CHAPTER III

RESULTS

1. Screening and isolaticn of bacteria producing chitinase

Bacteria TUOS was screg r‘ soil in Pathumwan, Bangkok,
Thailand. It showed a visible Clear Zo &‘l CCMM plate within 3 days.
: od@cellular chitinase, which

as selected for this study.

It indicated that bacteria
secreted from cell to degr

TUO5 was cultivated at 26°6C wwith dbic condition. It was grown as

round colony with y llow. piginents oit CCI blate. Clear zone was found

around the colony in - third-day (Figure-t ‘ A1 :'m g of TUOS showed
that it was a gram-poﬂlve o anﬂnon—spore forming. In
rich medlum, LB agar plate, the bactene’morphology was shown as small
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days. On the oﬂler hand, when grown in mmlmum medl CCMM agar
s RGO Gt
and chang!d to coccoid form with age (Figure 15).

From biochemical test, TUO5 produced weak acidic products from
fermented carbohydrates and catalase positive. Biochemical characteristics

were shown in Table 3.
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2.2 Identification by 16S rRNA gene

The 16S rRNA gene of bacteria strain TUO5 was amplified by PCR and
ligated with pGEM-T easy vector (Figure 16). The genomic rRNA gene
sequence (1622 bp) was shown in Figure 17. The genomic rRNA gene
sequence was aligned and compared to 16S rRNA gene sequence of the other
organisms in GenBank. The 16S rRNA gene of bacteria strain TUO5 showed

the highest sequence similarity to that of Microbacterium keratanolyiicum

(97%). V///

3. Chitinase productio

In 0.2% CCMM MM as’ igure 18. the chitinase
activities were measur " 1 The highest chitinase

activity was found in 2 layf i i 1&&, J*- 0 FCMM.

The chitinase ac 'w asured 2 anousiﬂHs in the range of 2 to
10 with 3 types of bufferfthat contained owerlapping pH. Chitinase activity at

iffrentpit wal Jadthd h st 19 V9ol ifade ativiy in range

of pH from 4 to gl(more than 50%elative actiyity) with the highest chitinase

iy, Mcite bOTDS D ulodhbiphbichieE i Dl i cotia

chitin was used as substrate. The effect of temperature on crude chitinase
activity was determined at pH 5.0 at different temperature from 20 °C to 70 °C
for 1 hour. The optimum temperature for crude chitinase activity was 40 °C, as

shown in Figure 20.
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Figure 14 ColonialSmorphole 7 sp. TUOS on
0.02% CCMM agaxflate. acte; Was grown on 0.02 %
CCMM at 30 °C with aerpbic conditior lays, cleaﬂjzone around colony

AUEINENINYINS
AMIAN TN INYAE

52



N a N y ] ‘ o W [ ¥ L

F 3 ,. i |

Figurel 15  Gram-stain of selected bacteria at different
cultivation time and medium. From gram-stain of TUOS, it was gram-
positive bacteria, non-motile, and non-spore forming. In rich medium, LB agar
plate, (A) TUO5 was small diphtheroid rod with round end in 1 day and (B)
TUO5 cell became longer and palisade in 3 days. On the other hand, in
minimum medium, CCMM agar plate, (C) it was small diphtheroid rod with
round end in 1 day and (D) it changed to coccoid form with age.



Table 3 Biochemical characteristics of selected strain
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Biochemical characteristics

Catalase : positive

Acid from Glucose: positive

Maltose:
Hydrolysis of ary -subStiluted
‘p-Nitro

p-Nitroplehy > [ucos

p-Nitropheng!-glyeos ‘

o-NitrophenylB, D-¢ .{ o ol
p-Nitrophenyl p @

Hydrolysis of f Ly aci

Hydrolysis of a =ﬁ"‘
Prohne 'i nap ,,J
Tryptophane-- naphthylamlde positive

Al BN W) )5

Teucyl-glycine-B -naphthylamlde positive

R W"Iﬁﬂﬂ“ﬁﬂé“ﬁ%@@ NYNa Y

Hydfolysis of urea: negative

Hydrolysis of nitrate: negative

p-Nitrophgfty! AN-acetyl-3.D-gh 11 de positive
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Figure 16 The Jigated, 165 rRNA genc ansivze,

by, 1.5%“agarose gel
ol A |\ 1A ¢
electrophq}re‘si‘s. [ oo L) ol U

Lane M1: A/Hindlll marker

Lane 1: 16S rRNA (PCR product)

Lane 2: 16S rRNA ligated with pGEM-T easy vector
Lane 3: 16S rRNA cut with EcoRI

Lane 4: 16S rRNA ligated with pGEM-T easy vector cut with EcoRI
Lane M2: 100bp marker
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6l
il
181
241
301
361
421
481
541
601
661
121
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621

PA
pD
PF
PH

Reverse&complementary 5!

AGAGTTTGAT CCT AACACATG
GGTGAAGCAG GTAAC
CCTGCCCCGG ACTCTGGGAT 'ACTGGAT
ACCGCATGGT CAGCTATTG CGCGG
TGTTGGTGAG GTAATGGCIE SCCTGAG
GCCACACTGG GACTGAGACA AGCAGTG
CACAATGGGC GCAAGCCTG GGCC

AAA D

AAACCTCTTT TAGTAGGGGA

\*ﬁ

AACTACGTGC CAGCAGCCE ACGCAAG CGITATCCGG
CGTAAAGAGC TCGTAGGE TGAz t, .
CCTGCAGTGG GTACCGECAG 2 Gu_Z-\'"Tr’
CGTGGAATGC CCCAAATT SCGGATC
AACTTGACCC TTACCAAGE

GGACACTCGT AAACAGGTGG STCGTGAG
AAGTCCCGCA ACGAGCGCAR TAATGG
TGGGATACTG CCGGGGTCAA GTCAAATCA
TATGTCTTGG GCTTCACGCA AN AGGGCTGCAA
TGGAGCGAAT CCCAAAAAGC FCAG GTCTGCAACT
AAGTCGGAGT CGCTAGTAAT GTGBATACGT
TGTACACACC GCCC ‘ AAGCCGGT
TTGTGGAGGG PCGTA
CGTACCGGAA GGTCUCCr e sececT
GCTTCACGCA @AGG
CCCAAAAAGC CGGTCC CATG
CGCTAGTAAT CGCAGATCAG CAACGCT GAATACGT TCC TCT
GCCCGTCAAG TCATGAAAGT CGGTAACACC TGAAGCCGGT GGCCTAACCC
AGCCGTCGAA GGTGGGATOE LEAATTAGGA CTAAGFCGTA ACAAGGTAGC
GGIGCGECTG

AUTINENINGINT

5 A%?GTTTGAT CCTGGCTCAG

LGN NI

51 AAGGAGGTGATCCAGCCGCA
TGCGECTGGATCACCTCCTT

N mme
pH’

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1642

CAAGTCGAAC
ACGTGAGCAA
ACGAGTAGCG
CCTATCAGCT
AGGGTGACCG
GGGAATATTG
TTCGGGTTGT
AGCGCCGGCT
AATTATTGGG
TCAACCCCCA
CTGGTGTAAC
TTTTGGCCCT
TCAACTCTTT
ATGTTGGGTT
TGGGAACTCA
TCATGCCCCT
TACCGCGAGG
CGACCTCATG
TCCCGGGTCT
GGCCTAACCC
ACAAGGTAGC
TATGTCTTGG
TGGAGCGAAT
AAGTCGGAGT
TGTACACACC
TTGTGGAGGG
CGTACCGGAA

ﬂil

3!
3!

EcoRI site inside 16sr RNA gene of Microbacterium sp. TU0S: GAATTC

Figure 17 The 16S rRNA gene sequence of TUOS
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Enzyme activity (mU/ml)
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Figure 18 Prod '7; o1 sm Microbacterium sp.

TUOS. Chitinase activity of crude chitinase from straiff TUO5 in 0.2% CCMM
and 1% FCMM was assayed ﬁ colorimetri¢c method using colloidal chitin as

substrate at nﬂ du;ﬂrﬁ% E}ﬂﬁnﬁWr 10 davs.
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Figure 19 Effect of pH.on crude chitinase activity. Chitinase activity
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Y%Relative activity
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Chitinase activ i in temperature
range 10 to 60 °C when colloidal chitin was used as,substrate.
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4.2 Substrate specificity

Chitinase activity on chitin related substrates was assayed by
colorimetric method. The reactions were performed in 0.1M citrate buffer,
pH5.0 at 40 °C. Ciude chitinase, 0.1 unit, was used to hydrolyze10 mg/ml of
substrate, including regenerated chitin (RC), colloidal chitin (CC), 45%
deacetylated chitosan (45% DD), 80% deacetylated chitosan (80% DD), 90%
er_chitin (PC), and flaked chitin (FC).
j ’ idal chitin, 45% deacetylated
: ted chitosan, regenerated

rpe tively.(Figure 21). In the group of
amorphous chitin, collgi 1 4nd =neratedychitin, the hydrolytic
- \«,»- ated chitin. The crude

deacetylated chitosan (90% DD), powd
Crude chitinase showed high acti
chitosan, 80% deacetylated

chitin, powder chitin, and f]

activity on colloidal chi

enzyme has been found litosan, but the activity was

decreased when percent d
4.3 Estimation molec

Crude chitinase)coiitaining ¢ e and Gther extracellular proteins,
was analyzed by SDS-PAGE, 10%separating .
After activity staining,.mhjtinase activity” was obser@d at 65 and 30 kDa

T AU INENINYINS
4.4 Hydmﬂsis products of clloidal chitin

ARIAINI N URIINYIAY

9
Crude chitinase from Microbacterium sp. TUOS was used to digest

colloidal chitin. Then the products were separated by HPLC (Figure 23). Two
peaks of products was observed. From the retention time compared with the
standard, they were identified as monomer and dimer of N-acetylglucosamine.
This result suggested that in crude enzyme contained chitinase and chitobiase

activity.
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Figure 22 Detectlon of chitin@se activity-from crude enzyme of

icrpdfervyed TV BRIAAGE 1276 ¢

otein stain
Lane M: Protein marker

ranel

Lane 1: crude enzyme

Lane 2: crude enzyme
Panel B: Activity stain

Lane 1: crude enzyme
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was used as substrate and incubated at 40 °C for 24 hours. Hydrolysis products
were analyzed by HPLC.
Panel A: Standard oligosaccharides

1: Monomer of N-acetylglucosamine, GIcNAc
2: Dimer of N-acetylglucosamine, (GlcNAc)
3: Trimer of N-acetylglucosamine, (GlcNAc)3

4: Tetramer of N-acetylglucosamine, (GlcNAc)4
Panel B: Hydrolysis products of crude chitinase.
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5. Partial purification of crude chitinase by DEAE-cellulose

At first, concentrated crude chitinase was partially purified by passirg
through a DEAE-cellulose column. The unbound proteins were washed by
10mM phosphate buffer, pH 7.0. After that. the bound proteins were zluted
from the column by gradient elution “vith 0-1.0 M NaCl in the sa: i bv
The chromatographic pattern of protein and chitinase activity of the fract:ons,

obtained from the column, were sho Figure 24. The partially puriiied

chitinase peakl was pooled from j er 81 to 85 and the partially
purified chitinase peak2 w umber 92 to 95. Both of

—

them were analyzed for jvities were measured by

colorimetric method in @ mount of proteins were

measured by dyé bindi / The purification datawas shown in Tabie .

There were tweipeaks containing chifin ivity, then prot ins from
each peak was analyz€@and the mo artially pur fied chitinase
was estimated by SDS-F i ' i as shown in Figure 23.

e mﬁmﬂaﬂmw y
6.12%)1’* 'm ﬁxﬂ npm;\lma Iﬂmﬂ’]@ E]

The optim::m pH of partially purified chitinase peakl was determined in

the same buffer as crude chitinase at 40 °C. Chitinase activity was assayed by
colorimetric method. Like crude chitinase, the activity was found in range of
pH from 3 to 8, but the partially purified chitinase peakl was found only one
highest chitinase activity at pH 5.0 (Figure 26).
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Figure 24 chromatographic pa of protein and chitinase
activity by DEAE:¢ ef1,8 x 20 cm, flow rate 1
ml/min. and 5 ml frdCFONS Were Collected = v |

| |
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efrom M tcrobactertum sp. TUOS

Table 4 Partial punfi :
\\k

Step Protein / \:“\\\\\E rif cation fold| %Recovery
(mg) A _‘\ ::
Crude chitinase il‘r F\\\\ b\ 100
DEAE column ‘
peak 1 26.15 76
peak2 18.44 2:1 13.4
Specific activity = tota :
Purification fold = spegific activity (crude chitinase)/s _ i¢/activity

%Recovery = total ivity of par X100
total tl Ir‘:j

ﬂﬂﬂ?ﬂﬂﬂﬁwmﬂi
ammmmumwmaﬂ
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Figure 25 SDS-PAGE«ef fraction containing maximum chitinase
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Panel A: Pro stain
Lane M: Protem marker

Lanal‘meﬁéﬂnﬂim RN
Lane 2 Partially purified chitinase peak 1
Lane 3: Partially purified chitinase peak 2
Panel B: Activity stain
Lane 1: Crude enzyme
Lane 2: Partially purified chitinase peak 1

o/

d

Lane 3: Partially purified chitinase peak 2
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6.3 Optimum temperature of partially purified chitinz ;e peakl

The optimum temperature of partially purified chitirase peall v
determined in 0.1M citrate buffer pH 5.0 in variovs « mperatures as crude
chitinase. Chitinase activity was assayed by colorimetric method. " he
chitinase activity was found in range 30 to 40 °C and activity was decreased
more than 50% when temperature was 50 °C. For crude chitinase, acivity was

found from 30 to 50 °C. The highest khitinase activity was found at 40 °C

6.4 Substrate spe wofpartially purified chitinase peakl

Partially purified or substrate specifici.
M citrate buffer, pH 5.0

as used for hydrolyzed 10

by colorimetric method

at 40 °C. Partially pur

mg/ml of substrate, including colloidal chitin (CC),
45%deacetylated chitosan (4 etylated chitosan (80% DD),
90%deacetylated chitosan (90%6-3 (PC), and flaked citin
(FC). The partially parnficd-cl st hydrolytic - ctivity

regenerated chltm, 80 /3 deacetylatec chltosan, lake citin, aud S%

ot SEEINBNE N
7 DR 9N TR NI INYINY

7.1 Shot gun cloning

Chromosomal DNA of Microbacterium sp. TUOS was partially digesied
with restriction enzyme, Pst/. Then fragments, 2 to 9 kb, vere ligated with
dephosphorylated ~stI-cigested pBSSK'.  The ligation products were
transformed into host cell, E. coli IM109, by electrotransformation.
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Figure 26 Effect of p

activity. Chitinase activity was measured lorimetric method at pH range 2
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Figure 27 Effect of !
peakl activity. Chitinase.activity was measured by colorimetric method at
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mperature on partially rified chitinase



% Relative activity
100% (35.8mU/ml)
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i yovioe 97.99%

4 4 30.73%

12.63%

Figure 28 Subs yﬁﬁmm ﬁ ase peakl
from Microbact he reactions were done in 0.1M citrate
buffer, pH5.0 at 40 °C. Partial purified chitinasess0.1 unit, wasinsed for
et (€ mmﬁmm%mm 4
chitin (CC), h ty tosan
(80% DD), 90% deacetylated chitosan (90% DD), powder chitin (PC), and flaked
chitin (FC).
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Transformants carrying recombinant DNA were selected by blue-white
screening to replicated plates for screening recombinant DNA that contained
chitinase gene. About 30,000 transformants were screened, no positive clones

were found on selective media.
7.2 Partial sequence of chitinase gene by PCR

The partial sequence of chitinase gene of Microbacterium sp. TUO5 was

amplified by PCR. The R prc $ swere analyzed by agarose gel
electrophoresis (Figure 29 The PCR &om primers BPI and BPVI
(636 bp) was selected. ThenePCE pro ﬁc ' ers BPI and BP VI were
ligated with pGEM-T cas¥y v /r (v ‘\‘:"” d.(Figure 30 and 31). The
sequence of PCR prod / " v - ~ 2% The DNA sequence of
partial chitinase gene was alifn a ar -l« ? \o er proteins in GenBank.
The partial sequence o ( s@“ [I \ u obacterium sp. TUOS when

translated to protein, 1t ghowed< ﬂ'. shes \. -‘ ilarity to the chitinase of
Arthrobacter sp. (71%) as sk

ﬂumwsmwmm
Q‘mﬂﬂﬂiﬂd NN Y



Figure 29 Agarose gél electrdphore;ié determifed PCR products
from primer BPI, BFi, BPV, and BPVL. A%
Lane M: 100bp ma’rf;er -
Lane 1: PCReprodugts ffom, primers BELF BPY
Lane 2: PCR 'produets ffém primers BPH + BPMVI
Lane 3;: PCR products from prinfers BPI + BRI
Forward pfimer|BB-bY 5t AAYTANGCRITYGCDGAYATHTGRT(GRANGG-3'
BP-II 5-TTYGAYGGNGTNGAYYTNGAYTGGGARTA-3'
Reverse primer BP-V 5" RTAYTCCCARTCNARRTCNACNCCRTCRAA-3'
BP-VI 5-CCANCCNCCRTTRAARTCRTANGTCATGATRTT-3'

Abbreviations: Y=C,T R=A,G D=A,G T H=ACT N=ACGT



74

12 3 45 6M kb

e e WS S TN

Figure 30 ‘Agarose gel electrophoresis illustrated ligated PCR

products from several transformants.
Lane 1 to 6: Ligated PCR products from primers BPI + BPVI cut with
EcoR1, from several transformants

Lane M: A/HindlIl marker
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bp MmMi1234am2 kb

Figure 31 Agarose gel electrophoresis determined partial chitinase
gene from PCRoamplification! ¢

Lane M1: IOObp‘ marker

Lafig 19 PCR pf0diiétsTroni priniefs BPI+BPVYIC ~ 0O

Lanej2: PCR products from primers BPI + BPVI ligated with pGEM-T easy
vector |

Lane 3: PCR products from primers BPI + BPVI ligated with pGEM-T easy
vector

Lane 4: PCR ligation products from primers I + VI and pGEM-T easy vector

cut with EcoRI
Lane M2: A/Hindlll marker



1  CCAGCCGCCG . \TTGAC > TCGAGGTACG
51 GGAGGATCTG g of v \ele!: 'AGCCA SGAGGCGGGA
101 GCTGCGACCG E TG TREG ‘GC CCGCGACGTC
151 GAGCTTCTCG e g P G AGCCERGACCACAGCT
201 TCGCGCGGCG CGGCTCGH EAGHNAGT ACCEGE CCGGCCTTG
251 CCGTTGCTGT TGGCGTITY § ' CGAACCCGTA

301 GGTGCGGATG AACTCEACQE @GS G , S ATCTTCGCCT
351 GTGTGTCGGT CATCGTGHR {CEACCE €CEEG GTTGCCGTCC
401 GCCCCGAAGT GGCCTCCGGT Neleeierte GcJ\a GG AGACGAGCGC
451 CTTCACGCCC GGGTTCTGTE CE AGG] “AGEATG TTGAAGTGCC

501 CCGTGTACCG GAAGCGATGC Gt i g GCCG GCT CTTCGGGCCA
551 GGTCATGTCG GTGGGCCGCG ﬁ!\éﬁ‘ ?’%&' GGTT GACCGACACC
601 TTGCCTTTTC AACAAATG g SAAL

Figure 32 Nucleoti 'ﬁ seq iifinase gene.
| ]
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. TUOS 327 TSAVEFIR GFQ)

+ Sp. 256
Y YT+T++QAKIDTF+
-~ TU0B 507

i,

FYTLTESQAKIDTFS 315

RGADGGFYTMTDTQAKIDTFA 328

. sp. 316 DSAVEFIRKYGHS ENSKRGNPDDFA! AVLFENYMKIMKTLREKLD 375

SAVEFIR 8

M. L+ Y LMKTLREKLD

. sp. 376 KASVADGTYYQETVE WLAREM] # NMMSYDLHGAW 424

A 1

UN+M+YD +G W

+1 L —_— Y
. TU05 147 VAGAADGKHYML PASERETLRGAES lLI IMTYDENGGW 1

i

e ——— e
Figure 33 Nuglé fein  alignment of
Microbacterium TUOS throbacter sp.(A. sp.).
Red alphabet showed the comparison between Mic. sbacterium TUOS (M.
TUO05) with Arthrobacfer=sp.(A. s ﬁndl.plus showed ¢ ‘fed amino acid

e RIUEIN gNINEIN
’QW’]Nﬂ‘imﬂJiﬂT)ﬂﬁl’laﬁl

RRAKLWSGYEALMKTLREKLD 148



	Chapter III Results
	1. Screening and Isolation of Bacteria Producing Chitinase
	2. Identification of Selected Strain
	3. Chitinase Production of Microbacterium Sp. Tu05
	4. Characterization of Crude Chitinase
	5. Partial Purification by Deae-Column
	6. Characterization of Partially Purified Chitinase
	7. DNA Cloning


