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RESULTS

Screening, isolation and identification of a thermotolerant
bacterium producing the highest chitinase

Screening and isolation of a thermostable chitinase producing bacteria

Cultivation of bacteria on plates containing colloidal chitin was used as a first
screening step for selection of chitinase producers, and an incubation temperature of
50 °C was used as a second screening step for selection ofthermotolerant bacteria. At
this stage of the screening, 4 bacterial strains were isolated. Bacteria strain SK-1 to
SK-4 generated clear zones around colonies indicating produce extracellular chitinase.
The chitinase production strains were further grown on 0.02% colloidal chitin
minimum medium. Chitinase activity in the culture supernatant was determined as
described in the chapter n. Level of chitinase activity among these strain was ranging
from 58 to 87 mU/ml (Figure 7). Bacteria strain SK-1 exhibited the highest enzyme
activity with 87 mU/ml and produces extracellular chitinase as shown in Figure 8
Thus, the strain SK-1 was selected and used as a source of chitinase enzyme and
chitinase gene for further characterization.

|dentification of bacterial strain SK-1

Bacteria strain SK-1 was identified by morphological and biochemical
characteristics listed in Table 6. This strain was a Gram positive bacilli which formed
subterminal ellipsoidal endospores, as shown in Figure 9. SK-1 cells were rod shape,
size 0.4x1.3 p.M (Figure 10). This bacteria grew both aerobically and anaerobically
on LB agar. The limiting growth temperature was 60 °C. The colonies on nutrient
agar were reddish-brown in color and had a rough surface with hail-like outgrowths.
This bacterium was highly active in producing acids from sugars (see appendix B) and
in degrading macromolecule such as starch (Table 6). Thus, it was classified in
Bacillus
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Figure 7. Levels of chitinolytic activity of isolated bacteria



Figure 8. Colony morphology of hacteria strain SK-1 on 0.02% colloidal chitin
minimum medium plate. s. iichenitormis SK-1 was grown on CCMM and produce
clear zone around colony. The plate was incubated at 50 ¢ for 2 days.



Figure 9. Cell morphology of the bacteria strain (XIo0 objective, phase contrast
microscope). Microscopic morphological ofs . tichenitorm is SK-1. Red circle
showed shape of bacteria, green circle showed its spore.



Figure 10. Scanning electron microscopic (SEM) of & tichenitorm is SK-1.
SK-1 cells were grown on CCMM at 50 °C for 2 days.
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Table 6. Morphological and biochemical characteristics ofs . iichenitorm is SK-1

Morphological characteristics
Shape: bacilli
Mobility: motile, with peritrichous figella
Spores: subterminal ellipsoidal endospores formed
Gram stain: positive
Culture characteristics
Nutrient agar colony: circular, flat, opaque with rough surface, hair-like outgrowths
Physiological characteristics
Growth at 60 C: positive
pH for growth 5-9, optimum 7.5
Biochemical characteristics
Growth in anaerobic condition: positive
Growth in 10% NaCl: positive
Phenylamine deaminase: positive
Alkaline phosphatase: positive
Catalase: positive
Acid from Ribose: positive

Manitol: positive

Cellobiose: positive

Lactose: positive

Sucrose: positive
Hydrolysis of Starch: positive

Casein: positive
Tyrosine: negative
Antibiotic resistance
Ampicillin: positive
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group BII (Priest, 1988). From these results, strain SK-1 was identified as sacillus

licheniformis.

165 rRNA sequence comparison of SK-1

The genomic rRNA gene sequence (1,533 bases) of strain SK-1 was
determined as shown in Figure 11. The sequence of SK-1 was aligned and compared
to the 16S rRNA gene sequence of various organisms in GenBank. It showed highest
sequence similarity to 16S rRNA from 8. licheniformis (97%) (Figure 12).

Optimization for growth ofs . ticheniformis SK-1.

B. licheniformis SK-1 grew hetween 30 to 60 c, the optimum for growth
temperature was 50 ¢ (Figure 13A). The pH range for growth was 6 to 8, and the
optimum pH was around 7.5 (Figure 13B). Growth was observed in medium
containing 1to 10 % NaCl, with the optimum at 1% NaCl (Figure 13C).

Chitinolytic enzyme production and growth curve ofs. licheniform is

SK-1.

The relationship between colony forming unit and total chitinolytic activity of
all samples were shown in Figure 14. These data, showed that enzyme production of
SK-1in 0.02% CCMM gradually increased with growth rate. The highest chitinase
production and growth rate was found in the second day. The maximum chitinase
activity was found on the second day.
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Figure 11 16SrRNA amplification product frome . iichenitorm is SK-1
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Lane 1 = 16S rRNA products using genomic DNA ofs. liceheniformis SK-1 as
template
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Figure 12. Alignment of 16S ribosomal RNA sequence ofs acillus licheniform is
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Figure 13. Growth of strain SK-1 in various conditions. SK-1 cultured in LB
medium at different pH (A), temperature (B) and NaCl concentration (C) and was
measured Aeso at 2 hrs.
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B.licheniformis SK'l



Optimization for chitinase production

Optimum temperature

The relationship between culturing temperature and total chitinolytic activity
in the culture medium was shown in Figure 15. These data, demonstrated that
enzyme production of SK-1 in 0.02% CCMM gradually increased with culturing time.
The highest chitinase production was at 50 ¢. The chitinase activity was maximized
at the fourth day.

Effect of various source of chitin on chitinase production

The quantitative activity of chitinase produced in various sources of chitin was
further determined by the colorimetric method using colloidal chitin as substrate. The
highest activity was obtained at the third day of the cultivation (Figure 16). The
maximum activity was detected in CCMM (74 mU/ml). hi the culture medium
without colloidal chitin, LB medium, chitinase activity increased slowly and remained
constant at a low level, 21 mU/ml. The amount of chitinase increased when used
colloidal chitin, powdered chitin and regenerated chitin was supplemented as carbon
source in minimum medium, and LB medium, respectively. The chitinase activity
were found 74, 46, 45 and 21 mU/ml when 8. licheniformis SK-1 was grown in the
medium with colloidal chitin, powdered chitin, and regenerated chitin as carbon
source and LB medium, respectively.

Effect of various concentration of colloidal chitin

The quantitative activity of chitinase produced in each concentration of
CCMM was further determined by the colorimetric method using colloidal chitin as
substrate. The highest activity was obtained at fourth day of the incubation (Figure
17). The maximum activity was detected in 0.08% CCMM (184 mU/ml). The
chitinolytic activities were 124, 160, 184, 158, 162 mU/ml| when colloidal chitin was
added in the minimum medium at final concentrations of 0.02, 0.04, 0.08, 0.16 and
0.2%, respectively.
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Figure 15. Effect of temperature on the chitinolytic production bys.
licheniform is SK-1. The enzyme activity was determined from the culture medium,
using colloidal chitin as a substrate, chitinolytic activity was expressed as mU/m|
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Figure 16. Effect ofvarious source of chitin on the chitinolytic production by
8. licheniform is SK-1. The enzyme activity was determined from the culture
medium, using colloidal chitin as a substrate, chitinolytic activity was expressed as
mU/ml under the standard assay condition.
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Figure 17. Effect of colloidal chitin concentration on the chitinolytic production
by 8. tichenitormis SK-1. The enzyme activity was determined from the culture
medium, using colloidal chitin as a substrate, chitinolytic activity was expressed as

mU/ml under the standard assay condition.
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Partial characterization of crude chitinolytic enzyme from 8.

liciteniform is K-1
The chitinolytic enzyme was studied and assayed by the colorimetric method
as previously described for its properties as follows:

Optimum and pH stability for crude chitinolytic enzyme

The optimum pH of crude chitinolytic was determined. Chitinolytic activity
was assayed at 50 °C in buffer with pH ranging from 3-10. Activities at different pH
was shown in Figure 18 Reducing sugar from a colloidal chitin suspension during
chitinolysis was used to determine the activity. Crude enzyme showed a broad pH
ranging from 5-10 (80% relative activity), with optimum in phosphate buffer pH 6.0,

The stability of crude enzymes against pH was also determined. Results ofthe
crude enzymes was summarized in Figure 19. The analysis ofthe chitinolytic enzyme
activity of 8. ticheniformis SK-1 indicated that it was more stable at pH 7.0. The
activity was decreased ahout 28, 34 and 15% when the enzyme was kept in pH 5.0,
6.0 and 7.0, respectively at 4 °C for 3 days. The activity of crude enzymes was rapidly
lost when it was kept in acid and alkali pH. Whereas, it was found that 60%, of the
activity was lost when it was kept at pH 4.0 for 3 days. More than 50% of the activity
was lost after incubating at all pHs for 4 days.

Optimum and temperature stability for crude chitinase

The optimum temperature of crude chitinase was determined at pH 6.0, in the
range 0f30-90 c¢. The chitinase activity was assayed by the measuring the increasing
reducing sugar from a colloidal chitin suspension during chitinolysis. The crude
chitinase showed a broad activity temperature ranging between 55-75 °C, with
optimum temperature at 60 ¢ (Figure 20).

The stability of crude chitinase was analyzed. The activity of chitinolytic
enzyme was stable and slightly decreased when incubated at 40 C and 50 °C for 12
hrs, respectively. About 42% of enzyme activity was detected after it had been
incubated at 60 ¢ for 12 hrs. Thirty nine percents of the enzyme activity was lost
when the enzymes was kept at 60 ¢ for 2 hrs (Figure 21).
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Figure 18. Optimum pH of crude chitinolytic enzyme from s iichenitorm is SK-1.
Chitinolytic activity was measured at pH range from 3-10 by colorimetric method
when used colloidal chitin as substrate.
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Figure 19. The pH stability of crude chitinolytic enzyme from s iicheniform is
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The chitinolytic activity on different substrates

An adion of qutk chiinese fom 8. licheniformis K1 on chitin and 1tS
relatedl compouncs vies suded in this work. The hydralysis of chitin and its reicted
conouncs with chiinese wes examined & pH 6.0, 60 °c. Chitinolytic activity wes
essayedl by determination of recliaing suger procoed. Chitinese shaved high activty
on regenerded onitin, followed by colloidal onitin, poackred chitin, partially N
a0elylated chitin, chitosan andlfike chitin, respectively (Hure 22).

Products of chitinolytic degradation of colloidal chitin by crude enzyme
from B.licheniformis SK'].

Digestion of colloidal chitin fy chitinese resuited mainly in the procliction of
N,N'-dlaoetylctoniose and Naoetylglucosamine (Houre 23)

Detection of crude chitinolytic enzyme and determination of its molecular
mass using SDS-PAGE in crude enzyme

The activity of chitinolytic in SDSPAGE coud ke reratured (Trude! ad
Asselin, 1989, Thus, its molecular mess couid ke dietermmined by conpanisn the
mohiity of protein kbenos with chitinalytic activity (Houre 24) to those of molecular
Imess markers. A conoertraed auce artinese: from 48 hrs cuitLre Supemdat cae
& least 8 chitinolytic activity keros with molecular vess of 72, 70, 6, 60, 58 385

a0, Feeohiel



Figure 22. Crude chitinolytic activity from s. iichenitormis SK-1 on different

substrates. Chitinalytic activity was messtred in 01 M phosprete buffer, pH60 &

60 °c with cifferent Subaraes
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Figure 23. Digestion products of crude chitinolytic enzyme froms . iichenitorm is

SK-1. Colloicial chitinvies Usadlas substiate for auceergyme. The reacionwes
inculetedl in QL M phospete buffer pH 60 & 60 °c, for 12-24 s, Prodltswere
areyzer oy HPLC
Pand A, standhrd chitooligosaocharicks

1 Monomer of N-aoetyiglucosamne

2 Dimer of N-acetyiglucosamne

3 Trimer of Niacetylgjucosarmine

4 Tetramer of N-aoeigiucosamne
Pandl B; Prockts from auoe engye chitinese Lsing colloioial chitin s sulosirate



Figure 24. SDS-PAGE determination of protein with chitinolytic activity in the
culture medium from . iichenitormis SK-1. Bacillus licheniformis K1 W8S
goanin COMM. The cells were removed aiter 2 cays and the auce ergyre from
culture fluicl wes ussd Pandl A Protein stain; Panel B: Activity Sain.

Lane M =Sanchrd Proten

Lare 1 =Quikegye

Lane2 =Affinity ackoyed

lae3 = akopsd



8
Pur|f|cat|0n OfB acillus licheniformis Ch|t|nase
Patial purfication of auce chitinese vies performed fy colloicl chitin
affinity ackorption and DEAE oellulose colurm chvaretograpny. Firstly, 2000 ml of
Sypemetant from 2 cas groan cuitLre of B. licheniformis SKeL Wes ackroed by
colloicl chitin affinity.  The ackoroed protein vies collected.  The chitineses were
further purified by pessing this fraction through the DEAE-cellulose coum. The
chometographic pattem of total [rotein (asarence & 280 nm) and chitinese activity
of fractions otained from DEAE-cellulose ae shoan in Figure 2. Prateins were
eluted from counm by NaQl gradient congertration of 0-1.0 M in 2 mVl Tris-HCl
buffer, pH 75. There were two dominart peeks & shown in Figure . Chitinese
peakd (podled fraction 170:-210) wes eluted between 0304 M NaQ ardl chitinase
ek wes elutedl (podled, fraction 220-260) by 045 MNaQ. The protein from peets
(Pl ad P2) were anelyzed for the erzymetic purty by using chitinolytic activty
Citection on native PAGE and SDS-PAGE, the proteins were oetedtied by Coomessie
bie stanng, The tae of punfication wes shoanin Tatdle 7.
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Figure 25. Chromatogram of protein from s iicnenitormis SK-1 Separated by
DEAE cellulose column



Table 7. Purification of chitinase froms . ichenitorm is SK-1.

S Proten Activit - Specicactivty Puriication  Recovery

L (Iypoer)  (od) g

Qukermre B 190 1% 10

Affinity fracion 165 1275 5% 28
DEAE coum

Pl 2 B 902 40

2 30 65 25 115

Specific activity = total activity ( )/ mg protein
Purification = specific activity (step )/ specific activity (step 1)
% Recovely ~ =total activity (step )/ total activity (step 1)

"N RE
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Characterization of partial purified chitinase enzyme

The chtinese wes Suded adl essaed by the colorimetric method &
reviously esaribed for its properties as follows;

Non-denaturing polyacrylamide gel electrophoresis

The partid purfied cninase cae a Sngle proten bend on' nefve
polyanyiamice g dearquress (Foure 26),

Isoelectric focusing gel electrophoresis
The partid purfied ergye gave 2 single [ratein bendl on isoelectric foousing
OFl elediropnoresis, which camesponcied o the isolectric pairt of 462 (Houre 27)

Glycoprotein staining (PAS staining)
The partd puried chiiese shoned & positve with PAS e in retie
PAGE (Figure 28), kot nat in SDS-PAGE (cktanat shoan).

Molecular weight of partial purified chitinase

The molecuiar weight of partial punfied chitinese wes estimeted by 5
PAGE from Figure 29. The chitinase Shoed asingje mejor bendwith molectiar
weight 72 kDa and 2minor keros with molecular weight 70 and 8 kDa.on 10%

separating ol of SOSPAGE

Optimum and pH stability of partial purified chitinase activity

The apimum pH of pertia puried chitnese vies cetermined. Chiinese vies
assaedat 9)°C inbuffer with pHrangng from 310, Actvties at cifferent pHuere
shoan in Fgure 3. Rediong sugr of a colloidal chitn suspension dlnng
chitinalysis vies Leadlto ctemine the activty. The partial purified chitinese revedled
two activity optima @ pH6 a8

The stablty of pertial purified enzyime & cifferent pH wes also ctemned
The analysis ofthe chiinalytic engyme activty of 8. licheniformis K1 incicatedlthet
itwes more Salea pH7.0. The activty cearesssd aout 28, 37 and 20ownentre




Figure 26. Native gel of each step of chitinase purification froms. iichenitorm is
SK-1. Padl A: protein stain, Panel B activity sain

Lare 1 =Cuceegyne

Lare 2 =Affinity ackorpion

Lane:3 =DEAE peck

Lane 4 =DEAE pedl
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Figure 27. Native IEF pattern of the partial purified chitinase from s
licheniformis SK'].
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Figure 28. PAS staining of the partial purified chitinase from s. iiche nitorm is
SK-1 on native PAGE. Pandl A pratein stain; Pandl B: PAS dian

Lare 1=Posiive control (ransfein, BSA

Lane 2=Quok eyTes. licheniformis SKeL

Lane 3=Partial puried chtinese froms. ticheniformis SK-L



Figure 29, SDS-PAGE of enzyme from 8. liclieniformis SK-1. Pangl A: protein
dain; Panel B: activity dan

Lane M =Sanckrd protein

Lane 1 =Quoe egyme froms. lichenitormis K1

Lane 2 =Affinity acsarioed protein

Lare 3 =DEAE peck

Lane4 =DEAE pesk?
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Figure 30. Optimum pH of partial purified chitinase enzyme from B.
licheniformis SK-1. Chitinolytic activty wes meesured a pH range of 310 by
colonmetic method when usadl colloicial chitin s SUostte



%
epyneveskex a4 c for SeasinpH50, 60 ad 70, respectively. The activty
of partial purfied engyme rapidly careesadl when it kept incubeted in aadic and
alkali pHs. W found thet 47%60f the activity wes lost when it wes keyx & pH40 for
2085 (Foure ).

Optimum and temperature stability for partial purified chitinase activity

The optimum tenperature of partial purified chitinese wes cetemined in
posrae ouffer, & pH 60, i the range of 40-70 °c. The chiinse activity Wes
assayed by colonmetric method.  The partial punfied chitinese activty exhibited a
[rced tenperature range beween 0o 0 ¢, with angptimuma 5 ¢ (Fgure 32

The stabalty of partial purfied criinese wes analyzed. The activty of
chitinolytic engyve slightly ocreesadlto %6 and 83ewhen inoueted & 40 °c ad
9 °c for 221l respecively. Only Z9%of enzyime acivity wes otected ater it hed
beeninaueted & 60 ¢ for 121s The enzyime activty reclioed €2 percert whenthe
egymewes ket a 60 °c for 2hrs (Foure 33).

The kinetic of enzyme

The egyne kinetic paraeters uh & Michaelis's condart (Kn) ad
meximumvelooty (V. of . licheniformis K1 chitinalytic ergyime wes cetemined
[y Using various sustrate concentrations, 1.2, 0.0L, 006, 0, 02, 04 o (i,
cty weight) colloiial chitin SUiostrate in' 100 mM posonete buffer pHE0 & 5 °c.
Lineeaver- Burk's equation andl protein concertration of engyne that (sed in the
reaction, the Michaelis's constart (Km and maximum velocity (Vi) of ergyne wes
meesred. From these resuits, Kmwes atained from reorocal alosalute valle of
Intersection point of 1[§ on X-axis in figure and wes calculated to ke 023 myind
(0023% W) while v mags otained from reciprocal valuee of infersection point of 1
V] on Y-axis in Agure 34 andvies caluiated to ke 045 /ml. Snoethe 460« 143p
moles of proolict vies frockioed by engyme: solutions which cortained 64 iy of
[rotein & measLred by Bradford s method. Resuts of v mincicated tht the engyme
hedactivity el to 708 uimg protein.
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Figure 31 The pH stability of partial purified chitinase enzyme from Bacillus

licheniformis SK-1. The aucke ergyime vies incLicete & various pHs for SRS, & 4

C andthen sanes were reained and assayed everyoay in 0.1 M phospete buffer &
B°C
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Figure 32. Optimum temperature of partial purified chitinolytic enzyme from
Bacillus licheniformis SK-1. Chitinolytic activity wes messured & termperatLie range
from 30:90 °c by colorimetric methoclwihen colloicial chiin wes Ussd gs Sulstrae
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Figure 33. The temperature stability of partial purified chitinolytic enzyme from
B. licheniformis SK-1. The quoe engyme wes ket & various temperdure for 121lls
and then assay & cifferent time every 2 s for 22hvs, in A1 M prosphete bouffer pH
0ad°c
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Figure 34. Dependence of the reaction rate of chitinase on the substrate
concentration.
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Shotgun cloning

Partially Pat-cigested fragnments of crvomosomal DNA of 8. ficheniformis
Ske1 were ligeted with oechosphonylated PVhdigestd pBSSK and transformed into
E. coli JML09. Transformants canying chitinese gane vies selected by the formetion
of dear zone arond the colonies on CCMM plate. About 5000 transfonent
colonies were sareened e i nat find any pposiive dares

PCR amplification of the whole gene fragment

The whole gare fragment wes anpified by using the fowerd and reverse
imers & oesonbed in chater . About 2 Ko fragment wes procliced & shoan in
Foure &

T-A cloning and transformation

The whole gere fragments were ligeted with pGEMHTeasy and transfomred
Into €. coti JMI09 by electroporation. Transfomants carmying ontinase gee Wes
sdedtad by the formation of dear zone around the colonies on CCVM plate. The
White colonies which jroclioed dear zone were packed for plasmidl extraction.  The
postive dore contained a plasmil with & 20 Ko inserted fragmert, cesgreted &
PSKChi 6. The plasmial vies retransiomed into other hosts indudke . coti MI9
E. coli XL-1Bue and e. coli DHBa (Houre ).

After refransfonnation of pSKChiBG into the ather srains of e. coli, dear 20ne
Were citected in all hosts, XL-1Blue ad DHBa. The exqression of Chiot wes beter
InXL-1 Bue thenthe onginal ML09 and DHba cells, respectively.

Analysis of cniss gene

Homology of cniss using BLAST program from GenBank

From secpenaing resutts, using BLAST pragramito seerch for homlogues of
chi66 Qe andjprotein from ather becteia. The amino aoidl companson inclcated thet
Chi6o Is 8%similar to chitinese froms. subtitis B licheniformis TP-L
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Figure 35. Agarose gel electrophoresis of PCR products from whole chitinase
gene amplification

Lane M =Sancerd DNA merker x/Hindiil, 100 kgplacker merker

Lane 1 =Neggtive control (frompeanibacitlus 2 BT)

Lane 2 =Postive cortrol (froms. richeniformis RP-1)

lane3 :PCRpumsfrom B. licheniformis K1



OGEMTeasy/ JMLCO

Figure 36. Formation of clear zone in various host strains.  JM109 hartonng
pasmias, pSKIChie6 vies graan on COMM for 4 cys
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Manipulation of DNA sequence
GENETYX-WIN wes tsadto analy3s chiss gae in this following; find are
open reading frame (ORF), 1s 1,797 o (Figure 37) which encocked a poiypepticke of
508 amno aod (Hgure 37), which comespond to 66 kD with Isoelectric point of
52

Multialignment by CLUSTAL
The dedloed amino aodl from Chige were dlign with ather chtinese by
CLUSTAL . Theamno aad conpanisonias sawnin Hgure 38

Protein prediction by SWISS-Model Protein Modeling

Homology mockling of the siiucture of QU6 wes acoonaisned by WSS
Modk! Protein Modsling (SWMSSMODEL version 36002, Quex and Peitsch, 1996
Patsch, 1996; Paitsch, 1997) asshown in Figure 0

Partial characterization of crude chitinase from Chi66

Optimum pH for crude chitinase activity from Chies

The optimum pH of chitinase wes cetemned. Chiinase wes assayedd 50 ¢
In buffer with pH ranging from 310, Activity & cifferert pHs are shown in Figure
40, Reduaing Suggr prockuction of & collaicial oniin suspension ding chitinolys's
Wes Lsdl to ctemine the activity.  The auck chitinese from CIUSG revesled two
actvty opima.e pH5ad9

Optimum and temperature stability for crude chitinase activity from
Chis

The optimum tenperaiure of auck cntinese from Chig wes detemned &
pH50, inthe rang of 3490 °C. The chitinase acivities Were assayed by clonmetric
methodl The resutts were snown in Figure 4L Quoke chiinese activity from Chig
exhioted alroed termperature range between S0to 70 °c, with opimuma 60 ¢.

The stahilty of chitinese wes ardlyzed. The activity of chitnolytic ergyne
Slightly ciscreesed to 60% and 72%when inouleted & 40 °c and 0 ¢, respecively
for 22hrs. Aout 22%0f enzyime activity s citected] atter it hed beenincubated &



10 20 30 40 50 60 70 80 90

TGTTTTCCCTTGTTGTCTTCAATGTATCTGCTGCTATTAGATGACAAGGAAAAATATAAAACCAGCAAAAAAGGCGGTGAGAAAAAAGAG

100 110 120 130 140 150 160 170 180

AGTTrTARTTTrATARI'TTr:cCAAAAAATTGCTTGTAAAGO AO*IAAAATCCITGTTGATCAACAAAAGCAAAAAGTTTTTCGTTTTTTC
MK 1T VLIN K K K F F VF

190 200 210 220 230 240 250 260 270
TTTCATTTTTGTTATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGAAAAAACTATAAAATCATCGGCTA
FI FVMML LSFVNGEVAKADS SGKNYKIITGY

280 290 300 310 320 330 340 350 360
CTATCCATCATGGGGTGCTTATGGAAGGGATTTTCAAGTTTGGGATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTTTGCTGA
Y p GAYGRDEFAQQV DMDVS KYV HI1T NYAFAD

370 380 390 400 410 420 430 440 450
TATTTGCTGGGAGGGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGATGAAAACGGAGTGATCGA
[ ¢ EGRHGNPDPTGPNPQQT CQDENGVID

460 470 480 490 500 510 520 530 540
CGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGACGCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGG
ApNGTI VMGDTP I DA Q K N PG Vv DEPTRG

550 560 570 580 590 600 610 620 630
CAACTTTAAACAATTGTTGAAGCTGAAAAAGAGCCACCCTCATTTGAAAACGTTCATATCGGTCGGGGGGTGGACTTGGTCTAACCGCTT
NFKQLLKLKKSHPHLKTEFEFISVGEG T N R F

640 650 660 670 680 690 700 710 720

TTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGCCGCTTCGGCCGTTGAGTTTTTAAGGAAATACGGGTTTGACGGGGTCGA
V A A PAARE NFAA AVEFLRKYGFDGVD
730 740 750 760 770 780 790 800 810
TCTTGACTGGGAATATCCGGTCAGCGGAGGATTGCCGGGGAACAGCACACGTCCGGAAGATAAAAGAAACTACACGCTGCTCCTGCAAGA
L D EY PV GGLPGN TRPEDKRNYTLLLQE
820 830 840 850 860 870 880 890 900
GGTGCGCAAAAAACTTGACGCTGCAGAAGCAAAAGACGGCAAGGAATACTTGCTGACGATCGCATCCGGCGCAAGTCCCGATTATGTAAG
VRKKLDAAEAKDGKEYLLTI A G A P DYV

910 920 930 940 950 960 970 980 990
CAACACTGAGCTCGATAAAATCGCTCAAACCGTGGATTGGATTAACATTATGACCTATGACTTTAATGGCGGATGGCAAAGCATAAGCGC
NTELDKI AQTVD I NI MT Y DFNG GG 0 I A
1000 1010 1020 1030 1040 1050 1060 1070 1080

CCATAATGCACCGCTGTTCTATGATCCAAAAGCGAAAGAAGCAGGCGTTCCAAACGCTGAGACCTACAATATTGAAAACACTGTGAAACG
HNAPLTFY PKAKEAGVPNAETYNIENTVKHR

1090 1100 1110 1120 1130 1140 1150 1160 1170
CTACAAGGAAGCCGGTGTCAAGGGTGACAAATTAGTGCTTGGAACACCGTTCTACGGAAGGGGCTGGAGCGGTTGTGAACCAGGGGGGCA
Y KEAGVKGDKLVLGTPFYGRSGEG G CEPGGH

1180 1190 1200 1210 1220 1230 1240 1250 1260

CGGAGAATATCAGAAATGCGGACCGGCTAAAGAAGGGACATGGGAAAAGGGCGTATTCGATTTTTCAGATCTTGAAAGGAACTATGTGAA
GEYQKCGPAKEGT EKGVFDFSDL ERNYVN

1270 1280 1290 1300 1310 1320 1330 1340 1350
TCAAAACGGCTATAAAAGGTATTGGAACGATCAAGCAAAAGTGCCGTTTTTGTATAATGCGGAAAATGGCAATTTCATCACTTATGATGA
Q NGY KRY N QAKVPFLYNAENGN F I TYDD

1360 1370 1380 1390 1400 1410 1420 1430 1440
TGAACAATCATTCGGCCACAAAACGGATTTTATTAAAGCAAACGGATTAAGCGGAGCAATGTTCTGGGATTTCAGCGGCGATTCCAATCG
EQS FGHKTDFI KAN G L GAMF wDF G D N R

1450 1460 1470 1480 1490 1500 1510 1520 1530
GACGCTTCTCAATAAATTGGCAGCCGATTTAGATTTTGCACCGGACGGAGGCAATCCGGAGCCGCCTTCATCGGCACCTGTGAATGTGCG
TLLNKLAADL FAPDGGNPEPPSSAPVNVYVR



1540 1550 1560 1570 1580 1590 1600 1610 1620
TGTAACCGGAAAAACTGCTACAAGTGTCAGCCTGGCGTGGGATGCGCCGAGCAGCGGAGCAAACATTGCGGAATATGTCGTGTCATTTGA
VTGGKTAT v L A D AP GAN | AE Y VYV FE

1630 1640 1650 1660 1670 1680 1690 1700 1710
AAACCGGTCGATATCTGTAAAAGAAACATCAGCGGAAATAGGCGGCTTGAAGCCGGGTACGGCCTACTCATTTACTGTTTCAGCAAAGGA
N R S I VKETSAEI GGLKPGTAYSFTYV A KD

1720 1730 1740 1750 1760 1770 1780 1790 1800

TGCGGATGGAAAGCTCCATGCCGGACCAACGGTAGAGGTCACGACGAATTCTGACCAAGCCTGTTCATATGACGAATGGAAAGAGACGAG
ADGKLHAGPTVEVTTN DQAc¢ S YDE KET

1810 1820 1830 1840 1850 1860 1870 1880 1890
CGCATACACAGGCGGAGAGCGGGTTGCATTTAACGGAAAAGTGTATGAAGCGAAATGGTGGACGAAAGGCGACCGGCCTGATCAATCCGG
AYTGGERVAFNGKVYTEAHK T KGDRP Q G

1900 1910 1920 1930 1940 1950 1960 1970
TGAATGGGGCGTATGGCGGCTGATCGGAGGCTGCGAAJUIGAGAAAGTCAAATGGATAGAAAACGATAAAGAGAA
EWGVWRLIGGE CE™

Figure 37. Nucleotide and deduced amino acid sequence of the criss gene.
Nuering of amino aads in the seoLAnce Started with the: begiing of the coding
spee ad the nunter e shown Uk the nuroenng for the: nudectice
e The position -10 anol-35, puiative promoter SeoLences; e underined
The putative Sine-Delgamo (SD) ssqee s ncker coudelined. Active site is
shown by cotted ine. This figure ves areated using GENETYX-WIN version 31
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BL GLSGAMFWDFSGDSNRTLLNKLAADLDFAPDGGNPEPPSSAPVNVRVTGKTATSVSLAWD 480
Chi6b GLSGAMFWDFSGDSNRTLLNKLAADLDFAPDGGNPEPPSSAPVNVRVTGKTATSVSLAWD 480
Chi66 GLSGAMFWDFSGDSNRTLLNKLAADLDFAPDGGNPEPPSSAPVNVRVTGKTATSVSLAWD 480
BC GLSGAMFWDFSGDSNPTLLNKLAAEFKFCTR .covvivsvirsmssssisssssssssssssssssssssssssssssssssn 451

BS GLSGAMFWDFSGDSNQTLLNKLAADLGFAPGGGNPEPPSSAPDNLRVTEKTATSISLAWD 478

it********************* *

BL AASSGTNITEYWSFESRSISVKETSAEIGNLNRGTAYSFTVSAKDADGELHTGPTVKVT 540
Chi6s APSSGANIAEYWSFENRSISVKETSAEIGGLKPGTAYSFTVSAKDADGKLHAGPTVEVT 540
Chi6 APSSGANIAEYWSFENRSISVKETSAEIGGLKPGTAYSFTVSAKDADGKLHAGPTVEVT 540
B eeeeee———— TEAIRNRLHP-HLWNVLVIRKNCY--—KCQPGVGCA 483
BS APSDGANIAEYVLSYEGGAVSVKDTSATIGQLKPNTTYSFTVSAKDADGKLHTGPTIEAA 538
BL TNSDQACSYDEWKETNAYTGGERVAFNGKVYEAKWWTKGDRRINPVNGAYGGWSEAANNR 600
Chigs TNSDQACSYDEWKETSAY TGGERVAFNGKYYEAKWWTKGDRLINPYNGAY GG-rrrrrr 592
Chi66 TNSDQACSYDEWKETSAYTGGERVAFNGKVYEAKWWTKGDR- -PDQSGEWGVWRLIGGCE 598
BC A CQRNKHYGICRV Lt s 496

BS TNSDQTCGYNEWKDTAVYTGGDRWFNGKVYEAKWWTKGEQ-- PDQAGESGVWKLIGDCK 596
BL KSNG 604

Chigs e

o111 J—

BC e

N —

Figure 38. Amino acids sequences alignment chitinase from cniss gene with

other chiinase. The astendks inccated ickentical resiclies, colon incicated thet very
simiar resicles and oot inclcated simlar rescles. The figure wes areated Lsing
CLUSTAL  muliple secpence alignmert version 18



Figure 39, Theoretical model of B. licheniformis Chiss. &hEliCes ae shoned in
K, pstrancs in pink andl loops in white and bite. This figure wes areeted USIng
SWSS-MODEL version 36002
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Figure 40. Optimum pH of crude chitinase from Chi66. Chitinolytic activity was
measured at pH range of 3-10 by colorimetric method when used colloidal chitin as

substrate.
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Figure 41  Optimum temperature of crude chitinase enzyme from Chiss.
Chitnolytic actvity wes messred & tenperdiure range from 00 ¢ by
colonmetric method when ussd colloical chitin as SUosiate,



101
60 c for 12hrs. The ergyme activity recloed 42 percent when the enzymes wes ket
a0 cfor2hs(Roure 42)

The crude chitinase activity from Chiss on different substrates

The acivity of arucke chiinese from Chig6 on chitin andl its related conooncs
wes Suded ﬂemddysis of chitin and its reiated compouncs with chinase wes
eanned & pH 50, 60 °c. Chitinase activity wes assayed by detemnation of
recdliong suopr. Chitinase vies e to hyalalyze colloicl chitin wel, followed by

ponoered chitin, partially Neacetyiated chitin, fiske chitin and rewaaed chitin,
respecively (nge )

Products of chitinolytic degradation of colloidal chitin by crude enzyme
from Chies.

Digestion of colloidal chitin by crtinese resutted mainly in the procliction of
N,N'-claoetyichitobiose (Houre 44)

Detection of chitinase and determination of its molecular mass using SDS-

PAGE in crude enzyme from Chiss
The activty of dhitinese in SDSPAGE could e reratured (Truoel ad

Asselin, 1989). Thus, ts molectiar 1mess could ke citermmined by conpanson the
mohility of protein bends with chinese: activity (Houre 46) to those of nolecular
Imess markers. A conoertraled QLo chitinese from7ca/sw|tue&mTHa1gﬂ/e
& least 3 chitinolytic acivity bands with caiculated nolecuiar ess of 70, 6, ad 3

kD, respecively.
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Figure 42. The temperature stability of crude chitinase from Chig6. The Qe
e Wes inoubated & vanious tepertLre for 12 his and then essay & dlfferent
time every 2hrsfor 22, in 0.1 M otrate buffer pH5.0 260 c.
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Figure 43. Crude chitinase activity from Chié6 on different substrates.
Chiinolytic activity wes messured in A1 M atrate buffer, pH 50 & 60 ¢ with
Clfferent Suostrates
PNAC Partially N-aoetyfated chitin
=80 Chitosan
cc =Colloical chitin
RC  =Regenerded chitin
PC =Powckred chitin
FC  =Faked chitin
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Figure 44. Digestion products of crude chitinase enzyme from pSKChi66.

Colloidal chitin wes usedlas Sudirate for auck ergyve. The reaction vies incLiceted
in 01 M cerate buffer, pH50 & 60 ¢ for 1224 hrs. Proolicts were anelyzed by
HLC
Pardl A, danckrd dhitodligosaochanice

1: Monomer of N-aoeyigiucosamne

2 Dimer of N-aoeigiucosamine

3 Trimer of Niacetyigiucosamne

4 Tetramer of Niacetyigiucosamne
Panel B; Proclats from Chio using collaicial chitin &s sulosirate



Figure 45. SDS-PAGE of crude chitinase from Chi66. Panel A: protein Siain
Pad B activity fain

Lane M =Sancard protein

Lane 1 =Quoe agynefrom. licheniformis K1

Lane 2 =Quok protein from JVIL0YpGEMTeasy

Lane 3 =Quck egyme from ML09PSKChigo
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