CHAPTER Il

LITERATURE REVIEWS

Protease

Proteases are the single class of enzymes which occupy a pivotal position with
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constituents. The proteins to be degraded are usually first conjugated to multiple
molecule of the polypeptide ubiquitin. This modification marks them for rapid hydrolysis
by the proteasome in the presence of ATP. Another pathway consists in the
compartmentation of proteases e.g in lysosomes. Proteins transferred into this

compartment undergo a rapid degradation.



1. Classification of protease
According to the Nomenclature Committee of the Internatioal Union of
Biochemistry and Molecular Biology, proteases are classified in subgroup 4 of group 3
(hydrolases). However, proteases do not comply easily with the general system of
enzyme nomenclature due to their huge diversity of action and structure. Currently,

proteases are classified on the basis of three major criteria (Barett, 1994).

sptidas&or we. Exopeptidases cleave the
. . \\\\ | of the substrate, whereas

endopeptidases cleave pegii@ |n| of the substrate.
1.2 Che .A/[// r_- te } ! .\ on the functional group

present at the active site, pfotge é v ’ S a ed into four prominent groups.

the enzymatic action, eithe

peptide bond proximal to

There are serine prdteage &'a Da «‘“ D \\ cysteine proteases, and
metalloproteases (Guzzo eifal., 1990 f__ \

1.2.1 Sering ﬁm.. 53 e proteases are characterized by
the presence of a serine group- ;!’?‘_.._ 2| ey are numerous and widespread

among Vlruses bact _._J.—.u-—_u o—--uu_u—-u-r.---—......—\‘:',-” they are vital to the

3 i

oligopeptidase, and omiega peptidase groups This class comprises two distinct
¢ o

families. The c w Wﬁﬂ ﬁ‘ﬁ‘aﬂw?n enzymes such as
in or elastase or ka |

chymotrypsin, try;g ikrein and the SUbStIhSlﬂ famlly which include the

bacterial ﬁg ;JM fa EJ
i! |prIt ases are m 1ze heir |rrever3|ble inhibition by

3,4-dichloroisocoumarin  (3,4-DCI), L-3- -carboxytrans  2,3-epoxypropyl-leucylamido

organisms. Serine pro eptidase, endopeptidase,

(4-guanidine) butane (E.64), diisopropylfluorophosphate (DFP), phenyimethylsulfony!
fluoride (PMSF) and tosyl-L-lysine chloromethyl ketone (TLCK). Some of the serine
proteases are inhibited by thiol reagents such as p-chloromercuribenzoate (PCMB) due

to the presence of a cysteine residue néar the active site. Serine proteases are generally
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active at neutral and alkaline pH, with an optimum between pH 7 and 11. They have
broad substrate specificities including esterolytic and amidase activity.

1.2.2 Aspartic proteases. Aspartic acid proteases, commonly
known as acidic proteases, are the endopeptidases that depend on aspartic acid
residues for their catalytic activity. Acidic proteases have been grouped into three

families, namely, pepsin, retropepsin, and enzymes from pararetroviruses.

The aspartic proteases are pstatin (Fitzgerald et al., 1990). They

are also sensitive to diazok #8UCh as diazoacetyl-DL-norleucine

‘d
POXY=3~(p-ri oprwane (EPNP) in the presence

2eS ;'«*\\ L spegcificity against aromatic or bulky

methylester (DAN) and 1,
of copper ions. Microbial agi
amino acid residues on boifi"siges _ eptide Bend, which is similar to pepsin, but
their action is less stringepf' : AN \. ~ aspartic proteases can be

broadly divided into two gfo \ eS' produced by Aspergillus,

Penicillium, Rhizopus, d

:\ ke enzymes produced by

Endothia and Mucor spp.

123 1 . Cysteine proteases occur in both

prokaryotes and eukaryote eine proteases depends on a
catalytic dyad consis ‘C’W 7

Generally, cysteimg pre Presence of reducing agents

such as HCN or cysteine. I%ased on their side cham specificity, they are broadly divided

into four group )ﬁﬂﬂq w HWWH;{Tﬂﬁ for cleavage at the

arginine residue, (i) specific to glutamac acid, and (IV ) others. Papaln |s the best-known
cystemeﬂoﬁé](‘ﬁlﬁﬂ?ﬁjh”%ﬁl?ﬁ Ej ﬂtﬂﬁ few of them,
eg., Iysosqmal proteases, are maximally active at acidic pH. They are susceptible to
sulfhydryl agents such as PCMB but are unaffected by DFP and metal-chelating agents.

1.2.4 Metalloproteases. Metalloproteases are the most diverse of
the catalytic types of proteases. They are characterized by the requirement for a
divalent metal ion for their activity. The metallo proteases may be one of the older
classes of proteases and are found in bacteria, fungi as well as in higher organisms.

They differ widely in their sequences and their structures but the great majority of
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enzymes contain a zinc atom which is catalytically active. In some cases, zinc may be

replaced by another metal such as cobalt or nickel without loss of the activity. Because
of they require a metal ion for their activity, so inhibited by metal chelating agents such
as EDTA but not by sulfhydryl agents or DFP. For example carboxypeptidase,
thermolysin, collagenase.

Table1. Classification of protease

Protease o, ode of action® EC no.

Exopeptidases

Aminopeptidases / . ( )i 3.4.11

Dipeptidy! peptidase 3.4.14
Tripeptidyl peptidase 3.4.14

Carboxypeptidase 3.4.16-3.4.18
Serine type protea 3.4.16
Metalloprotease 3.4.17
Cysteine type proteas 3.4.18
Peptidyl dipeptidase 3.4.15
Dipeptidase | 3.4.13
Omega peptidas .; 3.4.19
3.4.19

Endopeptidases O OO 'O0O-Q- 34.21-3.4.34
Serine proteasﬂ u El ’J V'I E]‘ V] j w E]’] ﬂ ‘j 3.4.21
Cysteine proteadé 3.4.22
RN TN INY 1A ==
Metalloplptea 3.4.24
Endopeptidases of unknown 3.4.99

Catalytic mechanism

. Open circles represent the amino acid residues in the polypeptide chain. Solid circles
indicate the terminal amino acids, and stars signify the blocked termini. Arrows show the

sites of action of the enzyme.



1.3 Evoluti lationship with referen ructure: Based on their
amino acid sequences, proteases are classified into different families (Argos, 1987) and
further subdivided into “clans” to accommodate sets of peptidases that have diverged
from a common ancestor (Rawling et al., 1993). Each family of peptidases has been
assigned a code letter denoting the type of catalysis, i.e., S, C, A, M, or U for serine,

cysteine, aspartic, metallo-, or unknown type, respectively.

o of@ mainly in the detergent
mg environmentally friendly

and food industries. In view @

technologies, proteases ae ve applications in leather

treatment and in several hif \'\ worldwide requirement for

enzymes for individual applig aries oqnsiderak ‘Proteases are used extensively
in the pharmaceutical i sv ' » c 1 Oy mediCines such as ointments for
debridement of wounds, ~in the food and detergent
industries are prepared in b ed @s crude preparations, whereas
those that are used in medicine L%c amounts but require extensive

purification before theyEan beused \:,‘

Table 2. Markets for Micrehial s T ual Sales Turnover and

!
Market Share for the M3 o.E Applications of Microbial Proteinases. Data used with
oy

o/
AHEINENINEINT
qJ ’ ales Share of industrial
¢

=

il m* |Vlarket (%)

Detergent proteinase 140 89-2
Microbial rennets 2 7-6
Baking proteinases 3 1-9
Leather 1 0-6
Miscllaneous 1 0-7

Totals “HBT . 100-0
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2.1 Detergents. Proteases are one of the standard ingredients of all
kinds of detergents ranging from those used for household laundering to reagents used
for cleaning contact lenses or dentures.The use of proteases in laundry detergents
accounts for approximately 25% of the total worldwide sales of enzymes. The
preparation of the first enzymatic detergent, “Burnus,” dates back to 1913: it consisted

of sodium carbonate and a crude pancreatic extract. The first detergent containing the

bacterial enzyme was ‘introduced in 1956 trade name BIO-40.
In Table 3 itvean be see : _microbial proteinases dominate
J

appear as seven products from four

suppliers, the microbial either. Bacillus licheniformis or the

alkalophilic Bacilli.

Table 3. Major detergent p

Trade name

Alcalase

= \\N\gl
d L\\\§\ | Source

QVO- 1 sk
5 HY

Maxatase B. licheniformis

Optimase

Esperase o Novo-hor —-‘..,‘

Savinase rﬂ
Alkalophilic Bacilli

Maxacal |bis

¢

e @Y IRERINGINT

Q(Wrﬂnﬁqmﬂﬂnm WWH&]@ ﬂne proteases
produced by Bacillus strains. Fungal alkaline proteases are advantageous due to the
ease of downstream processing to prepare a microbe-free enzyme. An alkaline protease
from Conidiobolus coronatus was found to be compatible with commercial detergents

used in India (Phadatare, et al., 1993) and retained 43% of its activity at 50°C for 50 min
in the presence of Ca’" (256 mM) and glycine (1 M) (Bhosale, et al., 1995).
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2.2 Food industry. The use of proteases in the food industry dates back

to antiquity. They have been routinely used for various purposes such as cheesemaking,
baking, preparation of soya hydrolysates, and meat tenderization.

2.2.1 Dairy industry. The major application of proteases in the
dairy industry is in the manufacture of cheese. The milk-coagulating enzymes fall into
three main categories, (i) animal rennets, (ii) microbial milk coagulants, and (iii)

genetically engineered chymosin.

microbial milk-coagulating proteases

belong to a class of acid a ave molecular weights between

30,000 to 40,000.

In ché iy function of proteases is to

hydrolyze the specific peptide )6,_bond) to generate para-k-

casein and macropeptidesdC is-prefér >2d, dt s high specificity for casein,

which is responsible for'its efceileat performante in emaklng

eV YIRS 3 e8se manufacture. It contains lactose,
proteins, minerals, and lac ! atured whey protein is

solubilized by treatment with c.g;"a;.-e.

_‘2.2.2 8 -v-1,:;,:-g,,.-,;, - Wh UL is @ major component of

gtaten, which determines the

properties of the bakery * HUQ ases ffom Asperqillus oryzae have
been used to modify wheg,t gluten by limited proteonS|s Enzymatic treatment of the

s eGR4 B L BTG B ocueon o o

range of products§l'he addition of proteases reduces the mixing time and results in
mcreaseﬂ mrﬂﬁar(rﬁ mﬂmq:ﬁ} ﬂrﬂdvr ﬁ 8en5|b|hty and
strength o he dough.

2.2.3 Manufacture of soy products. Soybeans serve as a rich
source of food, due to their high content of good-quality protein. Proteases have been
used from ancient times to prepare soy sauce and other soy products. The alkaline and
neutral proteases of fungal origin play an important role in the processing of soy sauce.
Proteolytic modification of soy proteins helps to improve their functional properties.

Treatment of soy proteins with alcalase at pH 8 results in soluble hydrolysates with high
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solubiliiy, good protein yield, and low bitterness. The hydrolysate is used in protein-
fortified soft drinks and in the formulation of dietetic feeds.

2.2.3 Debittering of protein hydrolysates. Protein hydrolysates
have several applications, e.g., as constituents of dietetic and health products, in infant
formulae and clinical nutrition supplements, and as flavoring agents. The bitter taste of

protein hydrolysates is a major barrier to their use in food and health care products. The

intensity of the bitterness is propori \\ ” mber of hydrophobic amino acids in

the hydrolysate. The presence.of n the center of the peptide also

BEbtidases wve hydrophobic amino acids

and proline are valuable ige@€hitteling lprotein hydrelysates. Aminopeptidases from
& "

WAL

lactic acid bacteria are a a0 \der the trade name ""u. Ditrase. Carboxypeptidase A

contributes to the bitterne

has a high specificity for hyfirg dhic’s i ._ and nce has a great potential for
debittering. A careful c6mbjgdati - srotease the primary hydrolysis and an
aminopeptidase for the#segbnde Y iS i€ ' ed for the production of a

functional hydrolysate with fedu€ed bitie

v (i i o
2.2.4 Syntt a'ﬂ aspe s Te use of aspartame as a
- “ 1A
noncalorific  artificial _sweetene: :v-‘_..r 1 ed by the Food and Drug

Administration. Asparfiic=itt-thienlite-temaosasatant 3 artic acid and the methyl
ester of L-phenylalanine he L WO amno acids is responsible for
~ the sweet taste of aspartan;p Maintenance of the stereospecificity is crucial, but it adds

oo o Lo YT BTG s

therefore preferre@) Although proteases are generally regarded as h&/}jrolytlc enzymes,
they catﬂquﬁﬁ ﬂﬂmmﬁ] V(Tﬁ Hﬁrﬂaﬂondmons An
nmmobmzeq preparation of thermolysin from Bacillus thermoprotyolyticus is used for the
enzymatic synthesis of aspartame. Toya Soda (Japan) and DSM (The Netherlands) are
the major industrial producers of aspartame.

2.3 Pharmaceutical Industry. The wide diversity and specificity of

proteases are used to great advantage in developing effective therapeutic agents. Oral
administration of proteases from Aspergillus oryzae has been used as a digestive aid to

correct certain lytic enzyme deficiency syndromes. Clostridial collagenase or subtilisin is
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used in combination with broad-spectrum antibiotics in the treatment of burns and
wounds. An asparginase isolated from E. coli is used to eliminate aspargine from the
bloodstream in the various forms of lymphocytic leukemia. Alkaline protease from
Conidiobolus coronatus was found to be able to replace trypsin in animal cell cultures.
2.4 Leather Processing. Two operations in comverting animal skins to
leather use proteases, at least, to some extent: unhairing of hides and bating. Use of

mlcrobfal enzymes in these steps. ¢ teized as, ‘limited’, for both, but for

2.4 MONREIERG. Fol un?‘wdes microbial serine proteases

are competing againxt inexg " ical . lime and. sodium sulfide. The alkaline

defferent reasons.

-

swelling and dehairing is vl iast (Aunstrup, 1980). Microbial
proteases from alkalophilic‘ Bacilli teghn e chemical treatment, but at

an increased cost. The*emphasis and worker safety (hydrogen

: -ﬂd ) 5 g
sulfide fumes) has pressufedghefle .»,.q, 7! i some countries to find replacement
processes or to reloc@te Fto _Gotintii it ore relaxed environmental
A ’ ; .
rules/enforcement. The first ‘Optig™“has led' opening for microbial proteases,
however the second option has bée ; THOFe elective.

- 'm :
‘ # [RCEss which gives leather a

degree of flexibility a

p up . cofisumers often refer to this

quality as leather ‘so ness For example, Leather for gloves has undergone

extensive batmgﬂﬁﬂ Iﬂﬂ %Wléﬁ w Wdﬁno treatment.

Bating has tradltlonally been an enzymatic process but the
main so ﬂqum}wmtﬂ Ej)r the cruder
preparatlorq pancre;@\ has been the main agent for bating leather.

Bacterial serine proteinases have attempted to displace
animal trypsin as an economical substitute, but with little success. In the 1970s
trials with these alkaline proteinases produced poor results due to the greater
proteolytic activity of the serine proteinases. Only more recently have improved

microbial proteinase products met with success. Thus today, proprietary mixtures
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of chemicals and proteinases from Aspergillus oryzae, B. amyloliquefaciens or B.
licheniformis can be found in the bating house supply room.

2.5 Other Applications. Besides their industrial and medicinal
applications, proteases play an important role in basic research. Their selective peptide
bond cleavage is used in the elucidation of structurefunction relationship, in the

synthesis of peptides, and in the sequencing of proteins. In essence, the wide

Since protea . living organisms, they are

ubiquitous, being found ch as plants, animals, and
microorganisms.
S as a source of proteases is

governed by several factors suth-gs" g ity of land for cultivation and the

suitability of climaticu Conaiions Tor growth Moreovs ._.—-.\:' ction of proteases from

plants is a time-consumiag p iInases, and ficin represent

) 0

some the well-known pro ases of plant ongm

y E] Pj;ﬂ gr ﬁ Ejél])ﬂt otease and has a
long history of uw C weger, 1

hechler and It is extracted from the latex of

imm;nmm TN
due to th alp peptidase isozymes. The performance of

the enzyme depends on the plant source, the climatic conditions for growth, and the
methods used for its extraction and purification.It is extensively used in industry for the
preparation of highly soluble and
flavored protein hydrolysates.

3.1.2 Bromelain: Bromelain is prepared from the stem and juice

pineapples. The major supplier of the enzyme is Great Food Biochem., Bangkok,
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Thailand. The enzyme is characterized as cysteine protease and is active from pH 5 to
9. Its inactivation temperature is 70°C, which is lower than that of papain.

3.1.3 Keratinases. Some of the botanical groups of plants
produce proteases which degrade hair. Digestion of hair and wool is important for the
production of essential amino acids such as lysine and for the prevention of clogging of

wastewater systems.

3.2 Ani , : iliar proteases of animal origin are

pancreatic trypsin, chymotrypsif, pepsi These are prepared in pure form

in bulk quantities. Howeve : whe availability of livestock for

slaughter, which in turn is gg ed & \ \ ural policies.
lestinal digestive enzyme

responsible for the hydrol {oe ol -" | a ne protease and hydrolyzes
peptide bonds in whic \. by the lysine and arginine

aldul d

residues. Based on the ability of 0 b the enzyme from the insect

gut, this enzyme has receiw

R Sl
d ent et o\u ontrol of insect pests. Trypsin
has limited applications in thé fo f‘; istry : the protem hydrolysates generated
by its action have a highly bitter % sle 1 ed in the preparation of bacterial
media and in some SpPgQlalizet-reticatapphoate
3.' 2C yosin iSTfound in animal pancreatic
extract. Pure chymotrypsin i .,s an expensive enzyme and is used only for diagnostic and

analytical apphcﬁﬁ Ei %eﬂ:gﬂ ﬁﬂﬂ{&]ﬁﬂtﬂ% bonds in which the

carboxyl groups §dre provided by one of the three aromatic ammo acids, i.e.,
phenylalaqﬂ /rOsi m umrﬂﬂ q?ﬂdﬂlergemzmg of
milk prote|q ﬁ;:[ges is stored in the pancreas in the form of a precursor,
chymotrypsinogen, and is activated by trypsin in a multistep process.
3.2.3 Pepsin. Pepsin is an acidic protease that is found in the

stomachs of almost all vertebrates. The active enzyme is released from its zymogen, i.e.,
pepsinogen, by autocatalysis in the presence of hydrochloric acid. Pepsin is an aspartyl
protease and resembles human imniunodeficiency virus type 1 (HIV-1) protease,

responsible for the maturation of HIV-1. It exhibits optimal activity between pH 1 and 2,
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while the optimal pH of the stomach is 2 to 4. Pepsin is inactivated above pH 6.0.The
enzyme catalyzes the hydrolysis of peptide bonds between two hydrophobic amino
acids.

3.2.4 Rennin. Rennet is a pepsin-like protease (rennin, chymosin;
EC 3.4.23.4) that is produced as an inactive precursor, prorennin, in the stomachs of all

nursing mammals. It is converted to active rennin by the action of pepsin or by its

autocatalysis. It is used extensivel ustry to produce a stable curd with

good flavor. The specialized n ' i8"due to its specificity in cleaving a
i qd.
single peptide bond in k ene at%ara—k-casein and C-terminal

glycopeptide.
plant and animal proteases

to meet current world dem

Microorganisms  represent r(i_' #\\\
biochemical diversity i £ ‘ f n ic manipulation. Microbial

proteases account for approximatel ;‘5:{: , tot 0 dwide enzyme sales (Godfrey

d erest in microbial proteases.

ymes owing to their broad

and West, 1996). Proteases om"l, B s are preferred to the enzymes from
plant and animal sources since-thes -~ the characteristics desired for
their biotechnological‘agilications:

3811 Bz t al'prateases, mainly neutral and
alkaline protease, are produced by organisms belonglng to the genus Bacillus. Bacterial

neutral proteaseﬁ ﬁcﬂa‘q %Wﬁrw (ﬂ g}ﬂ)%!d have relatively low

thermotolerance. Ble to their mtermednate rate of reactlon neutral proteases generate
less bitt eﬁ mffmwmﬂrﬂrﬁs and hence
are valu:i or use in t md industry. Neutrase, a neutral protease, is insensitive to
the natural plant proteinase inhibitors and is therefore useful in the brewing industry. The
bacterial neutral proteases are characterized by their high affinity for hydrophobic amino
acid pairs. Their low thermotolerance is advantageous for controlling their reactivity
during the production of food hydrolysates with a low degree of hydrolysis. Some of the
neutral proteases belong to the metalloprotease type and require divalent metal ions for

their activity, while others are serine proteinases, which are not affected by chelating
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agents. Bacterial alkaline proteases are characterized by their high activity at alkaline
pH, e.g., pH 10, and their broad substrate specificity. Their optimal temperature ts
around 60°C. These properties of bacterial alkaline proteases make them suitable for
use in the detergent industry.

3.3.2 Fungi. Fungi elaborate a wider variety of enzymes than do

bacteria. For example, Aspergillus oryzae produces acid, neutral, and alkaline

proteases. The fungal proteases art r.a wide pH range (pH 4 to 11) and
exhibit broad substrate specifi a lower reaction rate and worse

. —
heat tolerance than do the at en memzymes can be conveniently
produced in a solid-state fermentaiidn process. Eur ~1- & d proteases have an optimal
pH between 4 and 4.5 and v. ahle hel \\ and 6.0. They are particularly
useful in the cheesema : rrow pH and temperature

\\\

specificities. Fungal nedfral 58 dre) \ D e that are active at pH 7.0
and are inhibited by che 2N _ f ‘ \ npanying peptidase activity

and their specific function ig hyd hy frop obic a | no acid bonds, fungal neutral

e
and” bacterial proteases in reducing

g . ST o ) 4 , 3
the bitterness of food protein h -511'«‘r-*;.'.’-g}‘\—, Fi aline proteases are also used in

food protein modificatiei —— :

ned importance due to

il

their functional involvement m the processmg of proteins of viruses that cause certain

fatal diseases su ﬁ sadtﬁnﬁ ﬂ{ﬁ Wﬂqﬂﬁwme peptidases are

found in various vu“ses wling and Barrett 1993). AII of the virus- encoded peptidases

are endo m ﬁ ﬁ lm a![n]?wgl@rwroteases that
are reqwap rviral dssembly and replication are homodimers and are expressed as a

part of the polyprotein precursor. The mature protease is released by autolysis of the

precursor. An extensive literature is available on the expression, purification, and
enzymatic analysis of retroviral aspartic protease and its. Extensive research has
focused on the three-dimensional structure of viral proteases and their interaction with
synthetic inhibitors with a view to designing potent inhibitors that can combat the

relentlessly spreading and devastating epidemic of AIDS.
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Thus, although proteases are widespread in nature, microbes serve as
a preferred source of these enzymes because of their rapid growth, the limited space
required for their cultivation, and the ease with which they can be genetically
manipulated to generate new enzymes with altered properties that are desirable for their

various applications.

Bacterial |
Prooteiase- .
602% M N

ngal proteinase
1%

obial renneet

Figure 2. Piechart i Gethalustd oteinase market. Market shares for
each proteinase are given as pe 3 10fal estimated sales turnover of
US$242 m. Microbial putoiiEiniie it ica® with shading.

Althoughﬂre are many obial’sources &ilable for producing
protease, only a few are re€ogqized as commereial producers. For that reason, it would

be of great tmpOﬂ\ucﬂq ma&l ms w&ﬂg(ﬁrﬁl activities at different

values of salt con%ntratnons and temperature. Halophiles are the mgst likely source of

son o RARITF TH AR TN B er o o

thermotoler%nt (Sanchez-Porro, 2003)

4. Halophilic bacteria
Halophiles are salt-loving organisms that inhabit hypersaline
environments. They include mainly prokaryotic and eukaryotic microorganisms with the
capacity to balance the osmotic press‘ure of the environment and resist the denaturing

effects of salts. Among halophilic microorganisms are a variety of heterotrophic and
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methanogenic archaea; photosynthetic, lithotrophic, and heterotrophic bacteria; and
photosynthetic and heterotrophic eukaryotes.

Although salts are required for all life forms, halophiles are distinguished
by their requirement of hypersaline conditions for growth. They may be classified

according to their salt requirement (Kushner, 1985). (Figure 2)

4.1 Slight halgghiles. The slight halophile grow optimally at 0.2—

0.85 mol/L (2-5%) NaCI such as Psé \\ \
Acinetobacter and Vibrio, the solated fror 'd shell.

4.2"Moderatethalop! ilwte halophiles grow optimally

oraxella, Flavobacterium,

at 0.85-3.4 mol/L (5 -20%) o1_Moderat ' - acteria constitute a large group
of organisms encompassja 3 ria. The moderately halophilic
bacteria, from the taxoho 20ift Of view; to \\ ery heterogeneous group of
microorganisms whic in \ genera. Archae bacteria;

Methanohalophilus, A gths ] -\'

Chromohalobacter, ; I /0b3 terium, Haloanaerobium,

Deleya, Arhodononas,

Halobacteroides, Haloincola, 7, ' brio, Pseudomonas, Spirochaeta,
Sporohalobacter, Vibrio, Vo 7 a/obacillus, Bacillus, Clostridium,
Marinococcus, Micro QOCEUs=Salinicostus=SalibasiiiussEeriinacilus, Virgibacillus, and
Sporosarcina, and fac i tive legens and Arhodomonas

aquaeolei; Actinomycetes; Genera Actmopolyspora Characteristic of some bacteria in

e f] TfEll INYNINYING
4.3.Extreme halophiles. The extreme halophiles grow optimally

1 e T

known beqause they often were (and still are) simply called”red halophiles”, such as
Genera Halobacterium, Haloferax, and Haloarcula, Halococcus, Natronomanas,
Haloterrigena.

In contrast, nonhalophiles grow optimally at less than 0.2 mol / L
NaCl. Halotolerant organisms can grow both in high salinity and in the absence of a high

concentration of salts. Many halophiles and halotolerant microorganisms can grow over
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a wide range of salt concentrations with requirement or tolerance for salts sometimes

depending on environmental and nutritional factors.

rowth rate (%)

Salinity (%

NaCl (ma 0 Saturation

Figure 3. Salt-tolers \\' ative growth rate is plotted

against both percentage”salifii ’f' he five microorganisms are

Agmenellum quadraplicatt haldtolérant cyanobacterium, Fabrea

salina (Fs), a moderately halophilie=proto aliella salina (Ds), a halophilic green
R

alga, Aphanothece halophytic Can ex philic cyanobacterium, and

Halobacteriumsp. (H)j “"—————-"—'————‘:1: linity of sea water and

'V.:

the hatch range for brin ni hr

W

ﬂ‘lJEJ’J‘V]EWI‘iWEﬂﬂ‘i
QWWﬁQﬂ‘iﬂJﬁJWI’JﬂmﬂB

i
il
i¥ |



Table 4. Salient features of some genera of aerobic, endospore-formin

\d Marinococcus

20

Character Virgibacillus Bacillus Paeniba Brevibacillus Halobacillus Sporosarcina Marinococcus
No. of species 1 >60 3 10 3 1 3
Murein DAP v ¥ D - DAP Orn-D- Asp L-Lys-Gly-D-Glu DAP
Cell shape Rods Rods Rods Rods and cocci Cocci Cocci
Spore + T + + - &
Spore shape E-S E.CS.B 5 ,-: .13 E.S S NA
Sporangia swollen + v + / + - +/na NA NA
Anaerobic growth + Y = - +/- - - -
Optimum temperatur(°C) 37 15-55 3 _'ﬂ"_"' . 30-48 35 30 30
Optimum pH 2 795 - I\ 7 7.5 8 75
Growth in 10% NaCl + v / R » . + - +
Major isoprenoid quinone MK-7 MK-7 MK-7 — MK-7 MK-7 MK-7 MK-7( MK-8)
Major cellular fatty acids Iso+anteiso-C,, \% Anteiso- /s Anteiso-C,, .+ ND ND ND

5:0

-Ciso
G+C(T) 36.91-38.3t 32-69 40- 8-57.4 40-43 40-41.5 44.9-49.3

Abbreviations: DAP, direct-linked meso-diaminopimilic acid; E, ellipsoidal; S, sp encal E-S, ellipsoidal to spherical; C, cyclindrical; B, ellipsoidal or cylindrical spores bent into kidney or banana

shape; V, character varies accocrding to species. NA, Not applicabl

Method).

ﬁu%ww%’ww
ammmmumw

Tflﬁo Fahmy et al (1985); $, Mean of two measurements (F
188
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5. Protease-producing halophillic bacteria
Although halophilic microorganisms have attracted much attention in recent
years, most studies have been performed in halobacteria. However, moderately
halophilic bacteria represent an excellent model of adaptation to frequent changes in
extracellular osmolality and constiute an interesting group of microorganisms from a

biotechnological point of view. Thus, many of them accumulate intracellular organuc

osmolytes named “compatible solutes” whic | used as stabilizers of enzymes
. al.;,1997; Ventos Al 998; Nieto et. al., 2000) and

they produce halophilic exoenzymes that coit btﬁcial interest and could be
used in biodegradation processe eV .have|the adh ants at most species are able
to grow in a wide range of salj . 0 th e s rict requirements of salt
presented by halobacterium. Fg 1 Tetragenococcus strains
can growth in absence #NaQ@ ol f dugce) S “low concentration of
salts(Thongsanit et al., 2002) | v ‘
5.1 Proi€asg produbing ext Malophilic bacteria. A few

protease from extreme halophiles, ! hael phylogenetic branch, have
been characterized by Norberg and-#ic spnov et al.(1992); Studdert et
al. (1997) ; Ryu et al. (19 m_..r:..-_:.—;z._...-.-;;:;:.;m.f e ies of protease from

extreme halophiles show in Fable

'u -

5.2 Prtﬁggg producing mgge rately hal nghlhg bacteria. protease
from moderately haﬁ uﬂt? ﬂﬂ?ﬁﬁﬁyﬂﬁd Some of their
erately halophili

works on protease frcm mo ilic bacteria are as follows Duong Van Qua

IR i ve) n
iously studies extracellular protease produced by

unidentified moderately halophilic bacterium, designated Psseudomonas sp. strain A-

14, was purified. The molecular weight of this enzyme was estimated to be 12,000 Da,
The optimum pH for activity was 8.0, and the enzyme presented maximal at 18% NaCl
concentration (Qua et. al., 1981).

In 2003, the protease CP1 produced by the moderately halophilic

bacterium, Pseudoalteromonas sp. CP76 has been purified and characterized in detail
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by Sanchez-Porro et. al. (2003). The enzyme is a homodimer with a subunit size 38

kDa. The enzyme is moderately thermophilic , presenting optimum activity at 55 °C, at
pH 8.5. An interesting feature of this protease is salt tolerance over a wide range of NaCl
concentration (0-20% NaCl). These characteristic make the protease CP1 interesting for

its application in biotechnological process. The protease activity was inhibited by EDTA,

PMSF and Pefabloc. No significant inhibition was detected with E-64, bestatin,
chymostatin or Ieupeptin.‘Accordin '
terminal region of the purified enzyme, the 1as been classified as a serine
metalloprotease.
In order de" mapids n-of the protease CP1 for
industrial application, the gro CQNQ / onas sp.CP76 for optimum
protease activitty were studied v \ aline medium containing
7.5% NaCl, supplemented with glic -u\ is study constitutes the
first report on the purificationfand \- proteolytic enzyme from a
moderately halophilic microorg@nis \
In a rece . (2005) studied the protease —
producing bacteria were screenedfom:fish ailand. An isolated moderately
halophilic bacterium, RF2 ifm - ‘ cillus. The molecular
weight of the purified enzy Va Da. The enzyme showed the
highest activity at 60 °C and PH 10-11 under 10%NaCI and was highly stable in the

presence of about ﬁ w&;%%ﬂﬁ%ﬂﬁ:ﬂ ?ISF Chymostatin,

and O.-microbial alkdline proteinase mhlbltor (MAPI). The N-terminal 15 amino acid
sequence oiaw ﬁf rﬁlﬁ ?m ﬂ%?‘q ?rﬂ Ellﬁ ﬂ rEI)rotemase
from Bacillus ﬁs 16§nd Bacillus subtilis (Natto). The proteinase from Fillobacillus
sp RF2-5. might be useful for the degradation of fish protein during fermentation at high

salt concentrations and might be useful in reduction of the fermentation period.
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Native Optimal condition
Extrem halophile molecular | NaCl | pH | Temp Inhibitor
mass(kDa) (°C)
DFP,PMSF
Natrialba magadii 45 1.5M | 8-10 60
chymostatin
Halophilic archaebacteriufn 172P1 10.7 S -
Halobacterium mediterranei 1538 % 8.5 55 -
Halobacteriu halobium ATCC ™ 1=gg ° 8 DMF
43214
Natronocuccus occultus NC 3 - DFP,PMSF
2129 : chymotrypsin
Halobacterium sp. strain TuTA 4 Q- - PMSF,DFP,
-4 ‘Jw:‘ leupeptin
/i
A2
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