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Chapter I 



1. INTRODUCTION 

1.1. PREFACE 

Bacteria are well-known for their ability to elaborate 

extracellular enzymes. :'-.\08t organic matter in nature consists 

of molecules that cannot directly enter cells. because of their 

polymeric structure. 

hy~rolysis of such 

high molecular weights and large size. 

polymers is a rate limiting step in 

The 

the 

utilization of organic matter in the environment. Before they can 

be incorporated into the microbial cells. polymeric materials must 

'undergo step-wise degradation by a variety of enzymes. 

Extracellular enzymes - enzymes released from the microorganisms 

into the environment as free dissolved enzymes play a very 

important role in the degradation of these complex organiC 

molecules in the environments. Low-molecular-weight compounds 

- the products of their enzymatic degradation - can be taken up 

by microbial cells to meet their energy requirements and to build 

up biomass. 

Amylases are a very important group of extracellular enzymes 

!>ecreted by microorganisms. They are involved in the degradation 

of starch in the environment. Amylases are commerCially very 

important enzymes. They are used for making starch syrups. 

adhesives, sizings. paper coating and in brewing. baking. textiles. 
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pharmaceuticals, animal feed, digestive aids and detergents. They 

are also used for treatment of sewages. In these industries, 

amylases have gradually been replacing acid as a hydrolytic agent. 

The commercially Significant amylolytic enzymes are the 

following : 

a) Amyloglucosidase ( Glucoamylases: oc -1. 4 - Glucan 

glucanohydrolase, H.C. 3.2.1.3.) 

These enzymes hydrolyse CC -1, 4 and ex:. -1, 6 linkages and 

produce glucose as the sole end-product from starch and related 

polymers. They are exoenzymes and remove glucose units from the 

non-reducing end of the substrate. 

b}j3-Amylases (c:c-l.4 Glucan maltohydrolase. H.C. 3.2.1.2) 

They are also exo-acting enzymes and hydrolyse 0:. -1, 4 bonds 

from the non-reducing ends of the substrate. They cannot bypass 

OC-l,6 linkages in Cllllylopectin and glycogen. They produce maltose 

from amylase and mal tose and f3 -limit dextrin from amylopectin 

and glycogen. 

c) cC -Amylases (CC -1.4 Gluean-4 Glucanohydrolase. B.C. 3.2.1.1) 

These are 8ndo-acting enzymes and hyrolyse cc -1,4 bonds and 
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bypas~ oC -1,6 linkages in amylopectin and glycogen. The end 

products include maltose, glucose, oligosaccharide mixtures and 

oc -limit dextrin ft'om amylopectin. 

Even though several terrestrial bacteria are known to produce 

amylase, only very few amylolyUc halophilic bacteria are 

reported. Detailed studies have not been made on the amylolytic 

bacteria from Indian waters. Hence. this work is undertaken. 

The important objectives of the study are 

1. to find out the distribution of amylolytic bacteria in water. 

sediment, fishes. clams and prawns from Cochin backwaters; 

2. to select and identify some of the most potent amylolytic 

bacteria; 

3. to study their cultural conditions for maximum growth and 

amylase production; 

4. to study the mechanisms involved in the regulation of amylase 

production Ructl as induction and repression; 

5. to identify the amylase secreted by selected strains, and to 

study the kinetics of the enzymes; 

6. to find out the ability of the amylase to degrade raw - starch 

from different sources; and 
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7. to cl.etermine the effect of various ions and organic compounds 

on amylase action. 

The thesis consists of six chapters. The introduction covers 

preface and review of literature. The second chapter deals with 

screening and selection of amylolytic bacteria. The third chapter 

explains the effect of various conditions on growth and amylase 

production. The fourth chapter deals with the regulation of 

amylase synthesis. The fifth chapter describes the characters 

of amylases and the last chapter gives the summary of the work. 

followed by the list of references. 

1.2. REVIEW OF LITERATURE 

1.2.1. AMYLOLYTIC BACTERIA 

There are several reports on the production of amylases by 

bacteria. Occurrence of amylases as extracellular enzymes has been 

demonstrated in bacteria like Bacillus cereus var. mycoides1 

Bacillus megaterium 2 ,3 Bacillus subtilis IMD. 198 4 Pseudomonas 

sp. BQ6 5 • Streptomyces sp.6 Clostridium thermosulfurogenes7 

Bacillus acidocaldarius 8. Bacillus amyloliguefaciens 9, Bacillus 

caldol:tticus 10 , Bacillus coagulans 11 • Bacillus licheniformis 12 ,13 , 

Bacillus stearothermophilus 14 

Bacterioides amylophilus 16 

Bacillus subtilis R. 623 15 

Bacillus HOP. 40 17 Clostridium 
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b l ' 18 aceta uty 1cum Clostridium 
19 

butyricum 
20 

Qostridium sp. 

St t f ' 21 Th' ul i i rep omyces aureo aC1ens ermoactmomyces v sar s stra n 

42 22 Thermoactinomyces viridis 23. Paseurtomonas saccharophila 24 

S lb (j' 25 '11 ' d Eh' h' 1,26-29 treptomyces a us , ,genet1ca y engIneere sc erIc la co 1 

Thermoanaerobacter finnii. Thermobacterioides acetoethylicus. 

Thermoanaerobacter ethanolicus and Clostridium 

30 31 32 
thermosaccharolyticum • Thermomonospora curvata' • Bacillus 

'ul 33 C1rc ans Lactobacillus 34 Thermophilic ACtinomycetes35 

Bacillus coagulans ACM~ 1 and ACMN 42. Bacillus polymyxa ACM~ 

25 and Bacill us cereus AC M!'l 33 36 Streptococcus bovis JBr. 

Rumibacter am ylophilus H1S, Butyri v i b riD fibrosol vens anrt 

Bacterioides ruminicola 37 , Olukayode ~ a138 observed extracellular 

amylase production by cass av a-fermenting bacteria. Bacillus 

subtilis. Bacilius licheniformis and Bacillus cereus. Production 

of heat-stable amylase complex from Dictyoglomus thermophilum 

was reported by Yasuhiko ~ a1
47 

. 

The halophilic bacteria known to produce amylase include 

Vibrio gazogenes 39 Micrococcus halobius 40 Halobacterium 

1 ' . 41 . b 42 V . b ' hIt' 43 va llsmort1s • Acmeto acter sp • 1 rIO para aemo y 1CUS 

, 44 45 
Micrococcus varians sub sp. haloblUs 'and Alteromonas rubra • 

Lindgren and Refai 46 have reported amylolytic lactic acid bacteria 

in fish ensilage. 
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1.2.2. CULTURAL CHARACTERS 

48 
Pau-Tsung reporten optimum ~ -amylase production by 

Bacillus subtilis 220 in a medium containing defatted soya bean 

powder, ammonium sulphate. tapioca. dipotassium hydrogen 

-phosphate. magnesium sulphate and calcium chloride. Gandhi anci 

Kjaergaard 49 studied the effect of CO 2 on the formation of 

cc -amylase by Bacillus subtilis and 

was obtained using 6% CO 2 (V IV). 

found that highest activity 

50 
Gas paryan et ~ observed 

highest rate of cc -amylase pronuction by a new strain of Bacillus 

subtilis in a medium containing mal tose and peptone as carbon and 

nitrogen sources respectively. Tryasogolova et a1
51 

reported 

maximum amylase production by Bacillus subtilis 83 in a 

fermentation medium containing corn ex tract. corn meal, ammonium 

phosphate, urea and calcium carbonate. Fogarty and 
4 

Bourke 

observed highest levels of amylase production by a strain of B. 

subtilis (1MB 198) in a sal t merlium containing soya bean meal ami 

starch. The effect of iron salts on the production of Bacillus 

subtilis J3 -glucanase ann oC -amylase was studied by Fumio ~ ~ 52 . 

Emannilo\. a et al 53 studied the influence of aeration and 

agitation on the thermostable cc -amylase and proteinase from 

Bacillus licheniformis 44 MB-82. Chandra et al 12 studied the 

cul tural and nutri lional requirements of Bacillus licheniformls CUMC 

305 ann founn the optimum pH. temperature and incubation perion 

as 0.5. 4!:1°C ann 15 to 20 hours respectively. They observed 
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an increased enzyme production by using vitamins and aminoacids. 

Ammonium phosphate ami peptone were the ideal phosphate and 

nitrogen sources ami galactose was the best carbohydrate carbon 

source for enz y m e pr od uc tion . Krishnan ami Chandra54 studied the 

effect of oil seed cakes on OC-amylase production by Bacillus 

licheniformis CUMC-305. Yankov et a1 55 studied the optimum 

conditions for amylase production by B. licheniformls. Priest 

56 
and Thirunavakkarasu found that oc -amylase produced by B. 

lichenifQrmis was invariabl y ex tracellular. 

Young ~ ~ 57 stuoieo the kinetics of cc. -amylase synthesis 

from Bacillus amyloliquefaciens. Zhang ~ a1
58 

observed increased 

production of oc -amylase by Bacillus amyloliquefaclens in the 

presence of glycine. 

Takaya ~ ~ 59 determined the cultural conditions for amylase 

production by alkalophilic Bticillus H-167 isolated from soil and 

found initial meoium pH 9.4: temperature 37°C and 50 to 60 hours 

cul tivation period as optimum. Ramesh and Lonesane 17 observed 

that the ratio of buffer to wheat bran. incubation temperature and 

initial pH influence CC -amylase production by Bacillus megaterlum 

Wlder solid state fermentation. Gurlev 60 found that the optimum 

cul ture medium for amylase production by strains of B. subUlis 

and B. amyloliquefaciens included sucrose as C source. ammonium 

nitrate as nitrogen source and calcium, magnesium and zinc salts. 



8 

Naohira 61 
et ~ reported optimum cuI ture condition for amylase 

production by Bacillus cereus NY-14 as pH 8,0 to 8.5, temperature 

30 to 33 DC and a medium containing soluble starch. peptone and 

62 NaCl. Ghosh and Chandra studied the nutritional requirements 

and cultural characteris tics of Bacillus apiarius CBML-152 for the 

production of thermostable cC -amylase. They observed optimum 

incubation periods for CIC -amylase production in still and shake 

cuI tures as 32 to 38 hours and 20 to 25 hours respectively. 

M 2+ n , 
2+ 2+ Ca ,Zn , ions were 

important for cc -amylase production. Ammonium phosphate was best 

utilised as inorganic nitrogen and phosphate sources. Aminoacids 

d . t' . d 1 d t . 62 S' t et an VI amIns Increase cc -amy ase pro uc lOn. rIvas ava an 

Baruah 63 studied the cul ture condition for production of thermostable 

amylase by Ba~Hlus stearothermophilus. Esther ~ a1 64 studied 

growth and extracellular enzyme production by strains of Bacillus 

sp. isolated from fermenting African locust bean iru. 

Hostinova ~ ~ 65 studied production of extracellular and cell 

bound amylases from Streptomyces aureofaciens and found that cell 

bound amylase showed maximum production in the logarithmic phase 

of growth whereas, extracellular amylase was maximum in the 

stationary phase of growth. Dong Hewi et al 66 determined the 

optimum culture conditions for amylase production by Streptomyces 

H.A. 40 isolated from soil and found that peptone and starch 
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were the favourable carbon and nitrogen SOurCBS. Enzyme 

production was promoted by the addition of Ca2+ and Na + but 

'nh'b' d b 2+ 2+,... 2+ 2+ + 1 1 He y Zn • Cu • l~O • Hg ami Ag • Optimal initial 

pH ami tem perature for enzyme formation were pH 7.0 and 45°C 

respectively. Abd-el-Malek et al 67 observed maximum amylase 

production by streptomycetes from Egyptian soils t in starch-nitrate 

medium within 48 hours at pH 7 to 8 with an optimum pH of 7.5. 

Sinha and Chandra 68 isolated amylase-producing streptomycetes from 

soil. Optimum cul tural conditions for amylase production were 

temperature: 30°C. period of incubation: 4 days and a medium 

containing ammonium acetate as a source of nitrogen and starch 

as carbon source. 

Avendano and Cornejo69 studied the effect of carbon sources 

on amylase production and found that starch at 3% concentration 

was the best carbon source for enzyme production. Effect of 

carbon source on proriuction of thermostable cc -amylasB • pullulanase 

and "'-glucosidase lJy Clostridium thermohydrosulfuricum was studied 

by Hannes 70 who found that starch, pullulan, dextrin or maltose 

in the medium supported amylase production. Hanchul et al18 

studied the production of extracellular cc. -amylase by Clostridium 

acetobutylicum ATCC 824. They found optimwn temperature for 

secretion of amylase as 45°C. optimal initial pH 6.5 and starch 

concentra tion 2.5 %. 
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Therion ~ ~71 studied the effect of pH on growth rates of 

rumen amylolytic anci lactilytic bacteria and found pH optima for 

growth between pH 6.1 and 6.6. 

Onishi 72 observeci a novel halophilic cc-amylase produced by 

Micrococcus halobius in a medium containing 0.2 to 2% starch, 

1 to 3 M NaCl or KCl at 30 to 37°C and pH 6.B under aerobic 

condi tions . Kobayashi et a1
44 

found that amylase production by 

Micrococcus varians halophilus ATCC 21971 was highest in the 

medium containing 2 M N aCl. with maltose as inducer. Amylase 

production was also supported by 1. 5 to 3.0 M NaBr or 2 to 4M 

Uptron and Fogarty 23 studied the production of thermostable 

amylase and protease from Thermomonospora viridis in a medium 

containing 1.5% corn starch and 0.5% mycological peptone with an 

initial pH of 7.0. Best yields of amylase were obtained after 

incubation for 4B hours. Qadeer et a1 73 observed that wheat bran 

was an ideal substrate for amylase synthesis by a locally isolated 

cul ture of Bacillus subtilis. Zherebtsov and Korneeva 74 studied 

the amylase accumulation dynamics in Clostridbm acetobutylicum 

and found that maximum amylase production occurs in starch medium 

at 36°C for 24 hours incubation and pH: 4.5 to 4.6. 



11 

1.2.3. REGULATION OF AMYLASE SYNTHESIS 

Several reports are available on studies on regulation of 

amylase production in microorganisms. Bodisko and Yurkevict15 

observed self regulation of oc. -amylase formation by Bacillus 

subtilis. Fumio ~ a1
76 

found that glucose and its metabolites act 

as repressors of amyloglucosidase but not of cc -amylase synthesis. 

Wayne and Glenn 77 studied the effect of decoyinine on the regulation 

of cc -amylase synthesis in Bacillus subtilis. Wambutt et a178 

studied the formation of extracellular ~ -amylase by Bacillus 

subtilis in relation to guanosine polyphosphate and found a positive 

invol vement of it in the regulation of the expression of the 

oc -amylase gene. 

Rothstein et al13 found that cc-amylase production by Bacillus 

licheniformis depends on the presence or absence of a catabolite-

repressing carbon source in the growth mediwn. Thirunavakkarasu 

and Priest 79 studied regulation of amylase synthesis in B. 

licheniformis NCIB 6346 and observed that amylase synthesis in 

that organism was constitutive and not dependent on exogenous 

CC-glucan for induction and was subject to catabolite repression. 

Sata et al 80,81 studied regulation of amylase synthesis in 

Bacillus circulans F2 and observed induction of amylase by cross 

linked starches and repreSSion by glucose. 
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Srivastava and Mathur 82 observed induction of amylase 

synthesis by starch in growing cells of Bacillus stearothermophilus. 

Glucose and maltose were found to repress the enzyme synthesis. 

Kh h t a183 noted a ovryc ev e decrease in amylase production when 

glucose at a concentration of 0.25 to 1.0 g/l was added to 

continuous cul tures of Bacillus stearothermophilus. Srivastava et 

84 
al observed that glucose had a repressive effect on amylase 

synthesis by thermophilic Bacillus ~p. but the presence of 

ammonium 

Young et 

sulphate 

a1 57 

and glutamic 

found that 

acid eliminated this repression. 

QC -amylase synthesis by B. 

amyloliquefaciens was not inducible but was subjected to catabolite 

repression. 

7U Hannes observed partial repression of amylase production 

by glucose and complete repression by fructose in Clostridium 

85 
thermohydrosulfuricum. Hyun and Zelkus studied the regulation 

of oc -amylase production in Clostridium thermosulfurogenes and 

observed that cc -amylase was expressed at high levels only when 

the organism was grown on maltose or other carbohydrates 

containing maltose uni ts. 

43 Iuchi and Tanaka observed that production of extracellular 

amylase and protease in V. parahaemolyUcus was repressed by 

various carbohydrates present in the medium. Shigenobu and Shuji
86 

also observed catabolite repression of extracellular amylase 
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synthesis in ~. parahaemolyticus. Ratcliffe et al 39 observed that 

amylase secretion by the marine bacterium Vibrio gazogenes was 

inducible by starch or maltose and was repressed by glucose. 

G2vrilovic et ~ 45 observed induction of amylase synthesis 

by starch or maltose and repression by glucose in Alteromonas 

rubra. 

Regulation of amylase synthesis has been reported in various 

fungi also. Catabolite repression has been observed in 

Endom,YcoEsis fibuligera 87 Filobasidium caEsuligenum 88 

Saccharom;yces fibuligera I Schwarmiom;yces castellii and 

Schwanniom,Yces alluviusS9 and AS,Qergillus sp.9O. 

Induction of amylase production by starch has been reported 

in AS,Qergillus or;yzae91 and Aspergillus niger 92 

Sadhukan et a1 93 sturlieri induction and regulation of cc-amylase 

synthesis in a celluloly tic thermophilic fungus Mycel1ophthora 

thermophil a D14 (ATCC 48104) and found that extracellular 

cc-amylase synthesis in that organism was inducible by starch and 

was subjected to catabolite repression by glucose. 

1.2.4. PROPERTIES OF BACTERIAL AMYLA'3ES 

Amylases from several hacterial sources have been pW'ified 
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and characterised by many workers. Amylases from different 

strains of Bacillus subtilis have been purified by Bakhmatova et 

a1
94 Mantsala and Zalkin 95 and Takasak1 96 ,97 • Bacillus 

licheniformis 00:. -amylase has been purified and characterised by 

Krishnan and Chandra 98 . Margan and Priest 99, Dobreva ~ al
100 

101 
ami Galabava and velcheva . 

S . 102,103 d rlvastava an Srivastava et 2l104 ,105 purifien ami 

characterised amylases from a thermophilic Bacillus 

stearothermophilus . Patrick et al 106 and William et al 107 purified --
amylase elaborated by Bacillus polymyxa. Amylases from Bacillus 

amyloliquefaciens have been purified by Granum 108 and Suzuki et 

al lU9. Naohire ~ ~ 11U purified and determined the properties 

of an amylase from Bacillus cereus NY .14. Tho'mas et al 111 

characterised an extracellular f3 -amylase from Bacillus 

megaterium. Mutsuo 112 purified a Bacillus acidocaldarius cC -amylase 

that was highly stable to heat Lmder acidic conditions. 

113 Hannes characterised oc -amylase of Clostridium 

thermohydrosulfuricum. Wako et al 114 purified and studied some 

properties of a mal totriose producing amylase from StreEtom;yces 

griseus NA 468. Hostinova et al 115 purified StreEtomyces - -
aureofaclens cc -amylase and studied its action on starch. 

Mizokami et ~ 116 crystallised and studied the properties of raw

starch hydrolysing enzyme produced by StreEtococcus bovis. 

Golciberg and Edwarci 117 purified and characterised an extracellular 



15 

amylase from thermophilic Streptomyces thermoviolacens sub sp. 

apingens. 

Onishi ami Hiriaka 42 purified and determined the properties 

of amylase produced by a moderately halophilic Acinetobacter sp. 

Onishi and Sonoda 40 purified and studied some properties of an 

extracellular amylase from another moderate halophile Micrococcus 

halobius, 

Yeong Sou et al 118 partially purified and characterised 

amylases from Herpetosiphon geysericola. Von Tigers tor m and 

Stelmaschunk 119 purifieci and partially characterised an amylase 

from Lysobacter brunescens. Amylase from Lactobacillus cellobiosus 

has been purified and characterised by Sensirbir and Chakrabarty120, 

Abramov ~ ~22 purified and studied the properties of cc.-amylase 

from Thermoactinomyces vulgaris strain 42. Obi and Od1bo121 

partially purified and studied the characters of a highly 

thermostable cC -amylase from a Thermoactinomyces sp. Amylase 

of the thermophilic actinomycete Thermomonospora vulgaris has 

been partially purified and characterised by Allam ~ ~ 122 , 

Toshio et al 123 purified and studied some properties of raw-

starch binding amylase of Clostridium butyricum T-7 isolated from 

mesophilic methane sludge. 
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StabUity of technically pure oc -amylase of Bacillus subtilis 

was studied by Daniela and Jozef 124. Thermostability of amylase 

produced by thermophilic bacterium Bacillus sp. was studied by 

Emayavaramban and Rarnabadran 125. Galabova and Velcheva 126 .127 

studied the thermos tabili ty of Bacillus lichenifor-mis M. B. 80 

oc:-amylase in presence of urea and monovalent cations. Mechanisms 

of irr-ever-sible thermal inactivation of Bacillus a:-amylase was_ 

studied by Susan and Alexander- 128. Kar-en et al 129 studied the 

characters of thermostable cc-amylase having a low requirement 

for calcium ions derived from a Bacillus sp.. Dua and Kochhar130 , 131 

studied the substrate binding nodes of Bacillus amyloliguefaciens 

cc. -amylase. Kochhar- and Dua 132identified an active site centr-e 

tryptophan r-esidue in liquefying ClQ -amylase fr-om Bacillus 

amyloliquefaciens. 

Action pattern and substrate specificity of cc:.-amylase K. a 

novel amylase from a strain of Bacillus subt1lis was studied by 

133 134 Kennedy ~ al Balsis ~ ~ studied the catalytic properties 

of ex: -amylase of morphological variants of Bacillus subtilis R. 623. 

Marie ~ ~ 13~tudied the catalytic proper-ties of Bacillus megater-ium 

amylase. Activity and action patter-n of Bacillus licheniformis 

136 
"'-amylase in aqueous ethanol was studied by Blakeney and Stone . 

Kinetics of catalytic action and thermodenatW'ation of oc -amylase 

fr-om B. licheniformis MB .80 was determined by Galabova ~ !!,137 . 
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1.2.5. RAW-STARCH DEGRADATION 

Hajime and Yoshihara 138 observed raw-starch digesting amylase 

from Bacill L1-S circulans F2, capable of digesting potato starch. 

Paje et 
139 

a1 cie tec ted amylase activity on local strains of 

Streptococcus bovis on raw cassava starch. Avendano and Cornejo69 

detecteci raw-starch hydrolysing cc -amylase produced . by 

Clostridium 2021. Toshio ~ ~ 140 observed raw-starch hydrolysing 

1 d d b Cl t 'd' b t' Lerluck et a1
141 

amyase pro uce y os n lum u yncum. __ 

studied the characters of raw - starch digesting amylase from non

sulphur purple photosynthetic bacterium, Masataka ~ ~ 142 studied 

the action oattern of f.3 -amylase from Bacillus strains on 

ra w-s tarch , Degradation of starch granules by oc -amylase of 

S tre p tom yces praecox !'J ,A 273 
143 

was studied by Takaya ~ ~ , 

Sharnala and Sr'eekantiah 144 studied the degradation of starches by 

a crude enzyme preparation and utilisation of the hydrolysate for 

lac tic fermentation. 



Chapter 2 



\9 
2. SCREENING A!'''D SELECTION OF AMYLOLYTIC BACTERIA FROM 

COCHIN BACKWATER> 

Bacteria are riistributed wiriely in the aquatic environment. 

They play a central role in a number of processes in the system. 

They are important components of the food chain. and are required 

for nutrient turnover. They are also responsible for 

biodegradation of organic materials present in the aquatic system. 

Bioriegradation is brought about by the secretion of extracellular 

enzymes. AmyIolytic bacteria are involved in the production of 

amylase and play a very important role in the degradation of 

starch and related polymers. 

Bacteria from water, sediment, fishes (Etroplus suratensis 

dnd Liza parsia). clams (Sunetta scripta and Meretrix casta) and 

prawns (Penaeus indicus and Metapenaeus 

backwaters were isolated and preserved in 

riobsoni) from Cochin 

145 
our laboratory 

They were tested tor their ability to produce amylase and to find 

out the distribution of amyIolytic bacteria in the aquatic 

env ironmen t. Three of the most potent strains were selected for 

further studies and were identified. 

2.1. MATERIALS AND METHODS 

2.1.1. COLLECTION AND IDENTIFICATION OF CULTURES 

\lethoris used for collection and identification up to generiC 
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145 
level were riescriberi by Philip 

2.1.2. SCREENING FOR AMYLASE PRODUCTION 

Basal nutrient agar plates containing 0.3 % (W IV) soluble 

starch were spot-inoculated with bacterial cultures and incubated, 

for 2 days. The plates were floorieri with Lugol's iodine solution 

to detect the zones of clearance which are indicative of a positive 

14ti,147 
resul t The area of the zone of clearance in each plate 

was measured to find out the ex tent of amylase production. 

2.1.3. IDENTIFICATION OF THE SELECTED STRAINS 

lrientification of the selecter:l strains up to species level 

was (ione by em playing morphological, biochemical anr:l 

14H 
physiological tests . 

I n all the methor:ls described below, the media contained 

1.5% NaCl t.mless otherwise stated. 

2.1.3.1. Incubation 

The usual temperature of incubation was 28 + 2°C. 

2.1.3.2. Gram reaction and morphology 

CuI tures were Gram-stained and examined microscopically 

after 18-24 hours of incubation in nutrient agar. 
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2.1.3.3. Motility 

Motility was determined by microscopic examination of a 

hanging drop preparation after 24 hours of incubation in nutrient 

broth. 

2.1.3.4. Swarming 

;-.Jutrient agar plates were prepared and allowed to set but 

not to dry. Plates were spot-inoculated with the cultures and 

incubated for 24 to 48 hours. Plates were examined daily for 

2 d f d · h' f 239 up to ays or s prea mg over t e entIre sur ace • 

2.1.3.5. Pigmentation 

Pigmentation was observed by growing the cultures in nutrient 

agar plates. 

2.1.3.6. Oxidase test 

The fil ter paper method described by Kovacs 149 . using 

tetramethyl-p-phenylene diamine was used. 

2.1.3.7. 0/129-sensitivity 

Sensitivity to the vibriostatic agent 0/129 (2 .4-diamine 

b.7. diisopropyl ptericiine) was tested at 150 ,ug/ml and 10 pg/ml 

150 
concentration as described by Lee ~ al 

2.1.3.8. Dissimilation of glucose 

Fermentation of glucose was tested by using the medium of 

151 
Ilugh dnd Leifsorl 
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2 .1.3 .9. Sal t-tolerance 

Tryptone water (1% Tryptone) containing 0,3.6.8 and 10% ot 

:--.laCl was useri. The media were distributeri in 3 ml amounts in 

tes t tubes and inoculated with the cultures. The tubes were 

incubated for 24 to 41) hours and the growth recorded. 

2.1.3.10. Growth at 42°C 

Tryptone broth with 2% NaCl was inoculated and growth 

recorded after 24 hours of incubation at 42°C. 

2.1.3.11. Nitrate reduction 

Nitrate broth (:--.lutrient broth + U.1% KN03) was inoculated 

with the cul tures. incubated for 24 hours and tested for the 

presence of nitrite. using reagent A and B of Crosby152. 

2.1.3.12. Voges - Proskauer test (VP test) 

Glucose phosphate broth was prepared and distributed in 

3 ml volumes in test-tubes. Inoculated with the cultures and 

incuba ted for 48 hours. The presence of acetyl methyl carbinol 

was detected using oc -naph thol and KOH reagents. 

2.1.3.13. Arginine dihydrolase 

The 
153 

method of Thornley 

arginine dihydrolase. 

was used for the detection of 

2.1.3.14. Lysine and Ornithioo decarboxylase 

154 
They wore detecte(1 by the method of Moller 
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2.1.3.15. Growth on compounds as the sole source of carbon 

The basal medium of Mac Lead 155 was used. The carbon 

sources were used at a final concentration of 0.2%. The plates 

were incubated at 28+ 2°e and examined for growth every day 

for a total of 6 days. Utilisation of the following compound8 

sucrose, cellobiose. D-gluconate. ""(-aminobutyrate and 

putrescine was tes teri. 

2.1.3.16. Production of gelatinase 

146 
Gelatin hydrolysis was detected using the methods of Cowan . 

2.1.3.17. Prexiuction of lipase 

Lipolytic activity was tested in tributyrin agar medium. 

PI ates were s pot-inoculateri and incubated for 2 days and observed 

for clear zone arounri the inoculum. 

2.2.' RFSULTS 

2. 2.1. SAMPLE-WISE DISTRIBUTION 

Results ot the screening tests are shown in Table 1 and Fig 1. 

Of the 858 isolates tested, 455 were amylolytic (53%). The 

percentage of positive isolates present in various samples were: 

Metapenaeus dobsoni-90. 22%, Etroplus suratensis-56.3%. Penaeus 

inriicus-55. 96%, Liza parsia-48. 9%. Sunetta scripta-47 .3%. water

-l2.~9%. sediment-36.93% and Meretrix casta-32.6%. 



Table 1. Sample-wise rlistribution of amylolytic bacteria 

Sample 

MetaEenaeus dobsoni 

Penaeus indicus 

EtroElus suratensis 

Liza Earsia 

Sunetta scripta 

Meretrix casta --
Water 

Sediment 

Total 

!'la. of 
isolates 
tested 

133 

109 

119 

92 

95 

92 

107 

111 

85e 

~o. of 
positive 
isolates 

120 

01 

67 

45 

45 

30 

46 

41 

455 

Percentage of 
positive 
isolates 

90.22 

55.96 

56.30 

48.90 

47.36 

32.60 

42.99 

36.93 

53.03 

==~==;;===============~========::=========================:=========== 
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Fig. 1. Sample-wise distribution of amylolytic bacteria. 
(a) M. dobsoni ( b) P. indicus (c) E. suratensis (d) L. parsia 
(e) s: scripta (f) M.-casta (g) Water- (h) Sediment. 



2.2.2. REGION-WISE DISTRIBUTION 

Region-wise distribution of amylolytic strains in different 

marine animals are presented in Table 2 and Fig. 2. In M. 

dobsoni, the riistribution pattern was gill> surface ~ gut. In 

P. indicus, the pattern was gill> gut"> surface. In §.. suratensis, 

the gut region, harboured more amylolytic population than gill 

or surface. The riistribution pattern was gut > surface> gill. 

In L. parsia, 35% of bacteria in the surface were found to be 

amylolytic whereas, in the gut, 33% and in gill. 24% were 

amylolytic. ]n clams also, the gut 

amylolytic population than mantle or gill. 

region harboured more 

The distribution pattern 

in ?,., scripta was gut;. mantle :> gill whereas I in ~. casta. it was 

gut> gill:> mantle. 

2.2.3. GENERA-WISE DISTRIBUTION 

Genera-wise distribution 

in Table 3 and Fig.3. The 

was maximum in the genus 

of amylolytic bacteria 

percentage of amylolytic 

Vibrio and minimum in 

are shown 

population 

the genu.s 

Pseudomonas. Uccurrence of positive forms were in the order: 

Vibrio /' Enterobacteriaceae? Staphylococcus ., Bacillus ')' Flavobacterium> 

:\ciflE;tobacter> Micrococcus ') Corynebacterium> Moraxella) Pseudomonas. 

Amylolytic bacteria constitute a higher percentage of Gram-

negative iwctcrid (b·-LL:(j'tl than l;['am-pusitive bacteria (21.33%) 



Table 2. Region-wise distribution of amylolytic bacteria in marine 
animals 

Sample Region 

;'1. dobsoni Surface 

Gill 

Gut 

P. indicus Surface 

Gill 

Gut 

E. suratensis Surface 

Gill 

Gut 

L. parsia Surface 

Gill 

Gut 

S. scripta ~lantle 

Gill 

Gut 

M. casta Mantle -
Gill 

Gut 

~o. of 
isolates 
tes ted 

45 

51 

37 

32 

41 

36 

38 

37 

44 

35 

24 

33 

37 

16 

42 

18 

34 

40 

~o. of 
isolates 
positive 

41 

47 

32 

15 

22 

24 

14 

25 

28 

16 

16 

13 

14 

3 

28 

4 

10 

16 

Percentage 
of positive 
isolates 

91.10 

92.15 

86.48 

46.87 

53.65 

66.66 

36.84 

67.56 

63.63 

45.70 

66.66 

39.39 

37.83 

18.75 

66.66 

22.22 

29.40 

40.00 
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Table 3. Genera-wise riistribution of amylolytic bacteria 

Genera/Family 

Vibrio 

Enterobacteriaceae 

Staphylococcus 

Bacillus 

Flavobacterium 

Acinetobacter 

Micrococcus 

Corynebacterium 

Moraxella 

Pseudomonas 

Total 

No. of 
isolates 
tes ted 

397 

58 

9 

35 

17 

48 

137 

44 

15 

98 

858 

No. of 
isolates 
posi tive 

338 

42 

6 

12 

5 

10 

24 

b 

2 

10 

455 

Percentage 
of positive 
isolates 

85.12 

72 .41 

66.66 

34.28 

29.41 

20.83 

17.51 

13.63 

13.33 

10.20 

53.03 

~===~====~===~========~===~============:=========:==;========~========= 
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Fig. 3. Genera-wise distribution of amylolytic bacteria. 
I a) Vi brio ( b) Enterobacteriaceae (c) Staphylococcus 
( d) Bacillus (e) Flavobacterium (f) Acinetobacter (g) Micrococcus 
(h) Corynebacterium (i) Moraxella (j) Pseudomonas. 
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2.2.4. IDENTIFIr.ATION OF VIBRIO ISOLATES 

The resul ts of the various mor pholugical • biochemical ami 

physiological tests are presented in Table 4. Their characters 

were compared with those of standard strains according to Bergey's 

'I 1 f C' • U • 1 148 sanua 0 Jystematlc uacterlOogy They were identified as 

Vibrio alginolyticlls (t-.lBl) , Vibrio parahaemolyticus (MB2) and 

\i brio s p. (\l13s). 

2.3. DISCUSSION 

Bacteria capable of elaborating hydrolytic enzymes are 

riistributeri wir1ely in the aquatic system. The important factors 

which rietermint3 the activity of various groups of bacteria in an 

environment an: the availability of organic matter susceptible to 

156 ciegraliation anli the source of organic matter . Cochin backwater 

157 is rich in sewage and it is natural to expect high occurrence 

of bacteria. producing hylirolyUc enzymes. Naturally, the animals 

living in such area will also harbour higher load of hydrolytic 

enzyme proliucers. These enzymes produceli by the bacteria are 

invol veri in the liegrar1ation of various organic substances in the 

water anr1 purify the system. 

In the present study I 53% of bacteria isolated from different 

sources from Cochin backwaters had the ability to produce amylase. 



Table 4. Characters used in the identification of Vibrio spp. 

Sl. 
~o. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

tl. 

9. 

10. 

11. 

12. 

13. 

• Character 

Gram's reaction 

\10rphology 

Motility 

P igmenta tion 

Swarming on solid media 

Cytochrome oxidase 

Nitrate reduction 

U/12~j tiens iti vi ty 

10 ,ug 

15U pg 

Thurnley IS arginine 

dihydrolase 

Lysine decarboxylase 

Ornithine c1ecarbux ylase 

Growth at 42°C 

Growth at % NaCl 

0% NaCl 

3% NaCl 

6% NaCl 

8% NaCl 

lU% :iaCl 

Isolate 
No. 1 

~egative 

Rod 

Motile 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Isolate 
~o. 2 

Negative 

Rod 

Motile 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Isolate 
No. 3 

Negative 

Rod 

Motile 

Yellow-brown 
diffusible 
pigment 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 



14. VP test 

15. Gas from glucose 

16. Enzyme proctuction 

Amylase 

Gelatinase 

Lipase 

24 b 

+ 

+ + 

+ + 

+ + 

17. Utilization of compounds as sale source of carbon 

Y -Aminobutyra te 

Cellobiose 

D. Gluconate + + 

Putrescine + 

Sucrose + 

+ 

+ 

+ 

+ 

+ 
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~laxi[]]ufll numbor uf amylolytic population were present in M. 

c1obsoni followed by E. suratensL:.,. The percentage of amylolytic 

strains was lowest in M. casta. 

Amylolytic population in the water constituted 46%. This 

observation is almost in agreement with the observation made by 

Kjelleberg and Hakansson 158 They have reported that 

carbohyc1rate docurnposers in the bulk water represented 49%. PhiliV5 

found 59.75% of caseinolyUc bacteria isolated from water as 

arnylolytic. 

Amylolytic strains were found to be less in the sediment 

sample. This may be due to the non-availability of readily 

degradable carbohydrates in the se<timent. 

Uccurrence of arnylolytic strains in different marine animals 

showec1 great variation. Among the clams, S. scripta harboured 

more amylolytic population than M. casta. In the case of fishes, 

more amylolytic s trains were present in E. suratensis than in 

L. parsia. Among prawns, more number of amylolytic bacteria 

were seen in M. dobsoni than in P. indicus. Of all the animals 

tested, amylolytic population were maximum in M. dobsoni. In 

her study, Mary 159 found that only very little starch hydrolysers 

were present in the gut microflora of fresh mullet. Fathima et 

160 al found higher percentage of amylolytic strains 'n mackeral 

than in mullet l Liza rlissumeri), 
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[)istdtJUliulI ul CllIlylulytic bacteria in various regions of 

animals 1 ike bony surface. gill ann gut also showed considerable 

variation. 

amylolytic 

ShO\\8ri tho 

of prawns. 

I n clams. the gut region was found to harbour more 

bacteria than gill or mantle but in fishes. gill region 

presence ut' more amylolytic bacteria. In the case 

amylolytic strains were maximum in the gut region of 

P. inciicus but in M. nobsoni. maximum number were seen in gill 

regiun. 

I n general. the gut region of animals showed the occurrence 

of a higher percentage of amylolytic strains. The hydrolytic 

enzymes produceci by' these s trains may be involved in breaking 

down of complex carbohydrates present in the food and help in 

their ciigestion. 

Genera-wise s tuciies have 

amylolytic strains were present 

members of Enterobacteriaceae. 

shown that maximum number of 

in the genus Vibrio, followed by 

Lowest number of amylolytic 

strains were present in the genus Pseudomonas. In the aquatic 

system. (j ram-negative bacteria are more prominent and active. 

In the present study also. Gram-negative forms are found to be 

capable of producing amylase in higher percentages than 

Gram-positive forms. Only 21. 33% of Gram-positive forms were 

amylolytic whereas. 64.29% of Gram-negative bacteria studied were 

amylolytic. 
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Vibrios are primarily aquatic inhabitants found in the sea 

dn(1 tresh water anr1 in association vvi th aquatic animals. The 

production of extracellular enzymes is common among marine 

members of this 161 genus The observation of a very high 

percentage of vibrios in the present study is consistent with the 

observation made by Philip 145 She fOWld that 75.86% of 

caseinolytic vibrios were capable of producing amylase. 

All the three isolates selected for further studies, based 

on their ability to elaborate amylase in large quantities t belonged 

to the genus Vibrio. The genus Vibrio contains a number of 

. f . , , 162 s pecles 0 manne ongm They bear a close resemblance to 

the terrestrial enterobacteria in a nwnber of physiological and 

t b I
, , Hi1 

me a 0 le propert18s . 

The marine vibrios are facultatively anaerobic. Gram-negative 

rods. Some are heterotrophic I others are pathogenic to humans 

and marine animals. They inhabit oceans. estuaries. bays and 

lagoons. They are known for their ability to utilize a wide 

variety of organic compounds as sources of energy and play a vital 

I ' b' dd' HlU ro e lI1 10 egra at10n 

The extracellular hydrolases produced by most vibrios 

incl urte amylase. golatinaS8. lipase. chitinase. alglnase and 

deoxyribonuclease. Only very few reports are available on 
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detailed studies on enzyme secretion by Vibrio species and their 

charac ters . Reid et al63 ,164 have studied peptone induction and 

rifampicin-insensitive collagenase production by Vibrio 

a1gin01yticus. Tanaka ~ a1
165 

studied the regulation of amylase 

synthesis by V. parahaernolyticus. Induction and repression of 

an extracellular proteinase in V. parahaemolyticus was studied 

by Tanaka and I uchi 166 Dries bech and Merkel
167 

studied 

inriuction of collagenase production in Vibrio B-30. Cellulolytic 

and chitinolytic activities of V. harveyL V. fischerL V. 

parahaemolyticus and V. anguillarum were studied by Venugopalan 

et a1168. 

Identification of the selected Vibrio strains was done based 

on their biochemical and physiological characters. The cells were 

Gram-negative rods, motile. incapable of forming endospores, 

chemoorganotrophs t facultative anaerobes. oxidase-positive. capable 

of utilising D-glucose as a sole or principal source -6f carbon and 

energy. require sodium chloride or a seawater base for optimum 

growth and were sensitive to the vibriostatic agent 0/129 pteridine 

compounci . 

Two of the isolates were identified up to species level as 

V. alginolyticus (MB1) and V. parahaemolyticus (MB2). The 

important characters used for identification of V. alglnolyticus 

(MB1) were their ability to swarm on solid media. production of 

,. 
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acetoin. growth at 4UoC and utilization of sucrose. They were 

negative for arginine rlihydrolase and utilisation of cellobiose. 

j3-hydroxybutyrate anr! Y-aminobutyrate. 

The characters showed by ~. parahaemolyticus (MB2) were 

ability to grow at 4UoC. utilization of putrescine and gluconate. 

negative for arginine dihydrolase and acetoin. swarming on complex 

solid media ami utilization of sucrose, cellobiose. 

j3 -hyriroxybutyrate and Y-aminobutyrate. 

The third isolate could not be identified up to species level. 

They were fOW1d to produce a brownish-yellow. diffusible pigment 

when grown on solir! nutrient agar medium. Such a character was 

not riescribed for any of the Vibrio species in the Bergey's Manual 

of Systematic Bacteriology 141:l So it may be considered as a new 

species of VibrIo. 

It may be concluded that amylolytic bacteria are distributed 

widely in Cochin back waters and they play a very important role 

in biodegradatiun. The most potent strains of amylolytic bacteria 

in the backwaters belong to the genus Vibrio. 



Chapter 3 
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3. EFFECT OF CULTURAL CONDITIONS ON GROWTH AND AMYLASE 

PRODUCTION 

The rate 01 growth ami metabolism of bacteria depend very 

much on the composition of the medium and the prevalent 

environmental condi tions . Different bacterial strains differ in their 

nutritional requirements and cultural conditions for maximum growth 

ami enzyme proouction. 

To cuI ture microorganisms. it is necessary to establish a 

suitable environment. one in which a particular microbe can 

survive and reproduce. For each type of microorganisms. there 

are minimal nutritional requirements. tolerance limits for a variety 

of environmental factors and optimal conrUtions for growth and 

enzyme production. By unoerstanding the specific requirements 

of a microbial species, it is possible to establish conditions in 

vitro to support the optimal growth and enzyme production of 

that organism. 

The effect of various factors like temperature of incubation, 

pH, Nael concentration. carbon source. nitrogen source. period 

of incubation etc. on growth and amylase production by the three 

Vibrio species were studied to establish suitable environment for 

amylase production by these bacteria. 
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3.1. MATERIALS AND METHOIE 

3 .1. 1. OR GANISMS 

Vibrio alginolyticus [ MB1). V. parahaemolyticus (MB2) and 

Vibrio sp. [MB3) isolated from Cochin backwaters and preserved 

in our laboratory were used for the study. 

maintained in nutrient agar slants. 

3.1.2. GROWTH MEDIUM 

The cultures were 

Nutrient broth containing 0.2% starch and a mineral medium 

containing artificial seawater base (ASW) of Mac Leod 155 and 0.5% 

starch or mal tose as car ban source were used. 

Medium Composition 

a. Nutrient broth 

Peptone 5 gm 

Beef extract 3 gm 

NaCl 15 gm 

Soluble starch 2 gm 

pH 7.2 

Water 1000 ml 
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b. Miooral medium 

Tris (hydroxymethyl) 
amino methane (adjusted 
to pH 7.5 with Hell 

~H4 Cl 

KZHP043H20 

feS° 4 ,7H 2 0 

Mal tose /S t arc h 

Yeast extract 

Half strength ASW 

CompositiWl of ASW 155 

NaCl 

MgS0 4,7H
2

O 

KCl 

CaCI Z·2H
Z

O 

Salts were dissal ved separately 

3.1.3. INOCULUM PREPARATION 

50 mM (6.1 gm/litre) 

19 mM (1.0 g/litre) 

0.33 mM (75 mg/litre) 

0,1 mM (28 mg/litre) 

5 gm/litre 

lUO mg/li tre 

lOUO ml 

400 mM (23.4 g/litre) 

100 mM (24.6 g/li tre) 

2() mM (1.5 g/litre) 

20 mM (2.9 8/l itre) 

and combined. 

The cultures were inoculated on nutrient agar slopes and 

incubated for 24 hours, The cells were harvested and washed 

twice in sterile saline and cells separated by centrifugation. The 

pellets were resuspended in sterile saline and their optical density 

(O.D.) was adjusted to 1. One ml of this cell suspension was 

u.c:;ert to inoculate 49 ml of the sterile broth {initial 0.0. 0.02} 

taken in lUO ml Erlenmeyer flasks. 
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3.1.4. MEASUREMENT OF GROWTH 

Growth was determined by measuring the O.D. of the culture 

at 700 nm using a Hi tachi 200 model U. V-visible Spectrophotometer. 

3.1.5. COLLECTION OF ENZYME 

The inoculated flasks were incubated for 24 hours at 30°C 

ann the cells separated from the cul ture fluid by centrifugation. 

The supernatant was collected and retained for assay of amylase 

activity. 

3.1.6. ASSAY OF AMYLASE 

Amylase was assayed by either of the following 2 methods: 

1. Dextrinogenic amylase activity was assayed by using soluble 

starch as a substrate by the modified method of Fuwa169 • One 

ml of 1% soluble starch in 0.02 M sodium phosphate buffer 

(pH 7.0) was mixen with 1 ml of enzyme solution. Incubated 

at 35°C for 15 minutes and 0.2 ml portion was added to 5 

ml of 0.167 mM IZ-KI solution. 

measured in a spectrophotometer. 

as the standard. 

Dextrinizing unit of amylase activity 

The 0.0. at 700 nm was 

Soluble starch was used 

One dextrinizing unit of amylase activity is defined as the 
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arncHmt of enzymn n~quire(l to hyc1rolyse 1 !T!g of soluble starch 

in 15 minutes unc1er the assay conni tions. 

2. Saccharolytic amylase activity was determined by measuring 

170 
the formation of reducing sugar by the method of Bernfeld. 

One ml of properly diluted enzyme was incubated for 15 

minutes with 1 ml of 1% starch in 0.02 M phosphate buffer. 

The reac tion was stopped by the addi tian of 2 ml of 

c1initrosalicylic acic1 reagent. The tube containing this mixture 

was heated for 5 minutes in a boiling water bath and cooled 

in running tap water. After the addition of 20 ml of distilled 

water, the 0.0. of the solution was determined at 540 nm. 

The amount of reducing sugar produced was read from the 

standard curve pre pared with known concentrations of maltose. 

Saccharolytic amylase activity lD11t 

One unit of saccharolytic amylase activity is defined as the 

amount of enzyme required to liberate 1 mg of maltose in 15 

minutes. 

3.1.7. EFFECT OF PHYSICo-CHEMICAL FACTOR."" ON GROWTH AND 

AMYLASE PRODUCTION 

3.1. 7.1. Effect of pH 

The effee t of pH on growth and enzyme production was 

analysed by inoculating the organisms in nutrient broth having 

varying pH (pH ranging from 5 to 10). Cul tures were incubated 
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at room temperature (28,:2°C) for 24 hours and growth and enzyme 

activity were measured. 

3.1. 7.2. Effect of NaCl concentration 

Effect of NaCl concentration on growth and enzyme production 

was studied by inoculating the cultures in nutrient media having 

varying NaCl concentrations (U-15%). Growth and enzyme activity 

were determined after 24 hours of incubation at room temperature 

(28~2°C) . 

3.1. 7.3. Effect of various ions 

The effect of various ions on growth and amylase production 

was studied by adding separately 0.25 M concentration of the 

sal t8 . cal cium chI or ide • sodium chloride. magnesium chloride. 

potassium chloride. sodium nitrate, sodium fluoride. sodium 

tJicarbonate, sodium sulphate and sodium phosphate as the only 

source of minerals to nutrient broth and inoculating the media with 

the cultures. Growth and enzyme activity were detected after 

24 hours of incubation at room temperature (28 .,!.2°C). 

3.1. 7.4. Effect of temperature 

Effect of temperature on growth and enzyme production was 

determined by inoculating the nutrient agar media with bacterial 

cul tures and incubating them at different temperatures ( 5°C to 

GUO(:) fot' 2-1 hours. Gl'u\vth nnd enzyme activities were determined. 
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3.1.7.5. Effect of starch concentration 

Effec t of starch concentration on growth and enzyme 

production was stuciieci by inoculating the cultures in both nutrient 

broth and mineral medium having varying concentrations of starch 

(U.1% to 3 %) • Growth and enzyme activities were measured after 

24 hours of incubation at room temperature. 

3.1.7.6. Effect of carbon source 

Effect of source of carbon on growth and enzyme production 

was determined by inoculating the cultures in mineral medium 

containing 0.5% of either glucose, lactose, maltose, mannitol, 

dextrin or starch as carbon sources. Incubated for 24 hours and 

growth and enzyme activities were determined. 

3.1.7.7. Effect of nitrogen source 

Effect of nitrogen source on growth and enzyme production 

was determined by inoGulating the cul tures in mineral medium 

containing starch as carbon source and 0.5% of either ammonium 

chloride, peptone or yeast extract as nitrogen sources. Growth 

and enzyme' activities were determined after 24 hours of incubation 

at room temperature. 

3.1.7.8. Effect of native starches 

P t1 f ti t h 
171 

repara on 0 na ve s arc es 

Cassava, plantain and potato were first peeled and reduced 
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to pul ps m.ing a hand gra ter . Subsequently. they were 

homogenized in a wet grinder. From each homogenate. contained 

in a bag of fine, white cloth. starch was leached into a beaker 

by churning vdth excess water. The crurie starch suspension in 

the vat was alloweri to settle down overnight, after which. the 

seriiment was separateri from the supernatant by decantation, and 

dried at 50°C for 48 hours. The resultant flakes were ground 

to fine powder and used as native starches. 

Ability ut the isolates to grow and produce amylase using 

raw - starches was tested by inoculating the cultures in mineral 

meriium containing 0.5% of starch from either cassava, potato, 

plantain or soluble starch as carbon sources. Incubated for 24 

hours at room temperature and growth and enzyme activity were 

rletermined. 

3.1.8. EFFECT OF PERIOD OF INCUBATION 

3.1. 8.1. Still culture 

The incl,lbation period required for maximal growth and 

enzyme production was rietermined by inoculating the cultures in 

mineral medium containing 0.5% maltose as carbon source. Growth 

and enzyme production were monitored at different intervals up 

to a period of 36 hours. 



38 

3.1.8.2. Shaker culture 

The cul tures were inoculated in mineral medium containing 

mal tose as carbon source and incubated on a shaker at room 

temperature (14U rev/minute). Growth and enzyme activity were 

measureri at riifferent intervals up to 12 hours. 

3.1.9. PHA'lE OF AMYLASE PRODUCTION 

To rietermine the phase of enzyme production. cultures were 

inoculated in starch me(Uum. incubated on the shaker and growth 

ami enzyme pro(iuction were determined at riifferent intervals. 

3.1.10. DETERMINATION OF INTRACELLULAR AMYLASE ACTIVITY 

The cul tures were grown in 500 ml of medium containing 0.5% 

mal tose as carbon source. to the late-logarithmic phase of growth 

ami were harvesteri by centrifugation at 10000 g for 20 minutes 

at ooe. The cells were washed twice with 0.1 M sodium 

phosphate buffer and resuspended in phosphate buffer at pH 7. 

The cells were disrupted by grinding wi th glass powder and cell 

debris were removed by centrifugation. 

was used for enzyme assays. 

The supernatant fraction 



3.2 • RESULTS 

3.2.1. EFFECT OF pH ON GROWTH AND AMYL~SE PRODUCTION 

Tt1e effect ut pll on growth and enzyme production of the 

tnree Vibrio sI-Jecies selectert. was studied by the assaying growth 

am1 enzyme production in nutrient broth having varying pH [pH 

5 to 10). Resul ts are presented in Table 5 and Fig. 4. 

All the strains showed maximum growth and enzyme 

production at pH 7. Low pH [below 5) and high pH (above 9) 

were found to be unfavourable for growth and enzyme production. 

Acidic pH was found to be more harmful than alkaline pH. 

V. alginolyticus ( MB1) showed a sharp decline In growth 

and enzyme proriuction below and above pH 7. V. parahaemolyticus 

( MB2 1 ex hi bi ten a broart pH range for growth from pH 6 to g; 

but. enzyme production was maximum at pH 7 and 8. Vibrio 

Spa (MB3) also preferred to grow and produce amylase at pH 7 

anrt there was considerable decrease in growth and enzyme 

prortuction above and below pH 7. 

3.2.2. EFFECT OF NaCl CONCENTRATION ON GROWTH AND AMYLASB 

PRODUCTION 

The effect of "ur:l concentration on growth anrt enzyme 
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production waR studied by measuring growth and enzyme activity 

of these bacteria in nutrient broth having rtifferent levels of NaCl 

concentration (0-15%J. 

ReRul ts (Table b and Fig. 5) showert that all the three 

;:;tnlin~ reljuire ~dCl for optimum growth and enzyme production. 

Higher levels i above 10%) were found to be inhibitory to growth 

anti amylase proc1uction. 

V. alginolyticus (MB1) could grow' optimally when the NaCI 

concentration of the medium was in the range 3% to 10%. Amylase 

}Jroduction was maximum in the medium containing 1.5% NaCl. 

v. paraha,:)I1lo1 yticus ( MB2) exhibited maximum growth when 

the :'-laCl concentration in 

5%. Amylase production 

thE 

was 

medium was in the range 1.5% to 

maximum at 1% NaCl concentration. 

There was no growth when the NaCl concentration in the medium 

was 10% or more. Enzyme production stopped when the sal t 

concentration in the me(iium was above 4%. 

The optimum :'-laCl requirec1 for maximal growth of Vibrio 

sp. (MB3) was found to be 3%. It could not grow above 8% NaCI 

concentration. Enzyme production was maximum at 1% NaCI 

concentratiOlL There was no enzyme production when the salt 

concentration in the medium was 5% or above. 
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3.2.3. EFFECT OF VARIOUS IONS ON GROWTH AND AMYLASE 

PRODUCTION 

Hesults are shown in Table 7 and Fig. 6. All the isolates 

showed maximum growth and enzyme production in the presence 

of phosphate. Calcium ami fluoride at 0.25 M concentration were 

found to be inhi bitory tu the gro w th of these bac teria. 

The pattern of growth exhibited by ~. alginolyticus (MB1) 

. h . ++ m t e presence of catlOns was Mg ::> 
Na+ C ++ 
K+ "7 a and anions was 

- - --
HP0 4 .., s04:> Cl ? N0 3 > HC03 ? F • The pattern of enzyme 

K+ - ++ + C ++ production in the presence of cations was "Mg > Na -> a and 

anions was HPO 4 

The pattern of growth shown by V. parahaemolyticus( MB2) 

+ + ++..., Ca++ in the presence of cations was Na / K "7 Mg , and anions 

was HPO 4 "7 Cl ;> SO 4 :> HC0 3 /' NO 3 '> F- • The pattern of 

enzyme production in the presence of cations was Na + 7 Ms ++, K+" Ca++ 
- - -and anions was HP0 4 :> Cl ., SO 4 .., HC0
3 

'?' N0 3 7 F • 

The growth pattern shown by Vibrio sp. (MB3) in the 

+ + ++ Ca++ presence of cations was Na ;> K .,. Mg .,. and anions was 

f · M ++ Na+" K:+- > Ca++ pattern in the presence 0 catIOns was g:> , and 

anions was HP0
4 

'.I SO 4--::r N0
3

.,. cC -... HCO;"> F- . 
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3.2.4. EFFECT OF TEMPERATURE ON GROWTH AND AMYLASE 

PRODUCTION 

Effect of temperature on gtowth and enzyme production was 

s turiied by incubating the cul tures at different temperatures 

{50\. to bOOe). All the three species showed optimum growth at 

There was no growth and enzyme production below 5°C and 

above 45°C. Resul ts are presented in Table !:l and Fig. 7. 

V. alBinol yticus ( MB1) showed maximum amylase production 

at 30 oe. Above and below this temperature, there was 

considerable reduction in enzyme production. Although there was 

some growth at 45°C. enzyme production was negligible. 

V. parahaemolyticus ( MB2) and 

maximal enzyme production at 35°e. 

showed very feeble growth and no 

whereas t Vibrio sp. (MB3) showed 

prortuction even at 45°C. 

Vibrio sp. (MB3) showert 

V. parahaemolyticus (MB2 ) 

enzyme production at 45°C 

some growth and enzyme 

3.2.5. EFFECT OF STARCH CONCENTRATION ON GROWTH AND 

AMYLASE PRODUCTION 

Effect of starch concentration on growth and enzyme 

production was studied by varying the starch concentration of the 

merlium from O. 116 to 3 % in both nutrient broth and mineral medium. 



T
a
b

le
 

8
. 

E
ff

ec
t 

o
f 

te
m

p
er

at
u

re
 

on
 

g
ro

w
th

 
an

d
 

am
y

la
se

 
p

ro
d

u
ct

io
n

 

* 
m

g 
s
ta

rc
h

 
h

y
rl

ro
ly

s
e

rl
 

p
e

r 
1

5
 

m
in

u
te

s
 



t~ 

1 

U 

U 

QA 

U 

--- a u 

u 

OA ... ... 
0.1 

0 L-~-i----~ ____ ~ __ -L~b-~~~ ____ ~O 

0 1D 

..... 
1.4 

U 

1 

U 

U 

OA 

U 

10 10 40 10 
lMperature .. C 

10 70 

~~G.7 
b u 

u 
u ... ... 
o.t 

0 L-~-L----~ __ ~~ __ -L~~*=~~ ____ JO 
0 1D 

....... 
U 

1 

U 

U 

'" 
U 

10 10 40 to 
~oC 

10 70 

"""~o.a 
C G.7 

U .. 
Od ... 
U 

0.1 

0 L-~~----~----~--~----~~~----~O 
0 1D 10 70 

Fig. 7 a-c. Effect of temperature on growtfl and amylase 
production by Vibrio species. (a).~. alglnolyticus (MB1) 
( b) V. parahaemolyticus (MB2) ( c) Vibrio sp. (MB3). 



43 

Results are shown in Table 9 and 10 and Fig. 8 and 9. In 

nutrient broth. the optimum starch concentration required for 

growth and enzyme production showed much variation among 

differen t strains. 

less. 

whereas. in mineral medium. the variation was 

V. alginolyticus ( MB1) showed an optimum starch 

concentration of 1% for growth and 0.3% for amylase production 

in nutrient broth. 

0.8% to 3% starch. 

I t could grow well in the medium containing 

Enzyme production declined considerably as 

the concentration of starch in the medium was increased. Even 

then. it could retain 20% of the maximum enzyme activity at 3% 

starch concentration. 

In the mineral medium. V. alginolyticus (MBl) expressed 

maximum growth at 1. 5% starch concentration and maximum enzyme 

production at 0.5% starch. 

V. parahaemolyticus (MB2) showed maximal growth and 

enzyme production at a starch concentration of 0.2%. There was 

around 50% reduction in growth when the starch concentration in 

the medium was more than 0.5%. Enzyme production was completely 

inhibited when the starch concentration was above 1%. 

In the mineral menium. V. parahaemolyticus( MB2) . showecl. 

maximal growth dnd enzyme pror1uction when the starch 

concentration was in the range 0.4% to 0.6%. 
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In the case of Vibrio sp. ( MB3), maximum growth occurred 

at a starch concentration of U.2% whereas. enzyme production was 

m'aximum at 0.1 % starch concentration in nutrient broth. When the 

starch concentration was above 0.5% in the medium, there was 50% 

reduction in growth. Enzyme production was completely inhibited 

when the starch concentration in the medium was above 2%. In 

the mineral menium, Vibrio sp. (MB3) expressed maximum growth 

when the starch concentration was in the range 0.4% to 0.8% and 

maximum enzyme production in the range 0.3% to 0.5%. Above these 

values, there was considerable reduction in growth and enzyme 

production. 

r n general. all the three species showed 

enzyme pronuction in mineral media containing 

carbon source. 

good growth and 

0.5% starch as 

Growth ann enzymFl prociuction of the three species were 

compared in nutrient broth and mineral medium. It was found that 

in all the three cases. growth was maximum in complex medium 

(nutrient broth containing starch at their optimal concentration) 

than in mineral menium. But, enzyme production was maximum 

in mineral medium containing 0.5% starch. 

3.2.6. EFFECT OF CARBON SOURCE ON GROWTH AND AMYLASE PRODUCTION 

To finrt out the suitable source of carbon for growth and 
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enzyme production, bacteria were grown in mineral media containing 

0.5% of either glucose, lactose, maltose. mannitol. dextrin or 

starch as carbon sources ami growth ami enzyme prooduction were 

monitored. Results are given in Table 11 ami Fig. 10. 

Glucose was the r: source of choice for growth of V. 

alginolyticus ( MB1) and Vibrio sp. (MB3) • whereas, V. 

parahaemolyticu..s (MB2) showed maximum growth in starch medium. 

There was no enzyme production in glucose media in all the three 

cases. Enzyme production was found to be maximal in mal tose 

medium and there was also good growth in that medium. 

The pattern of growth and enzyme production expressed by 

the different strains in various media were: 

y. alginolyticus (MB1): 

manni tal ;. dex trin. 

Enzyme production 

glucose. 

growth: glucose> lactose ~ maltose> starch> 

maltose :> starch;> mannitol? lactose "> dextrin;> 

V. parahaemolyticus ( MB2): growth: 

lactose> manni tol '7 dex trin. 

starch ;. maltose > glucose> 

Enzyme production 

glucose. 

mal tose > starch > mannitol "7 lactose > dex trin > 
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Vibrio sp. (MB3): 

mannitol > dex trin. 

Enzyme production 

glucose. 
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growth: "> glucose -;, starch > maltose ~ lactose~ 

mal tose > starch > lactose > mannitol ;> dextrin.> 

3.2.7. EFFECT OF NITROGEN SOURCE ON GROWTH AND AMYLASE 

PRODUCTION 

The effect of ammonium chloride, peptooo and yeast extract 

as source of nitrogen on growth and enzyme production was tested. 

Resul ts are shown in Table 12 and Fig. 11. 

Y..... alginolyUcus (MU1) preferred to grow and produce amylase 

lIlCl.ximally in the meUium containing yeast ex tract as the source 

of ni trqgen. V. 

(Jrmiucert enzyme 

nitrogen source. 

parahaemolyticus (MB2) and Vibrio 

maximally in the medium containing 

All the three strains showed good 

sp. (MB3) 

NH4 Cl as 

growth in 

peptone and yeast extract media, but peptone was found to be a 

poor source of nitrogen for enzyme production. V. alginolyticus 

(MS1) showed very little growth when the source of nitrogen was 

ammonium chloride. 

The pattern of growth expressed in different media were: 

V. alginolyticus (MB1): peptone"> yeast ex tract ;:- NH 4 Cl, V. 

parahaemolyticus i ~m2): yeast ex tract '/ ~H4 Cl 7 peptone and Vibrio 

sp. (;'11:13): yeast ex tract ::> peptone ~ ~H 4 Cl. The pattern of 
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enzyme prociuction was: ~. algir,olyticus (MB1): yeast extract> 

peptone'? NH 4 Cl: ~. parahaemolyticus {MB2): NH 4Cl > yeast extract> 

peptone: Vibrio sp. (MB3): NH4 Cl ~ yeast ex tract> peptone. 

3.2.8. EFFECT OF NATIVE STARCHES ON GROWTH AND AMYLASE 

PRODUCTION 

AbUi ty of the isolates to grow and produce amylase in raw

starches was tested using either cassava, plantain or potato 

starches along with soluble starch. Results are presented in Table 

13 and Fig. 12. 

~. alginolyticus f MB1) could show almost uniform growth in 

all the four media. Enzyme production was maximal in the medium 

containing soluble starch. The growth pattern was: Potato starch ') 

cassava starch;> soluble starch / plantain starch and amylase 

production was: soluble starch ') plantain starch ") cassava starch> 

potato starch. V. parahaemolyticus (MB2) and Vibrio sp. (MB3) 

showeci maximum growth and enzyme production in soluble starch 

medium. The pattern of growth shown by ~. parahaemolyticus 

f MB2) was: soluble starch., potato starch 7 cassava starch") plantain 

starch and Vibrio Bp. (MB3) was: soluble starch '7 plantain starch> 

potato starch> cassava starch. The pattern of enzyme production 

by ~. parahaemolyticus (MB2) was: soluble starch:> cassava starch) 

plantain starch> potato starch and Vibrio sp. (MB3) was: soluble 

starch> potato starch"? cassava starch:::> plantain starch. 



T
ah

l(
! 

1
3

. 
E

ff
e
c
t 

o
f 

n
a
ti

v
e
 

st
a
rc

h
e
s 

o
n

 
g

ro
w

th
 

an
o

 
a
m

y
la

se
 

p
ro

rl
u

c
ti

o
n

 

S
o

u
rc

e 
o

f 
st

a
rc

h
 

(O
.S

O
o)

 

S
o

lu
b

le
 

s
ta

rc
h

 

C
a
ss

a
v

a
 

11
 

P
la

n
ta

in
 

11
 

P
o

ta
to

 
" 

V
. 

a
lg

in
o

ly
ti

c
u

s(
 M

B
1)

 

G
ro

w
th

 
(0

. 
n.

 
a
t 

7
0

0
n

m
) 

0
.3

1
 

0
.3

2
 

0
.2

7
 

0
.3

3
 

E
n

zy
m

e 
a
c
ti

v
it

y
*

 
( 
U

n
it

s/
m

l 
J 

U
.5

1 

0
.1

6
 

o .
1t

1 

0
.1

2
 

* 
m

g 
R

ed
u

ci
n

g
 

su
g

a
r 

fo
rm

ed
 

p
e
r 

15
 

m
in

u
te

s 

V
. 

p
a
ra

h
a
e
m

p
ly

ti
c
u

s(
 M

B
2)

 

G
ro

w
th

 
(0

.0
.)

 
a
t 

70
0n

m
) 

1
.0

3
2

 

0
.3

1
 

0
.2

4
 

0
.3

2
 

E
n

zy
m

e 
a
c
ti

 v
i t

y
*

 
( U

ni
 t
s/

m
l)

 

U
.9

3 

0
.4

6
 

0
.3

2
 

0
.2

2
 

V
ib

ri
o

 
s
p

. 
( M

B
3)

 

G
ro

w
th

 
(0

.0
. 

E
n

zy
m

e 
a
c
t
i
v
i
t
y
~
(
 

a
t 

7U
U

nm
) 

( U
n

i t
s/

m
l)

 

0
.7

5
 

0
.8

5
li

 

0
.3

8
 

0
.2

0
4

 
5 

0
.5

 
0

.1
4

 
J>

 

0
.4

4
 

0
.3

2
 



~;~~W=~=-____________________ ~~~--~~~~'I~ 
0.1 

o.!I 

o.a 

0.1. 

0.1 

CU» 

U 

1 

o.a 

o.a 

0.4 

o.J 

0 

GnIwtII 

b 

Fig. 12 a-c. Effect of native starches on growth and amylase 
production ty Vibrio species. {a) V. alginolyticus (MBl) 
( L)) V. parahaemolyticus (:'IB2) (c) Vibrio sp. (MB3). 



41::1 

3.2.9. EFFECT OF PERIOD OF INCUBATION ON GROWTH AND AMYLASE 

PRODUCTION 

The effect of period of incubation on growth and amylase 

production was studied in both still culture and shaker culture. 

Results are presenten in Table 14 and 15 and fig. 13 and 14. 

3.2.9.1. Still culture 

In still cuI ture. an incubation period of 24 hours was found 

to be necessary for maximal growth ann enzyme production. Vibrio 

alginolyticus ( MSl) began enzyme production after 12 hours of 

incubation and enzyme production continued for up to 30 hours. 

In V. parahaemolyticus (MB2) and Vibrio sp. (MB3). enzyme 

pror1uction started at an earlier stage (after 6 hours) and reacherl 

maximal level after 24 hours. Enzyme produced was not very 

stable in the medium and the activity decreased considerably by 

further incubation. 

3.2.9.2. Shaker culture 

To find out the effect of shaking on incubation period. 

cul tures were inoculated in maltose medium and incubated on 

shaker (140 rev Iminute) . Growth and enzyme production were 

monitored at different intervals. Shaking of the cultures resulted 

in a considerable reduction in the period of incubation required 

for growth ann enzyme production. V. alginolyticus (MBt) required 
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1U hours of incubation for maximal growth and enzyme production 

whereas, V. parahaemolyticus (MB2) and Vibrio sp. (MB3) required 

only seven hours of incubation for maximal growth and enzyme 

prort uc tion. 

3.2.10. GROWTH PHASE OF AMYLASE PRODUCTION 

To determine the growth phase at which enzyme production 

occurs, cells were inoculated in starch medium amI incubated on 

a shaker. Growth and enzyme production were monitored at short 

intervals. Resul ts are shown in Table 16 and Fig. 15, 

I n general, 

phase, 4 to b 

stationary phase. 

these organisms spent about 2 hours in the lag 

hours in logarithmic phase and then entered the 

In all the strains, enzyme production started 

at about 4 hours of incubation, when the cells were in their early 

logari thmic phase of growth, and amylase production continued till 

they entered the stationary phase. In Vibrio parahaemolyticus 

( MB2) and Vibrio s p. (MB3), enzyme secretion discontinued when 

the cells were in the stationary phase of growth whereas. in 

V. alginolyticus ( Mt31), enzyme secretion continued in the early 

stationary phase also. 

3.2.11. LOCATION OF AMYLASES 

To find out whether the amylase activity was truely 
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ex tracellular I or released by cell lysis I the activity of the enzyme 

in the cell-free cuI ture supernatant and in the extract of whole 

cells was determined. Resul ts are presented in Table 17. 

Only very little amylase activity was detected in the cell 

extracts. The intracellular amylase activity detected in V. 

alginolyticus (MB1) was 4.5% I in Vibrio parahaemolyticus (MB2) 

1.42% and in Vibrio sp. (MB3) 1.1% of the total activity. Results 

showed that am,y'lase activity is mostly extracellular. 

3.3. DISCUSSION 

The growth of aquatic microorganisms is influenced by a 

number of physical and chemical factors. They influence the size I 

composition I 

bacterium. 

morphology and physiology of the individual 

Thus. the incubation temperatures. pH values and salt 

concentration above or below the optimum may lead to considerable 

changes in metabolism and reproduction. The synthesis of enzymes 

and the ability to break down substances may be either promoted 

or inhi bi ted by these factorsl72 • 

3.3.1. BFFECT OF pH ON GROWTH AND AMYLASE PRODUCTION 

pH is a very important factor affecting growth and metabolism 

of bacteria. They show wide variation in their optimum pH for 

growth and amylase production. Most bacteria can grow only within 
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the pH range 4 to 9173 More pronounced deviations from the 

optimum pH cause physiological changes 172 . 

B. stearothermophilus produced cc -amylase maximally at pH 

174 b.7 Bacill us s p. prooucing alkaline oG -amylase required 

alkaline pH (pH 7.5-11) for growth and amylase production 175 

Bacillus subtilis produced oC -amylase in the pH range 6.5 to 

8.U170.48. ~. cereus produced amylase at pH 8.0 to 8.510~ 

Bacill us licheniformis synthesised 

ranging from b to 9 56 •12 ,177 

QC -amylase maximally at pH 

Takaya ~ a1 59 reported that 

Bacill us H 167, isolateo from soil. produced amylase maximally 

when the initial pH of the medium was 9.4. Bacillus sp. isolated 

from fermenting African locust bean had their optimum pH for 

growth between 7.0 and 9.U 64 Nandakumar 36 reported that 

Bacillus strains pruduceo amylase at significant levels in the pH 

rangr~ 7 le 1U. 

Different species of Clostridium also showed variation in 

their optimum pH for growth and enzyme production. Clostridium 

lU 178 acetobutylicum and Clostridium thermohydrosulfuricum produced 

amylase maximally at pH 0.5 whereas, a new clostridial isolate 

d d I . 11 at pH 5.9 179 . pro uce amy ase maXlma y 

Micrococcus halobiu.s. a halophilic bacterium produced amylase 

. 11 pH 6.8 72. maXlma y at 
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I n general. mos t microorganismf> prefer pH 7 for their 

. 1 th I .. 180 maXIma grow am actIvIty The bacteria used in the present 

quriy 'also preferreri pH 7 for growth anri amylase production. 

v. alginolyticus I MS1) and Vibrio sp. (MB3) showed a sharp 

riecline in enzyme prorluction below or above this pH value. 

\'d1ereas. V. parahaemolyticus ( MB2) coulrl produce amylase at 

significant levels in the pH range 7 to 9. Acidic pH was fOW1d 

to be more harmful for growth and amylase production than alkaline 

pH. 

3.3.2. EFFECT OF NaCl ON GROWTH AND AMYLASE PRODUCTION 

+ 
Growth of all species of Vi~rio is stimulated by Na The 

minimal concentration required far optimal growth ranges from 5 

to 15 mM for V. cholerae and V. metschinikovii to 600 to 700 mM, 

for V. costicola162 ,181,182. 

Only very few reports are available on the effect of sodium 

chloride on anrl amylase production by bacteria. 

Micrococcus halobius. a moderate halophile, produced amylase 

maximally when cultivated in media containing 1-3M NaCl183 ,184 

Micrococcus varians sub sp. halophilus produced amyiase maximally 

in media containing 2 M NaC1 44 • Acinetobacter 204.1, produced 

amylase in media containing 1 to 2 M NaC1 42 • AI teromonas rubra 45 

and Vi brio gazogenes 39 produced amylase in high quanti ties in 

artificial seawater meniuID containing 600 mM NaCl. 
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I n the present s tuny, NaCl was found necessary for growth 

ami. enzyme pronuction. The optimal sal t concentration required 

by the different species showen great varia tion. V. alginol yticus 

( ;-"181) coulri grow maxirnally in the NaCl range 3% to 10%, whereas, 

enzyme prociuction was maximal at 1.5% NaCl concentration. t'or 

V. parahaemolyticus (MB2), NaCl optima for growth was 1.5% and 

for enzyme prorluction 1%. Vibrio sp. (MB3) exhibited salt 

optima for growt;l ann enzylne production at 3% and 1% respectively. 

In general, at higher concentration of NaCl, (up to 8%) all 

the three species showed significant growth whereas enzyme 

production was found to be inhibited by higher NaCl levels in 

the medium. Lower amounts of NaCl were essential for enzyme 

production and growth and enzyme production were completely 

absent in the menia wi thout sal t. 

3.3.3. EFFECT OF VARIOUS IONS ON GROWTH AND AMYLASE 

PRODUCTION 

Growth and enzyme production of halophilic bacteria depend 

upon the presence of various ions In the media. They are unable 

tu grow in the absence of ions in the media. The results, 

obtaineri in the present study, have shown that this ionic 

requirement is not very specific. Except calcium chloride and 

soriium fluoride, all other sal ts used in the experiment were able 
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to support growth ami amylase production by these bacteria. It 

may be concluded that the important fWlction of these ions is to 

maintain the osmotic balance between the cells and their 

environment. Similar observations were also made by other 

workers. Onishi 72 found that a halophilic bacterium. Micrococcus 

halobius. could grow and produce amylase in starch medium 
44 

containing either 1 to J M NaCl or KCl. Kobayashi ~ ~ also 

observed that amylase production by Micrococcus varians halophilus 

ATCC 21971 was supported by 1.5 to 3.0 M NaBI' or 2 to 4 M NaN0
3

. 

3.3.4. EFFECT OF TEMPERATURE ON GROWTH AND AMYLASE 

PRODUCTION 

All bacteria exhibi t a characteristic minimum growth 

temperature. optimum growth temperature and maximum growth 

185 temperature Optimum temperature required for QC -amylase 

production by different bacteria shows wide variation. Different 

strains of the same species also show considerable variation in 

their temperatUI'e optima for amylase production. 

Temperatures used for (X -amylase production by different 

strains of Bacillus subtilis were 37°C and 4002 76 • 300C 186 

37°C 187 and 350C 48 . The optimal temperatures employed for the 

production of amylase by Bacillus licheniformis were 370C 188 • 

35-4Uo C 177. 550C 189 and 450C 12. Bacill us coagulans CUMC 512 
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produced amylase maximally at 500C 189. Bacillus stearothermophilus 

also produced amylase maximally at 50oc68 
The temperature 

optima for amylase production by other Bacillus strains were 30°C 

for Bacillus cereus ~Y_14110. 37°C for Bacillus sp. H.16f9 and 35°C 

tor Bacillus coagulans. B. polvm~ and ~. cereus36 

Clostridium acetobutyricum produced amylase maximally at 

45°C 18 whereas. Clostridium sp. strain EM! produced amylase 
20 

maximally at 55°C The halophilic bacterium Micrococcus 

halobius preferred a growth temperature of 30 to 37°C for maximal 

enzyme production 40. 

From previous studies. it is evident that, except a few, 

majority of bacteria prefer to grow and produce amylase below 

The observation made in the present study also agrees with 

this general pa ttern. All the strains showed maximal growth and 

enzyme production in the temperature range 30 to 35°C. Vibrio 

alginolyticus (MB1) and Vibrio sp.(MB3} showed some growth at 

There was no growth below 5°C. This observation shows 

that, though they are aquatic forms, they are mesophiles. Their 

growth in the natural environment may be suboptimal. 

Species of Vibrio vary with respect to temperature at which 

growth will occUr. All grow at 20°C and most at 30°C. some grow 

at 4°C and 45°C and none grows at 50°C 190. This general 
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observation was founn to be trUE! in the case of the Vibrio species 

used in the present study also. 

3.3.5. EFFECT OF STARCH CONCENTRATION ON GROWTH AND 

AMYLASE PRODUCTION 

Starch is userl winely as a source of carbon for amylase 

prorluction. The concentration of starch required for maximal 

amylase production shows wide variation among different bacterial 

strains . 

Bacillus stearothermophilus produced amylase maximally at 

0.3% starch cODcentration. Above this level. amylase production 

Dj 
decreased . D. cereus NY -14 produced amylase maximally at 0.5% 

soluble starch 109. Bacill us licheniformis TCRDC B13 was reported 

to produce amylase maximally at 1% starch177 • Bacillus coagulans 

showed maximal amylase production at 2% starch191, Nandakumar 36 

reporterl cc -amylase prorluction by Bacillus strains at 1% starch. 

Clostridium acetobutyricum required 2.5% starch for maximal 

amylase production 18 Clostridium 2021 produced amylase 

maximally at 3% starch 69 whereas. a new Clostridium isolatl
79 

required only 1% starch for maximal amylase production. Optimum 

h . f S t rl'mosus was 1.5Q..68 and for stare concentratlOn or trep omyces '11 

S HA 40 l't was 1% starch62 . treptomyces • Micrococcus halobius 

ATCC 21729 produced amylase maximally in a medium containing 

U 2 'lU h 44 , tu ~i) stare , 
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In the present study, the three strains showed marked 

variation in optimal starch concentration for growth and enzyme 

protiuction in nutrient rnediwn. The concentration optima for growth 

anti enzyme production also showed great differences. Vibrio 

higher alginolyticus ( MB1) anti Vibrio sp. (MB3 ) required 

concentration of starch for optimal growth and lesser concentration 

for maximal amylase production. Vi brio alginolyticus ( MBl ) 

require(j 1% starch for optimal growth in nutrient broth and 0.3% 

for enzyme production. Vibrio sp. (MB3) showed maximum growth 

at U.2% starch and enzyme production at 0.1% starch. But Vibrio 

parahaemolyticus (MB2 ) showed optimal growth and enzyme 

production at the same starch concentration (0.2%). In all the 

three cases, higher concentration of starch was found to be 

inhibitory to enzyme production. 

In the mineral metiia. starch concentration required for 

maximal growth and enzyme production was higher compared to 

nutrient broth. This may be due to the fact that in the mineral 

menia. starch is the only source of carbon whereas. in nutrient 

broth, other ingredients like beef extract and peptone can also 

serve as sources of carbon. In mineral medium. y. alglnolyticus 

(MBl) showed maximum growth at 1.5% starch and enzyme production 

at U.5%. V. parahaemolyticus (MB2) showed optimum growth and 

enzyme production in the range 0.4% to 0.6% starch. Vibrio 

sp.l MB3) showed maximum growth at 0.4% to 0.8% starch 
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concentration and maximal enzyme production in the concentration 

range 0.3% to 0.5%. In general. it was found that at 0.5% starch 

concentration in mineral media. all the strains showed good growth 

and enzyme production. 

Growth ami enzyme production were compared in complex 

meriium and mineral medium. All the strains showed maximal 

growth in complex medium whereas, amylase production was maximal 

in synthetic medium. In complex medium. since other sources of 

carbon are available, they can grow even without producing 

amylase. Whereas. in mineral medium where the only source of 

carbon is starch. the organisms have to produce amylase for growth 

ami their metabolism. Ustyuzhania ~ a1192 also observed higher 

production of amylase 

than in complex 

by Aspergillus oryzae in a synthetic medium 

medium.. Alteromonas rubra 45 and Vibrio 

gazogenes 39 also produced amylase in high quantities in mineral 

tn8r1ium containing starch or maltose as carbon source. Whereas, 

Bacillus stearothermophilus was found to produce amylase in higher 

quantities in complex menia than in semi-synthetic or synthetic 

meriia 63 . 

3.3.6. EFFECT OF SOURCE OF CARBON ON GROWTH AND AMYLASE 

PRODUCTION 

The composition and concentration of media greatly affect 

the growth and prorluction of extracellular amylase in bacteria. 
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Starch is consiciereci to be an inciucer for amylase production but 

there are reports that starch may not be required for amylase 

. Hl3 
prociuctlOn 

Starch was founci 

prociuction by Bacillus 

Bacillus 1· t 'f . 313 lC lenl urnlls 

to be a gooci C source for 

ti!:l 
s tearotrlermophil us Bacill us 

Bacillus cereus109 ,38 

amylase 

bt 'l' 38~ su 1 IS 

Bacillus 

. 111 
megaterlum Clostridium acetobutylicum. Clostridium 2021 69 • 

Clostriciium thermosulfuricum 70 Clostridium b ' 19 
_utYrlcum 

613 
Streptomyces r-imosus and Streptomyces 

62 
sp. H.A.40 . 

Starch or mal tose served as a good source of carbon for 

amylase production by Pseudomonas , 

39 45 gazogenes and Al teromonas rubra . 

24 saccharophlla Vibrio 

Arabinose. maltose. maltotriose or xylose served as carbon 

source for amylase proriuction by Bacillus licheniformis 56 Starch 

riextrin. lactose and mal tose served as carbon sources for amylase 

proriuction by different strains of Bacillus 36 . Starch. pullulan. 

mal totriose and mal tose served as goori C so\.Jrce for amylase 

production by a new Clostridium isolate 2U • Mal tose served as 

a carbon source for amylase production by a new strain of Bacillus 

bt 'l' 50 su 1 IS • Galactose served as the carbon source for production 

of amylase by Bacillus licheniformis 12 . Bacillus subtilis and 

Bacillus brevis 47-5 provided large amounts of amylase in medium 

supplemented with glucose as carbon source 194. 
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In the present sturty, Vibrio alginolyticus 'MBl) and Vibrio 

sp. (MB3) showert maximal growth in glucose media whereas, Vibrio 

parahaemolyticus ( MB2) expressed maximum growth in starch 

lTIen i urn . 

Mal tose was founn to be the best carbon source for amylase 

pronuction by all the three strains. Starch also supported enzyme 

pronuction in high quantities. But, glucose at 0.5% concentration 

was found to inhibit amylase production completely. So the 

amylases prortucen by these bacteria may be considered as 

subjected to catabolite repression. 

Among the rtifferent types of starches tested, soluble starch 

was founn to be the bes t C, source for growth and amylase production 

by all the strains. Vibrio alginolyticus showed almost uniform 

growth in all the starches tested but amylase production was 

maximal in soluble starch. 

3.3.7. EFFECT OF SOURCE OF NITROGEN ON GROWTH AND AMYLASE 

PRODUCTION 

The source of nitrogen also influences growth and amylase 

secretion by bacteria. Clostridium acetobutylicum secreted amylase 

in high quantities in the presence of fish powder18 • Soy flour was 

founn to be a good nitrogen source for amylase production by 

Bacillus Illegateriulll. sensu stricto 1 !'lCIB 7581) 111 Peptone was 
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a goon source of nitrogen for amylase production by Bacillus cereus 

NY-14 110, Bacillus sp. 195 Bacillus licheniformis 12 Bacillus 

licheniformis Tf":RDf": 813
177

• Bacillus subtilis50 and Streptomyces 

62 
sp. H.A.40 Yeast extract was fOlmd to be a good nitrogen 

source for amylase proriuction by Bacillus arr.yloliguifaciens 57 • 

I n the present s tufly, of the three nitrogen sources tes ted , 

yeast extract was the preferred nitrogen source for Vibrio 

alginolyticus (MB1) whereas I ~. parahaemolyticus (MB2) and Vibrio 

sp. ( MB3) produced amylase maximally in the presence of ammonium 

chloride. 

3.3.B. EFFECT OF PERIOD OF INCUBATION ON GROWTH AND AMYLASE 

PRODUCTION 

The incubation period required for maximal growth and 

enzyme productiun depends on the bacterial species and the type 

of cuI ture. The optimum incubation period for production of 

cc -amylase by Bacillus licheniformis CUMC .305 was 15 to 20 

12 hours . Alkalophilic Bacillus sp. H 167 required 50 to 60 hours 

of incubation perion 59 Bacill us subtilis required 72 hours of 

incubation 
. 186 

penod Clostridium acetobutyl1cum ATCC 824 

required 15 hours of cultivation period for maximal amylase 

d t · 18 pro uc lOn whereas, Clostridium butyricum produced amylase 

maximally in 18 hours 19 . 
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Optimum incubation periods for cc -amylase production by 

Bacillus licheniformis in still and shake cul tures were 32 to 38 

hours and 20 to 25 hours respectively 62 • In the present study 

also, the incubation period showed variation in still and shake 

cul tures and a shorter incubation was sufficient for maximal amylase 

production in shake cul tures, V. parahaemolyticus (MB2) and 

Vibrio sp.(MB3) required only 7 hours of incubation under shake 

cul tures for maximal amylase production whereas, under still 

cuI ture. 24 hours of incubation was essential. Vibrio alginolyticus 

(MB1) required 10 hours of incubation under shake culture whereas, 

36 hours were essential under still cultures. But Bacillus 

63 stearothermophilus did not show any difference in incubation 

period due to shaking and in case of Aspergillus oryzae, stationary 

196 cultures gave better yields of amylase than shake cultures . 

3.3.9. GROWTH PHASE OF AMYLASE PRODUCTION 

In many bacteria, amylase secretion takes place at the 

exponential or logarithmic phase of growth. This was found to 

be true in the case of Bacillus stearothermophilus14 Bacillus 

I , h'f . 56.13 
lC em ormlS 

saccharophila 24 , 

In the present 

Clostridium isolate20 Pseudomonas 

39 Vibrio gazogenes 

study also, Vibrio 

and Alteromonas rubra45 

parahaemolyticus (MB2 ) and 

Vibrio sp. (MB3) secreted enzyme in the logarithmic phase of growth 

and further increase in incubation period resulted in the loss of 
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enzyme activity, This llIay be rtue to the production of proteolytic 

enzymes towards the early stationary phase of growth. 

r n some bac teria. enzyme production takes place in the 

stationary phase of growth or can continue in the stationary phase. 

Streptomyces aureofaciens showed maximal production of ceU-bound 

amylase in the logarithmic phase whereas. extracellular amylase 

61 was produced maximaUy in the stationary phase of growth 

Bacillus megaterium sensu stricto (NCIB 7581) produced f3 -amylase 

through out the exponential phase and during the early stationary 

111 phase The yeast Saccharomycopsis fibuligera ST2 produced 

amylase during the stationary phase of growth. Vibrio 

alginolyticus (MB1) employed in the present study started enzyme 

production in the logarithmic phase and the production continued 

in the early stationary phase of growth also. 

3.3.10. LOCATION OF AMYLASES 

The amylases produced by bacteria may be either ceU-bound 

or ex tracellular. Amylolytic enzyme produced by a new Clostridium 

isolate was largely ceU-bound during the growth of the organism 

with 0.5% starch but an increase in the starch concentration in 

the medium resul ted in excretion of amylase into the cul ture 

broth 20 Clostrirlium thermosulfuricum also exhibited similar 

f l ' b t' 70 pattern 0 enzyme 1 era IOn . 
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Bacillus licheniformis NCIB 6346 cC -amylase was invariably 

extracellular and coulri not be detected in the cytoplasm or cell 

56 surface . Similar observations were made in the case of Vibrio 

39 45 
gazogenes and AI teromonas rubra • The bacteria employed in 

the present sturiy also produced mostly extracellular amylase. 

Only less than 5% of the total activity was found to be associated 

with cell. So, the amylases produced by Vibrio alginolyticus 

(MB1), V. parahaemolyticus (MB2) and Vibrio sp.(MB3) may be 

considered as extracellular. 



Chapter 4 
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4. REGULATION OF AMYLA')E SYNTHESIS 

The synthesis of extracellular enzymes by bacteria is 

['egulatec1 by environmental stimuli. in a similar fashion to the 

regulation of catabolic cytoplasmic enzymes. Thus. extracellular 

b 'th 'd 'bl 't . 197.198 enzymes may e el er m UCl e or constl utI ve . 

Synthesis of extracellular enzymes may be inducible. partially 

constitutive 0[' totally constitutive depending on the microorganism 

ami the enzyme invol ved . Since the substrates for extracellular 

enzymes are often too large to enter the cell. it is. generally. 

assumed that the inducing molecule is a product of the enzyme I s 

activity rather than the substrate itself. It is thought that a 

small level of constitutive extracellular enzymes degrades the high-

molecular-weigh t substrates and that the low-molecular-weight 

product induces further enzyme synthesis on entering the cell. 

J t was found that digalacturonic dcid residue which is a product 

of the cleavage of pectic acid by pectic acid lyase. acts as an 

inducer of pectic acid lyase 199 . Similarly. mal tooligosaccharides 

induce cc -amylase synthesis in some strains of Bacillus 

licheniformis 200 and Bacillus stearothermophilus 174 • 

Experiments were carried out to study whether any induction 

or repression in amylase synthesis occurs in halophilic bacteria. 
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4.1. MATERIALS AND METHOll3 

4.1.1. EFFECT OF VARIOUS CARBOHYDRATES ON AMYLASE 

PRODUCTION 

Effect of mal tose. starch. glucose. lactose. mannitol and 

riextrin on amylase innuction was stunied by inoculating the cultures 

in mineral medi urn containing 0.5% each of these carbohydrates 

inciividually as sole source of carbon. 

estimated after 24 hours. 

Enzyme activity was 

4.1.2. EFFECT OF GLUCOSE ON AMYLASE PRODUCTION 

Effect of glucose on enzyme production was studied by adding 

riifferent concentrations of glucose to cultures growing and secreting 

amyl ase in mal tOS8 merlium. 

short intervals. 

The enzyme activity was assayed at 

4.1.3. EFFECT OF CHLORAMPHENICOL ON AMYLASE SECRETION 

Effect of chloramphenicol on amylase secretion was studied 

by adding chloramphenicol (5 pg/ml) to cells actively secreting 

amylase in maltose medium. 

short intervals. 

Enzyme activity was determined at 
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4.1.4. EFFECT OF ACTINOMYCIN D ON AMYLASE SECRBTlON 

Effect of actinomycin D on amylase production was studied 

by aririing actinomycin D (70 j-lg/ml) to cultures actively secreting 

amylase in mal tose rnertium. Enzyme secretion was followeri by 

assaying enzyme activity at short intervals. 

4.2. RBSUL 1'5 

4.2.1. EFFECT OF VARIOUS CARBOHYDRATES ON AMYLASE 

PRODUCTION 

All the 3 strains showed amylase secretion at high levels 

in both starch as well as maltose medium (Table 18 and Fig. 16). 

In all the strains. amylase secretion was found to be more in 

maltose medium than in starch medium. There was no enzyme 

production in glucose medium and very little amylase production 

in dex trin and mannitol media. 

4.2.2. EFFECT OF GLUCOSE ON AMYLASE PRODUCTION 

As it was found that glucose at 0.5% level completely 

inhibited enzyme production. the effect of lower concentration of 

glucose was tested (Table 19 and Fig. 17). It was found that 

in all the three strains at 0.5 mg/ml of glucose, enzyme production 



b 1 o... 

Table 11:L Effect of various carbohydrates on amylase production 

Enzyme activity* {Units/ml} 
Carbon source 

(0.5%) V. alginolyticus(MB1) V. parahaemolyticus(MB2) Vibriosp.(MB3) 

Glucose 0 0 0 

Lactose 0.12 0.53 0.443 

Mal tose D.li 0.98 0.94 

Mannitol 0.1 0.3 0.16 

Starch 0.48 0.9 0.856 

Dextrin U.l 0.05 0.04 

~ mg starch hydrolyserl per 15 minutes 
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r'ig. 16 a-c. Effect of various carbohydrates on amylase production 
by Vibrio species. (a)~. alginolyticus (MB1) (b) V. 
parahaemolyticus [MB2) (c) Vibrio sp (MB3). 



Table 1!:la. Effec t of Clrldition of different concentrations of glucose 
to Vibrio alginolyticus (MB1) cuI tures secreting amylase 
in mal tose lfledium. 

Periorl of Enzyme activity* (Uni ts/ml) 

incuba tion Concen tra tion Concentra tion Concentra tion 
(hours) of glucose of glucose of glucose 

0 mg/ml 0.5 mg/ml 2.5 mg/ml 

U 0 0 0 

1 0 (I 0 

2 U 0 0 

J U U 0 

4 0.05 0.05 0.05 

5 U.08 O.OB 0.08 

0 0.11 0.11 0.11 

7 0.26 0.12 0.12 

H U.4 U.27 0.121 

Y U.5 0.4 0.122 

lU 0.55 U.5 0.12 

11 0.01 0.55 0.11 

12 0.6 0.6 0.122 

* mg starch hydrolysed per 15 minutl?s 



Table l~b. Effect of addition of different concentrations of glucose 
to Vibrio parahaemol yticus ( MB2) cultures secreting 
amylase in maltose medium. 

Period of Enzyme activity'~ (Uni ts/ml) 

incuba tion Concentra tion Cor~centration Concentra tion (hours) 
01 glucose of glucose of glucose 
U rng/rnl 0.5 mg/ml 2.5 mg/ml 

U 0 0 0 

1 U 0 0 

2 U 0 0 

j U.12 U.12 0.12 

4 U.35 0.35 0.35 

5 U.6 0.36 0.35 

b U.Clb 0.6 0.346 

7 0.95 0.8 0.34 

I::l u.e 0.85 0,35 

9 U.6 0.6 0.34 

lU U.5 U.55 0.35 

¥ mg starch hydrolysed per 15 minutes 



Tallle 1 ~c. EffE'C t of aciciition of ciifferent concentrations of glucose 
tu Vi brio s p. ( MB3 ) cultures secreting amylase in 
mal tose medium. 

Periori of Enzyme activity* ( Uni ts/ml) 
incuba tion 
(hours J Concentra tion Concentration Concentra tion 

of glucose of glucose of glucose 
u mgl 1I11 0.5 mg/ml 2.5 mg/ml 

Ll U 0 0 

1 U 0 U , 

L U U 0 

J U 0 0 

4 0.13 0.13 0.13 

5 0.5 0.13 0.13 

G U. fj~ 0.35 0.2 

7 D.eS U.55 0.35 

I:l U. S3 0.8 0.47 

I::J U.b 0.75 0.5 

iU 0.4 0.6 0.5 

* mg starch hydrolyseri per 15 minutes 
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Fig. 17 a-c. Effect of adding different concentrations of glucose 
(at the time inriieated by the arrow) on amylase production by 
Vibrio species. (a)~. alginolyticus (MB1) (b) V. 
p(1rahaemolyticuc; (\IH2J (c) Vibrio sp. (MB3). 



\\a:-:; clelayerj for a period of one hour and then resumed. But. 

at higher levels. {2. 5 mg/ml) amylase production was completely 

inhi bi ted in Y..... alginolyticus (MB1) and V. parahaemolyticus (MB2). 

There was consirierable reriuction in amylase production by Vibrio 

sp.(tv1B3) at this concentration of glucose. 

4.2.3. EFF ECT OF CHLORAMPHENICOL ON AMYLASE SECRETION 

When chloramphenicol was added to cells actively secreting 

amylase. there was an immediate and complete inhibition of amylase 

secretion in all the three cases (Table 20 and Fig. 18). 

4.2.4. EFFECT OF ACTlNOMYCIN-D ON AMYLASE SECRRTION 

\V hen actinomycin 0 was added to cell suspension. amylase 

secretion continued for Cl short periori. followed by inhibition. 

I t was found that inhibition did not occur until about one hour 

after the arldition of the antibiotic. All the strains showed 

similar pattern of inhibi tion by actinomycin 0 (Table 21 and Fig. 

1 ~ ) . 

4.3. DISCUSSION 

4.3.1. INDUCTION OF AMYLASE SYNTHESIS 

1\1al tose. one of the products of DC -amylase action, was found 



Table 2Ua. Effect of chloramphenicol on amylase secretion by 
V. olginulyticus (M131 J. 

Period of Enzyme acUvi ty* ( Units/ml) 
incubation 
(hours) Without chloramphenicol With chloramphenicol 

Ll U 0 

1 U 0 

2 0 0 

3 U 0 

4 U.U5 0.05 

5 u.ue 0,079 

b U.15 0.15 

7 U.26 0.15 

H (J.3b 0.149 

~ 0.5 0,145 

lU 0.6 0.14 

* mg starch hydrolysed per 15 minutes 



Table 20b. Effect of chloramphenicol on amylase secretion by 
V. parahaemolyticus (MB2). 

Period of 
incubation 
{hours) 

Enzyme activity* (Units/ml) 

\Vi thout chloramphenicol Wi th chloramphenicol 

u U 0 

1 0 0 

2 U 0 

:l U.12 0.12 

4 U.35 0.35 

5 U.b 0.35 

b U.86 0.34 

7 0.95 0.35 

* mg starch hydrolysed per 15 minutes 



Table 2Uc. effect of chloramphenicol on amylase secretion by 
Vit)rio sfJ. (\1B3). 

Period of 
incubation 
r hours) 

Enzyme activHy* (Units/ml) 

Without chloramphenicol With chloramphenicol 

U U 0 

1 U 0 

2 U 0 

3 U 0 

4 0.13 0.133 

5 0.52 0.134 

6 0.69 0.134 

7 0.85 0.136 

.,. mg starch hydrolysed per 15 minutes 
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Fig. 18 a-c. Effect of adding 
inriicuted by the arrow) on amylase 
[ Cl J V. alginolyticus ( \lE31) ( b) 
: Cl \it)riu sp. DIU3). 

chloramphenicol r at the time 
pronuction by Vibrio species. 

V. parahaemolyticus (MB2) 



Table 21a. Effect of actinomycin 0 on amylase secretion by 
Vibrio alginolyticus (MB1). 

Period of Enzyme activity* ( Units/ml) 
incubation 
(hours) Wi thout actinomycin 0 With actinomycin 0 

U U 0 

1 U 0 

2 0 0 

;) U 0 

4 0.05 0.045 

5 D.Ot; 0.082 

b 0.15 0.14 

7 0.27 0.2 

e 0.38 0.24 

Y 0.5 0.25 

10 0.62 0.255 

* mg starch hyrtrolysed per 15 minutes 



Table 21 b. Effect of actinomycin D on amylase secretion by 
Vibrio parahaemolyticus (MB2). 

Perioci of Enzyme activity* ( Units/ml) 
incubation 
( hours) Without actinomycin D With actinomycin D 

0 0 0 

1 0 0 

2- 0 0 

J 0.12 0.125 

cl 0.35 0.359 

5 0.6 0.45 

b 0.86 0.455 

7 0.9 0.45 

* mg starch hydrolyseci per 15 minutes 



Table 21c. Effect of actinomycin D on amylase secretion by 
Vibrio sp. (MB3). 

Period of 
incubation 
( hours) 

0 

1 

2 

3 

4 

5 

6 

7 

Enzyme activity* (Unitsjml) 

Wi thout actinomycin 0 With actinomycin lJ 

0 0 

0 0 

0 0 

0 0 

0.13 0.132 

0.52 U.25 

O.6~ U.25b 

0.85 0.254 

* mg starch hydrolysed per 15 minutes 
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by the arrow) on amylase prorluction by Vibrio species. 
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(c) Vibrio sp. (MB3). 
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to be an inducer of amylase production in Micrococcus varians 

halophilus ATCC 21971 44: Vibrio ~zogenes3g , Alteromonas rubra 45 • 

A °11 . 92 u "11 ° ul 81 VOb' h 1 i 86 spergl us mger ,uaCI us Clrc ans , I no para aemo yt cus • 

S "68 rl °11 201 treptomyces nmosus an AsperSl us oryzae 

Synthesis of QC -amylase by Streptomyces olivaceus was 
I 

202 inrluceci in merlia containing mal tose or starch . Higher yields 

of amylase were known to be produced in media containing complex 

starch materials like ground corn rather than in artificially defined 

merlia 203, 204. 205 • because these carbon compounds do not exert 

catabolite repression and it would appear that they permit maximal 

induction of oc -amylase. 

Starch. pull ulan. mal totriose and mal tose induced the 

synthesis of cc. -amylase and pullulanase by a new Clostridium 

t " 20 s raIn Mal totriose induced amylase synthesis in V. 

86 parahaemolyticus Clostridium thermosulfurogenes expressed 

j3 -amylase at high levels when maltose or other carbohydrates 

containing maltose units were present in the medium 7 
. Amylase 

from Bacillus circulans F2 was induced by cross-linked starches8~ 

Starch. maltose and. 13 -cyclodextrin induced amylase production by 

the yeast Filobasidium capsuligenum 88. Starch induced amylase 

synthesis in Bacillus s tearothermophilus82 , Streptomyces rimosus 68 

"1- 91 and Aspergl ius or"yzae In the present study also. the amylases 

of all the three strains were found to be inducible. Maltose and 
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starch were found to induce higher amylase production in these 

species. Of these, maltose was a better inducer than starch 

because higher amylase activ1 ty was found in the medium containing 

maltose. In contrast, the amylase produced by Bacillus 

licheniformis NCIB 6346 was found to be constitutive and not , 

dependent 1 f " d t" 79 on exogenous cc -g ucans or In uc lOn Similarl y, 

the amylase of Bacillus subtilis 206, 207 was also proriuceo 

constitutively. The enzymes produced by the present strains may 

be considered partially constitutive. since. small quantities of 

enzymes were secreted into the medium. even in the absence of 

starch or mal tose . 

In general. compounds containing oC-l.4 glucosidic linkages 

are effective inducers of amylases. Tn contrast to this general 

observation, Tomomura ~ al 208 reported that 1somal tose ano pentose 

were most effective inducers of cc -amylase in Aspergillus oryzae. 

Suzuki and T ana be 209 observed that the highest levels of 

oe-amylase were produced when high concentration of disaccharides. 

identified as isomal tose and maltose were present in the meclium. 

4.3.2. CATABOLITE REPRESSION 

RepreSSion of constitutive and inducible enzyme synthesis 

in the presence of readily utilizable carbon source is known a I-; 

catabolite repression. It explains many aspects of extracellular 
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enzyme synthesis 210 and contributes to the regulation of these 

enzymes. In E. coli. it was found that the rate of synthesis of 

the enzyme ,.a-galactosidase in constitutive mutants or after 

induction was inversely proportional to the growth rate of the 

organism. It was higher in cells when the growth rate was low. 

with lactose or succinate as carbon sources. and low in cells 

211 growing rapidly with glucose or galactose . 212 Meers reported 

that catabolite repression and growth rate were the main factors 

controllIng cC -amylase synthesis in Bacillus licheniformi~. 

cC -Amylase synthesis in Bacillus subtilis is relatecl. to the nature 

of the carbon source. being highest in media containing lact ate 

or glutamate but lowest with glucose which gave the fastest growth 

rate,207 In both Bacillus s tearothermol2hil us 
174 

and Bacillus 

subtllis 213 the rate of synthesis of oc: -amylase is inversely 

related to the rate of growth of the organism, when st~rch. 

glycerol or glucose are used as carbon sources. Continuous culture 

studies Bacillus subtilis 214 showecl. that cc -amylase on was 

catabolite repressed. The amylase procl.uction by Bacillus 

l1cheniformis depended on the presence or absence of a cataboli te-

repressing carbon source in 

Thirunavakkarasu and P . 79 nest 

the growth d " 13 me lum 

have reported that amylase 

production by Bacillus licheniformis was subjected to catabolite 

repression. 1f either glucose or mannitol was present in the 

medium. amylase synthesis caul cl. not be rtetecte<i until the 

stationary phase by which time the carbon source was exhausted. 
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Saito and 
200 

Yamamoto also observed that B. licheniformis 

cc -amylase is sensitive to catabolite repression. 

:n- ,21b 
Glucose inhibited amylase production in Aspergillus oryzae ::> 

Endomycopsis fibuligera 87 Schwanniomyces castellii and 

Endomycopsis fibuligera 217 S l ' 202 treptomyces 0 1 vaceus Bacill us 

1 11 f · 218 amy 0 que aCIens Bacillus 
, , ,50 

llchemfol'lnlS and [3acill us 

licheniformis C1\18 88 55. 

Gl d 1 h ' , B '11 b 'I' 219 ucose represse oc-amy ase synt eSlS In aCl us su 11 IS 

Bacillus subtilis and Bacillus I , h 'f ,212 le em ormlS 

83 s tearotherm ophil us Thermophilic Bacillus 
84 sp. 

7 39 thermosulfurogenes • Vibrio gazogenes Al teromonas 

S h 'f'bul' 22U acc aromycopslS 1 Igera Saccharomycopsis 

S h · 11' , ~ S h' 11' f)9 c wannIomyces caste 11 ami c wanmomyces a UVlum . 

Bacillus 

ClostridiulIl 

-!5 
rubra 

fibuligera. 

Glucose and 2-deoxy D-glucose repressect amylase ;.;eeretiun 

in the yeast Filobasidium capsuligenum BB Glucose. mal tose ami 

sucrose repressect amylase synthnsis 

In presence of glucose, sucrose. lactose or isomaltose. no enzyme 

secretion was noticect in Bacillus circulans B1 , 

Iuchi and 43 Tanaka observeri repression of extracellular 

amylase and protease proctuction in Vibrio parahaemolyticus by 

various carbohydrates. Monosacchariries like mannose. glucose. 
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galactose or gluconate anri also pyruvate represseri amylase 

. 80,43 
synthesis in Vibrio parahaemolytlcuS 

In the present study also. higher concentration (2.5 mg/ml) 

of glucose in the cul ture medium inhibiterl. amylase synthesis in 

all the strains. At lower concentration (0.5 mg/ml) there WnS 

a transient repression of amylase synthesis w:lich continueri at the 

same rate after one hour. This may be due to the fact that once 

glucose concentration comes to a low level as a res ult of its 

metabolism. amylase synthesis is derepresserl. So, ttm amylases 

produced by V. alginolyticus (MB1) V. , - Qarahaemolyticus (MB2 ) 

and Vlbrio sp. (MB3) may be consirlererl as catabolite-repressible. 

Similar observations were made by Ratcliffo ~ in amylase 

production by Y.... gazogenes and by Gavrilovic ~ ~ 45 in thlo3 case 

of Al teromonas rubra. 

4.3.4. BFFBCT OF CHLORAMPHENICOL ON AMYLASE SECRETION 

The antibiotic, chloramphenicol, inhibits protein synthesis 

in prokaryotic organisms. At lower concentratiols. it does not 

affect RNA synthe:,is. Chloramphenicol was adrlerl to cul ture 

medium when the cells were actively engageri in amyla.:;e synthesis 

to find out whether the synthesis is a c1e novo process. 

found that. in all the strains, there was a rapid and c{)lIlpletf~ 

inhibi tion of amylase production w'len chi oramphenicol was added 

at a concentration of 5 ).Ig/ml. This confirms that the secretion 
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of amylase, in these strain;; was the result of rie novo synthesis. 

This, to;3eth3r with the finding that there was only very little 

active intracellular amylase. suppJrts the hypothesis that the 

i h · d h l' b 221 enzyme s synt eS1se on t e cytop asmlC mem rane Similar 

effect of chloramphenictJ]. was observed in the case of amylase 

secretion by Al teromonas 
45 

rubra and V. 39 gazogenes 

Chloramphenicol did no)t affect the activity of the enzyme. It 

abolishes th3 inductive effect of mal tose in a maltose medium. 

4.3.5. EFFECT or ACTINOMYCIN 0 

Actino;nycin D Is an antibiotic. inhibiting R.NA <;yntht.;sis. 

Its \effect on amyla~,e production was studie,i by adding 70 }...Ig/ml 

to growth medium when the cells have started amylase secretion. 

All the strains showed a transient continuation of amylase secretion 

followed by inhibition. indicating the presence of a pool of mR)lA 

specific for amylases. The exact cause of this trc..1lI,;ient 

continuation of amylase secretion by actinomycin D is unknown. 

but. it Is reminiscent of the findings of C:oleman an(1 Elliott222 

who observed a stimul,ation of the synthesis of ex tracell war 

ribonuclease by a Bacillus sp. after ari(jition ot actinomycin lJ to 

cells actively secreting the enzyme. However. the stimulation they 

observed lasteri for several huurs. 

Two hypotheses have been proposerl which are consistent 

with the present data. Both et a1 223 postulated that the mr\~A 
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pool for extracellular enzymes in Bacillus amyloliguefaciens resul tert 

from a positive imbalance of transcription over translation. An 

al ternate hypothesis was proposed by 0' Cormor et 
224 

al who 

sU8gested that there were 2 forms of mHNA for the ex tracellular 

protease produced by Bacillus amyloliquefaciens, cl short-i i verI 

form, immediately available for translation ami a relatively stable. 

non-translatable form. They Bugges terl that in the presence of 

inhibitors of transcription, the s table form was converted into 

the translatable species which wouln account for the continued 

production of the enzyme in the absence of transcription. The 

existence of mRNA pools specific for ext;~acellular protease was 

first reported by Both ~ al 223 • Similar observations were also 

made with protease secretion by 

and protease secretion by Vibrio 

by Al teromonas rubra 45 . 

Vibrio alginolyticus 164, amylase 

39 
gazogenes ann amylase production 



Chapter 5 



5. CHARACTERS OF AMYLMiES 

Amylases obtained from different sources differ wiclely in 

their properties. There are variations in the type of amylase 

produced I their tolerance to acid or alkali. temperature stability. 

K m and V max values. effect of ions on enzyme action etc. 

Experiments were carried out to study the properties of amylases 

from the halophilic bacteria. 

5.1. MATBRIALS AN 0 METHOOO 

5.1.1. PARTIAL PURIFICATION OF THE AMYLMiES 

Partial purification of amylase was done by ammonium 

sulphate precipitation followed by dialysis. 

To' the chilled culture fluid. solid ammonium sulphate was 

added with gentle stirring to 30% saturation: kept in the 

refrigerator for two hours and subjecterl to centrifugation. After 

centttfugation, the precipitate was riiscarrteri. More ammonium 

sulphate was acldecl to tile supernatant to 70% saturation. The 

precipi tate was 

phosphate buffer 

collected and dissolved in 

(pH 7) dnd dialysed overnight 

U.Ol r-.l sodium 

against the same 

buffer at 4°C. The dialysed enzyme was used for further s tuciies. 
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5.1.2. DETERMINATION OF PROTEIN 

1 
22;:) 

Protein was determined by the method of Lowry et a I 

wi th bovine serum al bumin as standard. 

5.1.3. POLYACRYLAMIDE DISC GEL ELECTROPHORESIS 

Polyacrylamide disc gel electrophoresis was carrieri out 

241 
following the method of Davis . 

5.1.4. IDENTIFICATION OF THE ENZYMES 

To determine whether the amylase was of the =G or f3 type, 

incubation of the reaction - mixture was made at 30 0 e:: in a final 

volume of 15 ml: 14 ml starch solution containing 10 mg starch/ml 

prepared in 0.01 M phosphate buffer at the optimal pH of 7 and 

1 ml partially purified enzyme. Samples were removed at 5 

minutes intervals up to 80 minutes and the decrease in bl ue colour 

of reaction of iodine with starch and the amount of reducing sugar 

formed were measured. Decrease in the intensi ty of the iodine 

stain of starch was plotted against the conversion of starch into 

reducIng sugar (measured as mal tose) . 

The action-pattern of enzymes from the cul tun:~s were 

compared with salivary oc: -amylase (assayed in 0.01 ;-"1 soriium 



phosphate buffer, pH 7) and sweet potato p -amylase (assayert in 

0.01 M acetate buffer, pH 4.8). 

5.1.5. EFFECT OF pH ON AMYLASE ACTIVITY AND STABILITY 

Effect of pH on amylase activity was determined as per the 

d d . b d b M d P' t 99 proce ure escn e. y organ an nes . 0.1 ml of the 

partially purified enzyme solution was incubated in 1 ml starch 

solution and 1 ml of different bufters (U. U2 M) showing varying 

pH (accetate buffer: pH 4 to ti, prlOsphate buffer: pH 7 to e ami 

glycine - NaOH buffer: pH 9 to lU). The reaction-mixture was 

incubated for 15 minutes. Enzyme ccti vity was assayed 

colo:rimetrically by measuring the intensity of the blue colour of 

the starch-iodine complex. Stability of the enzyme at various 

pH values were tested by incubating 1 IIll of the enzyme solution 

in 1 ml of different buffers in the pH range 3 to 10 for 2 hours 

at room temperature. After incubation. the pH was adjuster1 to 

7 and residual enzyme activity assayert. 

5.1.6. EFFECT OF TEMPERATURE ON ENZYME ACTIVITY AND 

STABILITY 

Effect of temperature on enzyme t1cllvity was lIledsured by 

incubating the reaction-mixture at different temperatures (luof: to 

60°C) for 15 minutes and assaying the ac ti vity by the starch -

iodine method. 
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Effect of temperature on stability was determinert by 

incubating the enzyme solution in phosphate buffer at different 

tempera.tures (2U°r. to bU°r.) for 2 hours. Later. the resirtual 

ClCU vity was measuror1 at 35°(; by starch-iortine method. 

5.1.7. EFFECT OF SUBSTRATE CONCENTRATION ON THE ACTIVITY 

OF THE ENZYMES 

Effect of substrate concentration an amylase activity was 

testen by varying the starch concentration in the reaction-mixture 

from U. 2 109 to 1. 2 mg/ml. 

and incubatert for 5 minutes. 

U.1 ml enzyme solution was addert 

Enzyme activity was determined by 

measuring the reducing sugar formed t by the dinitrosalicylic acid 

method 170 The same experiment was repeated using native 

starches isolated from cassava. potato and plantain. LlneWeaver-

Burk plot was constructed by plotting the inverse of initial 

velocity against the inverse of substrate concentration. From the 

plot. the Km and Vmax for different substrates were calculated. 

5.1.8. EFFECT OF CATIONS. ANIONS AND ORGANIC COMPOUNDS ON 

AMYLASE ACTION 

Effect of various ions and organiC compOlU1ds on enzyme 

ae ti vity was rteterminen by adding varying concentrations of 

different salts ann organic compounrts to the reaction-mixture. 
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The pH was adjusted to 7. Incubated for 15 minutes and 

determined the enzyme activity either by the starch-ioriine methori 

or by estimating the reducing sugar. 

5.2. RESULTS 

5.2.1. PARTIAL PURIFICATION OF AMYLNJES 

Amylases from the culture fluids of the strains were partially 

purified by ammonium sulphate precipitation followed by dialysis. 

Resul ts are presented in Table 22. 

Amylase from 

3.7 fold with 57% 

protein. Amylase 

Vibrio 

yield 

from V. 

3.6 fold with 68% yielrJ 

protein. Vibrio sp. (MB3) 

alginolyticus (Mb1) could be 

and specific activity 63.33 

parahaemolyticu.s ( MB2) was 

and specific activity 87.71 

amylase was purified 4.2 

purified 

units/mg 

purified 

units/ lIlg 

fold with 

64% total yield. ami specific acti vi ty Yb uni ts/mg prctein. The 

ex tracellular amylase of each species was found to be tlolll(Jgeneous 

by polyacrylamide gel electrophoresis. 

5.2.2. IDENTIFICATION OF AMYLASES 

The amylases proriuced by all tr18 three strains <.;t)()wufi 

typical pattern of d:.. -amylases and were identified as ~ -umylase 

(Table 23 and Fig. 20). 
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~ ~ JCXIIIE 11NIl~ 
1~~--------------~------------------~ 

a 

ca 0.4 o.t Cl.t 1 U 
REDUCING EQUlw.ENTS FOAMED 

~A --I '-"0 

t A) Salivary cc. -amylase (B) Sweet potato /3 -amylase (C) V. 
alginolyticus {t'l-1Bl) amylase. 

~y ~ IODINE nuN (0/.) 
1~~--------------~~----------------. 

b 

ca 0.4 U Cl.t U 
REDUClHO EQUIVALENTS FOAMED 

~A -.-. '-"c 

! t\) Salivary IX: -amylase ( B) Sweet potato 
parrahaemolyticus (MB2) amylase. 

f3 -amylase (Cl V. 

~ ~ JCXIIIE 11NN(f.) 
1"r-----~--~~~~------------------. 

c 

o.a 0.4 0.1 0.1 1 U 
REDUCING EQUi""-ENTS FORMED 

~A --I ....... 0 

(A) Salivary cc -amylase (B) Sweet I-Jotato fo-amylase (e) Vibrio 
s p. (:V1B3) a m y 1 ase . 

Fig. 20 a-c. Identification of amylase produced by Vibrio species. 
la) ~. alginolyticus (ME1) amylase (b) V. parahaernolyticus (M132) 

dIltylds[; le) Vibrio sp. (;\JBj) amylase. 
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5.2.3. EFFECT OF pH ON AMYLASE ACTIVITY AND STABILITY 

Effect of pH on enzyme activity was measured by assaying 

the activity in different buffers (pH 4 to 10). Results are given 

in Table 24 and Fig. 21. Amylases from all the three isolates 

showed optimum activity at pH 7. In general. they cou1(i show 

considerable acti vi ty in the pH range 6 to 8. There was no 

activity at pH 4. Amylase from V. alginolyticus (MBl J retaineri 

50% activity at pH 10. Y..... parahaemolyticus (MB2) amylase retainecl 

only very little activity at pH 10 ancj Vibrio sp. (~IUJ) dlIl\ildS') 

retained about 50 % activity at pH 10. Acidic pH was fouml tu 

be more harmful to the enzyme activity thall alkaline pH. 

The effect of pH on the stability of the enzymes was testeej 

by incubating the enzyme for two hours in buffers having rHfferent 

values of pH (pH 3 to 10) and then assaying the activity at 

pH 7 [Table 25 and Fig. 22). 

Amylases from all the three strains were consirierat)J:.- .:;table 

from pH 6 to 8. Y..... alginolyticus (~lBl) amylase showed maximum 

stability at pH 7 and retained arounci !:JU% activity at pH b anrj 

8. It was completely inactivated at pH 3 and retained 11% activity 

at pH 4 and 25%. at pH 10. V. parahaemolyticus (~m2) amylase 

showed maximum stability from pH b to 8. It retaineri only' 18% 

activity at pH 4 ami 45% activity at pH 10. There was no 
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dctivHy at pH 3. 

teorn pH 7 to ~ . 

82 

Vibrio sp.(MB:l) amylase showed 100% stability 

Tt retaineci 90% stability at pH 6 anci 70% 

stability at pH lU. When compared to the amylases of the other 

two strains, amylalse from Vibrio sp. (MB3) was more stable from 

pH ;) to lU. 

5.2.4. EFFECT OF TEMPERATURE ON AMYLASE ACTIVITY AND 

STABILITY 

Effect of temperature on enzyme activity was determined by 

incubating the reaction-mixture at different temperatures (lOCe to 

bUOr;) • Resul t8 are shown in Table 26 and Fig. 23. V. 

alginolyticus (MB1) amI V. parahaemolyticus (MB2) showed maximum 

activity between 35°C to 40°C whereas, Vibrio sp.(MB3) showed 

maximum activity between 30°C to 35°C. 

45~o activity at 60°C. 

There was only 25 to 

Effect of temperature on stability of the enzymes was 

assesseci by incubating them at different temperatures (20 0 e to 

oOOe) for two hours and then assaying their residual activity at 

35°C (Table 27 amI Fig. 24). 

Amylases from all the strains showed 100% stability up to 

40 0 C. Their stability decreased gradually as the temperature was 

raised. V. alginolyticus (MBl) amylase showed 30% stability at 

oUo(~, 75% at 5UoC and ~U% at 45°C. V. parahaemolyticus (MB2) 
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amylase showed only 22% stability at bUae, 5U% at 50 aC and bb% 

at 45°C. Amylase from Vibrio sp.(MB3) was more stable. Tt 

exhibited 50% stability at 60°C, 87% at 50°C and 93% stability at 

45°C. 

5.2.5. EFFECT OF SUBSTRATE CONCENTRATION ON AMYLASE ACTIVITY 

The effect of substrate concentration on enzyme activity was 

tested using starches from cassava, potato and plantain and soluble 

starch. Amylases from the three strains were found to hydrolyse 

all the substrates tested at varying rates (Table 28 and Fig. 25). 

Amylase from ~. alginolyticus (MB1) showed maximum activity 

when the substrate concentration was u.e mg/ml. in the case of 

soluble starch and starch from plantain ann cassava. A starch 

concentration of 1 mg/ml was required for maximal i'lctivity in thp 

case of potato starch. The K and V values for the various m max 

substrates were calculated from the LineWeaver-Burk plot {Fig. 26) • 

The K m values were: soluble starch - 0.82 mg/ml. cassava starch 

- 0.65 mg/m!. plantain starch - U .d2 mg/ml and potato starch -

0.59 mg/m!. The V max values were: soluble starell U.Jb 

mg/min/ml. cassava starch U. El rng/min/ml. plantain starch 

0.22 mg/min/ml and potato starch - 0.138 mg/min/ml. 

V. parahaemolyticus (MB2) amylase also required P. e mg! ml 

starch concentration for maximal activity. The Km values for 
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- Potato starch --- Soluble starch 

Fig. 25 a-c. Effect of substrate concentration un activity uf 
amylase produced by Vibriu species. (A) ~. alginolyticus 1:"181} 
amylase (B) V. parahaemolyticus (fvlB2 J amylal'>e ( r: J Vi brio s jJ. 
(MB3) amylase. 



-2. 

-1 -/ 

M RICIHOCM. or INZY ... AC'1'MTv 

" 
to 

1. 

10 

o 

o 

a 

1 • • 4 , 
RECIPROCAL OF 8UB8TRATE CONe. 

1 • I 4 • 
RECIPROCAL OF 8UB8TRATE ~'. 

• 

o 1 • 14. 
RECFROCAL OF 8lB8'TRATE OONC. 

-- Soluble starch ...... Cassava starch 

__ Plantain starch --- P ota to starch 

Fig. 26 a-c. Line Weaver-Rurk Plot. 
amylase (tJ) V. parahaemolyticus 
s{J. (1\183) amylase. 

( a) 
( MB2) 

Y.... alginolyticus (MB1) 
amylase ( c) Vibrio 

• 

• 



RIaPROCAL OP IN%YWI ACIMTY 
.r---------~~~~~~--------------~~ 

11 

10 

o 

10 

11 

10 

a 

1 • • 4 I 
RECIPROCAl. OF SUB8TRATE CONe. • 

~----~~~~~~--~------~----~----~------~-----L----~ -3 ~I o 1 • • 4 8 
REaPROCAL OF SUB8T"RATE CONC.· . • 
M!CI~ 0. IMZYWI ~y 

eo~----------------------------------~--, 

rig. 26 a-c. Line 
amyldse (b) V. 
sIJ. (i\11::33) amylase. 

16 

10 

.. o 

Soluble starch 

Plantain starch 

Weover-Burk Plot. 
fJaral1aemol yticus 

1 • .41 
RECFROCAL OF 8lUT'RATE CONe. 

...... Cassava starch 

-- Potato starch 

( a) 
! MB2) 

Y... alginolyticus (M1:31 ) 
amylase ( c) Vibrio 

• 



various substrates were: soluble starch 0.9 

starch 0.48 mg/m!. plantain starch 0.57 

mg/ml, 

mg/ml ami 

cassava 

potato 

starch - 0.68 mg/ml. The V max values were: 

0.55 mg/min/ml, cassava starch - 0.34 mg/min/ml. 

soluble starch -

plantain starch 

- 0.22 mg/min/ml and potato starch - 0.2 mg/min/ml. 

Amylase from Vibrio sp. (MB3) showed maximum activity when 

the starch concentration in the medium was 1 mg/ml. The Km 

values for the various starches were: soluble starch U.2eS 

mg/ml, cassava starch - 0.22 mg/ml, plantain starch - U.35 mg/ml 

and potato starch - 0.33 mg/ml. The V ma;( values were: suluble 

starch 0.162 mg/min/ml, cassava starch 0.198 mg/min/ml. 

platain starch 0.147 mg/min/ml ami potato starch U.283 

mg/min/ml. 

5.2.6. EFFECT OF VARIOUS IONS ON AMYLALSE ACTIVITY 

5.2.6.1. Effect of sodium (Na+) and chloride.cCl-) ions 

Effect of sodium chlorine on enzyme activity was rleterminen 

by adding different concentrations of !'laCl (from 5 mM to 4Ll rnr-.,1) 

to the assay medium containing soluble starch and dialysen enzyme 

solution (dialysed against water). Results are given in Table 2!:J 

and Fig. 27. NaCl was founn to have no significant effect on 

enzyme activity. In all the cases, the enzyme activity remained. 

more or less, the same at different concentration of NaCl. 
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++ 
5.2.6.2. Bffect of calcium (Ca ) 

Calcium chloride was also found to have no significant effect 

on amylase activity. Amylase prorlucerl by '.!.... alginolyticus (tvlBl) 

showed a decrease in activity at higher concentrations of calcium 

chloride (Table 29 and Fig. 28). 

++ 
5.2.6.3. Effect of cobalt (Co ) 

Cobalt chloride was L:)Und to reduce amyl ase activity. There 

was 50 to 65% reduction in activities of the amylases in the 

presence of cobal t chloride at 2U mM level (Table 2~ and Fig. 2\:J). 

++ 
5.2 .6.4. Effect of manganese (MD ) 

Manganese chloride was tounn to rerluce amylase activity. 

There was 30 to 40% reduction in activity in the presence of 

manganese chloride at 20 mM level (Table 29 and Fig. 3U). 

++ 
5.2.6.5. Effect of magoosium (Mg ) 

The effect of magnesium chloride showed marked variation 

among species (Table 29 ami Fig 31). Amylase from ~. alginolyticus 

(MS1) showed 7.5% incn\1se in activity at 10 mM magnesium 

chloride level, but further increase in concentrations f'esul tee! in 

decrease in enzyme activity. V. parahaemolyticu..<; (MB2) amylase 
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Fig. 29. Effect of cobalt chloride on activity of amylase prorlucert 
by Vibrio species. (A) V. alginolyticus (MB1) amylase (B)~. 
parahaemolyticus (MB2) amylase (C) Vibrio sp. (MB3) amylase. 
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also showed an increase in activity at 5 m\1 level. amI there was 

30% decrease in activity at 20 mM magnesium chlorirle level. 

Amylase produced by Vibrio s p. ( MB3) rlirl not show any increase 

in the activity in presence of magnesium chlorirte. There was 

35% reduction in activity at 5 mM level, and 45% reduction in 

activity at 20 mM magnesium chloride. 

5.2.6.6. Effect of potassium (K+) 

Potassium chlorirte was founrl to enhance enzyme action to 

some extent. The effect shovvn by amylases of rtifferent species 

showed variation (Table 29 and Fig. 32). The activity of dIllylase 

from y. alginolyticus (MB1) 

whereas, amylase from V. 

35% increase in activity 

was enhanced by 2 to 6% by potassium 

parahaemolyticus (MB2) showeri 30 to 

rtue to potassiUI:l. The acti vi ty of 

amylalse from Vibrio sp. (MB3) remainert tmaffectert in presence 

of potassium ions. 

5.2.6.7. Effect of ferric ion (Fe3
+) 

Ferric chloride was found to be inhibi tory to the dcti vi t,Y 

of amylases produced by these strains (Table 29 anrt Fig. 33). 

At 5 mM concentration amylase from V. parahaemolyticus (W32 ) 

lost its activity completely whereas. that of Y..... alginolyticus (MB1) 

retained about 18% activHy ami amylase from Vibrio sp. (t-.m3) 



Fig. 32. 
proriuceri 
(8) V. 
amylase. 
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Fig. 33. Effect of ferric chloride on activity of amylase produced 
l)y Vibrio species. lA) V. alginolyticus (MB1) amylase (B) V. 
,t!_drahaemolyticus {MB2) amylase (C) Vibrio sp. (MB3) amylase. 
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retaineri 30% activity. Further increase in ferric chloricie 

concentration diri not riecrease the enzyme activity considerably. 

I"\t 2U mM concentration. Vibrio sp. (MB3) amylase retained 23% of 

its activity whereas, amylase from V. alginolyticus (MBt) retained 

only 1U% of itf'; activity. 

5 2 6 8 Eff t f merCllrl'C l'on (Hg++) . • .. ec 0 

Amylase activities were completely inhibited in presence of 

1 mM mercuric chlori(ie 'Table 29 and Fig, 34). At 0.5 mM level, 

amylase from V. alginolyticus ( MBt) showed 80% reduction in 

activity anri that of Y..... parahaemolyticus (MB2) showed 85% decrease 

in ac ti vi ty anci tha t of Vibrio 8 p. ( MB3) showed 71% decrease in 

activity, 

5.2.6.9. Effect of copper (Cu
H

) 

Cupric chloride was also found to be inhibitory to amylase 

action (Table 2~1 anci Fig. 35). Cupric chloride. at 0.5 mM 

concentration. reduced amylase activity by 35 to 45%. At 1 mM 

concentration, amylase from V. alginolyticus (MBt) showed 60% 

rerluction in activity. that from V. parahaemolyUcus (MB2) 70% 

reduction anri that from Vibrio sp. (MB3) 65% reduction in activity. 

At 5 mM level, there was 100% 108S in amylase activities. 



Fig. 34. 
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Fig. 35. Effect of cupi'ic chloride on activity of oIllyldS') !-l!',)du-::eri 
by Vibrio species. (A)~. alginulyticus (M81) dlllylase; (8i \. 
parahaemolyticus (MB2) amylose (r:) Vibrio sp. Ir-H3J) aIllyldse. 



5.2.6.10. Effect of Zinc (Zn+i 

Amylase activities were corn pletely inhibited in presence 

of 5 mM zinc chloride (Table 29 ami Fig. 30). At U.S mM 

concentration. there was, 20% loss of act! vity in the casp of 

amylase from V. alginolyticus ( MH1). 3ll% in thp cas,' 1)1\' . 

parahaemolyticus (MB2) and 18% in Vibrio sp.(MB3). At 1 mM 

level. V. alginolyticus ( MB1) amylase showed 55% reduction in 

activity. that from V. parahaemolyticus (MB2) 65% ane! Vibrio 

sp. (MB3) 50% reduction in activity. 

5.2.6.11. Effect of sulphate 

Effect of 

(Table 29 and 

sulphate 

Fig. 37). 

was not affected much 

on the amylases 

Amylase from V. 

by the presence 

varieci consirierably 

alginolyticus (\'1131) 

of sulphate. V. 

parahaemolyticus I MB2) amylase showed an increase in activity 

(about 20%) at 5 mM sodium sulphate concentration. i'urther 

increase in sulphate concentra tion reduc:eci amylase action. 

Amylase from Vibrio sp.{MB3) showeri a riecrease in flcUvity in 

presence of sulphate. There was about 2U% reductiun at J mi'vl 

concentration. 25% at 10 mM and 30% at 20 mM concentration. 

5.2.6.12. Effect of carbonate 

Carbonate reriuceri amylase activity to <'1 1,H'glJ extr.mt (Table 

29 and Fig. 38). Amylase from V. parahaemolyticus (MB2) was 
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Fig. 36. Effect of zinc chloride on activity of amylase pr'ollucer! 
by Vibrio sp.3cies. IA)~. alginolyticus (:-"181) amylase (B) V. 
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Fig. 37. Effect of sodium sulphate on activi ry of amylase prorlucerl 
by Vibrio species. lA) V. alginolytic.J!'; (:-'lBlj Lllllyldc;e Ill) \. 
parahaemolyticus (MB2) amyfase (C) Vibrio sp. (NIB3) amylase. 
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Fig. 38. Effect of sodium carbonate on activity of amylase 
produced by Vibrio species. (A)~. alginolyticus (ME:Jl) amylase 
(B) V. parahaemolyticus (MB2) amylase (C) Vibrio sIJ. (.\IB3) 
amylase. 
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by Vibrio species. (A)~. alginolyticus (~1Bl) amylase [I:l) V. 
parahaemolyticus (MB2) amylase ((~) Vibrio sp. (~lB3) amyltlse. 



completely inhibited at 10 mM concentration of sodium carbonate. 

Amylase from V. alginolyticus ( MB1) showed 80% decrease in 

activity at 10 mM level. Vibrio s p. ( MB3) showed 70% reciuction 

at 10 mM concentration. There was 8U to 9U% loss of activity 

of amylase from V. alginolyticus (MB1) anci Vibrio sp.(;V1E:l3) at 

20 mM level. 

5.2.6.13. Effect of nitrate 

Nitrate was found to have no significant effect on the 

activity of amylase from V. alginolyticus (MB1). At luwer 

concentrations, it s tim ul a te(1 amylase acti vity uf V. 

parahaemolyticus (MB2 ) . Amylase from Vibrio sp. (r\H33) showen 

slight reduction in activity in presence of nitrate (Table 29 ann 

Fig. 39). 

5.2.6.14. Effect of iodide 

The activities of amylases from ~. dlginolyticus (:-OlD 1) and 

V. parahaemolyticus ( MB2) remaineci unaffected in the presence 

of iodide whereas. amylase from Vibrio sp. (MB3) shower! slight 

reduction in activity in presence of iodide (Table 29 anci 

Fig. 40). 
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Fig. 40. Effect of sodium I' d'd 
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Fig. 41. 
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(B) V. 
amylase. 
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Effect of p-chloromercuribenzoate on acti vi ty of amylase 
by Vibrio species. (A)~. alginolyticus ! MB1) amylase 

parahaemolyticus (MB2) amylase (C) Vibrio sp. \MB3) 
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5.2.7. EFFECT OF ORGANIC COMPOUNDS ON AMYLASE ACTION 

5.2.7.1. Effect of p-hydroxymercuribenzoate on amylase action 

Amylases from V. parahaemolyticus ( MB2) ami V. 

alginolyticus (MB1) were completely inhibi ten at 1 mM 

concentration of p-hydroxymercuribenzoate whereas. amylase from 

Vibrio sp.(MB3) showed only very little loss of activity (2U%) 

at this concentration (Table 3U and Fig. 41). 

5.2.7.2. Effect of ethylene diamine tetra-a.;etic acid r EDTA) on 

amylase action 

At high concentrations, (10 mM) EDTA inhibi ted amylase 

activities completely (Table 30 and Fig. 42). At 5 ml\1 level. 

there was about 65% to 85% reduction in amylase activity. 

5.2.7.3. Effect of reduced glutathione. p -mercaptoethanol and 

Uliourea on amylase action 

Results are given in Table 3U anc1 Figs. 43,44 dml .IS. 

Amylases from all the three strains retained almost tull dctivity 

in presence of all these compounr1s. 



T
ab

le
 

3
0

. 
E

ff
ec

t 
of

 
o

rg
an

ic
 

co
m

pm
ll

ld
s 

on
 

am
y

la
se

 
ac

ti
o

n
 

N
am

e 
o

f 
th

e 
co

m
po

un
d 

p
-C

 h
I o

ro
m

er
-

cu
ri

b
en

zo
at

e 

EO
TA

 

H
e

d
u

c
e

d
 

g
lu

td
 th

io
n

e 

C
o

n
ce

n
tr

a t
io

n
 

(m
\1

 ) 

0 0
.5

 

1 5 U
 

U
.5

 

1 5 

10
 u U
.S

 

1 s 

R
es

id
u

al
 

a
c
ti

v
it

y
 

(%
) 

of
 

am
y

la
se

 
fr

om
: 

V
. 

al
g

in
o

ly
ti

cu
s(

 M
B

1
) 

• 
1

0
0

 

56
 0 0 

lU
U

 

50
 

4U
 

22
 U
 

lU
U

 

~H
l 

y
~
 

YU
 

V
. 

p
ar

ah
ae

m
o

ly
ti

cu
s 

( M
B

2
) 

1
0

0
 

50
 0 U
 

lU
U

 

5U
 

45
 

4U
 U
 

lO
ll

 

~
b
 

~
4
 

~
4
 

V
ib

ri
o

 
sp

. 
( M

B
3

) 

10
0 HO

 
HU

 

79
 

10
U

 

8
7

.4
 

6G
 

52
 0 

1
0

0
 

lU
2

 

1U
4 

lU
8

 

(C
o

n
td

 .
..

 )
 



~ ,...., :="l 
~ ::; ~ :;T' 

...... 

....., 
Cl 

§ 
'""" -...... 
8 ...... 
0.. 
('(j 

('(j U 
t.... Q) 

Q) t.... 
:J :2: 0 

I .~ 

C!:!. .c:: 
~ 



C4G c 

Ba __ ~ __ ME __ ~~wn_~~~~~ ______________________ -, 
110..-

14. • ~ • 
EOTA COHCEHTRAT1ONCmM) 

--A ~ ...... 0 

Fi8. 42. Effect of EDTA on activity of amylase produceri by Vibriu 
species. (A)~. alginolyticus (MB1) amylase (B) V. 
parahaemolyticus (MB2) amylase (C) Vibrio sp. (MB3) amylase. 

;::~~~~~~~~~~~----------------------~ 110 

1~~~------------------------
10 

10 

oL-----~----~----~----~----~----~ 
ott • 4 • • 

BUJ~THOHE CONCENTRAT1ONfmM) 

--A --a --0 

Fi8. 43. Effect of glutathione on activity of amylase proriuced 
by Vibrio species. (AJ ~. alginolyticus (MB1) amylase ! B) V. 
parahaemolyticus (MB2) amylase (C) Vibrio sp. (MB3) amylase. 



Fig. 44. 
produced 
(B) V. 
amylase. 

_DK=an~=ME~IC~~~wn~~T~~~=-______________________ -, 
11Or-

........... --.... .. 
~--~------------~ 10 

eo 

10 

oL---~~--~----~----~----~--~ 
ott • 4 • • 

,...ACAPTOETHAHOL COHCENTRAnON(mM) 

--A --. --0 

Effect of ,B-mercaptoethanol on activity of iimylase 
by Vibrio species. (A) ~. alginolyticus (:VIB 1) amylase 

parahaemolyticus (MB2) amylase (C) Vibrio sp. ( MB3) 

ENZnIE~1U 
~r---------~-------------------------, 

10 

eo 

10 

o~----~----~----~----~----~----~ 
o 1 • I 4 • • ntOUREA CONCENTRAnOt«mMl 

--It. ---. --0 

Fig- 45. Effect of thiourea on activity of amylase producer! by 
Vibrio species. (A) ~. alginolyticus (MB1) amyla!=;e (B) V. 
paraemolyticus (MB2) amylase (C) Vibrio sp. (1'.183) amylase. 
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5.3. DISCUSSION 

5.3.1. PARTIAL PURIFICATION OF AMYLASBS 

Partial purificatiun of amylases from the Vibrio strains 

resul ted in 57% to 68% yiel d • Their specific activity varied from 

63.3. units/mg protein to 96 units/mg protein. The resul ts 

obtained are comparable to other amylases. Medda ami Chandra 189 

partially purified amylase from Bacillus licheniformis CUMC 305 

and Bacillus coagulans CUMC 512 by acetone fractionation followed 

by dialysis, and recorded 52.12% yield for B. licheniformis with 

specific activity 204 units/mg protein ann 49.3% yielci ami specific 

activity 151.2 units/mg protein for Bacillus coagulans. Morgan 

and Priest 99 obtained 66% yield of amylase from B. licheniformis 

after partial purification. 30 Nandakumar recorded 41. uO to 71.14% 

yield and specific activity 41.24 to 02.5 units/mg protein for 

various Bacillus strains. 

5.3.2. IDENTITY OF THE ENZYMES 

The morie of action of amylases from the three strains shows 

that they are ~ -amylases. Preliminary studies showen that the 

enzymes gave a clear zone of hydrolysis on starch-agar plates 

following the ionine tes t. 

6 suggestive of IX -amylase . 

This phenomenon is acce(Jten as 

The relationship between the release 
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of reducing power and iodine-staining value as compared with ideal 

pattern of exo and endo-splitting enzymes further confirms the 

conclusion. Starch hydrolysis by exo-attacking enzymes is 

ap~o~p.anleq by a large release of reducing power, with relatively 

little effect on the iodine-staining capacity of the substrate. 

Conversely, endo-attacking enzymes rapidly reduce the 

iodine-staining capacity but, release little reducing power 99 

The amylases produced by halophilic bacteria are reported 

to be mainly of the cc -type. Baumann and 101 Baumann have 

reported ~ -amylase production by Beneckea species. The extracellular 

45 amylase produced by Alteromonas rubra was of oc -type 

Similarly, Vibrio gazogenes also produced oc-amylase 39 

5.3.3. HFFECT OF pH ON AMYLASE ACTIVITY AND STABILITY 

Enzyme activities are markedly influl3nced by the hydrogen 

ion concentration of the solution. Some enzymes act best in acid 

sol uti on : others require alkaline solution and s till others need 

a neutral environment. For every enzyme, 

pH 220 maximum. an optimum and a minimum 

there ex is ts a 

An enzyme can 

tolera te sUgh t changes in pH with ou t being des troyed . I f the 

solution is made strongly acidic or al kaline. the enzyme umtergoes 

an irreversible loss of activity 226 . 

Amylases produced by several bacteria have pH optima in 
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the range 6 to 8. They include amylases from Bacillus polymyxa 

103 
Bacillus stearothermophll us Bacillus 

110 
cereus Bacillus 

l1cheniformis MB 80 99 ,100, Bacillus subtilis 96, Bacillus megaterium17 

42 
Acinetobact~ s p . • Micrococcus halobius 40 • Vibrio gazogenes39 

AI teromonas 
45 

rubra Streptomyces thermoviolaceus sub sp. 

i 117 L b b 119 Th 1 . 122 ap ngens , yso acter runescens , ermomonospora vu gans 

121 
and Thermoactinomyces sp. No.15 . 

In the present study also, the optimal pH for the activity 

of the amylases was found to be pH 7. The optimum pH acti vi ty 

profile is in consonance with the characteristic single pH peak 

227 shown by moo t amylases . However, the pH optima shown by 

some other bacterial strains show variation from this pH range. 

The amylase produced by Bacillus acidocaldarius showed pH 

optimum as 3.5 112 The optimum pH for the activity of the 

amylase produced by Bacillus l1cheniformis CUMC 305 was pH 9 98 • 

Amylase from Bacillus subtilis showed pH optima in the range 

4.5 
124 

to 7.2 The pH optima for amylases from tiifferent 

Clostridium strains were: C. butyricum 

70 
thermohydrosulfuricum pH 5.6 

pH 5 19 ,14U anti c. 

ex -Amylases are usually stable in the pH range 5.5 to e. U 240. 

Amylases produced by different bacterial strains show considerable 

variation in pH stability also. Bacillus cereus amylase showed 

stability in the pH range 5.5 to 12 110 . Bacillus sp. !'Ju.P. 206 
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amylase was stable in the pH range 6 to 10 175 Bacillus 

licheniformis NcrB 6346 amylase was stable in the pH range 7 

to 9 99. 

In the present study, the amylases showed 100% stability 

in the pH range 6 to 8. Vibrio s p. ( MB3) amylase was highl y 

stable in the alkaline range. It showed 100% stablity at pH 9 

and 70% stability at pH 10. In general. clcidic pH was found to 

be more harmful than alkaline pH to bacterial amylases. However, 

112 Mutsuo reported that amylase from Bacillus acidocaldarius was 

stable at pH 2. 

5.3.4. BFFBCT OF TBMPBRATURE ON AMY LNl E ACTIVITY AND 

STABILITY 

The velocity of an enzyme catalysed reaction is accelerated 

by an increase in temperature. This continues until a maximum 

is reached, after which. the velocity riecreases, and finally results 

in the destruction of the enzyme. Each enz:-,nnt' hi:1i-. i t~ 

characteristic optimum, maximum and minimum temperatures and 

an enzyme displays its greatest activity at the optimum 

temperature 226 

The optimum temperature required for activity ami stability 

of amylase activity of different bacteria differs wiriely. ..noc 

was found to be optimal for the amylase activities of Clostridium 
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140 106 butyricum and Bacillus polymyxa Bacillus subtilis amylase 

showed maximum activity at 45°C 124 Amylases produced by 

Bacillus cereus 110 Bacillus subtilis96, Lactobacillus cellobiosus 120 . 

Acinetobacter sp.42 , Micrococcus halobius 40, Clostridiwn butyricum
1

!:! 

and Streptomyces thermovlolaceus 117 showed their optimum acti vi ty 

in the temperature range 50 to 55°C. A temperature of 50°C was 

recorded as optimum for the maximum activity and stability of 

amylases from B. coagulans ACMN 1 and B. polymyxa ACMN 25 

and 40°C for B. cereus ACMN 33 and B. 
30 

coagulans ACMN 42 

Higher temperature was required for maximal activity of amylases 

of some bacterial strains. ~. amyloliguefaciens recorded optimum 

activity at 65°C 174 Optimum temperature of 60 to 7uor: was 

required for the 

112. 
acidocaldarius 

maximal 

B. 

activities 

. 17 
megatenum 

of amylases from Bacillus 

Clostridium 
2U 

sp. and 

Thermoac tinomyces 121 Amylases produced by CIos tridium 

thermohydrosulfuricum 70 showed optimum temperature for activity 

in the range 85°C to 90°C, Bacillus licheniformis NCTB 6346 

amylase was active and stable in the temper:lture range 70 to yu o r:!:!9 

Amylases produced by Dictyoglomus thermophilum 47 Bacillus 

l1cheniformis MB 80 100 and Bacillus lichenHormis r:LJM(: 3U.';54 

showed optimum activity at 90°C. 

The amylases used in the present study were found to be 

not very thermostable, and considerable loss of enzyme activity 

was noticed when the temperature was raised above 50°C. V. 

alglnolyticus (MB1) and V. parahaemolyticus ( MB2) amylases 



showed maximum activity ami stability in the temperature range 

35 to 40°C. Vibrio gp. (MB3) showed maximum activity am! 

stability at 30 to 35°C. The temperature activity pattern suggests 

the mesophilic nature of these organisms. 

5.3.5. ABILITY OF AMYLASBS TO DEGRADE RAW-STARCHES AND 

EFFECT OF SUBSTRATE CONCENTRATION 

The amylases produced by halophilic bacteria employed in 

the present study were found to be capable of rtegrarting native 

starches like cassava starch. potato starch and plantain starch. 

This is suggestive of their role in tl1e rtegradation of na ti ve 

starches present in the environment. ~ince they show tt18 abil ity 

to degrade different types of starches. they may be em!Jl oyed 

for commercial starct1 sacchar,ification. 

Amylases produced by different bacterial species show 

variation in their K m and V max val ues . The K HI for amylase from 

lUJ 
soluble starch/ml Bacillus s tearothermophil us was 1.U5 mg 

that from B. acidocaldarius 
112 

was tha t from 

Thermomonospora vulgaris was 1.4 

1. b mg/ml 

122 
mg/ml amI that from cl new 

Clostridium isolate was 0.35 mg/ml 
20 

The Km for 1::3. 

licheniformis amylase for different substrates were: soluble starch-

1.274 mg/m!, amylose - 1. ~Hl mg/ml. alllylopec tin - 1. ~4 IlIg/ml 

and glycogen - 2. 2~ mg/ml 9tl Lysobacter brunescens shower! (j 
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119 
Km of 2.08 mg/ml for soluble starch In the present study 

also. amylases from the three s trains showed consirierable 

variation in their kinetic parameters. V. alginolyticus (MB1) 

showed highest Km value for soluble starch and plantain starch 

and lowest value for potato starch. V. parahaemolyticus 1 1'.1B2) 

showed highest Km for soluble starch and lowest value for cassava 

starch. Vibrio sp.(MB3) showed highest Km value for plantain 

starch and lowest value for cassava starch. Compared to uthers. 

Vibrio sp.(MB3) showed a lower Km value for all the substrates. 

In the case of V max also, there was considerable variation. B. 

l1cheniformis amylase showed V max values for soluble starch. 

amylose. amylopectin and glycogen as 0.738 mg/min/ml. 1. UI::l 

98 
mg/min/ml, O.B mg/min/ml and 0.5 mg/min/ml respectively 

In the present study, V. alginolyticus (ME1) anri V. 

parahaemolyticus (MB2) showed highest V max values for soluble 

starch and the lowest value for potato starCh. Vibrio "'p.(t-.lI3J) 

showed highest V max value for cassava starch and lowest value 

for plantain starch. 

5.3.6. EFFECT OF DIALYSIS ON AMYLA'>E ACTIVITY 

Amylases produced by all the three s trains retained 100% 

activity after dialysis. This observation does not agree with 

earlier information obtained from amylases proriuced by 

halophilic bacteria. Amylase activities of Acinetobacter 

other 

42 
sl-J. 
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Micrococcus halobius 40 and Vibrio gazogenes
39 

were lost completely 

after dialysis. In the case of Alteromonas rubra, there was 9H% 

1 f i i d d · 1 . 45 oss 0 act v ty ue to la YSIS 

5.3.7. EFFECT OF VARIOUS IONS ON AMYLASE ACTIVITY 

5.3.7.1. Effect of sodium + and chloride-ions on amylase acti vity 

Previous studies have shown that sodium chloride is 

39.45 required for the activity of the amylases from marine sourCRS . 

Amylase from Acinetobacter sp. requireri U.2 to U.b \1 ~aCl for 

maximum activity 42 and that of Micrococcus halobius required 

0.25 M NaCl for optimal activity40. J n contras 1. the am y 1 ascs 

produced by the bacteria of the present study were found to be 

active even in the absence of NaCl. Though their activi ty was 

unaffected by the presence of NaCl. they did not show any 

specific requirement for NaCl. 

5.3.7.2. Effect of calcium on amylase action 

c::G -Amylases have been classifier1 as metallo-enzymes having 

calcium as a cofactor 228. They bind one mole of calcium per 

mole 229 of enzyme In the presence of calcium ions. alllylases 

are quite resistant to extremes of pH. temperature. trGC1trncnt \\ith 

23U 231 urea or exposure to some proteases • Unce calcium 

containing amylases have been denatured. they are suscepti bIe to 
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protein degradation 232,233 Ca 2+ was founrl to stabilize the 

activities of the amylases of Clostridium thermohydrosul furicum 7U 

and Bacillus No P 2Gb 175 • Calcium was fOood to reactivate the 

amylases of Vibrio gazogenes 39 ann Al teromonas rubra 45 ~Iosely 

and Keay234 reported that oc -amylase from Bacillus subtilis ~f{RC 

3411 showed higher activity and stability in presence of calcium 

ions. Hsiu et at,35found that to reactivate H. subtilis c( -amylase. 

whose activity was lost by chelation with EDTA or' tJy electru 

dialysis. four gram atoms of calcium per mole of enzyme were 

required. 

In the present study also. when EDTA. the metal chelating 

agent. was added to the reaction-mixture at 1U mM level. there 

was complete inhibi Uon of enzyme activities. The lost dctivity 

could not be recovered by further arjc\ition of Cael L Similar 

resul t was also shown by the amylase pronuced by Micrococcus 

. 40 
haloblus . Since these calcium ions are strongly buund tu the 

enzyme molecules. dialysis against nistillecl water coulei nUl remove 

them and they retained full activity even aftef nialysis. Aclnitiofl 

of calcium to the reaction-mixture dirt not show signitic:lnl eHects 

on enzyme action. 

5.3.7.3. Effect of other ions on enzyme activity 

The activity of arnylases ie; influencen by the presence of 

ions in the systems. The effects of nifferent types at ions vary 
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depending upon the source of amylase. S ' 103 rlvastava found that 

3+ 2+ 2+ H 2.,. N,2+ and Ag2+ Fe· • Cd • P b , g ,. 1 were potent inhibitors 

of amylases produced by Bacillus stearothermophilus whereas, Zn 2+ 

Mg2+ and Al 3+ were mild inhibitors. Ca2~. Ba2+ • Sr2+ amI K+ 

stimulated amylase in the order: 
2+ Ca ";> 

2+ 2+ 
Ba "'> SI' > Amylase 

produced by Bacillus subtilis was strongly inhibiten by Cu 2+ 

Zn2+ • Ni 2+ and Fe 2+ 97 . Obi and Odibo 121 reporten activation 

by Mn 2+ , Ag 2+ , of amylase produced by Thermoactinomyces sp. 

and Fe 2+ whereas. Hg2+ and Zn 2+ were inhibitory. Ca tiOJ1S such 

+ as. Na • and Mg 2+ shower1 f';timulatory effect un dmy lase 

proauced by Bacillus licheniformis where.is. H 
2+ g , 2+ .2+ r.u ,~l • 

Ag 2+, Fe,2+, Co 2+ , Cd 2+ , A1 3+ and Mn 2+ were . h'b' 9tl in 1 Itory 

Metal ions such as Mg 2+. Ca 2+, Mn 2+ and Zn 2+ were nnt requirert 

for the activity of oc -amylase from Lysobacter 119. Takaya ~ a1 59 

2+ observed that Hg 2+ and Zn completely inhibiterl the acti'v'ity 

of amylase from Bacillus sp, H. 16 

the acti vi ty to 40 to 60%. Sensirbir ami Chakraborthy 12U reported 

the inhibitory effect of Fe2+ and Zn 2+ on immo~ilizert cc -amylase 

from Lactobacillus cellobiosus. Hg2+, Ag2+ anrl Fe 2+ were founrt 

to lie inhibitory to the amyl.ase produced by various !::iacillus 

strains 36 • 

In th~ peesent study also, several metal ions were founri 

to be inhi bi tory to amylas:3 ae tion. Ui fferent m'~tal io'1s showed 

inhibitory effect to varying rtegrees. Amylase from Vibrio 
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1 - 1 t' ('It"1) - h'b't rl b t l' 'the order', Hg2>+ ':1.81no y lCUS 1'" wa.s III 1 1 0 Y me a Ions In 

+ ,2+ + 
!'-la • Ca anrl K were not 

inhi bi tory to its action and K + showed some stimulatory effect. 

[n the case of V. parahaemolyticlls (MB2) amylase, the inhibitory 

action was in the orrler: Hg2+> cJ+'7 Zn 2 +;> Fe3+..> co 2;; Mn2+> Mj+ 

and in Vibrio s~"{ :'183) the order was: Hg2; Cu2 +> Zn2+> Fe3 ; Co2; 

, 2... , 2+ _,1g ::> _,1n !( + was founrl to ha.ve some stimulatory effect on V, 

parailaemolyticll~<'; ! :"lB:;) amylase also. 

Of the anions tes terl • carbonate was also found to be 

inililJi tory to all the amylases, 1n the case of Vibrio sp.(MB3) 

amyl ase. sulphate. iodine and ni a'ate also showed some inhibitory 

f")ff er: ts. SulphatE") and nitrate. at lower concentrations, shUW'3n 

stimulatory effect un amylase ff(Jm V, parahaemolyticus (MB2), 

Uther clnions tes.ed did not affect amylase activity significantly. 

5.3.B. EFFECT OF ORGANIC COMPOUNOO ON AMYLASE ACTION 

Effect of p-chloromercuribenzoic acid, thiourea. 

f3 -rnercaptoett, anol anrl reduced glutathione on amylase activities 

were sturlierl to finrt out whether sulfhyriryl group is present in 

tlw active situ of tho amylases. p-C hloromercuribenzoic acid 

inhibi ts enzyme activity by comlining with the sulfhydryl groups 

of the enzyme ami thiol compnunrls usually give protection to 

enzyme activity 
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In the present study, amylases producer! by V. 

parahaemolyticus (MB2) and Y..... alginolyticus (MB1) were completely 

inhibited by 1 mM concentration of p-chloromercurluenzoote 

whereas, the activity of the amylase from Vibrio sp.(r.1B3) rHd 

not show much reduction in presence of p-chl oromercuri benzoa te. 

It may be inferred that the amylase from V. parahaemulyticus i ~lB2) 

and V. alginolyticus (MB1) require a func tional-SH group for their 

activity whereas, Vibrio sp. (MB3) amylase does not require-SH 

group. p-Chloromercuribenzoate was found to be inhibi tory to Toka

amylase 236 Bacillus stearothermophilus amylase 103 anc! lJacillus 

licheniformis CUMC 305 98. Bacillus subtilis cc-amylase lIas neither 

237 23e 
sulfhydryl nor disulphidf! group , Thiol compounds afforded 

protection to amylase activities of all the three species. There 

was no reduction in activity in presence of any of these cUllIpuunrl" 

tes ted. This suggesW that the-SH group of the enzyme protein 

is responsible for the normal catalytic 3cti vi ties ot amy lases from 

V. alginolyticus (MB1) and V. parahaemolyticus {1'>11-32) • Similar 

observations were mady by Krishnan and Chandra
54 

in the case of 

cc -amylase from Bacillus licheniformis (;UM(~ 3U5. 



Chapter 6 



6. SUMMARY 

This thesis presents a detailed accornt of the rlistribution 

of amylolytic bacteria in water. ser!iment. fishes ( E troplus 

suratensis and Liza parsia) • prawns ( Penaeus indicus and 

Metapenaeus dobsoni) and clams ( Sunetta scripta and Meretrix 

casta) from Cochin backwaters. genera-wise distribution of 

amylolytic bacteria, ability of selected strains to grow and 

produce amylase at various physico-chemical conditions. regulation 

of amylase synthesis anrt characters of amylases producer! by these 

halophilic bacteria. 

The important findings are: 

1. Amylolytic bacteria are dis tributed widely in water. 

sediment. fishes. prawns anr! clams of Cochin back W cl tars. 

53% of the total isolates tester! were capable of prortuclng 

amylase. Maximum number of arnylolytic bacteria were 

present in Metapenaeus dobsoni. 

2. In general, the gut region of aquatic animals harboured more 

amylolytic bacteria than the gill or surface. These bacteria 

may hel p in the diges tion of starch present in their foort. 

3. The percentage of amylolytic population \\'38 maximum in the 

genus Vibrio. Most potent strains selected for r!etailed 
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studies also belonged to the genus Vibrio. They are 

identified as Vibrio alg1nolyticus (MB1) , Vibrio 

parahaemolyticus (MB2) and Vibrio sp. ( MB3) . 

4. The selected strains showed maximum growth and enzyme 

production at pH 7. Low pH (below 5) and high pH 

(above 9) were found to be unfavourable for growth and 

amylase production. 

alkaline pH. 

Acidic pH was more harmful than 

5. Presence of ions in the medium was found to be essential 

for growth and amylase production. It was found that this 

ionic requirement is not highly specific. Sorlium chloride 

could be replaced by potassium chloride. or magnesium 

chloride to some extent I without affecting growth and amylase 

production. The important function of these ions may be 

to maintain the osmotic balance between the cells and their 

environment. 

6. The optimum temperature for growth of these s trains was 

found to be 35°C. Except ~. alginolyticus (:\181). uthers 

produced amylase also maximally at 35°(:. ~. alginulyticus 

(MBt) preferred 30°C for maximal amylase pro(Juction. This 

suggests that though they are aquatic forms. they are 

mesophiles. 
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7. The starch concentration required for optimum growth and 

enzyme production showed great variation among riifferent 

strains. In general. higher starch concentration was 

required for maximal growth and lower concentration for 

amylase production. Very high starch concentration was 

found to be inhibitory to amylase production. 

8. These bacteria preferred complex medit.:m for maximum growth 

whereas. enzyme production was maximum in mineral medium. 

9. Glucose was the favourable carbon source for growth of V. 

alginolyticus ( MB1) ann Vi brio sp. ( MI:JJ ) . wheroas. V. 

parahaemolyticus (M132) showed maximum growth in starch 

medium. Enzyme production was maxima'. in mal tose menium. 

10. Ammonium chloride was the preferred nitrogen source for 

amylase prodUction by 'i. parahaemolyticus (MB2) and Vibrio 

sp.(M83) but V. alginolyticus (MB1) showec1 maximum 

amylase production in the presence of yeast ex tract. 

11. All the isolates stowed the ability to grow ami pronuce 

amylase 

potato. 

using raw··starches from cassava. plantain ami 

This property suggests their role in the rieg r 8.dation 

of native starches in the environment. 

12. The incubation period requireri for maximal dmylase 

production showed much variation in still culture anc! shaker 
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cul ture. The incubation period can be considerably brought 

down by employing shaker cul ture. 

13. The enzyme production by these bacteria was found to begin 

at the early-logarithmic phase of growth and continued till 

the late-logarithmic phase. In the case d ':!.... alginolyticus 

(MB1) • it continued in the early-stationary phase also. 

Further incubation resul ted in loss of amylase activi ty mainly 

due to the production of toxic enn-products and proteolytic 

enzymes. 

14. The amylases producen by these strains are III os tl:v 

ex tracellular. Only less than 5% intracell ulac enzyme 

activity could be detecterL 

15. Amylase production by these halophilic bacteria are fOW1d 

to be inducible. Presence of maltose or starch in the 

medium was found to induce higher production of amylase. 

The true inducer may be mal tose since. starch is a long 

polymer and cannot enter the cell o.irectly. The SIrldll level 

of cons ti tuti ve enzyme libera teo. by the cells may r1egrar1e 

the starch. and maltose, the product of this enzymatic 

action. may act as the ti'ue inducer. 

16. Amylases 

subjected 

produced by these bacteria are faunn to be 

to cataboli te repression. Higher levels of glucose 

,in the medium completely repressed amylase synthesis. 
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17. Chloramphenicol. when added to cultures actively secreting 

amylase. caused rapid and complete inhibition of amylase 

synthesis. suggesting amylase synthesis as a de novo 

process. 

18. When actinomycin 0 was adrled to cul tures actively secreting 

amylase. there was a transient continuation of amylase 

synthesis followed by inhi bi tion. This inrlicates the 

presence of a pool of mRNA specific for amylases. 

19. The amylases could be partially purified by ammonium 

sulphate precipitation. followed by ctialysis. The yield 

varied from 57% to 64% anrl specific activity 63.3 units/mg 

protein to 96 units/mg protein. 

20. The amylases produced by these strains are of the cc -ty pe. 

21. The amylases showed optimum activity at pH 7. ln general. 

they could show considerable activity in the pH range b 

to 8. They were also stable from pH b to 8. 

22. Amylases from V. alginolyticus ( MB1) an(1 \/ . 

parahaemolyticus ( MB2) showed maximum activity between 

35°C and 40 0 e. Whereas. Vibrio sp.(MB3) showerl maximum 

activity at 30 0 e to 35°e. Amylase from all the qrains 

showed 100% stability up to 40°r.. Their stability riecreased 
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10H 

gradually. with increase in temperature. 

these enzymes are not very thermostable. 

This suggests that 

The optimum substrate concentrations 

activity ranged from 0.8 mg/ml to 1 

required 

mg/ml. 

for maximal 

The Km ami 

V max valoos for different substrates showen variation. The 

Km ranged from 0.22 mg/ml to 0.9 mg/m!. The V max values 

were In the range 0.13 mg/min/ml to 0.55 mg/minl ml. 

24. Sod1um chloride was found to be not essential for the 

activity of these amylases. 

25. Even though addition of calcium to the reaction-mixture did 

not increase amylase activity. EDTA treatment resul ted in 

the loss of activity. suggesting possible requirement of metal 

ions for enzyme activity. 

26. Several metal ions were found to be inhibitory to enzyme 

action. Mercury. copper. zinc and iron were very potent 

inhibitors anN cobalt, manganese ,-inrt llIagnE.!siulil \\en" miln 

inhi bi tors. Sonium ann calcium riin not afffH-:t enzvme 

activity consinerably. ann potassiulll caused a sligh t activation. 

27. Carbonate was found to be inhibitory to all the amylases. 

Other anions tested dirt not affect enzyme activity 

significantly. 
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28. p-r:hIoromercuribenzoate inhibited the activities of amylases 

produced by V. aIginolyticuR (Mal) and V. parahaemolyticus 

( MBL). Thiol cOlllPOW1ris ai'forcie(1 protection to the enzyme 

activity. suggosting the presence of ~H groups in the active 

site of these enzymes. Activity of amylase from Vibrio 

sp.tMB3) was not inhibited considerably in the presence of 

p-c hI oromercur i benzoa te. 

The investigation suggests that amyIolytic bacteria are 

riis tributecl widel y in the aquatic environment. ann they play a 

vel'S' important role in biodegradation. Members of Vibrio species 

may be consiclererl aR potential commercial sources of amylase as 

they grow rapidly in a readily available low-cost medium based 

on seawater and raw-starches. The problem of contamination in 

inc1us tries from terres trial forms can be minimised by using such 

a merlium. 
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