitrate (AR grade) 0.2'gm
Tryptons | 10.0 gm
Sodium whloride 5.0 am
Distilled_water 1000 m2,

The potaSSiumrnitrate was dissolved along'with the other
chemicals in the water and dispensed in 5 m aliquots in

test tubes, each pProvided with an inverted Durham tube

and sterilized by autoclaving at 1.1 kgCn™2 for 15 minutes., .

Rutrient agar (Cm )
2l

Twenty eight gm of 0Oxoid nutrignt agar powder was

dissolved by boiling in 1 litre ses water. The suspension

was sterilized by autoclaving at 1.1 kegCa2 fop 15 minutes,

and poured into 9 em diameter Petri dishes,

Nutrient broth (Cm1)“

Thirteen gm of Oxoid 'le' powder were dissolved in 1

litre sea water and dispensed in 10 ml amounts into universal

bottles, The Suspension was sterilized by autoclaving at

1.1 kgCn™ for 15 ninutes,

Nutrient gelatin

One_hundred and twenty eight gm of Oxoig nmatrient

golatin powder weras dissolved in 1 litre distilied water

i

by boiling and 10 ml Wora dispensed into each tube, The

tubes were sterilized by autoclaving at 1.1 kng"'2 for 15
minutes, -

T R T P e i s it mmmmns e o

e



29

14. Peptone phosphate buffer
Na2 HPO4 12H20 1.5 gn
f,po, 036
.Bvans peptone © 0.1 gm
Digtilled water 3000 ml
3

The Haa HPO4 and KH‘2P04 ware dissolved ons after the

other in water; before paptone was added. Four hundred ml
aliquots of the suspension were dispensed into flasls and

9 ml aliquots into universal bottles for preparation of
& .

serial dilutions. Both the flaasks and the dilution bottles

were sterilized by autoclaving at 1.1 kgCm 2 for 15 minutes.

15, Salt mannitol azar (S.M.A.)

One hundred and eleven gn of Oxoid S,M.A, powder were

dissolved in 1 litre sea water by boiling.

The solution
was sterilized by autoclaving at 1,1 kng-2

for 15 minutes
and poured into 9 cm diameter Petri dishes.

. 16,
P“

Sea water agar

Fifteen gm of Oxoid agar were dissclved by steaming

_for 30 minutes in 1 litre of filtered sea water. The pH
of the medium was adjusted to 6.0 and sterilized at 1.1

; | KgCn~2 for 15 minutes.

e =

e =
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17. Sea water chitin medium

Bacteriological peptone

- ’500 &n
Yoast extract 0.1 gm
Chitin (Sigma) - 1.0 gn
Filtered sea water - 1000 mi
pH o 6.0

Two hundred and fifty nlof medium vere dispensed in each

500 unl conical flask., The flasks wers incubated at 25%

Fon a rotary shaker at a speed of 138 r,p.m,

18, Sea water peptone yeast extract agar (SWPYA)
Peptone - 5.0 gm:
Yeast extract - 0.1 am
Azar - 1,5 gm
Sea water - 1000 mi

The components wers dissolved in ses water by steaning

for 30 minutes, and then sterilized at 1.1 kigou™

15 minutes., The medsiup was allowed to cool to 45% and then

poured :Lnto 9 cm diameter Fetri dishes,

19, Selenite broth

Nineteen gm of Oxoid Selenite broth base were

dissolved in 1 1itre distilled water to which 4 gn of

sodium b1selen:.te

(0x01d) powder have been added, The

mixture was dispensed in 200 ml into flasks and sterilized

by béiling in a water bath for 10 minmutes.

- —
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20. Sodium azide medium (Hannsy and Horton) 1947

21.

Sinzle atrength Double strength

(5.8.) (.8.)

Paptone ‘ 10,0 em 20,0 gnm
NaCl 5.0 gn 10,0 gm
K23P04 5.0 gm 10,0 gm
KHzPO‘q_ | 2.0 gm 4.0 gu
Glucona 5.0 gm 10.0 em
Yezst extract 3.0 &= 6.0 gm
Sodiu.m azide i ] 0.25 gn 0.5 gzm
B!‘o:nocresol purple (1. .

ethanolic solution) 2.0'ml 4.0 nl
Distilled water | , 1000 ml 1000 wml

The components were dissolved in sea water by boiling,

The pll was adjusted to 7.3. The mixture was dispensed

in ml amounts into tubes and autoclaved for 15 minutes

et 1,1 kng_z

Sulvhide indole motility medium (S.T.H.)

Beef extract

3.0 gm
Trypticasé 30.0 gm
Sodium thiosulphate 0.0 e
Cysteine hydrochloride 0.02 gn
Ferric ammonium citrate 0.5 em
Sodium chloride 30.0 gm
Agar - 5.0 gm
Sea water

1C00 ml.
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23,

24,

32

All the comporents were dissolved in sea water by boiling.
‘The PH was adjusted to 7.3. The mixture was dispansed in

10 nl amounts inte tubes and autoclaved for 15 mitmtes at

1.1 kgCn 2,

Starch armar medium

Soluble starch 0.2 gm

Molten mutrient agar (Cmg) 100 ml
Tpe soluble starch component was dissolved in the
molten mutrient agar and sterilized by autoelaving at

1.1 kngfQ for 15 minutes. The mixturs was poured into

g en diamater Petri dishes,

Jhiogsulfate citrate bile salt agar (T¢RS)

Bighty-eight gu of Oroid TUBS agar pévwder were
dissolved in 1 litre sea water by boiling. The

mixture was poured into 9 cm diameter Petri dishes,

without further heating.

Tryptone water

Twenty gm of 0zoid tryptone powder wers dissolved

in 1 litre sea water, dispensed into tubes in 10 m

amounts and sterilized by autoclaving at 1.1 kgCm™2

. for 15 minutes,

B
et

For salt tolerant tests, distilled

water was used for preparing the tryptone water.
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C. Reagents
-1, Acetylacetona rearent
To 0.1 nl of pure acetylacstonei(2, 4=
pentanedione) was added 50 ml of sodium carbonate
=Ty ) '
solution (27 gn17') in a stoppered flask.  The compo-
nents were mixed and used within 15 minutes of
preparation.
- 2. Copper reaéent
!

Five gn of copper sulphate (CuSO4{5H20) were

dissolved in 1 litre solution of 1% (2/v)
tartaric acid.

3. Dinitrosaliéylic acid rearent {DWS Rearent)

Stock solutions requirad:

1. 4.5% sodium hydroxide
2. 10% sodium hydroxide
3.

1% dinitrosalicyclic acid (DKS).

Bight hundred and eighty ml of 1% DNS acid
solution were added to 255 gm of Rocholle szalt

(potassium sodjum tertarate) and 300 ml of 4.5%
sodium hydroxide solution. Twenty~two ml of 105
sodium hydroxide solution were added to 10 gm of

L)

eryastalline phenol, and diluted to 100 ml.

To-69 mi of the latter was added 6.9 gm

- —
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of sodium bisulphite and to this mixture was added

the dinitrosalicylic acid solution, The reagents were

mixed and-shaﬁgn until all the Rochelle'salt had

dissolved. The preparation was kept in tightly stoppered

_bottles.
Dimethyl-alpha napthylapine golutign.

To 100.0 ml of glacizl acetic acid and 250 ml
~of distilled water wos added 2.1 ml of pure dimethyl-

alpha~napthylamine in a stoppered flask,

Earlich's reagent (for colorimstric estimation of indole)

To 0.4 gn of purified p-dimathyl-amino—benzaldehyde

wasg added 5 ml of acid and 3 ml of a % hydrochloric

acid solution, .The mixture was stored in a dark

bottle in the refrigerator.

Erhlich's reagent (for chitin ‘estimation)’

A guantity of 0.80 &an p—dimethyléminoﬁenzal-
dehyde was dissolved in a mixture of 30 nl of 955
ethancl and 30 ml of concentrated hydrochloric acid.
This solution was stored in the refrigerator in a

well-stoppered glass bottle, and was stable for two
weelks,
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7o Zhrlich's - Pohme's reagent (for indole test)

Four gn of para-dimethyl-amino-benzaldchyde were

dissolved in 380 ml of 96 per cent ethanol by gentle
verning in a 50°C water bath, Te mizture was cooled

bofore adding 80 ml of concentrated hydrozhloric acid,

The reagent was stored in a dark bottle in the
refrigerator,

8. Folin and Ciccalteu's phenol reasent ) .
[ Folin and Ciocalteu's phenol reagent was diluted

1 to 5 with distilled water immediately before use.

9. Kovacs Oxidase reagent (1956)

One gm tetra~methylep-phenylenediamine was

dissolved in 100 mil of distilled water and stored in

a dark bottle in the refrigerator,

10, Sodium carbonate solution (4%)

Forty gm of analytical reagent quality anhydrous

godium carbonate were dissolved in 1 litre distilled
water,

11, Sulvhanilie zeid solution

To 2.8 gn of sulphanilic acid were added 100 ml

of glaclal acetic acld &nd 250 ml of distllled water.

The mixture was séoped a’& room temperature,
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D.. . inalytical procedures
1.

Homogenisation

Hundred gn of the shrimps were homogenised
esceptically in a sterile steel blender,;in 400 ml
sterile chilled peptone phosphate buffer selution,

The homogenate was placed at 400 for 30 minutes to

allow the particulate matter to séttle and the bubbles

to disperse, To¢ obtain gut homogenate, guts of shrimps
! were asceptically teased out into a flésk containing
sterile chilled peptone phosphate buffer soiution.

Sterile beads were added into the flask which wag

shaken vigorously for 5 zinutes to homogenise the gut.,

2. Total aerobic viable count {TVe)

Serial dilutions of homogenate were prepared using
the peptone phosphate buffer as the diluent (Cann,

Hobbs, Wilson and Horsley, 1971).

Triplicate aerobic
counts were made on 0zoid nutrient agar

;N..(Cm3) using

the modified Miles and Misra (1938) technique of Appleman,
Bain and Shewan, (1964). 4 sample of 0.1 ml of each

dilution was pipetted and dispensed in drops on to

nutrient agar (Cm3) Plates, Triplicate plates warae

incubated for 3 days at 30°C or 37°C and for five days

at 20°C. Total bacteridl counts were enumerated from
the Cﬁ3 plates.

. — ———
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3, Flora analysis (isolat%gn and identification)

For each sample, 100 colonies were picked from

TVC plates. The picked colonies were solected by

means of random number tables (Lindley and NMiller,

1962), and purified for further study. The isolates

vere identified by means of the following characteristics

suggested by Hendrie, Mitchell and Shewan, (1968)¢
Medium

Cm3

Obgervations

Colony appearance

Gram stain

Horphology

Oxidase test (Kovacs 1956).
Yutrient broth

Motility
(cml (0xoid) :
Hugh and Leifson's Dissimilation of
medium (1953) carbohydrate.

The scheme is outlined in Figi&f} The modifica-

tions introduced in the scheme during the present study

are shown with broken lines., The modifications permit

the differentiation of Stavhylococcus and HMicrococcus

by means of their reaction. in Hugh and Leifson's
medium. The tests outlined above are described in

detail below:
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(a)

(ii1)

{v)

(c)

<

Colonial snpsarance:

(iv)

After inoculatien of the mediuvm and after

incubation, the colonial appaarance of the isolates

was observed and recorded. The features of growth

¢considered when recording the colonial appaarance wera:

(i) size

(i1) PMargin or edge (smooth, rough or thread-like).

Elevation (thin, flat or raised eclonies).

Pigmentation (various shades of yellow, orange,

pink),
(v) Optical features (opaque or transparent),

Morphol oy

The morphology of the isolates wags determined

from the Gram stain preparations. The shape and

arrangsment of bacterial cells were noted.,

Ozidase test (Kovacs 1956):

A loopful of Kovac's oxidass reagent was added

to a filter paper in a Petri-dish. By means of a

platinum loop:the colony from the isolate was

ameared across the paper. Positive reaction was

indicated by a purple colony appearing across the

streak in 1O secords.
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(d) Hotilitv:

Hotility was observed by s rhase contrast
microscope and by the study qf grovth in sulphide
indole motility (S.I.M.) medium. Stabd inoculation
was used to detect motility. With motile bacteria,
growth proceeds away from the line of inoculation,

" whereas non-ﬁotile bacteria grow only along the lines
of inoculation,

Dissimilation of carbohydrates /oxidation or fermentation

of sugar usins Hush and Leifson's medium 1953}

The medium was steamed for 10-15 minutes to expel
dissolved oxygen, and allowed to Solidify by placing the
tubes in cold water. Two tubes of Hugh and leifson's
medium were inoculated from each isolate. The surface
of one of the tubes was covered with a l-inch layer of
sterile 1liquid paraffin to meintain anaerobic condition,

Oxidation of glucose, indicated by acid production, was
recorded from tubes without paraffin, Fermentation of
glucose was recorded as positiveéglid preduction occﬁrred,
{(#ith or without gas)formed from the content of the two

tubes. If no change in the colour of the medium occurred,

or the medium became &lkaline, it was recorded as inability

to utilize glucose.

A At g et
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5. Anasrohic utilization of glucose by Staphvlococeus

and lMicrococeus, usine Fueh and Jeifgonts medium
. ; ke

modified, (Recommendations, 1955)

Hethods of inoculation and interpretation of tests
were the same as doscribed above for the dissimilation

of carbohydrate.

Determination of coliform eount:

Presumptive coliform count was obtained by the
standard 'Most Probable Number® technique and confirmed
as described in the Bacteriological examination of water
supplies (Department of Envirorment (1969) - Report on
public health and medieal subjects, No. 71).

The following sets of experiments were set up:

(a) PFive tubes containing 10 ml doublse strength
MacConltey broth and équal volume of shrimy
homogensatse,

(b) Five tubes containing 10 ml single strength
MaecConkey broth and 1,0 ml of shrimp homogenate,

(¢) Pive tubes containing 10 ml single strength MacConkey
broth and 1.0 ml of a 1210 dilution ef shrimp
homogenate.

The inoculated broths were incubated at 37°C ana

examined after 24 hours and 48 hours for acid and

gas production. - Using 'The Most Probable Nunber!

tablss, the MPN of coliforms/100 g was estimated

from the number of positive reactiona,
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Determination of Rocharichia coli

Zach positive fube of the coliform count

experiment was subcultured into & preheated (44°¢)
tryptone water broth and 'SS' MacConkey broth, The
broths were incubated at 44°C for 24 hours. Acid and
gas production in the MacConkey broth and indole

productic. in the tryptone broth were generally regarded

i

derived from the number of positive tubes obtained

usingz the NPY tabloes,

Netermination of faecal strepltococel couﬁt

The standard *MPN' method was employéd using the

tDS' sodium azide broths. The presence of faecal

Streptococcus was indicated by an acid reaction.

£11 tubes positive for Streptococcus test at 37°C were
confirmed by subculturing into more 'SS' sodium azide
broths and incubated at 45°C for 48 hourss -Positive

tubas giving an acid reaction at this temperature are

rogarded as beinsz true faecal Streptococcus and MPN was

estimated, using the 'MPH' tables,
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9, Dotection of Vibrio cholera, Vibric warsheamolyticus

10.

and Vibrio alrinolyticus

—

Zach sample after homogonisation was directly plated

out on commercial preparation of T.C.B.5. agar. On this

medium, V. parsheamolyticus colonies were bluish green,

V. cholora and V. alsinolyticus were yellowish. Colonies
with the typical appearance of any of <hose two organisms

were further identified using the biochemical tests.

Detection of Salmonella

Two hundred ml, of the shrimp homogenate were added
to 200 ml of doubls sirength Selenite broth, and

incubated at 3700. After 48 hours incubation, a

T
'
1

i

'

loopful of the culture was plated out on to D.C.A. and Brillanﬁ

_.green ggar. These plates were incubated at 3700

g

following characteristic reaction:

D.C. A. Colourless colonies surrounded by 'ah

oranpge=yellow zone of medivm,

B. G. A. Pink colonies surrounded by a bright red

maedium.

11. Detection of Stavhylococcus aureus (S, aureus)

A 0.1 ml sample of shrimp homogenats was pipstted

-¢5)

on to Salt mannitol agar (S.M.A.). To allow adequate

§
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?
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development of the colonies and their characteristic

reaction, the S.M.A. plates were incubated at 37°¢C
- for 48 hours. On this medium Stavhrlococcus aursus

producsd colonies with bright yellow zones,'wnlle

coagulase negative Staphylococeus was surrounded by a

red or purple zone, Suspect colonies of S. aureus

e o m—

vere inoculated on to blood agar plates and incubated
at 3700 for 24 hours,

Coapulase tests

A loopful of sterile distilled vater was placed on
a glide,

The suspect coJony from the blood agar plate’

wag emulsified on the slide with a iloopful of human
plasma added to it, A positive reaction was denoted by

the coagulation of the cells within 10 seconds.
12, ‘Thermal inactivation of bacteria

Mutrient broth was inoculsted with isolates to be

tested, and incubated at 37°C for 72 hours. The .broth

cultures wers then plated out on Cm, plates to check for growth,

The broth cultures showing growth were subsequently
heated at seven different temperatures: 40°¢ 507¢, 60”¢c

T0°C, 8000, 90°C, 10000 for 24 hours in a ragulated water
bath, The heated cultures were plated ont and

incubated at 3700
and

)

obzerved for growth every 24 hours for 72 hours.

o
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13, 3¥Investigation of flora of frozen shrimps

Shrimps caught on board Kiara by trawling were held

in sterile contaiders. in a cooler (filled with erushed

ice) and brought to the laboratory. The interval between

catching and the start of the expariment was at most
10 hours. One hundred gn of shrimps wers examined for
their bacterial load in the laboratory before freezing
the rest. Shrimps for freezing were packed in aterile
polythens bags which were sealed up with a tape. The
bags were kept in a freezer at Oob to 3°0. The shrimps
were brought out at intervals of 7 days, and left on
the bench to thaw before carrying out bacteriological

analysis.

Investigation of spoilage flora of shrimps

One hundred gm of whole frozen shrimps were weighed
out into eight sterilé flasks., Four of the flasks wers
kopt in a cooler filled with crushed ice to maintain a
chilled temperaturs. The cooler was drained daily and
refilled with crushed ice. The remaining four flésks
were kopt on the bench at room temperature. Samples
were taxen asfollow from each batch: a flask each was
removed from the cooler after 3, 6, 9, 12 days for

bacteriological analysis. A total of eisht hundred

40
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igolates were picked from the spoilage flora and teated
for their spoilage potentiality using prdteolysis and

indole production as chemical indices.

Test for proteolivsia

Test for the ability of the bacteria to hydrélyse
proteins e.g. gelatin was carried out. Inoéulation into
nutrient gelatin was by a stab with a heavy growth from
& l2=hour old le culture. Incubation was at 35°C for
3 days after which tubes were immersed in iced water
and liquefaction recorded, Tubes with the cultures

remaining fluid were recorded as positive.

Test for indols production

Two per cent tryptone water was inoculated with a
12-hour nutrient broth culture and incubated at 30°c for
2 days, Five ml ether vere added to the tube to extract
the indole, and 0.5 ml of Ehrlich's-Bohmes reagent was
then added by running it down the side of theitube. A
positive result was indicated by development of rose
rurple cclour,

Inoculation experiments for indole and trimethyiamina
(.M. A, ) production.

Pure colonies of known bacteria were incculated into

b

universal bottles each containing 10 ml nutrient broth and
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i

Homogenised shrimps wera

distributed in 20 zm amount into previously weighed

and labelled glaas Petri dishes,

411 the Petri dishes

were wrapped up with alumipium foil and autoclaved at

l.l_kng-2 for 15 minutes to sterilise the homogenates.

The dishes were left to cool at room temperature and

inoculated with l2-hour broth cultures of the following

bacteria:
(1)
(2)
(3)
(4)
(5)
(6)
(1)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

Bacillus sp. 4.
Bacillug sp. BR.
Pseudomonag 1I
Aeromonds 8p. A
Aeromonas 8p. B
Agremonag Sp. C
Aeromonas sSp. D
Aeromonag sp. E
Aeromonas sp. F
Enterobacleriaceae
Interobacteriaceae
Enterobacteriaceae
Entercbacteriaceze
Interobacteriaceae

Foraxella sp.

)

ap. B
sp. C
sp. D

sp. E

\ —p—

A
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(16)
(17)
(18)
(29)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)

e

47

Coryneform
Coryneform sp. B
Coryneform sp, ¢
Coryneform sp. D
Coryneform sp, E
Coryneform.sp. F
Coryneform sp. ¢
Coryneform ap, H
Coryneform sp, I
Coryneform sp, J
Coryneform sp. ‘X

Staphylococcus 8p. A

Stanhylococcus.sp. B

Staphylococens sp. C

Staphylococeus Spe D

b

Staphylococcus Sp.

Staphylococcus sp., F

licerococcusg 8p.

A1l Isolates (1 gm unsterilized) shrimp
homogenate),

Two sterilized shrimp homogenate sarmples were

inoculated with 1 ml from each 12=-hour broth culture,

Also two sterilized shrimp homogenate Samnples wére

inoculated each with 1 & of unsterilized shrimp
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homogenate, .Two sterilirged homogenate samples were
left uninocculated and used as the control, one for
T«M.A. and the other for indole,

A1l samples were incubated at 37°C for 44 hours
after which the quantities of T.M.A. and indole produced

bf each bactefia were determined,

Determination of trimethylamine mitrosen (ckolots 1977

modification of Hart and_Fischer (1971) method)

Materials:

(1) Toluene:
Toluene was shaken with 0,5 ¥ sulphurie
acid, distilled and dried over anhydrous sulphata,

(2) Picric acid stock solutions

0.02 gm of dry picric acid was dissolved in
100 ml of dry toluene.

(3) Picric acid workine solution:

Dilute 1 ml of the stock solution to 100 ml
with dry HéO free toluene,

(4) Formaldehvde solution s

Porty per cent formaldehyde was shaken with
mepnesium carbonate end filtered. 10 ml of the

filterate was diluted to 100 ml with wator,

v
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(5) Trimethylamine stock golution:

0.682 gn of trimethylamine hydrochloride was
dissolved in 1 ml of 25 per cent hydrochlori¢ acid
and diluted to 100 ml with water, This contained
100 en T;M.A,EN per ml,

(6) fTrimethylemine standard solutiont

One ml of the stock solution was added to 1 ml
hydrochloric acid and diluted to 100 ml with water,
The golution contained 0,01 gm T.H.A. per ml.
Procedure:

Ten gm of inoculated shrimp homogenate were
weighed and added to 30 ﬁl of 5 per cent trichloracetic
acid solution (T.C.A.). The suspension was filtered
and 2 ml of the fil?ﬁ%ate were pipetted into a
tegt tube and dilut;;fto 7 ml. Forty per, cent
formaldehyde reagent, 10 ml of toluene and 3 ml of

10 per cent potassium carbonate aélutiop, were all
added to the filﬁ?%até. The tube wag shaken vigorously
and allowed to se;tle. Ten ml of the toluene layer

. were then transferred genily into another {ube

through & funnel lined with cotton wool containing

about 0.3 gm of anhydrous socium sulphate to dry ths

toluene extract, Five ml of the toluene oxtract were



\"-‘;'{,'g

1,_!‘ v

4

¥

50

pipetted into a dry teogt tube and 5 ml of picric

acid working solution were added. The absorbance

of the solution was determined at 410 M on a 3.P.
600 spectrophotometer using (1) a reagent blank of

5 ml of picric acid working solution and 5 ml of
toluene, (2) a mixture from the control subatrate

aét up from an uninoculated sterilized ghrimp
homogenate. The resulis were expressed in absorbance
units per 100 ge of shrimp muscle. The data obtained
using the control as tlank was used for the
histograms. This would take care of chemical
changes that might have occurred during the

gterilization of fhe shrimp homogenate by autoclaving.

Determination of indole { Jacobs, 1965)

Hatorials:

(1) Colour reagent: mrlich's reagent.
(2) chloroform

(3) Ammonium sulphate

.(4) Phosphoric acid

(5) Glacial acetic acid

(6) sSodium hydroxide.
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Procedure:

Ten gn of inoculated shrimp homogenate were mixzed with

10 ml of 10 por cent NacH in & 400 ml boaker. One hundred.

ol of chloroform were added. The homoganaté was transferré@
to 2 conical flask and miied thoroughly with 10 gm qf
ammonium culphate. The lower chloroform layer was passed
through a folded filter paper into a eclean dry container

and 25 ml of the chloroform extract were pipatted into a

250 ml separating funnel. To this was added 1 ml of Ehrlich's
reagent and 5 ml of phosphoric acid, The mixture was ahaksni
vigorously for 30 seconds; and allowed to stand éor 5 mimtes,
Fifteen ml of glacial aeetié acid ware addad, the funnel was l
shaken and the contents allowed %o settle. The lower layor
vas tapped into & 50 ml volumstric flask and diluted to

mark with acetic acid. The absorbance of the scolution was
read at 550 nm on a SP 600 spectrophotoneter against a
reference conzisting of (1) a mizture of 1 ml Shriich®s
reagent, 5 ml of phosphoric avid amd 15 ml of glacial acetic
acid and (2) a mixture from the control substrate set up from
unindculated gterilized shrimp homogenate. The results were

expressed in absorbance wnits per 100 gm of shrimp muscle.

Detection of nitrate reduction

Twelve-hour old broth cultures of bacteria were inoculated

into nitrate broths and incubated at 37°C for 3 days. The
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cultures wers tested for the presence of nitrate by adding

& drop each of sulphanilic acid solution and dimathyl-alpﬁg—

- paphtalmine solution, The developmeni of a red or brown

colour denoted the presence of nitrite.

Betection of Titmus reduction and clotting

Sterile litmus milk broth was inoculated with a2 12
hour nutrient broth culture and incubated at 35°¢ for 4 day?.
Results were recorded under the following headings: %

(4) Breakdown of lactose which was indicated by: ;

(1) acid production (4) shown by a change in the
colour of the litmus from mauve to pink,

(2) acid clot (AC) if sufficient acid was produced
to make the milk clot,

(3) reduction of 1itms (R) and loss of eolour,

(4) gas production (G).

(B) Hydrolysis of cagein which was indicated bys

(1) coagulation of the milk

(2) peptonisation

(3)  utilization of citrate shown by a change of

colowr to deep blue,

Test for hydrolysis of atarch

Starch agar plates were inoculated by streaking once
across the surface of each plate the isclate, and incubated

for 4 days at 35°C, At the end of incubation period, the

H
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surface of the plate was flooded with 10 ml of Gram-iodine
solution. Hydrolysed starch appeared as a clear zone as a

result of B amylase activity of the isolates,

Test for salt tolerance

Isolates wers picked by means of uaing stefile'toothp
picks into nntrient brothe and incubated for 24 hours at
37°C. Two per cent tryptons water was supplemonted with
various concentrations of NaCl (1 per cent to 30 per cent
concentration of FaCl were used). The solutions were
inoculated with 0.1 ml. of the broth cultures of selected
organisms, The cultures were incubated for four days at
37°C and growth checked by meana of turbidity determination

and recorded,

Chitin preparation.

(a) Preparation of chitin from exoskelaton of chrimps

Five gﬁ ef the exoskelston of shrimp, Penagus duoraruﬁ.

wag thoroughly washed in 100 ml werm water and decalcified

in the refrigerator in 1 per cent (v/¥). hydrochloric
acid which was changed every day for 4 days., The

preparation was then washed and ﬁlaced in & 2 per cent

* (w/¥) potessium hydroxide for 10 days, and on 4 occasions

=~
;o

brought to
L

frae from alkali 10 times by changss of distilled
water, end cut in strips and extrscted repeatedly with

1
t
1

Eboil and allowed to cool. This was washed

ey
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boiling ethanol 4 times for X hour. fThe extracted %

chitin wes dried in the oven at 70°C (Penton, 1935).

Preparation of colloidal chitin
Czude wnbleached chitin (Calbiochen Lid.) was

<0

1

washed 8 times alternately for 24 hours with 500 ml .
of 1N sodium hydroxide and 500 m)l of 1¥ HC1l for every ;
100gn This was held at 4°C during washings, and |
rinsed 5 times with distilled water. This was later B
washed with 95% (v/v) ethanol 4 times. Fifteen gm

of the cleansd material were moistened with acetone and -
dissolved in 100 m} of cold concentrated hydrochloric
acid by stirring for 20 minutes in an ice bath (to

arrest hydrolysis). This was filterod through & thin
glass wool pad in a Buchnor funnel into 2 litres of i
stirred ice—cold distilled water. The treatment }
precipiteted the material aé & fine colloidal suspension,
The original extracted residue was re-dissolved and ;
refiltered until no more chitin was precipitated (usually
threo times). The precipitated chitin was washsd in \
distilled water and centrifuged until the pH was that
of distilled water, The precipitated chitin was
preserved against bacterial action by storing ih the

refrigerator at 4°C (Lingappa and Lockwood, 1962).

—
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(¢) Determination of dry weiesht cf colloidal chitin

A sample of precipitated chitin paste was freeze- .
drisd overnight in an RBdwards Freeze-Drier. One gm of

procipitatod chitin paste treated as above vhen freeze-,

dried yielded about 30 mg of chitin powder.

\

Isolation and clagsification of chitinolytic bacterda from
shrimps

Frozen shrimps (P. duorarum) were left in polythene

bags to thaw. A sanple of 100 gn of shrimpa was washed .
thoroughly in 400 ml1 of sferile chitinAenrichment liquid
medium in 1 litre conical fiask by shaking the flask
continvously by hand for 5 minutes, The 1iquid radium was
decanted into a sterile 500 ml flask and the shrimps discarded,

The shells of another batch. of 100 gm shrimps were

asceptically removed and added to a sscond 500 ml flask

containing 400 ml of sterile chitin enrichment medium,

The guts from 50 gn of shrimps (Fig. 3) wero teased
out into & sterile Petri dish and both the gut wall and gut
contonts were added to another flask of sterile chitin -
enrichment medium.

Samples from the three different fiasks'ware atréaked
on to chitin agar plates in triplicates and one plate from

egch proparation was incubated at 2000, 30° or 3700.
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This procedure was repeated for freshly caught ahrimps.
The inoculated flasks containing chitin enrichmont medium '
and shrimp washing were incubated at 22%c for 14 days on a
rotary shaker at a speed of 138 r.p.m. Serial dilutions
using peptone phosphate buffer wore made frop the chitin
enrichmont cultﬁres after incubation. 4 sewple of 0.1 ml
of each dilution was pipétted on to ea?h of three chitin agar l
plates and incubated at 20°c, %°C or 37°C until haloes

appeared arcund the bacterial colonien,

To isolato chitinolytic bacteria £rom sea waber semples of

_froshly collscted sea water were atreaked on chitin agar

plates, and incubated at 20°C, 30°C or 37°C, Hundred ml
of sea water were added to 100 ml of the sterile chitin
eﬁrichment medium, snd incubated at room temperature for
14 days, Serial dilutions were made from the chitin
enrichment culture. A sample of 0.1 ml of each dilutiorn was Z
pipetted on to a chitin agar plate, The inoculation vas

also donevin triplicate. Colonies of bacteria which formed

' ¢lear zones on the chitin plates were jaolated and purified. .

Pure isolates were obtained by successiﬁe subculturing on
chitin agar. The isolates were maintained on soa water

agar and chitin agar slants.

e et
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(b) Identification end classification of isclated bacteria

-

Colonies were picked from the wized cultures and

purified by repeated gubculturing for further study. The

morphological and bicchemical characteristics of the bacterial

gpecies vere examined, Pure cultures grown on 59a water agar

for
(a)
(v)
(¢)
(a)
(o)
(£)
(&)
()
(1)
(3)
(k)
(1)

24 hours were used for the test 1isted below: :

Cell form and Gram-reaction

Colonial characteristics : :
Fotility

Indole production

Methyl-red test

Voges = Proskauer tests

Nitrate reduction

Oxidation and fermentation of glucose.
Bydrogen sulphide production

Catalase production

Gelatin hydrolysis

Hydrolysis of starch

Some isolates were sent to the Hational Collection of

Mariné Bacteria, Torry Research Station, Ahsrdeen, and somd

Gram-positive sporing rods were sent to Dr. R.C.¥. Berkeley

in Bristol for confirmation of tdentification.
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26. Optimum condifions for production of chitinase on solid media

(s} Effect of pH value of media on the mrowth and chitinage |

rroduction of Vibrio alginolyttcus 1
: ‘ \

During preparation of chitin agar plates the pH

¥as adjusted to th: required p (renging from 5,0-8,0)

by the addition of either O,1NHCL or O.1N NeOH,

4 loopful of broth culture of Y. alginolyticus was
streaked on the chitin agar plates which were incubeted -
at 20% for 10 days.

(b) Effect of temperature of incubation on growth and
chitinase production of V, alginolyticus

© A loopful of broth culture of V. aig;nolxgicus
wag streaked on the following soligd media:
(1) SWPYA agar plates with 1 per cent colloidal chitin,
(i1) SWPYA agar plates with 1 per cent colloidal chitin,
and 0.1 per cent glucosamine kydrochloride,
(i11) SWPYA agar plates with 1 per cent glucose,
(1v) SWPYA agar plates with 0.1 per cent glucosamine
hydrochloride,
The pH of the SWPYA media was adjustad to 6.0 before
sterilization. (lucosamine hydrochloride and glucose
wers atérilised by means of =a Millipore filtep (0.45,um pore),
and added to the other constituents of the medium, 4
check was carried out on the PE of the medium after
adding glucose or glucosamine hydrochloride, and the

changes in pH values wers less than 0.2 wits. The

Plates were incubated at 20%C end examinad daily for

|
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growth and production of exfra-—cellular chitinase,

shown by zones of clearing around the colonies,

Bxtraction and purification of enzyme

After the required time of incubation, the broth
culture was centrifuged et 7000 r.p.m. for 30 minutes in
a refrigerated centrifuge. The eulture svpernatant was
concontrated and salted out by adding ammonivm sulphate
(80% saturation). To 250 ml of culture supernatant was
added 140.24 gm of ammonium sulphate, This was left in the
refrigerator overnight and the precipitated fraction was
obtained by centrifugétion at 7000 r.p.m. for 30 minutes at
4°C. The precipitate was dissolved in 15 ml of distilled water.
This solution was centrifuged at 15,000 r.p.m. for 30 minutes
and the supernatant solution was used as the stock enzyme
solution. The use of amﬁpnium sulphate for separation and
purification of proteins %aa deseribed byNozaki and Hayashi
(1971).

Substrate for enzyme assays

The substrate used fb? the colorimetric assay of
chitinase was 3, 4~dinitrophienyletetra~NeacetyleBeDe
chitotetraoside (3, 4»DNP§TN£C) which was developod bﬁ

Ballardie and Capon (1972) end produced in vesearch guantities

by Koch~light Laboratories Ltd. Fig. 2 shows the chemical
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etructure of this néarly colourless compound. Degradation
of this soluble subszltrate_ by the ensyme released the coloured
3, 4-dinitrophenol uhich was measured on an SP 1800 Unicanm
Spectrophotometer at 400 nm'. The molecular weight of the
substrate is 997, | ' 7

The compound 3, 4-dinitrophenol (3, 4-DNP) has an
extinction coefficient value of 7325 cm mol™ at 400 nm
at pH 5.0 (Capon, B, Porsonal Communication). This value
is very much dependent '-:on pH and to determine correction
factors, for the experiments with varying pH values, a sample
(kindly given by B, cap};n originally from Fluka Lid,) was
dissolved in distilled water. A sample of 0.1 ml of this
solution was diluted wit;h 10 ml of buffer at pi values
ranging frow 3.0 to 7.5. The buffer solution used was 0.1
phosphats (MeIllvaine, 1921). The colour production .was read
with a Unicam SP 30 at 400 nm, which is very clese to the

absorption maxirum for this compound in aqueous golution, and

"& curve for the pH values of the compound was drawn (F_ig. @}.

The correction value of oxtinction coefficient at pH 6.0

using the equation 7325 xz EpR6.0O = 11580 cm-lmol-l.

BpHS .0




The effect of pH on 3, 4-dinitrophencl, Thé
compound was ‘d.issoivec.l in diatilledl water. A
sample of 0.1 ml of this solution was diluted with
10 2l of McIlvaine buffer at PH values ranging

from 3.0 to 7.5, The colour prc;duction was read

-at 400 nm on an &?30.,
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Enzyms asseys

(a)

(b)

Using 3, 4=DNP=TRAC

The standard assay system consisted of 0.5 ml,
HeIlvaine buffer pH 6,0, plus 0.5 ml approﬁriate enzyme
solution, plus 0.1 ml of an 0,5 mg m~? aqueous solution
of subatrate 3, 4-DIP-TNAC in a semi-micro glass cuvette
of 1 cm pathlength. This brought the concentration of

the substrate to 45.45 pg w17,

The reaction and rate

of activity was recorded and measured by means of a
Unican SP 1800 Spactrophotometer at-400 em aﬁ 37% against
2 cuvette made up of 0.5 ml buffer, 0.5 ml distilled
water, and 0.1 ml subsirate solution. The ra?e of
activity was measured for 10 minutes for each assav.

1

The activity obtained was calculated as E4oomin

Reducing sugar test

Ten mg alpha chitin (S1gma) was weighed into a
250 ml flask and dispensed in 4 ml of Melivaine buffer
PE 6.0, and 0.2 ml tolusne wes added each time. The
reaction was started by adding 1 ﬁl of enzyme stocki
solution, The flask was incubate@ at 37°C in & shaking
water bath. - After 48 hours, the faacticn was stopped
by heating the flask in a boiling watex bath for 5
minutes. The reaction mixture was}cooled ané centri-

fuged at 15,000 r.p.m. for 10 minutes, and the aupérnatant

2

i
thus obtainad was used for the dinitrosalicyclic acid tast
(o§s) (summer and Somers, 194%).

= N P - me e A
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One ml of tﬁa éugafnatant vas added to 0.5 ml of

DNS rsagent in altesﬁ t%be. The tube was mized with a
"Whirliriz" and placeé in a boiling wator bﬁth for

5 minutes., The tubs was cooled in an ice bath for 5
minutes, and colour production read at 520 nm on a
Unicam SP 30 Spectrophotomater. The sample was read
8gainst a blank which was{run the same way as the
sample but with ; ml of distilled Waﬁeﬁ {nstead of
enZyme., From the readiﬁg the ng glucose gquivalents
per ml was calculated fﬁom the prepared glucose
curve (Pig.52). A calibration curve wes prepared
from oueooipg glucose in 40 steps. A calibration
curve was prepared with égch test. The sample and

the blank wers scanned on a Unicam SP 1800 spectro-
photomater at scan speed 0,2 nm aec‘l, chart speed
50 seconds per cm, againstlwater as the control
over the abscrbance range 480-600 nn to chook that the
maximum ebsorbance was at 520 nm (Fig, .

Protein determination modification of Lowry, Rossbrouch.

Farr, and Rundall (1951), . '

For routine protein eatimation, 1 ml of stoclk enzyme
solution was diluted with 20 ml of distilled water. One
o

ml of this dilution vas added to 3 ml of a freshly pro-

wr

pared mizture of 50 ml 4% sodium carbcnate, 3ml 2N
b

s
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Calidration curve for glucose.
All values were read against vater as

the bdlank.
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Absdrption spoctra of the control.H(l wl
aistilled wvater boiled for 5 minutes with 0,5 ml
DNS reagent) and 1 ml of 5:\"1,parnatant of reaction
mixture 0——0 (1 ml enzyne,\10 mg chitis, 4 ml
of McIlvaine buffer pH 6.0) iagiled for 5 mimlﬂ_:'es
with 0.5 ml DNS reagent, Diséi__nad water was used
as the blank, The apectra were."'gmeasured. on SP 1800
Spectrophotometor over the absori'a_ance range 480 nme
600 nm, Notice characteristic maximum at about

520 nm.
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sodium hydroxide and 2 ml copper reagent. The mixture
was incubated at 37°C for 7 minutes in & water bath
before adding 1 ml of freshly prepared Folin and
Ciﬁcalteu's phenol raagan}. This wag instantly mized

on & "Whirlimix" and the Eixtura incubzted for & further
15 minutes at 37°C. The Fesulting blue colour was

read at 745 um on a Pye Unicam SP 30 spectrophotometer,

A ealibration curve for p;otein was always simultaneously
prepared from 0-200 ng bo%ins serum albumen (B,S.A.).

The amownt of protein in the enzyme solution was read

off the standard curve (Fig.7%).

30. General proparties of chitinase enzyme

(a) Effect of temperatures on' encyme setivity i

The 3, 4-DHP=TNAC ¥as used for assaying the effect
of temperature on tﬁe rate of degradation of subatrate
by encyme, The semi-micro cuvetts containing the buffer
and substrate was left in a thermostat block to heat up
to the raequired temperatu?a; Heat was suppiied to the
spectrophotometer from & €.100 Circulator (Technae
Cambridgé Ltd.). The cor}ect temperature was recdorded
by inserting a Digitron slectronic probe thermometer into ?I

the control cuvetté. A sampie of the ensyms solution

PR

was added to the cuvetio when the required temperature
o

wes reached. This sterted éff the enzyme reaction.

?



FIG.]5

Calibration curve for protein.
All values were read against vater as the

blank on SP 30\at 745 nm, ¢
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The rate of activity was recorded for 10 minutes. The

temperature rangs. tested was{from 15%c-70%.

Effect cf pH on engyme activity

|
The pH optimum for enzyme activity was determined by

varying the pH of the buffer; solution under otherwise

stendard assay conditions, using both 3, 4-DNP-THAC assay

and the reducing sugar test,
(1) Using the 3, 4-DNP-THNAC
solution was varied fro
required pH buffar solu

buffer uased in the etan

| assay the pH of the buffer
m 3,0=7.5. A sample of the
tion was substituted for the

dard assay, The 3, 4-DEP

correction curve was us

(11) Using the reducing sugar

ad to construct the pH curve,

test, a sample of the

required pH buffer solution was substituted for the

f
buffer used to set up the reducing sugar test. The

reducing sugar per ml was estimated using the DNS test,

(¢} Effect of difforent buffers on ensyme sctiwity

Different Zwitterionic biological buffers wero tested

for their effect on enzyme activity, using the 3y 4=DlP=

THAC assay. 0.1 molar solutions were prapared from TES

(F=-tria (hydroxymetbyl) nethyl-2-aminoethanesulphonic acid)

and HEPRES (sz-hyﬂroxyethylpiperazineum;auethanesulphcnic

acid) at pH T.0. The buffer

in the standard assay.

was subatituted for the buffer

[



(d)

(e)
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Bffect of differeni molar concentrations of buffer solution

on eNnZYRs activitz

A pH 6.0 MeIlvaine buffer solution was prepared in
different molar conceantrations,|C.1, 0.01, C.001, and
0.0001, These were each substituted for the buffer in
lthe 3, 4-DNP-TNAC assay.

Ths effect of pre-incubating enzyme soluticn before
enzyme assay ‘

Engymo solutions were heatad in an elactrical heaﬁing
block at 20°¢, 30°¢, 40%, 50°¢ 60°C and €0°% for
15 minutes. The euzyma solutions were cooled dovm
to 37°C and the rate of activily recorded using the 3,

4=-DNP-THAC aasay.

3%, Enzyme kinetic proverties

(a) Bffact of enzyme concentration on enzyme activity

The steock enzyme solution was diluted logarithmstically
from 1 to 1/32 dilution., A sample of each diluticn was
substituted for the enzyme solution in the 3, 4-DNP~THAC
assay, The protein content of each dilution was also
determined, |

(b) Effect of substrate concentration on enzyme activity

Ter mg of the substrate 3, 4-DNP-TNAC were dissolved

in 1 ml of distilled water and‘used as the stock substrate

T
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11
solution, The stock substrate solution was diluted
logarithmetically from 10 mz/ml to 0,015 mg/ml, and
0.1 ml of each dilution was substituted for the substrate

using the 3, 4~-DNP~TNAC assay,

(c) Enzyme activity on verious substrates

R

T

R

Hydrolyais of the sgnthetic substrate peNitrophenyl-
| ‘
B-R-acetylglucosaminide (Koch~Light Ltd.) and dried

Micrococcus dysodeikticis icolls (Sigma) veres tasted

vsing the enzyme solution from V. alginolyticus,

() Assay for Neacetylzludosaminidase (EC 5.2.1.30)

-Four mg of the sudstrate p-Nitrophauyi—B—N—
acetylgluceosaninide were dissolved in 1 ml of water
and used as the stock substrate solution, A4 |
sample of 0.1 ml of substrate solutﬁon was inchbated
with 0.5 ol of ensyme solution and 0.5 nl of buffer
at pH 6.0 for 10=-40 mimutes, at.37°C, The reaction
was stopped by adding 2 ml of 0.1 moler sodium
borate buffer pH 2.8 and1the intensity of the
colour produced was esti@ated at 400 nm using a
Pye Unicam SP 30 Spectrophotometer, A control
vas set up as the sample axcept that 0.5 ml of

water was used instead of enzyme solution
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- (Frohwein and Gatt, 1967). A sample of B.N-
acetylglucosaminidase (Sigra) was substituted for

the enzyme solution in the 3, 4-DNP-TNAC assay amd

tested for ability to degrade the substrate, A

sample of7.01 ml of enzyme (444 pg protein/ml) with
8 minimum activity of 74

uni ts/bg was used as the
enzyme solution,

(i) Assay for lysozyme (EC 3.2.1,17)

A suspansion of 0.3 mg mI™* in Hellvaine buffer

PH 6,0 was prepared from the substrate {dried
{M._lysodeikticus cells). 4 sample of 0,1 ml
of enzyme solution was added to 2.9 m} of substrate

stock solution in a 5 ml cuvette,

Absorbancy and
rate of activity were recorded on Pye Unicam SP 1800

Spectrophotometer at 450 nm using a water blank,

This method is that of Shugars (1952).

A control was prepared by using a commereial lysozyme
from hen egg white (Sigma). & suspenaion of 2,5

mg ml™ in distilled water was prepared Crom

lysozyme powder with a mininum activity of 24,000
wmits/mg,

4 sample ¢f 0.1 ml of lyaozyne solution

vas added to 2.9 pl of substrate stock solution
and reacted as above,

- ———

A.sample of 0.5 ml of the lysozyme solution wag

substitutsd for enzyme solution using the 3,

i P T



AT

4-DNP-TNAC assay, and tested for ability to degrade

the subatrate.

() Effect of mdditional compounds on the enzyme

activity and degradation of 3, 4~DRP=TNAC

One mg each of the following soluble compounds

was separately dissolved in 0.5 ml buffer solution,
PH 6.0 in a 1 m! cuvette. To sach was added 0.5 ml
onzyme and 0.1 ml substwate stock solution (3,
4~DNP-TNAC). The various compounds were s

(a) M. lysodeikticus dried cells.

(b)

Neacetyl-D-mannosamine,
(¢) Neacetyl-D-glucosamine

(d) N-acetyl-B-galactosamine

(o)

Heacetyl-neuraminic acid
(£) Agglutinin, vheat germ {Sigma)
(g) Colloidal chitin

(3) O% chitin (sigma),

After 10 minutes incubation at 37°C, the

absorbancy at 400 nm was read. The tubes

containing M. lysodeikticus, (Mechitin, and colloidal

chitin were centrifuged bofore reading the absorbancy.

For the tubes containing the other soluble materiala,

the rate of activity was monitored éontinuoualy

as for standard 3, 4-DNP-THAC assay.



-~

-y

, i

1

.8 | i

|

1

(o). Possible inkibitors of enzyme activity on 3, :
4=DNP-TRAC

i.
(1) Method 1 1
Jantities of 2, 4, 8, 16 Bg of colloidal E,\
chitin (ary weight) wepe weighed into :39;)3:*&1:@!'1t
1m centrifuge tubes, To each of the tubes 11
Was added 0.5 ml HNellvaine buffer pH 6,0, 0.1 ml\l
substrate stock solution (3, 4-DNP=TNAC) and

" with g "Whirlimix"

and incubated in g heating

i

‘m

0.5 ol enzyme solution, The tubes were mizxed "\
1

|

block at 37°¢ for 10 minutes,

The tubes were

nized every 2 ininutee {0 ensure complete enzyme
resction,

A control tube made up of buffer,

énzyme and substrate solution Was raacted at

l
the same time, The reaction wgs atopped after |
10 minutes by heating in g heating block at l‘|
100%¢ for 5 minutes. The tubss were cooled “l

for 1 minute ang centrifvged jn an Eppendorf |
mini centrifuge for 2 mimmtes,,

The supernatant \\
was  carefully poured ints 2 semi-micro \
“cuvstte and absorbancy read at 400 mm on the
SP 1800, fThe 2

were 0.045.mM and 0,0225 i,

I&m_ eéXperiment
¥as repeated using 2, 4,

8 and 16 mg alpha

chitin, (Sigma) at these 2 suugt

i .
rate ¢oncentrations,

substrate concen trations used

TN et e ey o
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(dry woight) were weighed inte 5 centrifuge tubeg,

Quantities of 4 mg colioidal chitin

To each of the tubes was added 0.5 ml enzyme
solution, 0.5 ml buffer ph 6,0 and 0.1 ml {
of the different substrate concentration solutlo
The followirg substrate concentrations were !
used: - ‘ i
(1) °‘227mﬁ1 !
(12) 0.125 mr !f

(4i1) 0.055 pﬂ% |
(iv) 0,028 my ;

(v) o0.024 mn-" ”

All the substraﬁa concentrations vere previously|

used for the 3, 4-DN?-TNAC assay to ensure that {

the snzyme actlvity was linear with substrate
concentration fdf 10 minutses, |

A sample of 0.1 Ml of each substrate conc'entmtilbn

was added to the various tudes and the tubes }

incubated and treated as in Metliod 1, f

The experiment was repested using 4 mg f)(chitin!

with the 5 dirfferent sutstirate concentrationsg, I

The control was & set of § tbes, each with 1 mﬁ

enzyme selution, and 0,5 mi tuffer, but no added

chitin.. The controi tubss were incubated and tréated

ag in Method 1, ?

|
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(f) Enzyme-chitin complex

Four mg of chitin were weighed into a centrifuge tube,

To the tube was added 0.5 nl enzyms solution and 0.5 m1
buffepr golution. A eontrol tube was get up containing
0.5 ml enzyme solution and 0,5 ml buffer, after 5
minutes incubstion at 37% the 2 tubes were centrifuged
in an Bppendorf ming centrifuge for 2,5 minutes, The ,
gupernatant was carefully poured out sng wsed ag the
enzyne solution, This wag assayed for enzyme activity

using. the 3, 4~DNP-THAC 8ssay. »

Chitinase production

To determine when maximum chitinase activity wag
reached in liquid medivm, a 500 ml flask contrining 300 m)
of sea water c¢hitin medium wag inoculated with 1 ml of a

24 hour ¥, alginolyticus broth culture, 4t zero hour,

25 ml of the inoculsted Sea water medium weps precipitated
with ammonium sulphats (80 per cent séturation) and the
enzyme preparation testsq for protein snd enzyme activity
Using 3, 4=DEP~THAC Asgay end reducing sugar test, The
medium wag then incubated on g rotery shaker at 25°¢ gt

a speed of 138 ToPelle Tonty-five ml of the culture wepe

asceptically removed every 2 days, from the 2ad day to the

14th day of incubation, Enzyme solution wag propared from
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the 25 ml by partial purification using ammonium sulphate
(80 per cent saturation). The enzyme solution was teated

for chitinase activity, using reducing sugar test and

3, 4«DNP-TRAC assay. The protein content was also estimated,

A control flask containing 300 ml of sea water medium

(witbout chitin) was similerly inoculated and sempled at

0 hour and every 2 days for 14 days for rrotein and chitinase
actiﬁty.

33. Rstimation of ehitin in gut of ghrimps

(a) The gut of shrimps was put into & 1 ml centrifuge tube
and freeze-dried for 4 hours. The Preparation was
weighed out with a 1 ml “Reactivial (Pierce Chemical

Company) and extracted with 80 rer cent methanol
overnight at 45°C. The miz ture was centrifuged at
3,000 rop.m. for 5 hours at 45°C, The dried residue
was extracted with 2 per cent potagsivn hydroxide fop
15 minutes in a boiling water bath. fThis was cooled
and centrifuged at 3,000 r.p.m. for 5 ninutes. The
residue was again dried in the oven for 3% hours at 45°c

before adding 0.75 ml of 6N=HcL, Thia was mixzed with a

"Whirlinix" and left soaking overnight at room

temperature.
The sample was then hydrolysed for 8 hours at 100°C 1n a

-t
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heating bloek and %o contents mixed avory hour tq ensurs
complete hydrolysis, The vial wae cooled down_and
centrifuged for 5 minﬁtea at 3,000 r.p.m, .A sample of
0.2 m1 of the 8uspension was dried jin & vacuun dessicatop
uvei potassium hydroxide pelleta, The dry residue was
made up to 1 ml with distilled water and the glucosemine
estimated (Tracey, 1955). Chitin hydrolysed with hot
acid gives D-glugosamine and acetie acid inugqnimolar
amounts. Gut wall and gut content of Shrinps were
Separated and treated ag above,

(b) Estimation of chitin

Acetylacetoné reagent (0.5 ml) was mixed with a
0.5 ml sample 4n a tube and sealed with & ailicone rubber
Septum that had been rierced with a 8yringe needle to
equalise the pressure, The tube was heated in a boiling
water bath for 45 Dinutes, It was conled for 5 minutes
and 5 ml ethano} Plus 0.5 ml Ehrlich's reagent were
added, and left for 1 hour at roonm temperaturae (Gardell,
1953), The colour yield vas read at 530 nm op a Unicam
SP 30 Bpectr0photometer.1 A standard of 1 ng chitin
(BDH, pure Grade 4) accompanied overy hydrolysis and
dilutions of this provided s calibration curve from

0-200 pz 1n 40 pg eteps (Pig.ig).

\ 1
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Calibration curve for chitin (BDH purs Grade

A)e A1l values were read against water as the

blank,
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Enzyme purification

(a) Preperation of colwm

Sephadex Superfine G-75 of particle size 10-40

(Pharmacia Uppsala, Sweden) was swollen with 0.1
¥ellvaine buffer pH 6.0 for 24 hours. This wasg de-
gassed under reduced pressure and packed under

gravity in a short column (35 cm long by 0.9 cm in

diameter). Several bed volumes of the starting buffar

were run through until the pPH of the column was the

same as the buffer. Sephadex G-200 (fine Grade Pharmacia)

vere treated the same way a8 G=75. The size of the
column for G=200 was 60 em long by 1.5 cm in diamater,

The operating pressurs head for the G-200 column was

kept within 10-20 enm water,as a higher pressure would

cause this gel to compress and ac reduce the flow rate,

All columns were run at 0-4°¢,

Purification using G=75 column of encyme stock
eolution (1 ml) prepared as described previously
(partislly purified with ammonium sulphato, 80 per cent
saturation), was added directly to the

top of the bed
of the Sephadex G-75,

Fractions (5 ml) wers collected

using a LKB Uvicord fraction collector, ‘he abtual

volume of each fraction was checked by weighing the

A
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tubesa. Tho fractions wers assayed for chitinase

activity using 3, 4-DENP-TNAC assay, and protein content
wasg also eatinmated.

(v) Concentration and dialysis of samvles

Two and a half ml samples were taken frox each of
the fraction tubes 4, 5, 6, showing chitinsse activity
and pooled, The 7.5 ml purified enzyme solution were
concentrated and dialysed against 0.1 Hellvaine

buffer pH 6.0. " The dialysis tubes were previously

soaked in distilled water for 2 hours. The enzyme
solution was pipetted into the tube which was in turn

fitted into a vacuum flask containing coid Fellveine
buf fer.

The flask was kept under reduced pressure and
left in & cold room overnight. The 7.5 ml volume was
concentrated to 1.5 ml. A sample 0.5 ml of the dialysed

enzyme solution was assayed for chitinase activity,

using the 3, 4-DNP~INAC assay.

Purification using G-200 column

A sample (0.5 ml) of the dialysed enzyme solution

was added directly to the top of the bed of the Sephadex
G-200 column,

Fractions (80 drops), equivalent to 3,7 ml

/1%_

ware gollected using & Goldan Retriover fraction collector.

The volume was again checked by woighing the tubas, the

content,

fractions were assayed for chitinase activity and protein

Lt A e—— g R h o = it ¢
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35. The recovery of

activity from enzyme prevaration after
partial purification with ammoni

ium dulphate (£0% saturation)
A 6th day broth culture of V.

alginolyticus— grown |

|

|
23 centrifuged at 7,000 r.p.h.
for 30 minutsg at 400

in sea watep chitin madiwm w

A sample of the culture supernatant
vas assayed for chitinase actzvity using the 3, 4-DNP-TNA¢
assay.

i

t

ll

After partial purification overnight with ammoniup
sulphate (80%

ssturation)

|
the supernatant was centrifuged
at 7,000 r.p.m,

for 30 mimtes at 4°C ang the supernatant
obtained fyon

{
|
ll
: l
this vas agsayed for chitinase activity, H
l

The precipitate was dissolved in distilled water
fuged at 15,000 r.p.m., for 30 minutsa,

|
i

The supernatant |
obtained wag assayed for chitinass activity,
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RESULTS
1.

Quantitative estimation of the microflora of freshly caurht

shrinps and of Sez water

The rgsults of the bactorial counts carried out each month

on shrimp or sea water samples are shown in tables 1 and 2,
convenience of presentation, the valuss are recorded as the

logarithm to the ﬁase ten of the number of bacteria per gm of

the shrimp tissus or per ml of sea water.

The bacterial counts obtained on incubation at 20°C ranged

between log,, 3.1 and log,, 8.7/gm of shrimp tissue, while at

37°C counts renged between logio 3.1 and loglo 6.1/gn of shrimp

tissue, For sea water incubated at 20°c, the range of bacterial

count was betvean logio 3.2 and log10 7.6/51; at 37°C the range
was betwesn log,, 3.3 end log,, 8.4 /ml.

During most months, the bacterial counts obiained per gm
shrimp tissue incubated at 20°¢C were somevhat higher than values
obtained at 3'?°c,. but in @ few instances, the counts at 20°¢
were lover than values obtined at 37°C. Figures @ Jand 11 shov
that there were some fluctuation also in the Bactarial load of
sea water from which the shrimps were caught. The reason for
the apparent correlation btetween the patterns of the bacterial
load of the shrimps énd_the bacisrial losd of the séa LN

sample was not investigated in this study and cannot therefore

For
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Table 1.

Bacterial counts of freshly caught shrimp samples

incubated at 20°%¢ or 37°C

lonth and year chlﬂ cognt/gm et Loélo cognt/ém at
20°¢C .37 ¢
April, 1975 5.6 BeT
May, 1975 4,2 4.1
June, 1975 4.5 . 4.8
July, 1975 5.9 5.7
August, 1975 3.1 3.1
September, 1975 8.7 | 6.8
October, 1975 3.2 3.5
November, 1975. 5.2 3.7
Decenber, 1975 4.4 4.3
Jemuary, 1976 3.2 3.3
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Table 2.

Baotordal sounta_of naa water fanples: incubatad
) 0. On -
at 20°¢ or 37°¢

A

ik

Month and fear ' Log,, count/gm at L.oglo count/gm at
: 20%¢ 37°%
April, 1975. 5.2 5.2
May, 1975 4.3 4.1
Jane, 1975 4.0 51
July, 1975 6.0 6.9
August, 1975 3.5 3.2
September, 1975 7.6 6.7
October, 1975 6.2 8.4
November, 1975 | 3.4 6.6
Decenmber, 1975 3.2 3.3
January, 1976 | 7.2 Tel

""""1'."7’""-‘""-'.73? s
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be fully accounted for in the present irvestigation, but it must

be emphasized that freshly caught shrimps derive. their microflora

from the environment which serves ag their habitat,
!
, |
2. Qualitative ohservation of the microflora of froshly causht h
shrimps and sea water.

i

Tables 3 and 4 show the genera or families of bacteria ]
found on freshly caught shrimps and in tbe sea water from which |
they were caught, The bacteris present on freshly caught shrivps
|

and in s9a water wore predominantly corrneforms. Four hundred

and sizty-six isolates from shrimps and 420 isolates from sen

water (which together represented 46.6% of tha total isolates)
were clasgsified ag COrynebacteriacéae. Hany genora of the
Corynebacteriaceae ﬁave been reported as present in frasqj
8poiling fish and in sea water (Wodﬂ, 1940, 1950 and 1953; t
Dyer, 1947; Liston, 1957; Georgals, 1958 and Cann, 1971). ‘
The bacteria isolated fronm frEShly caught shrimps were 1
predominantly coryneform. Fewer numpers of Hicrococeus spp, 1

Staphylococcus spp, Bacillus 8pp, Asromonss app, Acinetobacter

Spp and some members of fnterobacteriscese wers igolated. There 1
Wera sgveral isoclates of the Entorobacteriaceas (about 46 isolatesg
from {reshly caught shrimps and see water) and it was not |
considered necessary to classifly then into their gengric level,

aince their importance in the present studies 4s only in the

- e, ey
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Table 3.

The typea of bacteria vpresent on freshly

caught shrimps

Bacteria ﬁiﬁ;ﬁﬁiiﬁﬁu
1. Coryneforms 46.6
2. Microceccus 16;5
e Stajh:):lococcus 14,0
4. Bacillus 4.2
5. Aeromonas 4.0
6. Acinei:obacter 3.7
7. Enterobacteriaceae 3.5
8. Paeudomoz;;;_ 2.7
9. Flavobecterium 2.6
10. Horszella 2,2

vk T AP

I LTI RTINS T T

a
- g S o e e e ————



A

£
-

!-“'}\Af‘

thy

Table 4.

The types of bacteria pregent in ses water

Parcentage
Bactaria composition
l. Corynoeforas 42,0
. i.‘
2e Staphylococcus 22,2
3. Mierocoocus 12.5
T
4., Enterobacteriagcose 11,6
5. Aeromonas I
6. Acinetobacter Y32
7. Pecillus 2.4
8., Flavobacteriwm 0.8
9+« Pseudononag 0.6

-~
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' i
fact that they may be indicators of faecal pollutier.

'

|
The sane genara and family cf bacteria {except for Jorazella
1
which was isolated from shrihp tissue enly) wore isolated from !

|
the sea water in which the shrimps were caught. There were

|

|
however differences in the abundance of the various bacterial i
groups in ssa water and eon the shrimps (Fiz. 3. In addition {
te the foregeing obsecrvations, the fallowing points of interestIL

wers noted:

(a) Abvove 495 of the isolates from shrimp tissue and

3%%5 from sea water were markedly pigmeﬁted. fhey versg
generally chromegenic, produciﬁg yellew, erange, |

- buff, pink and green pigments on agar media, k

(b) fThe asporogenous non-motile Gram-positive rods which K
, !

wore classified as coryneforms (Jensen, 1952 ) appsared |
to fall inte distinet groups. The first group
consisted of two typﬁs: type (a) formed minute

plender rods that stsined intensively with Gran stain;

typs (b) formed short stout rods which were pear-
shaped and on superficial examination, might be

confused with cocei. The second group showed

coryneform morphologsy and branching. The third group

consigted of clubeshaped bacterial cells which after

|
l
Gram=atain normally looked smpty. E

{c) Some of the corvmeforus wore pleomorphic and formed

coccoid elemants during growth,.
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(d) Most of the micrococci isolated were Gram-positive

mogt being chromogenic, producing white, yellow,

orange, buff or plnk colours,

toliforms -and fascal étreptococci on shrimps and in zea water

Tables 5 and 6 show that coliforme including B, coli, and
faecal streptococci were destected on shrimps and in sea water.

Coliforma were mlways isolated and the counts ranged between

550 - 1800/100 gn ~urimp tissue, Egcherichia coli with a count

of 0 ~ 21/100 gm shrimp tissuve vas only isolated occasionally.

Faecal streptococci: ‘ -was not frequently isolated

and the count was O ~ 40/100 gm shrimp tissue. In saa water
sample coliform counts renged between 350 - 1800/100 ml sea
water, while E, coli and fascal streptococci ranged between

0 - 24/100 ml sea vater and O = 50/100 nl sea water respectively.

Of the food poisoning bacteria, Staphylococcus aursus was

isolated and a count of 1 - 10/100 gm shrimp tissue was obtained.

Vibrio cholera, Vibrio persheamolyticus and Salmonella were
not isolated,

Proteolytic and indole producing ability of isolates

Table 7 shows that out of 200 isolatss Lrom freshly caught’

shrimps and 100 Ssolates fron sea water, 57 per cent and 30 per

cont respectively vere proteolytic, Tsble 8 shows that out of

)

100 isolates from fresﬂly caught ahrimps and 100 isolates from



Tabla 5,

eMPN® values for coliform bacteris an_d faccal

streptogocei in shrimps

Coliform B. coli Faecal
Honths HPR/100 g» | MPW/I00 gm streptococe
shrimp tissue {shrinp tissue MPR/100 gn
shrimp tissue
April, 1975 1600 1.8 -
May, 1975 1600 2.0 - 1800
Jone, 1975 1800 2,0 11
Jaiy, 1975 1600 0 14
August, 1975 1800 0.2 0
September, 1975 550 0 1600
octobor, 1975 - - -
Novenber, 1975 1800 21.0 170
December, 1975 1800 2.0 130
Janvary, 1976 1800 0.0 40
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Table 6 .

'TWMPR® valuss for coliform bacteria and faccal

gtreptococei in sea vater,:

Coliform B. coli Fascal
Months HPN/100 ml { MPN/100 ml | streptococci
"seawater seavater MPR/100 ml
seavwator
April, 1975 1800 24 -
May, 1975 1600 1 1800
June, 1975 1600 0 )
July, 1975 1800 0 0
August, 1975 1800 0 2
September, 1975 1800 0 350
QOctober, 1975 - - -
November, 1975 1800 9 350
December, 197;5 350 4 5
January, 1976 1800 0 80




Table T.

Percantames of proteolytic bacteria among the

different groups of isolates from freshly caucht

shrimps ond_sea water.

mctarin Nos. tested Ho () ﬁroteolytic
sea waztsr | shrinps sea water | shrimps

Coryneforms 42 iOO 30.9 53.0

| Staphylococcus 20 30 50.0 60.0

Mierococcus 13 3? 46,1 7.8

Pacillus 6 7 33.3 85,7

Aeromonas 11 10 18.1 B80.0

Pseudoronas 0 3 0 552
Entarobacterigceae 0 9 0 0
Acinetobacter 3 6 0 0
Morazella 5 ] G 0
Total 100 200 30.0 57.0




Table 8.

Percentazes of indole producers smong the

different sroups of isclates from ‘freshly

caurht® shrimps and gea water,

Hos. tested | No (%) producing
Racteria Lindole
poa water | shrimps| sea water | shrimps
Coryneforms 42 57 22.5 3.5
Micrococcus 13 25 46.1 4.0
Staphylecoccus 20 15 20.0 6.6
Moraxella 5 0 60.0 0
Bacillus 6 0 33.3 0
Aeromonas . 11. o o o
Acint;tobacter 3 1 0 0
Enterobacteriaceas 0 3 ¢ 0
Total 100 100 24.0 14.0




sea water, 4 per cent and 24 per cent respectively were indole

producers.

. ) : !
jsolated from shrimp tissve than from sea water; indole-producers

wore however isolated in larger numbers Trom sed yater than from

L w—yew

8l

shrizp tisswe. The apparent preference for shrimp tissus by

proteolytic bacteria, and of indole-producers for sea water cannot b

explained,

(3) The intestinal hacterial flora of shrimps.

(4)

" mable 9 shows that the main groups of bacteria in the
intestine of freshly caught shrimps were HMicrococcus STP,

coryneforms and Acinetobacter spp.

4 few isolates of

Moraxella, Staphyloceceusg and of Enterobacteriaecceae were

obtained.

The bacterial flora of shrimps durine spoilarge.

pables 10 and 11 shew a slight inciease in total
viable bacterial counts when shrimps were siored et either
?hilled'or roon temperature. Bactefia of public hzalth
significance (mairly coliferms, E. ccli, and faecal

streptococei ) decreased in populations as period of storage

increaged (Table 10).

Proteolytic bacteria were therefore more abundantly

P
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Table 9&

The intestinal bacterial flora of shrimps.

Bactorial types

% of totel isolates

Fiicrococcus 55.0

Coryneforms 19.0'

Acinetobacter 16.0
Horaxells 5f°
Staphylococgus’ 3.0
Enterobacteriacess

1.0




Table 10,

Bacterial connts of shrimp sapples during spoilame

at chilled temperature (6°¢ - 8°C). Isolations wore

made &t 20°¢ 03_570 C.

o il i A B e A e —_

LL

TVC/em log,, count MPR/100 gn
Days '
astorage 0. . o . Faceal
20°C 3T¢C Coliform { Bs col | giraptococed
3 11.5 8.9 430 20 350
6 12,5 ST 22 1.8 350
9 12.5 9.7 17 0 250
12 12.5 10.5 17 o 80
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Table 11, 1
1
Bacterinl counts of shrimps samoles during 1;
gpoilage at room temperature 22% - 22002. 1
Igolations were made at 20°¢ or 37°C. 1
rer Faecal
Pays TVC/gm 1ogy, comnt Coliforn | Eo cold | irentococed]
stores = -~ HPR/100 gm| MPN/100 gm| MPN/100 em |
20°C 37°C ) ‘
‘\
3 8.9 11.5 1800 72 540 |
|
6 2.9 12,5 1800 72 540 E
1
9 12.5 12.5 1800 81 540 @
' \
l
12 12,5 . 12,5 1800 95 920 1
1
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(b) Ouslitative ctservations:

The following bacterial changes were noted in

shrimps in storage:

At 6°C o 8% initially there was a large population

of coryneforms and small populations of Acinetobacter,

Aeromonas, Bacillus, Micrococcusz, Fnterobacteriaceas
and Staphylococcus.

As the period of storage increased

the populations of coryneforms, Acinetobacter, Bacillus

Staphylococcus and Ficrocoecus decressed drastically,

and populations of Psevdomonas, Aeromonas, Enterobacteriaceae,

Streptococcus and Morazglla became the dominant flora,
(Table 12),

Similar changes in flore wers observed in shrimps

stered at 22% to 2500, except that at this temperature,

the populations of Enterchacterisceas increased,
(Table 13),

Tables 14 and 15 showed that s high percentage of
the spoilage bacteria were proteolytic. One hundred
per cent of the bacteria isolated by the 12th day from

the shrimps vndergoing spoilage at room temperature

Were proteolytic, The indole producers among the isolates

from shrimps stored_at chilled or room temperature wers

few compared to the number of proteolytic bacteria,

|

e

e %, o b e
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Table 12,

Percentams composition of successive bacterial fiora during speilage

of shrimp semples at chilled temperature (6°c - 8%2)

sgzi{zéﬁ' gg;grée«» ?;:E;g:ig_ mﬁ;ﬁ;;;;“ Morazxella | Aeromonas %%j—;’ Bacillus %%gi—i—; %z-g gi:%:i‘:s %&E‘E‘;ug
3 T1.0 2,0 11.0 o 4.0 0 3.0 2.0 1.0 0
6 31.0 3.0 6,0 2,0 5.0 47.C 3.0 c C 3.0
9 | 210 | 10.0 40 | 2.0 1.0 |40 | w0 {0 | o0 3.0
12 9,0 18.0 2.0 2.0 11.0 55.0 ﬁ 0 0 2.0

RN




Pable 13.

Percentace composition of successive bacterial flora during spoilage

of shrimp samples at rcom temperature (22% - 25%).

Days/ [Enterobac- Aeineto- Norazella | Aeromonas | Poeudo- Bacillus] Micro- | Staphy~ Coryne~{ Sireptow
storage | teriacoeaze | bacter - - monag j=—=—-==-] coccus | loccoccus { forms coccus
3 25,0 | 2.0 2,0 14,0 0 2.0 0 2.0 53,0 0
6 2200 100 200 3560 5.0 200 0 200 31-0 0
9 20,0 1.0 2.0 47.0 11.0 o 0 0 18.¢ 1.0
12 10.0 o 3.0 63.0 17.0 0 0 0 6.0 1.0

O




Table 14,

Percentage of indole producers and proteolytic
‘bacteria on shrimp samples during spoilage at

chilled temperature (6°C = B°C)

Percenfage of

Percentage of

Days . .
indols proteolytic
storage producers bacteria
fut of & total of 100 isolates
3 14.0 80.0
6 22.0 Ti.0
9‘ 30.0 68-0
12. 16.0 64,0




O

Table 15,

Percentage of indole proeducers and protaolvtic
bacteria durmg sgo:.lage at room temperature

(22 =25 C)

Days Parcentagé of Percentage of
stors indole , proteolytic
ge producers bacteria
Out of & total of 100 isolates
i
3 67.0 80.0
6 40,0 13.0
9 65,0 48.0
12 21.0 100.0
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(5) The serobic bacterial flora of smoked shrimps,.

Table 16 shows the bactarial counts of smoked
samples examined, The counts at 37°C which represent
pathogenic populations were lower than the counts at
20°¢ which represent the total bacterisl load of the
shrimps. The shrimps processed in the laboratory by

drying had a lower bacterinl load and coliform count

than the smoked shrimps prrchased from loca’ processors,

High counts were recorded fér smoked shrimps from lagos

|
markets. Smoked shrimps from Elemankiri Village, had a
i

lower bacterial count and lower 'MPR* values for

coliforms and faecalatregtocneéi than smoked shrimps

obtained from Port Harcourt 1arkets,

The differences in counis for shrimps from different
8ources were probably due to variocus factors including
the microflora of the areas from where the -shrimps were

cbtained and also on the precaution taken by the traders

during processing and mariating,

The qualitative analysis of the bacterial flora of

the smoked shrimps is presemted in V¥able 17. The most

Trequently isolated bacteria weras Gram-positive cocci,

a

Coryneforms, Qggillus,'Pseudggonaa and Acinetobacter

Woere also isolated in lafge nuabers.

[ ——



Table 16 a

from various sources,

Bacterial counts of smoked shrimp samples

mads at 20%¢ or 37°C.

Isolations were

t
Source of sample Loglo cognt/ém Lﬂglo cognﬁ/hm
at 20°¢C at 37°C
Adeni ji Adele
Road 9-0 795
Ilubirin Village . 9.0 7.5
Blemankiri Village 5.0 3e3
Port Harcourt
Market 9.4 8.0
*NIOMR. 362 2.6
*Nigerien Institute of Oceanography and Marine Research.

oy
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Table 17.
Percentage compoaition of asrobic bacteria
flora of amoked shrimps
Bacteria Adeni ji Adele | Ilubirin | Zlemankiri | Port Harcourt
noad Villape Village Kerket
_ }
Mierococcus 45.0 ! 58.0 27.0 54.0
g
Staphylococeus 14,0 _ 8,0 2.0 4.0
i
E_Cillus 2.0 1300 200 4]
Coryneforma 38,0 - 20,0 44.0 27.0
Acinetobacter 1.0 0 6.0 560
Pooudomonasg 0 . 3.0 9,0 8,0

e —
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Salt and heat tolerance of some bacterial isolates. [

Some isolates including Micrococcus, Staphylococcus |

end coryneforms were tested for their potential for growth
and survival in different salt concentrations and for
heat tolerance, Table 18 ghowed that Micrococcus,

the coryneform spp, Bacillus cersus and Staphylococcus appL

could tolerate high galt concentration. The least salt

tolerant was Bacillus cereus and the most salt tolerant _

was Micrococcus spp which tolerated up to 23% salt solutionLo i

Presenca. of coliforns and faecal strentococel. on smoked shrimps.
Table 19 showed that shrimps purchszsed at Adeniji Road1

and Ilubirin markets in Lagos were rich in coliforms ‘

including . coli, and faecal streptococci whereas samples 1 !
from Elemankiri Village, Port Harcourt market and N.I.O.M.RJ 1
I i

contained few populations of the bacterial specises,

Escherichia coli was not detscted in the Samples.

(6) The serobic bacterial flora of frozen shrimps.

Table 20 shows that there was a rapid increase in
the bacterial load after freezing for 7 days and up to
14 days, after which reriod a decreaze in numbers occurred
The ini$ial increase in ths numbers was probably due to

the multiplication of the bacteria on the shrimp at the i

time of freezing but the decrease after 14 days of freezing
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Table 18,

Some charactaristics of fram—positive

bacteria isolated from Smoked shrimps

1
: Highest percentage | Inactivotion
Bacterial types of Nael tolerated temperature

o

c

Micrococcus sp 23.0 50

Staphylococcus sp 12.0 40

Corynefoms ap 20.0 50
Bacillus carecus 11.0 Spores not
m—— ® inactivated

at 100°¢

e
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Table 19,

SPEN' values for coliforms and fascal

|
8traptococei on smoked shrim@ from
yarious sources

€L

)

i

A3

ks

i

i

~ {

Coliform B, coli Faecal |

Places MPN/100 &m MPN/100 & streptococei j

smolked smoked KPN/100 gm :

shrimp’ shrimp smoked e

shrimp :

Adeni ji Adele ,

Road 350 1.8 1800 i

'i

Ilubirin : | l

Villags 300 1.5 1600

'i

Elemankiri i

Village 10 0 16 !

i

Port Harcourt "i

Market 17 ¢ 17 |
NIOKR 5o 0 608 l {
j ¥
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Table 20,

Baeterinl counts of shrimp

after freezing, Isolations were

samples

made at 20%¢ or 7%

|

-

Duration (in days) L°310 cauﬁt/ém chlo count/gm
of freezing '} shrimp tissue shrimp tisaue
of shrinps at 20% at 37°%

0 509 5.7
7 9.9 8.1
14 9.7 9,9
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would result from the lethal effect of low temperature
on the bacteria.

Table 21 shows that the MPR/100 gm values for

coliforns were reduced from 1600/100 gm shrimp tissus

obtained for the fres@ly caught shrimps before
freezing to 10/100 gn after freezing for 21 days. The
values for faecal streptococei incremzed by the end of

21 days.

The percentage composition of the bacterial

types‘throughout the freezing period wes similar to that
on the freshly caught shrimps with Gram-positive bacteria

¢.g. corynsforns, micrecocei, and streptocoéci.predominen
ting. (Table 22),

(7) Role of bacteria in spoilage of shrimps, using

trimethylemine (T.M.4.) and indole production
88 chemical indices,

All tho isolates tested for T.K.A. production weras
capable of reducing trimethylamine cxide (T.H.A.0) to

T.M.A. The histogram inéfigure Idishows that Aeromonas sp

C. produced more T.M.A./109 gum sbrimp tissuo than the
other bacterial isolates,

Starhylococcus and Mierococcus gpecics did not produce
indole. _Asromonas sp. C that produced the largest quantity

e
of indole produced only 4.2 T.M.Aﬁﬁﬂyioo en ghrimp tissus

i

R
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Tadble 21,

t
3

HER' values for coliform and faecal
8treptococei on shrinps after

freezing
and thaﬁin.r;o
. Faecal
Coliform B. coli
Days L . atreptococedi
MPN/100 gm | HEN/100 & HPN/100 em
0 1600 0 10
7 225 0 10
14 16 0 12

e e
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Table 22.
Percentage composition of successive bacterial flora of
 shrimp samples during fyeeging and thawing,
Percentags composition of bacteria
Days :
Coryne~ | Micro- | Strepto- Enterobac Pseudo-
forms coccus coccus Bacillus Aeromonas teriaceane monas %ﬁ'ﬂ
o 46,0 | 20.0 25.0 6.0 1,0 1.0 1,0 o
7 | 4.0 20,0 23.0 6.0 1.0 1.0 5.0 0
14 40,0 20,0 18.0 6.0 2.0 8.0 6.0 0
21 25.0 18.0 16,0 8.0 3.0 17.0 9,0 4.0
i
1) i o4} &) q Ay
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(Pig. %") Of the 33 bacterial isclstes tested, only

17 were indocls-préducers., It is significant that the
indole=producers were also able to reduce T,M.A.0, to
ToHohe (Fig. (2.

(8) The physiolocical rroperties of bacterial isolates from

LY

freshly causht shrimps and sneilt shrimms,

The physiolozical characteristics of the bacterial
isolates from freshl::,r-caug’nt shrimps and from shrimps in
the process of svoilage are given in tables 23 and 24

respectively., It is significant to note that all the

k)

coryneform species isolated frem shrimps undergoing
spoilage wers all proteolytic, while only two out of
the four corynefornm apecies from freshly caupht shrimps

wers proteolytic. All the bacteria isolated froz:

W

freshly caught sarimps were non-indole producers.
521t tolarance tests on the isolates showed that
mest grow best in 2 - 4 per cent salt goluticns,
Table 25 ghows the maxrimum salt tolerance for some of the .
isolates, Pseudamgnig IT tolerated up to 4 per cent salt I
Bolu"cic;ns.

{9) Isolation and characteristics of chitineclvtic bacteria,

Direct plating out of shrimp tissue or sea water
samples on chitin ager vas found not to be suitable for

isolation of chitinolytic bacteria probably because they

e - occur iv small numbers both ir sea water and on shrimps,

T AT SO R ST TG VT T 4 S e e e

o aen a



Table 23.

- - Physiological properties of some of the bacteriam isolated from '(reshlx caught' shrimps,
gelatin S o oxida- oxida- oxida-
Bacterin 1iqueifi- Indolo Nitrate Starch Action in | Fermentationj tion of tion of tion of
tion production | reduction { hydrolysis 14 tmus milk of glucosa ménbiitel-|-lactese sucrosd
Agromonnd SP. A - - - \ - Ac + - - -
Aaromonas BP. B + - - - .+ Ac + +z +g +2
Aoromonas 6p. D- -~ - - 4 Ac T - - +
Aeromonsg Bp. F + - - + R + _ - - - -
Entercbacteriaceses . ,
gp. B + - - - Ac - + - - -
Enterobacteriacose
sp., C - R I - - R + - - -
Corynefcorm'sp. B T+ - - + Ac + - +5 ' +z
- f
Coryneform 8p. C - - _' - - ' B - +2 - -
Coryneform sp. 1 + - + ! +-' =R . + .= - -
Corynasform sp. K - - - + - Ag. + - T - -
-~ N ! i
staphylococcus sp. A - - - + i % - - +g
Starhylococcus sp. B - : - - + a Ac + f +2 - +g g
Stephylococcus Bp. B - N - - n .- ) + - + +
EEYf A = zcid ic = mold elot . R = reductien . [ g lm -geal )
. L . Tt ,... : e *
S SN ' .
‘," N " = _ - - .
- i . Y
v s T S S
' e ; o "
¢ l\ ; . ’ l\‘
. 4\ ] 'y > ’ N s \\ | f
o NN, A L S .
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e o SiLITyA v sy s MR UPEIMIO3 OF SOmG 01 The bacteris jsolated Trom shrimra under

e
4

Bacteris Solatdn | macte Nitrato Starch totion in | Fermentation | Orida- | Oxida- | Oxida-
R . tign productiou | reduction hydrolysis | M tmus milk} of glucose tion of | tior of tion of
e )8 o ‘ mannitol | sucross lactose
Bzcillus Bp. A - . -+ - N -;:- T e - ) de ) + g - - -
Pgoudomongs IX _ + - + . - - N — === E—
Aeromonns sp. C | - - + '\\ + 4 o+ 1 =g +g
Aeromonag 8p, B ’ + - - - .‘ de + - - -
Entorobacteriaceas : . E - 7
ap. D + ' L - - ] R + . +8 e .+
Morazella sp - -+ - - + Ac . - | - - . -
Coryneform sp. D + o S - ‘ - + - Ac ! o+ 7 +£2 +§ +g
Coryneform sp E ' + oA - + K “ - . - e e
Corynefornm sp, ¢ B EERTORP A S + + ' R I+ - - -
Coryneform ap, J + - - P - . R ' + _ - - ‘ -
Staphylococcus Bp‘.- D . 4 3T = - - E : + . ) - - R
+ - . 1 . ‘ R - . . . . |"
Staphylocooows sp. P+ 1 . LI SR B Y 1. o+ - - -
KET: A = acid e = geddclot. R = rodiction’ | g = gas. -/ /. ;
; b ’ . . . ¢ s . J : . ' . r: . .
\ - X ‘ TR ; ' ' \ .
- - ) L - , w : Vo
' L e . s { ‘ . - e
f .t v A . 3
y Dl e )
i i ‘a 4 o
S . - - - . .
/ N ’ . -
vl . ‘ - . e o ’
, o ) . x 4 [
, v i e
At ~{h oy A o
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Table 25,

Effact of salt concentration on the_survival of bacteria

Max. Nacl concentration ‘
Bacteria (# v/ ) pormitting growth
of bacterial isclates,
Iacillus sp. 4 8.0 ;
Bacillus sp. B 10,0 I\ ‘
Psevdomonas IT 1 4.0 |
Aeromonss ap. A 11.0 |
Aeromonas sp. B : 6.0
Aeromones sp, € 6.0
Aeromonas sp. D | 3.0
Asromonas sp. B 'l 9.0 i
&e_romonés sp. F '1 7.0 'L
Enterobéét_er:lacea% 8p. A 6.0 11
m‘berobacterinceaé 8p. B 15.0 i
_Enterobscteriacese sp, C 10,0 | ,'\
Ente.robaétariacaae'_ap. » '10.0 | "1
Enterobacterizceas sp., B 10.0 |
Yorszella sp 5.0 E
Corynefom ap. 'A 20,0 2
Coryneforn sp. B 4.0 - !
Coryneforn ep. C 9.0 ‘ ) i
Coryneforn ep. D 9.0 1 '
Coryneform 8p. B 3.0 |
Corynsform sp. F 9.0 i "
Coryneform ap., G 6.0 | \
- Corynegfom 8p. H £8.0 1
Coryneform ép.' I 9.0 '
Coryneforn sp., J 5.0
Cor:;;naform 8p. K 12.0
Stavphylococcus sp. A S.Q .
Staphvlocoecus ap, B o 5.0
Staghzlopoccus aps; C 12.0;'
~Staphyloceccus sp. D *  * {= P TR e
Stavhrlococcus sp, B 6.0
Stephylococcus gpe F i0.0
Hicroceoqua 5P 23,0 .
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Chitinolytic bacteria were therafore isolated from sanples
by enriching for 14 days in a chitin enrichment madium.

The ohserved length of time for the appearance of haloes on
chitin agar plates, subcultured from enrichment medium
inoculated with gut contents of shriwmps, or with sea water
ganples was 6 days, The visible dissolution of colloidal

c¢hitin on the chitin agar plates was taken as evidence of
extracellular production of chitinase by the mixed culture
of bacteria. The chitin agar plates subcultured from
enrichment medium ineculated with ths shell and surface
washings of shrimps showed incipient decompesition of chitin
after 20 days. Although bacteria which were unable to
decompose chitin grew well on the c¢hitin agar plate, they
did not produce any clearing and were therefore easily
distinguished from chitinolytic bacteria by means of tests
suggested by Hendrie, Mitchell and Shewan (1968), for
identification of marine isclates, colonies showing haloes
around them on the chitin agar plates were picked and
purified from the mixed cultures and identified to generie
level. The chitinolytic bacteria isclated frou sea water

were Vibrie alginolvyticug, Bacillus cereuns, Aeromonas Spp.

The chitinolytic bacteria iscleted from sea water were Vibrio

alzinolvticus (Table 26), Bacillus cereus (Table 27) Flavo.
bacterium spp and Aeromonss spp.” The chitinolytic bacteria

isolated from the gut of freshly cauvsht and frozen shrimps

were Vibrie alminelyticus, Pseudomonas spp, end Bacillus cereus

S A g ey cTae g

whilst-Vibrio aleinolyticus, Acinsiohacter app and Bacillus

ggreus were isolated from the shells and surface

-, R 'Y -v;,;ia.w -



Table 26. R

' X

' . Characteristics of ¥. alginolyticus

Teat Reaction :
|

Motility +
Flagella Peritrichous and polar flagella at !
20 ¢ on solid medium, Polar o | :
flagella in liquid media at 37 C. ; !
Gram Stain - . i

Hofphologyoon sea water
agar at 30°C 24 h.

Colony appearance 2& h.
sea water agar at 30°C.

Growth in liquid medium
sea W3ter. broth 24 h
at 30°C

Oxidase

Catalase

Indole production
Methyl red
Voges-proskauer test
NH3 from peptone
Nitrate reduction
Urease

Citrate utilization
Gelatin atab

Litmus milk

Arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase

Paptone water sugars:
Glucoae
Fructose

Lactose
Sucrose
Maltose
- Mammitol. . .
Glycerol
Starch
OF medium (glucose)

Antibiotic Sensitivity:
Penicillin
. Streptomycin
. Chloramphenicol
Tetracycline
Novobiocin- -
- Polymyxin B 7 -
' 0/129 a2 N
»,——TCBS, mediumy(Thiosulphate
- ¢itrate, bile salt
Facl tolersrce™. <
L3 . T

h

Medjium rod, sides parallel or
8lightly bulging, ends rounded and °
tapered, occurring singly and in pairs.

i

Off-white, raised, opague, very mucoid, :
1.0=-2.0 rm diameter

Uniform turbidity

+ + +

+
+ (weak)
+ to KO

Stratiform liquefaction
Complete peptonisation ’
+ r

Acid .

Acid

Acid £
Acid

Acid - . .
Acid ]
Acid . ‘
Fermentative

S S

Yollow ~

No growth at Of. -t
Growth at 0.9%, 7.0% and 10%. |
-7 1

AN

i
¢
t
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Characteristics of Bacillus cereus

Roact{on.

Teat
Hotility -
Gram stain +
Morphology Roda, 4«6 um in length 1-1.5 nm
in width., Cells singly and
in chains. Spores elliptical,
. central or paracentral, not
dlstending the sporangia.
Oridaso -
) Catalsse ‘ +
Indole production -
. Hethyl red -
Voges-Proskauer test i S
Nitrate reduction . i 7+ to ﬂ02
Citrate utilization +
- Propionate utilization +
Gelatin stabd +
. Lecithinase +
. Casein I +
| Arginine dihydrolase +
. ‘Tyrosine J - + {weak)
.Dihydromcetd}:_e production + (veak)
' Phenylalanine deamination - - i
) lysozyme resistance + .
-~ Paptone water sugars: i
) Glucose P
Trehalose ~ +
‘GAlycerol ' s
Lactose -
Arabinose -
Xyloso -
Rharmose - - iy
Hs.nnitol. -

, Bydr;)gen sulphide production
Growth in 9% Hael
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washings of shrimps. . ’ . Thoe isolates of

V. alginolyticus were atrongly chitinolytic and these were

therefore selected for further study.

10.

Optimum conditions for production of chitinase on

s0lid media _
As shown in table 28, the pH value of the media
affected both the growth and production of chitinase by

V. alginolyticus. Maximum growth occurred on the agar

between pH 5.5 and pH 8,0. Maximum chitinese production
was observed between pH 6.0 and pH 7.0 and there was more
clearing of the chitin in the media between this pH range.
The optimum temperature for chitinase production by
these organisms was between 20°¢ and 30°c. Although fhere
was congiderable growth at 3700, there was no visible
clearing on the plates (Table 29).
The effect of the carbon sources, glucose, glucosae
mine hydrochloride and N-acetyl-glucosamine on the production
of extracellular chitinase is illustrated in ! Flat@"g.?:g-*} .

f?&ﬂg,gﬁashows that V. alzxinolyticus was strongly

.chitinolytic. There was not much stimulation of chitinase
production by the addition of glucose and glucosamine
hydreciiloride, bscause the bacterium was strongly chitinolytic

on chitin agar plates without these carbon sources.

Qband ﬁd were control plates of glucosamine

5 \\? e

hydrochloride and glucecse respectively, with no added chitin.



Table 28.

Effect of pH value on the srowth and production of chitinase by V. alzinolyticus,

Incubation tims (days)
-2 : 4 . 6 ‘ ‘ .8 ic

pg grovth glearing growth clearing | growth clearing j growth clearing { growth clearing
5 + e + - + + + + + +

5.5 + - ++ - -+ + ++ ++ | an ++

6 + - +; + +++ ++ o+ +++ +++ S
6.5 + - + + +++ o 4 T aad 4

7 + - ++ + +i+ ++ 4+ +++ ++ -+
7.5 + - ++ - 4+ + L2 + +H+ +

8 + - ++ - -+ + +++ + +++ +

The organisms were grown on chitin agar plates. Incubation was carried out at 20°c.
= No growth and no clearing.

+ Slight growth or slight clearing N
++ Considerable’ growth or gonsiderable clearing ‘ -
+++ Heavy growth or heavy clearing ‘ !

S8 1™ A A W
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Table 29,
Effect of temperature of incubation on the growth and chitinase production by ¥, aleinolyticus
Incubation time (days)
2 4 6 8 lQ

'.Bgénp. growth clearing | growth clearing | growth clearing | growth clearing | growth clearing

20 + - ++ + -+ o T+:.- ’ .“'I-H- ..... ~+-t-+ +++ ++4

20 + - +~+ ++ 4 +++ +++ +++ +H+ +++

37 + - ++ - ++ - o - 4t -

The organisms were grovn on chitin agar plates (pH

it,,

No growth and no Cclearing -
Slight growth or 8light clearing :
Considerable growth or considerable clearing
Hzavy growth or heavy clearing

LY

adjusted during media preparation to 6.0).
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Plate 2. Chitinase production on agar
plates by V. alqiholyt;cus.
? o
3 ;- %+ “(a) Bacterium'on chitin agar plate
, 4 S Note the heavy clearing of chitin
1 L by the bacterfum.* ™~ ™ |
i (b)  Bacterium on glucosamine hydrochloride
% agar plate. No clearing. .
ro i’ e “‘"“ FE Ty, Jpilen _‘U::':q.i;:}"_;:j. w ms Ry
- (c) Bacterium on chitin glucosamine
j . Coe. ' . .
Y . . hydrochloride agar plate. Note
ihig@ﬁJ.rs - . the heavy growth and‘clearing
B
I
=
i
i
|
B ' .
I

L ma Tl






' : _ \
Chitinase production on agar plates by V. alpginolyticus, !

4

\

'
]

() Bacterium on chitin agar plate. HNote the
hegvy clearing of chitin by the bacterium.

(b) Bacterium on glucosamine hydrochloride agar
plate. No clearing.

(c) Bacterium on chitin glucosamine hydrochloride
agar plate,. ﬁote the heavy growth and
clearing. |

(a) Bacterium on glﬁcose agar plate. Fo clearing.

(o) Bacterium on chitin glucose agar plate.

Note heavy growth and ¢learing.

L] L3

B T
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Table 30 shows that there was more growth on chitin N-acetyl= .

glucosamine agar plates but less clearing occurred

A similar observation was made on the Peeudozonas sp.

ey e

(P(ﬂ#.g). Vith B. cereus fPlnfel-}- }s chitinase production on the ,
solid media was stimulated by glucosamine hydrochloride (P -\‘ )
and not glucose (% “\{__5 '

1l. General Erogerties of V. alsinolyticus chitinase.

Vo slginolyticus was chosen for further work becausa

it was the most sirongly chitinolytic of all the isolates.

()

Bffect of tenpalrature on enzvme activity and stability.

e |
9
The data presented in*{[gure ‘:‘,‘[%‘:show an optimum

temperatureof between 55°C and 57.5°C, with activity

rapidly decreasing bsyond this point '

The temperature stability of the cnzyme was investi-
gated by pre-incubating the enzyme solution for 15 minutes
before assaay.

|
This decreased the activity at temperatures
higher than 40°C (Fig.<§3%? At 52,5°C, about 50% of the
activity was lost, and at 60°C the activity was completely ‘
abolished by this treatment. Routine enzyme assays vere l‘l
conducted at 37 C as there would have bsen technical l\

difficulties at higher temperatures, e.g., bubblie

formation in cuvettes.

e v et

T R et
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Table 30,
Effect of additional carbon sources on the growth
and chitinage productio__n by V. aleinolyticus
Incubation time (days)
Vedis 2 4 6 8 10
. pH
6.0 .
growth c¢learing | growth clearing { growth clearing | growth clearing| growth clearing
CA + - 4+ + H+ ++ ++ g v 4 C
LA + |
Nacetyl= ~ A ,
glucosa~ s 4+ + -+ + -t ++ ++ ++ 5
nine
|
CA +
glucosg= ‘
mine + + ++ et 4+ +++ 4 4+ +++ +++
hydro- ' : '
chloride . )
CA = chitin agar
Incubation was carried out at 20°C.
- Ko growth or no clearing ‘ .
+ Slight growth or #light clearin '
4t Considerable growth 6gr considerégble l
4+

Heavy growth or heavy clearing

aE-

h

c¢learing
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Chiti 257 production dn'adaft;

. Pseudomonasraéruqihcsa

(53

v

| Bac ..» :um on, chitin glucose agar

pla\:\ Heavy growth and cleéring.

Bacterium on glucose,agar plate.

.xrv

Swarminq growth but no clearing.
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(a) Bacterium onchitin glucose agar plate.
»._' ", Heavy growth and clearing.
{b) Bacterium on gluéose agar plate, Swarming
| growth, but no clearing. ‘
{c) Bacterium on chitin glucosamine hydrochloride
agar plate; Heavy growth and clearing.
(d) Bacterium on glucosamine hydrochloride agar

plate, No clearing.
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(a) Bacterium on chitin glucosamine hydrechloride

agar plate. Heavy growth and considerable

¢learing.

" (b) Bacterium on glucosamine hydrochloride ager

plate. Considerable growth but no clearing,

(¢} Bacterium on gluccse chitin agar plate.

growth and ﬁo clearing.

Slight
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.- The effect of femperature on enzyme activitz

This is a plot of normalized reéults for the rate? of
enzyme activity (V) against temperature. The value-s wore
" normalized at 45°c and enzyme activity expressed a;s pertlzentage
of that at 45°C. These values were: l ' "
(1)o———0 ¥V = 0.020 pmol/uin of 3, 4-DFP released.

Enzyme concentration was 75 pe

protein/ml of stock enzyme solut%on.
(2)yo—= v

0.016 )mol/min of 3, 4-DNP released.

I - o

Enzfme concentration is 50 e prgtein/ml
. | ‘

of stock enzyme solution.

r Ly

RV 43+ R i I o AP p e

V= énzyme activity expressed as 3, 4-DNP- released

AT

(}mol/min). . :
The standard assay using 3, 4-DNP-TNAC was used. The ‘ o
mixture was reacted at the different temperaturec and V

recorded for 10 minutes at 3700 using SP 1800 at 400 nm.

4 %h
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The offect of preincubating enzyme bafore ASSay

Enzyme activity was expressed as pefcentage

of that at 40°C. Actual value at 40°C was V = 0.016.

ymol/nin of 3, 4-DNP released.

Enzyme solutions were heated in an e?octrical
heating Block at the different temperatu%es for
15 minptes. The enzyme solutions were ﬁooled
dewm to 37°C and rate of activity neasuied using

the standard 3, 4-DNP-TNAC assay.
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(b) Effect of pH on enzyme activiiy.

-

The effect of pH on engyme activity'is shown in

5.5 - 6.0 for enzyme activity.

1
\

\

{

o

f;gureijﬁi} The assay results indicated a pH optimum ofi
..Subsequent assays were \

' t

run at pH 6,0. The optimum pH for activity obtained for .

enzyme using the 3, 4=-DNP-TNAC assay was corrected using

the pH curve for the compound 3, 4-DNP-TNAC, There was
& complete absence of activity at pH 3.0.

() | | -

Effect of buffers on enzyme activityv,

Table 31 shows that there was no inhibition of

enzyme activily by the 2 biological buffers and
¥cIlvaine buffer.

bs made up at pH 7.0 and above, which was not the

optimum range of enzyme activity, therefore the

McIlvaine buffer was used for all assays. At pH

6.0, FeIllvaine buffer had the same value for V as
the 2 biological buffers.

Decreasing the molarity of the buffer soiution -

had no effect on enzyme activity (Table 32). The

buffer concentraticn did not inhibit ox stimmlate

the enzyme in this range. '

The bioclogical buffers could only ' '

[OTUIU ER,
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Bffect of pH on enzyme activity

All values are a percentage of maximum
enzyme activity (V) achieved. 'The two values
corresponding are:

() 95 pg glucose/ml released at pH 5.5 using

the reducing -sugar test .o0—

¥V was expressed as »e glucose/nl released,

(b) 0.018 pmol/min of 3, 4-DNP released at pH
" 6,0 using 3, 4-DNP-TNAC assay >——©
V wgs expressed at }xmolfmin of 3, 4~DNP-

feleas ed,
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Table 31. ‘\u
Effect of different buffors on enzyme activity ‘}‘
" " \
PH 7.0 0.1 ¥ solution v %% Activity :
. “‘
1. 78S (N-tris (hydroxymethyl) “_
pethyl2-aminoethane sul- l‘
phonic acid) 0.018 100 1
, ‘ : i!
<" 2, HEPES (N-2-hydroxyethyl N
piperazine K-2-ethanew |
- gulphonic acid) S 0.018 100 i
3« Ucllvaine buffer 0.017 94.4

* Activity expressed as percentage of velocity with Ta&S.
'+ V= pmol/nin of 3, 4~DNP liberated
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The effect of buffer concentratior on

W, .

- enzynme activity

: ‘J ) e ‘\‘.,_

[ S
T

¥

Molar concentrations

MeIlvaine buffer pE 6.0

% % Activity

0.1

0.,0163

95,24

0.01

0.0175

100,00

0.001

0.0173

938.84

0.0001

0.0170

97.14

+ V=jmol/uin of 3, 4-DNP liberated.

[N

Activity expressed as percentage of valocity
at 0.0l molar concentration
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12. Kinetiec properties of chitinase from V, alginolvticus.

(a)

(b)

Effect of enzyme concentration on enzyme getivity.

There was & linear relationship between enzyme

concentration and activity., Increase in ensyme

" concentration resulted in loss of linearity after

500 pg protein/ml concentration (Fig.’ ’é) ‘wntil
increasing the enzyme concentration had no effect
on the en+yme activity. The proportionallty
indicates that the assay was free of inhibiting
substances which coﬁid cause a decline in
activity as the concéntration of enzyme was
ircreased. The enzfme gctivity was linear for
only 1 minute at an enzymé concentration of 980
pg protein/ml, 2,25 minutes at 490 pg protein/ml,
and 10 minutes at 245 g protein/ml and lesser

concentrations,

The aeffact of substrate concentration on eﬁzxga
activity. '
The routine assay of the engyme was based on

hydrolysis of the synthetic substrate 3, 4=-DNP-TNAC

=%
by the enzyme. Fig,:tggig a graphicel determination

of the Hichael;s~ﬁenten enzyme-substrate complax._qﬁ%"?y

At 1ow substraue eoncentrationa, the rate of release’
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Effect of enzyme concentration on enzyme
A ' activity

Enzyme activity (V) was expressed as

“percentage of that at 980 pg protein/ml, The !

value (V) at 980 pg protein/ml of enzyme solution
was 0.12 ymol/min of 3, 4-DNP-released. The o

standard 3, 4-DNP-TRAC assay was used,
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Graphical determination of enzyme-substrate
complex using Michaelis-Menten plots

; . The 3, 4~DNP-TNAC was the substrate (S)

used,

V is the ymol/min of 3, 4-DNP liberated by

enzyme,
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of 3, 4-ﬁHP/Ein. by enzyme was constant. The
naximum velecity of reaction (V) eccurred at a
substrate_ccncentration of 0.227 ivM, whon the
enzyne was saturated with substrate,

The substrate concentration at half méximum
velocity of reaction (Km) and V valucs were
obtained from reciprecal plots (Iineaweaver-Burk).
The km values obtained for 2 experiments were
0.0071 mH and 0,0077 il (Figs. 48, and’{l?).

L

Enzyme inhibitien in the presence of excess

substrate was observed at a substrate concentration

of 0.45 mY and above (Fig. E‘J‘ﬂ
- i

Enzyme activity on other subgtrates,

The enczyme preparation wag tested for other énzyme

activities associated with the preparation. This was

ability %o hydrolyse p-Nitr0pheny1—ﬂ-acety1glucosaminide

(substrate for H—acetylglucosaminidase) end Micrececcus

1vsedeikticus cells (substrate for lysozyme),

The enzyme was incapable of hydrolysing either e¢f thesa

gubstrates, A control experiment for hydrolysis of

M. lysodeikticus cells carried cut simultanecucsly by

reacting lysozyme with li. lysodeikticus celle.

The rate of lysis of the cells by this lysozyme
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3& lineaweaver-Burk reciprocal nlot showing
inhibition of chitiiase by excess subatrate
(3, 4=I'NP=TNAC). '

Deta for this plet were obtained by varying ' f
the substrate concentration wnder otherwise
standard assay conditions, using 3, 4~DNP-TNAC,

V in the umel/min of 3, 4-DNP liberated by 5

eNzZyme. ' ' , I

t

0 5 A

_‘;.:,—, e h,! ‘i_

SR .
."4'3.'- ,gd-“é!.‘ﬂigmw\w:l'ﬂ;'ftp.f .. _? o

EN T

o

5

T




iy

(SImM

w%. a ....m.h

.

]

-an

. 2

——

-

t ety o b e mne e
-

il

O

i 1% o Ao % A AT e

3
Hm

© vy

«»ﬁ&: faki wf&?

% 3R AR e R P T Dbt Lo, g I i e N I L, < et 2 DO



P )
3 T L

S U U NS, TAETTERILA 1 J o b mamRen i 3 ot

FMaure E!S; Lineaweaver-Burk reciprocal plot

Km values were obtained from this reciprocal
plot. This is an expanded graph of figure 22 to
shew more clearly enzyme inhibition by exceas

gubatrate,

V is the jmol/min of 3, 4-DNP liberated by

enzyne,
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vas 24 units, Ome unit is equal to a decrease in

absorbance of 0.001 per min. at 450 mm at 30°C on &

spectrophotometer. There was no change in absorbancy,

when the enzyme preparation of V. alginolyticus was

reacted with the lysozyme substrate. Lysozyme had an
enzyme activity (V) of 006 }moi/min of 3, 4-DNP

released, when tested on 3, 4~-DNP-THAC.

Thers was no detectabls hydrolysis of p-Nitrophenyl-
N-acetylglucosaminide by V. aiginolyticus enzyme

preparation after incubation for uf to 40 minutes.

H—acetylgiucosaminidése vhen rescted with 3, 4-DNP=-TRAC
did not hydrolyse the substrats.

(d) Bffect of various compounds on enzyme activity.

The enzymic hydrolysis of 3, 4-DNP=-THAC was not
affected by most of the added compounds (Table 33).
However, colloida@ chitin and alpha chitin (Sigms)

behaved as inhibitors.

(¢)  Effect of chitin on enzyme activity.

Colloidsl chitin proved to be a2 very powerful
inhibitor of the enzyme activity on 3, 4=DNP-~THAC,
From plots of Ve/Vi (control welocity over velocities

in presence of chitin) against colloidsl chitin concente

ration (Fig.20), the V (pmol/min of 3, 4~DNP-released)
%
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-y 7777 Table 33. F
/ff., W2
IS I

Effect of various compounds on enzymic activity

AT
4l ol

%
.‘ S
5 Compounds amol/min 3, 4-DNP-released % sctivity
Control : 8;0 m
N-acetyl-pD-mannogamine ‘ . 8.4 165.0
N-acetyl-D-glucosamine . 8.2 162.5
' J | N-acetylensuraminic &4 . : 7.8 - < 9P5
- 1 ’ :
o Agglutinin wheat germ _ 7.9 98.75
H p— =
{ *Micrecoccus lysodeiktiais cells 8,2 162.5
i
; #Chitin (Sigms) - 7.3 91.25.
{ *Colloidal chitin 3.9 48.75
* 1 mg of the various compounds were added to 0.5 ml enzyme preparation, 0.5 ml
y of 0.1 M KcIlvaine buffer pH 6.0, and 0.1 ml of 0.45 mH substrate (3, 4-DNP~TNAC).
After 10 minutes incubation at 37 C, the absorbance was read as for standard as8ay.
; o *Colour yield read after centrifugation.
. ‘_é N a
E \
':-i
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(a)

(b)

R

s . .t L SR, . . ! . .
B T T L NP R S A v SR i e P P SN

Effect of different concentrations of colloidal
chitin on rate of hydrolysis of 3, 4-DNP-TRAC.
Dizon plot (reciprocal of enzyme activity
against inhibitor concentration) for the

effect of codlsidal chitin on enzyme activity,

Two substrate (3. 4~DRP-TRAC) concentrations

were used:
s .
1 @ 0.045 mif
s, o———o 0.0225 mi

The standarﬁ assay conditions were used,
oxcept that the substrate concentration was
varied, and varying colloidal chitin concentra~
tions weré added,

After 10 minutes incubations at 37°c, the
reaction was stopped by heating at 100°¢. The
tubes were centrifuged and colour produc#ion of

supernatant read at 400 nm,
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vwas groatly decreased, because the enzyme was adsorped
by chitin, and the enzyme-chitin complex does not bresk
down to yield the colour. _

Figures 20b and 2 showed that the slopes varied at
-the 2 &iffarent substrate concentrations 0.045 54 and
0.0225 mM. As the slope waaidependent upon the substrate

" concentration, this is considtent with competitive
inhibition (Dawes, 1972).

The degree of inhibition was dependent on the
relative concentrafions of -the substrate. From the
Plot of velocity (V) against substrate concentration (s)
(Fig. g:%), the V increased with increase in substrate

-concentration.. The iphibition was lower at higher
substrate concentration,

The plot of reciprocal enzyme velocity (1/¥)
against reciprocal substrate concentrations (1/s)

(Fig. 23,) illustrates the differences between the
-degrees of inhibitien by colloidal chitin and alpha
chitin, There was little inhibition ‘by alpha chitin.
The Em for 3, 4~DNP-TNAC in the absence of cﬁitin was
0.0077 mM, A linaar regression line was calculated
using the formula built into 2 Sumlock COmpucorg 340

el

(r) was 0.98 and the slope was 1.27.

' Microst&t;stxclan Caleulator. The regression coefficient * © -
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BEffect of different concentrations of alpha . :
chitin (Signe) on the rate of hydrolysis of !
3, 4=-DNP-TNAC by enzyme, at' two substrate ~.
concentrations. . .
| | | O———B 0,045 my b
: O——— 0 0.0225 oM N
The standard assay conditions were used except Lk
: :3
that the substrate concentration was varied, and : “ %
varyinfg- alpha chitin concsntrations were added. | 3}
B
After 10 minutes incubation at 37°C, the | i
. v b
- reaction was stopped by heating at ,100°c. The oI
tubss were centrifuged and colour production of Lo
. . ‘ ' S
supernatant read at 400 nm. - ' | 1
v
B
b
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Fiewe 22,

Bffect of substrate concentration on

dnhibition of enzyme activity by chitin

The standard assay conditions were used
except that the substrate ceﬁcentration was
varied and that to one series of substrate was
added ollojdal chitin ©———@ and o another
alpha chitin &

—A
both to a final

concentration of 4 mg/ml. A third series O—0
had no addition,

After 10 minutes incubation at 37°C the

reactions were stopped by heating at 100% cooled,

centrifuged, and the supernatant read for colour

production at 400 nm,
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Flgure Z3. o . ' -1 3
Effect of chitin on hydrolysis of 3, 4-
DRP~THAC by V. alginolyticus chitinase
. | ‘
The standard assay conditions were used excspt 3

that the substrate concantration was varied and that'

to ome series of substrate dilutions was added a ' &

colloidal chitin O—— o and to anothor algha
| chitin &———A both to 2 final concentration of | 5
4 mg/ol. A third series @@ had no sdditions, | 5

After 10 minutes incubation at 37°¢ the

reactions were stopped by heating at 100°c, cooled,

centrifuged, and the supernatant reed at 400 mm for
. . ¢elour production, : : _ .
V is pmol/min of 3, 4~DNP liberated by enzyme,
i
! i
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In the presence of colloidal chitin the Ko was
increased to 0.6 mli with & regression cosfficient of |-

0.99 and & slope of 46,90, In the presence of alpha \

chitin the Km was 0,018 m¥ with & regfession coefficient
of 0.99 and a slope of 2,52,

‘The Dizon plot (1/V against I) gave a ki value of
72 mg for alpha chitin (Fig. 24). The i value for ‘
eolloidal chitin could not be determined from = Dixon !
plot, because therg ves the adsorption of eﬁzyme to chitjn,

4 sample of 1 ml of enzyme was sdded to 4 mg

}

e0lloida} chitin and imnediately centrifuged for 2.5

minutes, The supernatant thus obtained was used as the
enzyme solution and tested for chitinase activity using |
the 3, 4-DRP~TNAC standard &ssay. This gave an snzyme 'i
activity (V) of 0.002 umol/min of 35 4-DNP released, A |

control tube with 1 nl enzyme but no added chitin was [

|

|

t;eated the game way. The supernatant obtained from the
control when assaysd for chitinase activity had a V of
0.018 mol/min of 3, 4~DNP released, which showed loss
of activity fron the supernatant obtained after reacting 1
with colloidal chitin. Thias adsorption of enzyme by 1

colloidal chitin made it impossible to obtain Ki values

for colloldal chitin,
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Figure Eyf;
Dixon plot (reciprocal of enzyme activity
against inhibitor concentration) for the effect
of alpha chitin on enzyme activiiy at 2 different

substrate concentrations.

l. o—— 9 0.045 i

2, O——O0 0.0225 m
The intersection of these 2 lines gave a

value of Ki of 72 mg/ml,
V 15 the ymol/min of 3, 4-DNP liderated by

enzyme,
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13.

. presence of chitin (1%). The protein content was higher

of shrimps.

. A Ny

. 9%

Chitinase production by V. alginolyticus in liguid medium.

V. alginolyticus was grown in sea water medium

Y,

e ATy U

(peptone 0.9%) and yeast extract 0.1%) in the absence and

DR,

¥

at zero hour because ;:f the peptone in the culture., As

"

g T empe

]

At B A B B e o,

the peptone was used up by the bacteris as a carbon L

e —— -

&

source, the protein decreased in quantity, ' o b

Rt

The chitinase activity in culture media with chitin

—— .
. T

g, e
SETIR e G

reached & peak at the 6th day (Fig. 515). The enzyme

ot +
PR SR ML N LI

was extremely stable in the culture. ¥eak chitinage

activity was observed in cultures without chitin (Fig. 2b).

et e ]
?

Since there was & higher yiesld of enzyme sctivity

£ T
% RIS

2 )

in the presence of chitin, chitinage productilon by
Y. alginclyficus appears to be inducible to & gmater
ext@nto

Gut content of shrimpsa.

Phage contrast microscopy of wet mounts of the gut
content of shrimps revealed spines, bristles, strips of
exoskeletoh, and mouth paris of arthrbpods, sand, pieces
of silica material (qujz b;. I&ost of these atructures T

N T Coalur s et et g SR RR T Bl
except aand probably contain chitin as & major component.

Some regions of the spines were closely packed. with bacteria,

Chitin was recovered from the gut snd gut contents



Pigure 25

B T Y L R T T T A S - £ e o

Liberation of chitinase by V., alginolyticus
in sea water chitin medium

Y. alginolyticus was grown in sea water chitin

medium and incubated on & rotary shaker at 25°¢C for
14 days: 25 ml samples were taken at zero time and
every 2 days and tested for chitinase activity using

3, 4-DNP-TNAC assay ¢———@ , and reducing

| sugar test AH——— A s and protein of the

enzyme preparation was meagured O—————O ¢
Enzyme activity was expressed as percentage A
of values at the 6th day of incubation. The values
were 0,030 )Jm-ol/min of 3, 4=DNP released using the
3, 4-DNP-TNAC assay and 93 re glucose/ml released

using the reducing suger test.
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Figure 2§}
iiberation of chitinase by V. alzinolyticus
in sea 1;@.'a.terr medium
) - alginolyticus was groﬁ on sea water
redium and incubated on a rotary shaker at 25%
for 14 days. .

25 ml samples were taken atlzero
time and overy 2 days Yosted for chitinage
. activity, using 3, 4-—DNP—TNAC assay ¢————o ,
and reducing sugaf test A— A | and
. .is protedn in ‘the enzyme .preparation was measured
o0

Enzyme activity was expressed as percentage

of values at the 6th day of incutation in
figure 29,
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 Purification of chitinase. ‘ , ' i

The culture supernatamt of Y. alginolyticua was

precipitated with ammonium sulphats (80% saturatien),

A percentagaAof 90-96 of the total chitinase activity

in the culture supernatant (Table 34) was recovered by
this process. There was a two-fold increase in the
specific activity. Between 7% and 1% of the total
chitinase activity was lost by this procedure,

i Chitinase was separated from many other proteins on
G-75 Sephadez. The effectiveness of the gel chromato-
graphy is illustrated by the elution profile (Fig. i‘])
Through this procedure, a fufther 11-fold incr?ase_in

specific activity was achieved from the partially

purified enzyme preparation (Table 35),

The final preparation on =200 Sephadex resulted

- in a 60-fold increase in Specific activity compared with

the culture supernatant (Table 35). Nearly 100% o{
the enzyﬁe was eluted in a single peak on (=200
(Fig.EﬁE). This did not correspond to the single
protein peak.
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Table 34,

Purification usine ammonium sulphate (807

A e s tws L, L

saturation)
L Volums Enzyme
Haterial assayed | concentration Chitinage® { % Activity t Specific+
ml 2g protein/ml | activity recovered | activity
Culture supernatant ia) 0.5 1,270 0.032 100 0.050
b) 0.5 1.310 0.040 100 0.061
(1)
(NH4)2SO4 : (a) 0.5 630 0.030 93.75 095
Precipitate () 0.5 650 0.035 87.5 .108
Supernatant (a) 0.5 340 +001 3.125 006
after precipitation . ’
with (v) 0.5 340 .001 2.5 .006
(NH4)2304 i
* Chitinuse activi ty expressad as )unol/min of 3, 4-DNP releagad
+ Specific activity expresved as umol 3, 4-DNP/min/mg protein
“{1) 25 m of culture Supernatant was precipitated with 34 )28011 for 2 hours
The precipitate was diluted to 4 ml with distilled watér, and used as
enzyme solution,
: ;
i !
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Elution diagram of chitinase on sephadex
G~75 column '
A '1 ml sample of enzyme preparation from

Y. alginolyticus culture was applied to a column

of sephadex Ge75 (35 cm x 0.9 em). The colum

wag washed with 0.1 M MeIlvaine buffer pH 6.0,

The size of the effluent fractions was 5 ml.
Samples were assayed for enzyme activity 0—0
and protein was measured ¢———0 N

The void volume was 6.75 mi. Enzyme' activity

wag expressed' as the percentage of the value at
fraction 5. The actusl value at fraction 5 is

0,056 pmol/min of 3, 4~DNP released.
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Table 35
Purification of chitinase
Vol ml | Protein | Chitinese* | Specific® Purification
assayed | ug/ml | activity activity
Supernatant 0.5 1,270 032 0.050 1
(1) , \
(K8, )5S0, 0.5 123 .020 .13 2.6
(8% Saturation) ' - :
. G=T5 , 0.5 76 | .056 1.5 30

*  Chitinase act:.vity expressed as umol/min of 3, 4-~DNP released
o

- Specific act:.vity exprossed as yml/3, 4-DNP/min/mg protein

(1) 1/20th di3ution of stock enzyme solution used, with g protein concentration
of 123 pg/ml,

VA
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Figure Egaé Elution diapram of chitinase on a sephadex

G~-200 column

The fractions 4-6 from G-75 fractions were

pooled. These were cacentrated and dialysed
against 0.1 M lcIlvaine buffer pH 6.0, and 0.5
el of this applied to a Sephadex (-200 column
(60 cm x 1.5 cm) equilibrated in the same buffer,
The size of the effluent fractions was 3.7 ml.
The fractions were essayed for enzyme activity
o——20 s and protein 0
was measured,

Enzyme activity was expressed as percentage
of the value at fraction 13. The actusl value
was 0.003 umol/min of 3, 4~DNP released.

- The void volume was between 40 ml and 120 ml.
Fraction 1 on the diagram is equivalent to 40,7 ml

of the void volume.
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DISCUSSION

The flora of ses wWater and shrimps, '

1
1

The eccurrence of various bacterial genera in marine env1ronment
has been recogn1sed by many microbiologists but there hag often been

consideradble difficulty in defining the difference between marine &
. : i
and non-marine micro~organisms ag they frequently have the same :

morphology, and many of them, the sanme physiological characteristics
(Wood, 1967). Salt tolerance has been th: only acceptable character-

1

Marine |

istic used to delineate marine organisms from non-marine,
i
micre~organisms are regarded as these that can tolerate and multiply.

in solutions of about 35 parts per thousand salinity. Woed (1967) |
applied the criteria of Baird-Parker (1965) for classing cocci H
especially micrococei, and those of Schewan, Hobbs and Hodgkiss 1
(19603 b) for non-sporing Gram-negative rods to classify into k
families and genera the bacterias found in the marine envirorment E
He listed some 20 families and several genera of bacteria. a

. i
All the bacterial general isolated from sea water and from freshly ‘

: |
, |
caught shrimps, in the present study are included in Wood (1967) o
list.

1

lI

In the present study, several bacterial genera wWere iselated: \
l

from the sea water (table 4) and from freshly caught shrimps (table 3)
from the sea,

The bacterial flera on the freshly caught shrlmps

are certainly inhabitants of the waters from which they were caught.
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=

~—-——=————obtained-eounts-ranging from loglo 4.0 to logio Gel/ém shrimp tissue |

t

-, et
WL S PR

-
WUl Srlr. e

Y

99

@he monthly fluctuations observed in the numbers of bacteria

»

in the sea water {and therefore also on shrimps caught from such
waters) (zee figs 10 and 11) have been ascribed by some investigators

to either water temprature (Zobell and Feltham, 1934) or plankton

outbursts (Lloyd, 1930; Zobell and McSwan, 1935). It must be

“#

mentioned however, that in the present study the fluctuations in
bacterial load of sea water and the shrimps camnot be entirely
attributqd %o changes in water temperature because water temperature
changes in the tropics are miqipal, the higher temperature occurring
. . minly in Janvary to March and not in October and September, the
” two months in which the highest number of bacteria were isolated
from sea water and shrimps respectively.

Ionghurst (1962) however observed upwelling in the West

African coastal waters in the months of Ausust and September. Since

B3 no data on plankton outburst were obtained in the present study and
no data on plankton outbufsts of Nigerian waters is available yet,
it is not possible to relate the fluctuations in bacterial populations
to this factor, |

4

Green (1949) found that bacteria log,  counts of freshly
caught shrimps in the Gulf of Mexico renged between log10 3.2 and

log,, 5.2/gm shrimp tissue. Similarly Kegar and Shaikmahmud (1956)

|
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for Bombay prawns., Harrieson and Lee (1969) worked on freshly

caught- Pacific shrimps and obtained counts of lqgho 6.1 to 10310

5.4/km shrimp tissue, The fipures obtained for Nigerian shrinps

in the present study were consideradbly higher, ranging from logio 1

3.1 to log), 8.7/gn shrimp tissue at 20°C, This may imply that
Nigerian waters are very rich in organic nutrients which support
large bacterial populations, The higher loads on Nigerian shrimps
‘and aea water appear to confirm Kriss'finding (1971) of greater
nunbers of bacteria in water from hotter areas than in celder regions,

mhé high level of contaminatien and variat;on in the bacteria

loads of shrimps arriving at the processing plants is of great k

importance to the processor, for the attainment of high bactericlogzical

standaxrds of the finished product depends on the lovsl of contamination |
of raw materials ang the laevel of hygione maintainaed during brocessing,

Campbell and Williams (1952) reported that freshly caught shrimps

may have bacteriel counts eg high gs Iogio 8.7/em shrimp tissue at 2o°c, i

and log,, 6.0/gm shrimp tissue at 37%.

The various bacterial genera isolated froz freshly~caught shrimps |
(prawns) by various workers are tebulated in table 36 for tho ease of

comparison., The conposition of bacterial flora of Higerian shrimps :
- {Table 36) is similar to that of Thai shrimps (Cann, 1973) in which

coryneforms formed over 50% of the flora on shrimps,

I'.’illia:ns’, Campbell
and Rees {1952b)

P4, Magar \

vhile worldng on microflors of Gulf shring

and Shatlmahmud (1956) en Bombay prawns observed that Achromobacter,
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Bacillus, Micrococcus and Paeuvdomonas were the main groups present in

freshly caught shrimps.

t

The microflora of Pacific shrimps conzisted of 46,54 Acinetobacter/'

Moraxella, 21.4%, Flavobacterium; 9e§%j;2§9udomggg§: and 4.,4% Bacillus, |

cann (1973) reported that the microflora of tropiczl shrimps consisted

qi-u«-"

load' Achromobactq_/?ssudomonas, 2-15%; Flavobacterium/Cytophe

'O = 2053 and others wora 6=14% (Tzble 36)° ‘ |
‘ Th? difforences in the types of microflora of shrimps from 1
temperate : waters and those from tropicel waters has been attributed
by Shewan {1961) to climatic éffects en the marine environment which

b
I

influences the microflora of the fish. This worqu statad that a-

|

greater percentage of mesophiles (Bacillug spp. coryneforms and micrococci)

and fewer. psychrophiles, such as Pseudomonas, Achromobacter, and

Flavobacterium species, occur in the warmer waters off India, the

Bast coast of South Africa, Australia and the Adriatic., In addition
to cliﬁatic affects, other factors which may influence the type: of
microflora on marine shrimps include species ef shrimps, type of
fishing gear, fisghing grounds, fishing methods, age of the samplegJ

degree of washing andjejing on the Boat, duration and temperaturs of

.storage prior to preocessing (Shewan, 1944),
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Table 36,

X.‘
g

H

Parcentige comnositien of bhacterial flora of freshly eaught prawns in wvarious parts of

the world (for comparison enly) %‘ﬁ .
- — el ; ) y
' s s R Incubation
Flahing srea Types of bacteris : Rafarence — — — “Tomperaturs --
‘Tempor:
. . - Ca
: a
o
Lo
2 Ly % b 5 e
g s8] . b 3
E g ] o Q 8 [} -+ (3]
& O Q ) - =} L) [4] P
o g o E. = o ¢ ] 4 o B
Gq -4 < [»] % e = ©Q
o o L= ~ E + 1) g ot - a
) E. £ g | 8 |1 e 3 8 o o o | o
- gt 218 188 1815 | 51 & |2
S L B ) [ = th A < # & 2] o
Figorian coast 46,6 |16.5 |14.0| 2.6 5.9 | - | 2.7( 4.0 3.5/ 4.2 Aribisala, 1976 20
Lagoon, Tlubirin Village| 14.5| 4.54 0.0 8.2 ) 6.3 | - ) 0.9 | 6.3{37.2 |18 - | - | aribieala, 197 37
Gulf ef Thailand 55,0 | 24.0 - | 50| - 1.0 { 1.0} 3.0} - | 9.0 Cann, 1974 20’
Pacific_ shriwps 2.7T1 7.1 - 121.4 146.8 - 9.9 - - 4.4 7.7 1 Herrison and lLes 1969 20
Off ahore _ 1 Do Silve, 1976
Chilan Sri-lanka 18,0 | 15,0 17.0 [ 12,0 18,0 { 5.0 4.0'| 1,0 10.0 | {Unpublished) 20
| Lagoon = ' : . _ N R _ ‘ - o Pe Silva, 1976 -
Mulatiu (Sri~Lanka) 23,3 {20.0 20,071 7.6 {14} 3.2 ) 2,0}12.1 {2.88] 7.9 (Unpublished) <20
- N - ’ ¥ : . j - =
Gulf coast - < 115.0°| - - {27.3] 0.8 | 14.3}1 ~ |14.7 |20.8 2,0 Williams Cempbsll and
- PR L Co N I ‘ i -1{ Ress, 1952b 20
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There are few descriptions in 1itérature of non-pigmented
corynoforms isolated from soil and water, and no reporta of such
bacteria have been found in the literature dealing with marine and
fish bacteriology. It iz therefore likely that many of the
non-pigmented strains, 230 from water and 211 from shrimps, will be
found on further examination to se new species. Many of the yellow

and orange straing were simjlar to isclates from fish described by

-previoua workers, particularly Wood (1950). The coryneforns were

‘biochemically heterogenous although all presented the typical

cerynefoLm morphology. Since complete description of saprophytic
coryneforms are rare, attempts to relate the present strain to
preﬁibusly described strains isolated from soil, water and marine
sources, met with little success. Theae attemptarwere further
complicated by the lack of correlation between the results of
biochemical tests used in classifying the strains. Cann (1973)
foﬁnd that the number of coliforms on Thai shrimps ranged betweon

180 to 1,240/100 gm shrimp tissue but he did not isolate any

pathogenic bacteria. The range of coliform count on Nigerian shrimps

in this study was found to be between 1,600 to 1,800/100 gn shrimp.

No Salmonella sp, Vibrio cholere, or Vibrio paraheamolyticus were

isolated. The high coliform count does not mean that the shrimps

could constitute a health hazard as long as food poisoning bactoria

are not present in sddition to the coliforms,
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A succesaion pattern was established for the microflora invﬁlveﬁ

in spoilage of shrimps held at chilled temperature, The pattern was |
different frem observed microflora of shrimps held at reom temperaturé,
The results obtained fer the succession pattern of bacteria on shrimps
at chilled temperature were similar to those previously recorded by Caﬁn
(1971) for the microflora of Thai shrimps, the outstanding feature being
the predomirance of Pseudononts, The impertant feature of the result oﬁ
experiments on microbial spoilage at chilled temperature is the dominanc?

- of the Pseudomonas group ameng the spoilage bacteria flcra, Since icingx
is an important aspect of processing of shrimps in Nigeria, this
observation is very importaht.

*

Because of higher ambient temperatures, the bacterial flora of \
shrimps held at room temperature consists of Aeromonas species which are .

mesophiles ajd which were not very active at chilled temperatures,

}
Investizations have shown that faecal streptococci are present on !

&

5

various heat {reated foods, e.g.; pasteurized milk and pewdered eggs, i

(Solowsy and Watson, 1950; White and Shewan, 1944). Faecal streptococei .

are mildly heat-resistant organisms, This might have accéunted for the

bl

high 'MPN' values for faecal streptococei in smoked shrimps. Iarkin,
Litsky and Fullsr (1955) have shown that faecal streptococci can be

eliminated from vegetables by boiling for 1 minute at 88°C.

The preliminary culturing experiments of chitinolytic bacteria :

indicate that chitin without supplenentary factors was not a suitable

e

o medium for isolating the bacteria, There was appreciable delay in growth

uv_-:-_:)—:_g.—-—-‘h-—-.:’-l e Ty

of colenies and appearances of clearing. The addition of 0,14 yeast
extract and 0.5% peptone to chitin agar supported the growth of bacteria

well, and there was a quicker response to chitinase production, by

- —. e e -
e T -

5y ——=—the—cultures—in—this medium.-
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Constituents of the exoskeleton of crustaceans are chiefly \

chitin and calcium carbonate, Seki (1965) described caleified

\

and wncalcified layers in the oxeskeleton of crustaceans, the .

latter of which is faveurable for the decomposition of chitin

after the death of the custaceans. Both of the laysrs contain \

ISP ARSI

chitin which amounts to about 60-80% of the dry weight of the . ;

T
-

1
1

.organic fraction of the exoskeleton. Waterman (1960) reported |

et v et n g g e e,

S e i

N i
the exoskeleton of lobster. (Homarus) as having water soluble protein H

and prot?in bound firmly to the chitin, vhich contasn sering, alagina_\

threonine, tyrosine, tryptophan snd other amino acids, This will

L.

probably be similar to the exosieleton of shrimps, The exoskeleton

o A

of these crustaceans contains favourable amino acids for growth

e

of micro~organisms, The growth and chitinolytic activities of

bacteria isclated from the crustaceans must be stimdated by

these nutrients, o ' !

g r e oy oo
t .

The literature on microbial degradation of chitin consists L
of reports of the isolation of chitinolytic bacteria from a g
variety of marine ‘sources, .sand, mud, intestine of frogs, snipe, ‘ f}
trout, decaying crayfish, etc. Thegs chitinolytic bacteria are f

distibuted over a number of known genera of bacteria,‘some of

T L

" which are Streptomyces, Bacillus, Vibrio, Aeromonas, Pseudomonas,

Cytophaga, Flavobacterium, Achromobacter, Micrococcus, Clostridium, L e
' T i IR .
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During this atudy, the chitinolytic flora of the gut and

the surface of the shrimps are similar. Vibrio alzinolyticus,

Pscudomonas app and Bacillus cereus were isolated from both the |

surface and .gut of shrinmps. These are representatives of well |
known genera, although these species have not been praviously l

reported as chitinolytie from any marine source, including shrimps, i_ I

Hembers of these two genera which have been reported as chitinolytic

from marine sources evs Vibrio perris, Y. labrakos, and V., orphus

fron dilzestive tract of lateolabrax jgponicﬁs (okutani, 1966).

This is the first report. of chitinelytic bacteria from

shrimps. V., alginolyticus often form the majority of the Vibrie

R e

population in marine samples (Donovan, lee and Furniss, 1976).
So far, this bacterium has not been associated with gegtroonteritis : L
in men. They are often isclated from localised tissue infections 1

&s well as infections of the eye and ear (Baumann, Baumann and ? -

Reichert, 1972). Variable flagellar organisation is frequently ;

encountered among V. alginolyticus strains {Baumenn, Baumann and

;
Reichert (op.clu.l..They aré ‘often péritrichously flagellated when grown
on solid medis and polarly flagellated in liquid medin as observed |
for the strains isolated in this study, Scheffers, De Boer and
Looyaard, (1976) put forward an ecological hypothesis that the
peritrichous flagella may ba aids in holding bacteria to a solid

\
N
B by
l
T

suletrate, It may be approprlaue to Suggest that the V algiggﬁxﬁicue
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use their numerous flagella produced on the chitin agar plate
to establish close contact with the solid media,

Bacillus cereus is common in sediments of polluted areas

and marine areas (Bonde, 1976). It has also been isolated in
severel countries from a wide variety of foods, where it has been
agsociated with food poison-(Mossel, Koopman and Jongerius, 1957;
Kim and Goepfert, 1971; Gilbert, Stringer and FPouce, 1974).
Gilbert, Stringer and Peace (op.cit) reported B. cereus as causing
food poison in boiled and fried rice, especially in Chinese
restaurdnts, The isolation of B, cersus from shrimps is important
from the point of view of health hazgrds bécause they are heat |
resistant, and thorough cocking may not destroy the spores.

The predominance of Pseudomonés on shrimps during spoilage
in ice has been reported by the author from the previocus work
on spoilage of shrimps during chilling in ice. Cam (1971)
&lso reported a predominance of Pseudomonas during speoilage of
Thai shrimps in ice, The presence of Pgeudormonag sp. on shrimp
is of significance to the fishing industry from the point of
view of shrimp.preserv;tiono

Micro~organisms which utilise substancea of high molecular
woight generally do s¢ by liberating into the medium enzymes

which break down the substrate inte smaller permeable unita,

All the species of chitinclytic bacteria isclated from shrimps

liberated chitinese exztracellularly.
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A1l chitinelytie species isolated are aerobes, although

Y. alginolyticus is a facultative anzerche. This does not mean

1
!
i
!

that there are no anaercbic chitinolytic bacteria on shrimps as

the iéolation techuiques used were designed te obtain only aerobea?
Chitinelytic bacteria have bssn isolated from the gut of

shrimps. Some research workers have also isolated a vast anoumt f

of chitinelytic bacteris from the digestive tract of fish and !

other marine animals (Benton, 1935; Zsbell and Rittenberg, 1937; ‘

Rock, 1937; Seki and Taga, 1963; Okuteni, 1966). The gut wall and

the gut contents were found to contain an appreciable amount

of chigino This raises a question az to the functional aspect

of these bacteris in the gut, Some investigators suggested

that these chitinolytic bacteria from the digeative tract of fish |,

should net bo noglocted as symbionts {Zobell, 1938; Okutani, 1966).

|
Seki and Taga (1963) suggested that the possibility ef symbiosis

by the chitinolytic bacteria in aiding the marine enimals for the
digeation ef chitin night be negligidble from the point of view
of the impertance of mechanical aid provided for digesting food |
and the small amount of end products released during chitin
degradation.

i

Theee shrimps ars bottom dwollsrs. A vast amount of

chitinolytic bacteria has been reported from marine mud (Benton, 1935;
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a property attributed to the primitive unicellular orgsnisms,
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Zobell and Rittenberg, 1938; Hock, 1940; Campbell and Willisms, |
1951), From the sand &nd other gut contents of the shrimps, they |
prﬁbably feed on organic matter from the wud. Thoey may likely
ingest these chitinolytic hacteria with their food.

Another group of workers have reported the presence of
lysozyme with chitinase activity from the digestive tract of
plaice {Fletcher and White, 1973) and chitinase from the gastric
mucesa of fish (Okutani, 1966), and the tissue, plasma and lymph |
of fishes (Fange, Lundbhad and Iind, 1976), Jeuniaux (1971)pointed|
out that the distribution of chitinases and chitobioses in bacteria
suggestdh that the synthesis of both chitinelytic enzymes was
F
!
From the results of the investigation of Okutani (1966) and Fange,
Lundbhad and Lind (ep.cit.) the origin of the chitinase in the , _
orgens seens to be secreted from the pancreas and gastric mucosa |
of these fishes, The possibility ef the chitinase being of bacterialr
oriéin in the digestive tract and diffusing through the gut wall '
into the blood stream and thereby transported to some organs of
the body should not be overlooked,

Chitinaseé are svecific for linesr polymers of N--s.cetyl-l)-l
glucosanine, but do not split diacetyl~-chitobiose. They hyd:oly%e
chitin to diacetyl-chitobiose (BC 32.1.14). Other substrates |
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l
that have been described for chitinnses epart from chitin (colloidal
chitin) include carbozymethyl chitin (Hultin, 1955), glycol-chitin
(Otakara, 1961; Senju and Okimasu, 1950), and chitin sulphates !
(Hackman, 1954).
The common methods of measuring cldtinase activity using
the following substrates, colleidal chitin, and chitin powder,
are estimating the auounts of reducing sugar liderated and i
F=acetylamino sugar colorimetrically, Viscosimetric determinations
have been used for chitinase activ{ty using glycol-chitin and
carboxygethyl chitin, Turbidimetric method (Jeuniauxz, 1958) haa
alao been used to measure the turbigity variation of a colloidal
chitin suspension Quring chitinolysis.
Twe assays were used in this ;tudy; reducing sugar assay
using colleidal chitin and alpha chi;in as the sﬁbstratas, and
& nev colorimetric assay using 3, 4~éinitrophenyl—tetra-Nhacetyl- g
chitotetraoside (3, 4~DNP-THNAC) as the substrato. This substrate |

was synthesised by Ballardie and Capon (1972) a3 & lysozyme substr?te

J
r

the same rate as release of 3, 4~dinitrophenyl (3, 4-DHP).
Otakdi and Kimura (1975 )have used thig 3, 4=DRP~TNAC a;say for ‘
determlnlng quantitatively the activity of human milk lysozyms,

and found it to be less sensitive than the turbidinetric procedure

using the commercial substrate Hicrocouceus lysodeikticus cells.
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Tt is most likely that the present jnvestigation is the

first on chitinase activity colorimetrically determined using

the 3, 4~-DNP=TNAC assay. Uging a partially purified enzyme

preparation from . alginolyticus culture, the specificity of the

assay was determined. The results of the pH optimum of enzymic

ectivity in 3, 4=-DNP=-TRAC was compared with the pH optimum obtained
1

for the enzyme using the reducing sugar assiy. e pH optimum of

the enzyme preparation using the two tests fall betwsen 5.5 and

6.0, which is similar to the optimum pE reported for other

bacterigl chitinases (Perger and Beynolds, 1958; Jeuniaux, 1963;

Ckutani, 1966).
The enzyme did not exhibit any muranidase oT lysozyme

activity veing M. lyscdeilcticus cells as the subsfrate; also,

there was no competitive inhibition exhibited by M. lysodeikticus

on cells during enzyme activity with 3, 4-DNP~THWAC.

There was no rolease of p-nitrophenyl from p-nitrophenyl=-

H—acetylglucosaminide by the enzyme, showing that the enzyms

preparation has no Hnacetylglucosamlnidase activity. N-acetyl- |

glucosaninidese when reacted with 3, 4~DNP-~TRAC could not hydrolyse

the substrate.

Tnhibition experiments in which structural analegous of

H;acetylglucqsamine were used showed that none of them has &an
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inhibitory effect on the degradation of 3, 4-~DREP~TNAC by

Y.alginolyticus enzyme. Chitin and colloidal chitin showed a

competitive inhibition to the enzyme activity on 3, 4-DNP-TNAC.
Colloidal chitin has a stronger inhibitory effect, and there
was alsc an adsorption of the enzyme to chitin when reacted with
colloidal chitin, showing there was a chitin-enzyme compiex.

Y. alginolyticus chtinase has a pH optimum around

5.5 for colloidal chitin and 6.0 for 3, 4-DNP=TNAC. Jeuniaux
{1963) found out that most chitinases from bacteria have an
optimug pH of about 5.0 when the substrate is chitin. The pH
optimum of 5.5-6.0 is in agreement with many other bacterial

chitinases previously studied: Pseudomonas hydrophila, pH 5.0

(Clarke and Tracey, 1956), Streptomyces griseus pl 6.3 {Berger and

Reynolds, 1958), Aeromonas chitinophthora, pR 5.5-6.0 and Vibrio

gerris pH 7.0. (Okutani, 1966), Serratis marcescens pH 6.4 (Monreal

and Reese, 1969}, Cytophaga johnsonie, pH 6.3-6.5 (Sundarraj and

Bhat, 1972), Arthrobacter sp. pH 4.9 (Morrisesy, Dugzan and Koths,

|
1976), Aeromonas ligquefasciens pH 6,5 (Chigaleichik and Piriera, 1976).

For ¥. alginolyticus chitinase, the activity was rapidly

inhibited below pH 3,5, In contrast, gastric chitinases of
non=bacterial origin from fish have a pH optimum of batween 3.0

and 4.0 (Ckutani, 1966; Fange, ILundbhad and ILind, 1976).

|
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. The optimum temperature for ¥. alginolyticus chitinases
wes about 55°C. The optimum température for most bacterial |
chitinase is 40°C (Jeuniaux, 1963; Ckutani, 1966; Sundarraj and
Bhat, 1972; Chigaleichik and Piriera, 1976). Konreal and Reese |
(1969) reported an optimum temperature of 50%° for Serratia \

marcescens chitinase, also chitinase from Arthrobacter sp. had

an optimum temperature of 5000 (orrisey, Duggan and Koths, 1976).‘l

Although V. alginolyticus chitirase had a2 high optirum temperature,’

it wa% rapidly inactivated by preincubating enzyme for 15 minutes |
before aseay at 50°C and above. The heat stability of the enzyme l.
vas much greater at about 40%c. _ !

The chitinase from the gastric pucosa of fish had an optimum
temperature of between 50°¢-60°C. The enzyme was found to be
gtable at 60°C for 30 minutes, (Okutani, 1966).

The ¥m value was very low, 007-007 ml with V max 0,020 m
mol/min of 3, 4-DNP released, Inbibition of enzyme activity by
excess of substrate was observed. Chitin and colleidal chitin
both showed competitive inhibition of emzymic activity on 3;
A-DNP-TNAC. The Ki value (72 mz) for alpha chitin was very high,
The Ki value of colloidal chitin could not be cbtained because

the enzyme was adsorped by the colloidal chitin.

Using 3, 4-DNP~TNAC as a subatrate for chitinase activity

allowed the &étection of weak chitinase activity in enzyme
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Preparations, Also, the procedure is shorter, more convenient,

and more sensitive than all the known colorimetric methods for
detarmini?g chitinase activity, Also, it doss not need prolonged

incubafion like reducing sugar to detect eng products of chitinase

activity, when the result is positive, there seens to be no

likelihocd of 1ts being false positive, although the substrate

has been found to be degraded by lysozyme. Lysozyme activity

could be separated from chitinase activity by testing the

ration on M. lysodeikticus cells to see whether it
would be positive for lysozyme.

enzyme prepa

Another way of doing this is

by incubafing onzyme preparation with both 3, 4~DNP~TNAC and

M. lysodeiktiocus cells té see whether there vould be any inhibition

of enzyme activity on 3, 4~DNP=TNAC by the lysozyme substrate.

Fron Otald and Kimura's report (1975) and this work, 3,

4~DNP-TNAC is specifie to only lysozyme and chitinags,

The end product of Y.

alginolyticus chitinage activity on
35 4-=-DNP~THNAC is production of diacetyl chitobiass, s Teported

by Ballardie and Capon (1972),. the amo
3

uwt of colour produced from
4«DNP7TNAC by chitinase igs equivalent to the rate of hydrolysis

of the NAG-4 bonds. The cleavage of bonds in this reaction ag

illustrated in figure 2 of this revort may tak

e place in four ways,
the amount

of colour releaseg depending on the typa of

cleavage
of NAG-4 bonds,
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Chitinases may be produced by bacteria in the absence of
chitin, and this iz referred to as constitutive enzyme preoduction
(clarke and Tracey, 1956; Jeuniaux, 1958). 4n induced (adaptive)
chitinage in the presence of chitin has been reported by Reynolds
(1954) for s. griseus and Morrissey, Duggan and Koths (1976) for

Arthrobacter sp. Jeuniaux (1963) suggested that addition of chitin

to culture medis greatly enhances enzyme production in both cases,

Chtirase production by Y. aleinolyticus was to a greater

extent induced and only to a very small extent constitutive.
{ ‘

The presence of very weak chitinase activity in the growth medium

without chitin would suggest that V. alginolyticus chitinase may

berconstitutiva but need the addition of chitin in the culture
medis to enhance enzyme production. There was over 90 more
chitinase activity from the culture media with chitin.

More chitinase activityAwas datacted by the reducing sugar
test in the culture mediuvm without chitin. This may be explained
from two points of view. There may be two different enzymes
involved in the chitinase gystem, only one may be degrading the
3, 4=DNP-TNAC substrate, while the two might have degraded chitin
to release reducing sugafs in the reducing sugar test.

Also, the reducing sugar liberated mayfnat ba linear with
time, the amount released may tail off with time, which shows

& time course effect. The first explanation cculd be checked

by using Sephadex columm.



115

The pealk chitinase activity was reached at 6 days'
incubation.

. An observation made by the author on the growth of

Y. algivolyticus in liquid medium shows that tho exponential
rhase was between the 4th and 5th day and that chitinase was
probably liberated during this peried, and peak chitinase
activity reached on the 6th day. _ :
Ammonium sulphate precipitation has‘been ﬁsed in this

study as an important part of the purification scheme for enzyme

preparation from V, alginolyticus culture, EBighty per cent
saturaé%on was used and the recovery of chitinase activity was
good, About 907 of chitinase activity was recovered using this

nmothod, and about 2-fold increase in specific activity was
obtained.

The chitinase preparation was further purified and
separated from many other proteins on (=75 Sephadex and an 1l-fold
increase in specific activity was obtained compsred with the
partially purified chitinzse (B0% avmonium sulphete saturation),
A further purification on G=-200 Sephadex gave.a 60~fold
increase in specific activity compared with the culture supernatant,
- Several workers have used ammenium sulphate precipitation
of chitinases as an important part of their purification scheme.
Berger and Reynolds (1958), uaing the culture supernatant fer

S. griseus, obtained the greatest amount of chitinase with a

TR SR LT &
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salt saturaticn of 70, Monreal and Reese (1969) obtained &

nigh yield of chitinnss activity with a 40-80% ammonium gulphate

precipitation of culture supernatant of S. 3Arceacend. Skujine,

puikite and Melaren, (1970) ebtained the greatest ameust of chitinase

with a salt saturstion of 7% and & PH of 7.0 working with
S, griseus chitinase. Worrissey, Duggan and EKotbs (1976) obltained
& thros-fold increass in specific activity using 30-00% saturation.
They also separated the Agﬁgggyggggg_ gp. chitinese they worked
withjfrom other proteins on & G-T5 Sephadex and obtained & 12=-
fold increase in specific activity compared with the culture
aupernatant.
From this study the maximum contsmination of freshly caught
and smoked shrimps originate from:
(a) Contaminatien of the raw material et the fishing greund .
(b) Use of polluted water in washing the shrimps.
(c) Inavailability of ice to the lecal figherman.
(a) TUss of unclean equipnent, including shrimp bexes
‘during handling.
(s) 1Insanitery and unhygienic conditions in processing
factories.
(£} Llack ef parsoﬁal hygiene awong shrimp handlers.

(g) Underprocessing and LLpoAUrS of procesaed products.

. S
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It would be in the interest of ths shrimping industry that

regulations are implemsnied to control the conteminants. To meet -

existing standard for most fishery products significant improvements

are required. Recommended improvements are:

1.

hours between catching and processing, the uss of

Supply of icing facilitiea to the fishing villages for
vreservation of shrimps after catch., Adequate icing

and .chilling velow 4°C imnediately after catch must
must be encouraged since Aeromonas (spoilage organism
at room t@rpefature) would not grow well at low temperaéure.
Abolishing'é}use of raw river or harbour water for
washing of-;hrimps. In the alternative, usse of
chlorinated water should be enccuraged, Large proportions
of bacteria isolated from smoled shrimps were Gram- |

positive cocci, which most likely had originzfed from

human hands. Since there's a delay of batween 5 = 4 !

chlorinated clean water for washing the shrimps would

remove nost bacterial contaninants on the surface of

- the shrimps.

3.

Hot smoking 6r drying of shrimps at 80°¢ for & minimum

of 48 hoursi
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4; Packing of smoked or dried shrimps in clean polythene

bags sealed with hot flame to avoid pest processing

contamination.

5. Health education of local processors on dahgars of

underprocessing and unhygieni.c handling of already ,
I

processed products. _
i

1f the above recvmmendations are adopted, microbial contaminr-
i

tion ef Ishrimps would be greatly reduced, and their shelf-life

thus lengthened. :

.
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The bacterial counts obtained from Nigerian shrimps, Penaeus
{

uorarum, on incubation at 20%¢ ranged between loglo %.1 and loglof

8.7/gm of shrimp tigsue, while at 37°C counts ranged between

logyy 3ok and 108y, 6.1/en of shrimp tissue, For sea water ‘

incubated at 20°C, the count of bacterial populations ranged [

7.6/ul; at 37°C, the range was between

!

between loglo 3.2 and loglo

logyg 3.3 and 108y, 8.4/m3.

The bacteriez present on freshly caught shrimps and in the

gea water from whera the shrimps were caught were predominantly [

. {
corynﬁforms. Fewar numbers of picrococcl, staphylocoecci, Bacillug SDPPs

Aaromonas spp, Acinetobacter spp and some members of the Entero=

bacteriaceae were isclated.
!

When shrimps were stored at temperatures of 6%G = 8¢

(refrigeration temperature), pseudomonas 8pp, increased in popula~-
jation and they became the most predomonant bacterial flora, f

i

jrrespective of the initial bacterinl flora of shrimps. ASTOmOnas SPP

were the predominant group causing 8poilage in shrimps stored at

room temperature (22% +o 25°¢). {

The most frequently isolated bacteria from anoked shrimps
4

wers Gran-positive cocei, Coryneforms, Dacillus spp, Pseudomonas spPP,

and Acinetohacter spp, Were algo isclated in largoe numbersd.

!
aged at Adeni}i Adele road and Ilubirin mquet

Shrimps ﬁurch
in lagos were rich in coliforms including Bscherichiam celi. |
il . - e e e gffh,_

ik e .
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The percentage composition of the bacterial types of shrimps

- throughout the freezing peried of about 21 days was similar teo that

!

on the freshly caught shrimps, with Gram-positive bacteria 0.Z.
coryneforns, micrococei ard sireptocecci predeminating.
éhit'ino],ytic bacteria isclated from sea water were Vibrio \'

alginolyticus, Bacillug cereus, Flavobacterjum spp, and Asromensts Spp.

The chitinolytic bacteria isolated from the gut of freshly caught
]

or frozen shrimps were V. alginolvticus, Pseudomonag spp, and

1

Beillus cersus, ' ,

Fii

The extracellular enzyme preparation from V. alzinolyticus

had chitinase activity, as detected by the chromegenic assay and

by release of reducing sugars from chitin,

The optimum pH for V. alginolyticus chitinase activity wes {

between 5.5 = 6,0, The temperature optimum for enzyme activity !

was about 5600, with 10% of maximum activity at about 20° and |

65°C. Preincubating the enzyme solution for 15 minutes before |

assay at the different pre-incubating ftemperatures showed that |

enzyme activity was stable at 40°C, but stability decreased at f

higher temperatures and the enzyme vas inactivated at 60°c. i
'Thereiwas a linear relationship between initial rate of |
enzyme activity and protein coﬂcentration botween 30 and 500.ug
.p‘rotein mlnl. Plots of enzyme reaction velocity (V) against i
gubstrate concentration (S) showed maximum activity at about 0.23 ml.

There was inhibition of activity by substrate concentration greater

- . : -
-, - . : . .
I : : , |
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than this value, 8o that at 0.9 mi ihe velocity was 4Fh of the
paximum value. The apparent Km values obtained by linear |
extrapolation of points between 6 and 111 ali for different
experiments were about 7.5‘pH.

’ The hydrolysis of the gubstrate was inhibited by the additlon

of chitin, There was no snhibition by liicrococcus 1ysodelktlcug
cells, N - acetylglucosamine, N acetylmanncsamine, N « acetyl- |
nouraminic acid, or wheat germ agglutinin when added ind1v1dual%y

to the standard assay. The enzyme preparation shovwed no detectable
[

hydrolysing activity on M. lysodeikticus, dried cells or Pe nitrpphenol

r-acetyl=-glucesaninide. ,

Chitinase activity in culture media with chitin reached &
|

nl "1, Only very weak chitinase activity was observed in culturés

without c¢hitin, Thus chitinase production by V. aleinolyticus

appears to be largely inducible. ;

ibout 90 = 995 of the chitinase activity was recovered

from the culture filterate by precipitation with ammonium sulphite
(804 saturaticn) and about a two-fold increase in specific |

activity was obtained.
[

Chitinase purified on G-75 sephadax resulted in an eleven-fold

jneroase spacific activity. A final preparation on G=200 Sephadex

resulted in a sixty-fold increase in specific activity compared

with the culture supermatant.
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