CHAPTER III
RESULTS

3.1 Purification of CGTase

RBO1 was cultivated in Horikoshi medium containing 1.0% soluble starch, at

pH 10.0, 40 °C, 250 rpm for 60 ho ich was optimum condition determined by

e by centrifugation (3000g) at 4 °C

for 30 min, and the crude fraction was collected. Through

concentrated by ultrafiltraionge alyzeédagainst, 10 mM Tris-HCI buffer containing

10 mM CaCl,, pH 8.5(THf). arge in this condition. Then

concentrated CGTase#Solufiox Z-cellulose chromatography.

Figure 9 shows the elutionl pz BAE-cell Hlose column chromatography. Two

(i
overlapped protein peaks were‘ n “eradient in the range of 0.05-0.25 M.

The second peak which ontained dextrinizing activity.

Fractions from numbgr 7 '-T"? is step, the enzyme with

36.2 purification folxﬁnd % yield ed. B&re the next Bio-Gel P-100
chromatography, the CGTase was concentraged by lyophilization to dryness. Figure 10

shows Bio-ﬂpu&mnﬂhnma ﬂcﬁme which was well

separated from other contaminated Protein of larges size. And CGilase was the major
proteaemﬂxa ﬂinm Mr:ll gnﬂﬂxrlﬁ &]CGTase from
Paenibacillus sp. strain RB01 are summarized in Table 7. The CGTase was purified to
47.5-fold with the yield of 35%. Specific dextrinizing activity was increased from 153
of the crude enzyme to 7,268 U/mg protein of the purified enzyme. This correlated to

CD-TCE activity which was increased from 1:2° to 12",



Table 7 Purification of CGTase from Paenibacillus sp. strain RBO1
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The purity of CGTase enzyme was determined by native polyacrylamide gel
electrophoresis (Native-PAGE). Protein staining revealed that the enzyme was
successfully purified since less protein bands were observed through purification step.
In the purified preparation, the mobilities of the active bands as determined by
dextrinizing activity staining (Figure 11b) coincided with those of 3 bands stained with

Coomassie brilliant blue (Figure 11a). This suggests that the purified enzyme had 3

isoforms with different net charge ms showed dextrinizing activity. When
sodium dodecyl sulfate pol gC” ophoresis (SDS-PAGE) of the
purified enzyme was perfgimcds-c s n@as observed from Coomassie

3.2 Characterization of
3.2.1 Molecularsveigh

By Bio-Gel P-100gcol .-r E ography, the enzyme under native
conditions gave a molecular w 0t 43.3 kDa (Figure 13). While the
molecular weight of'the tured CGTa atgd to be 65 kDa by SDS-

PAGE. (Figure 14) B8 A p—

3“%1"1?9‘??1‘2‘1’?1"’5wa1'm'5

Bands o SDS PAGE and native PAGE were stained for g]‘goproteln by PAS
methoﬂswr]ﬁ'a ﬁw Mawf]tg %t&i %a hg-noglobm was
used as negatlve control. The CGTase bands, similar to BSA, gave a deep magenta
color upon PAS staining (Figure 15). This result suggests that CGTase is a

glycoprotein.
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Lane 1: Crudejf 55 : DEAE cellulose column (20 Hlg)
|

Lane 2 : Starch a%,sorbed enzyme (20 },lg) Lane 4 : Bio-Gel P-100 (20 Llg)
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Figure 13 Standard-et
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3.2.3 pl

Purified CGTase was analyzed for their isoelectric points by separation on IEF
gel electrophoresis, comparing to standard pI markers. Ampholine pH range 3-10 was
used and relative mobility against pl was plotted. Figure 16 showed 3 bands of
CGTase on ampholine gel. Two major bands were found at pI 5.2 and 5.3 with one

minor band at 5.1 (Figure 16 and 17).

The effect of p odexsinizing, eyelization and CD-TCE activity of the
purified enzyme was pgiforn; d- .12.1. pH was varied from 3-
11 at 40 °C. The optinaf was 5.0 in acetate buffer and
cyclization activity was 8t 740 ih T puff _ D-TCE activity shows broad
optimum pH (7.0 to 9.0) ol @@ eychiz: tivity, the type of buffer was an
important factor for the enzyme-act ..- sifite out 75% of the optimal activity
was observed in phosphate bufferpH ~7.0 When compared to that in Tris-HCI at the

L

same pH (Figurel ).x ) F
F— =

3.25 Effectm temperature on the enzyme acaity

V- v
The ﬁcu‘ﬂm}%amﬂ md§%€10ﬂﬁn and CD-TCE activity
of the puriﬁegjenzyme was perfopmed in TrisJHCI at pH 7.0. Eigure 19 shows the
eyl P N i B bl Sl b hoining
cycllzatlon activity, respectively. The enzyme activity was lost significantly when
temperature was higher than 75 °C. At 80 °C the dextrinizing, cyclization and CD-TCE
activity had only 6.0%, 15% and 45% relative activity compared with maximum

activity. The enzyme was completely inactive at 100 °C.
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Figure 19 Optimum temperature for dextrinizing activity (-o), cyclizing activity

(=) and CD-TCE activity (- ¢-) of CGTase at pH 7.0
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3.2.6 pH stability of purified CGTase

The enzyme was incubated for 1 hr at 70 °C under various pH conditions prior
to measurement of residual cyclization activity described in section 2.7.3. The enzyme
retained more than 85% residual activity in a range of pH 7.0-9.0, while in phosphate
buffer at pH 6.0 and Tris-glycine buffer at pH 10.0, the residual activity was about

70% and 60%, respectively. The e as unstable in phosphate buffer at pH 5.0

The effect of te r 2bility (e ‘ e was also investigated by
incubation of the enz % 1pera . followed by measurement of
residual cyclization activj 7 dition d A I .. fhe enzyme retained more than
80% activity in the temperat dngé { 45560%! nzyme was almost inactive at
65-70 °C when incubated fi 7-r,',' 0 ;:f ig 21 shows that at 70 °C in the
presence of substrate (6% sol Tase was retained more than 80%
residual activity at inetib: _ ;

3.2.8 Substrafmpeclﬁclty of CGTase @

When @ﬁum NENIWLAA T cores, we ue

cyclization act1v1ty was measured® Among vameus polysacchdrides at 6% wi/v,
B D ORI HUNIUES L s
Soluble starch was as almost good as amylose but dextrin was less catalyzed. Only
1.5% w/v concentration of amylopectin was used in this experiment because of its low
solubility and about 80% relative activity compared to amylose was obtained. For
oligosaccharides, G7 was as good as soluble starch. When comparing G3-G7, it was
observed that the longer oligosaccharide, the higher the ability to being catalyzed by

CGTase. While G1 and G2 could not act as the substrate as shown in Figure 22.



56

120 -

100

Relative activity (%)

A¥

‘o .Y
Figure 20 pﬂtuﬂog\mﬂlmgtﬂ ﬂ':‘lﬂti °C
—&— Phosphate 5.0 o Phospl‘te 6.0 - -4 -Phosphate 7.0 «+ @ Tris-HC1 7.0

FAARN AU TR R



57

?‘ '\\\‘7

{ . S

i : \
40 b AN
20 - " Gt ‘

| 4 ) - ',

Figure 21 Thermos iff f cyclization aetivity of CGTase at pH 7.0
JT UK o lp MRS

+6 °C -—0—7(¥C +70 C+6/starch

QWWﬁ\ﬂﬂ‘imﬂmemﬁﬂ

Relative activity (%)
§

25 30




58

(=3 o S o (=}
o

AT N
NYINY

NN
Vil

tiang
il

measured in aceta

YRIaN

q

Figure 22 Sul@lu
U



59
3.2.9 Effect of calcium and temperature upon long-term storage

Enzyme samples (0.1 mg/ml in 0.2 M acetate buffer pH 6.0) were stored at 4
°C and —20 °C for 3 weeks. 10 mM CaCl, was also added in the enzyme sample to
compare with control enzyme. Sample was withdrawn every week for measuring
enzyme activity by dextrinizing activity assay. Figure 23 shows that the enzyme activity

was reduced with time. CaCl, did have an effect on stability at both storage

temperatures. The activity afte ’ a4 4.0t =20 °C for 2 weeks was not different.

But after 2 weeks, stability@at=20-C wa "most suitable condition for storing

Kinetics of CG ¥} ihed \. ing reaction with O-, B-, Y-CD,
glucosyl-Ql-CD, glucosyl i rdrox; 5 CD as donor substrates and 10
| 1ng concentrations of 3-CD
was shown in Figure 24. This was fhic {ypi¢ for all substrates and the summarized

result was shown ‘.';;-_-;‘-;;_'—‘-_—_;::,—-—_—---_.’:‘ ~the highest K _ value while
A\ —a N
glucosyl-Ot-CD gave ' e 1o "9 r' “mM, respectively). The V__

J
values for [3- and y-C D substrate were s1gn1ﬁcant1y h1 er than other substrates (165

and 167 umoﬁ ﬂﬂ Exjsﬁacﬂlwﬁ wﬂqﬂ ﬁd hydroxypropyl-3-CD

gave the lowesﬂbo and 36 },Lmoles min ) The k /K values showed similar trend as

-] RIRTRHNAINY 1A Y
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bl S

/v (n mole/min)

FEJ

sclodextrin as substrate

ase with [3

Figure 24 Linewea ‘ -Burk plot o

CGTase wa ﬂﬁ mm m s concentrations of [3-
cyclodexmnﬂ‘ 5 minutes. 0.2 unit of
igsaccharides to

glucogme amount mgﬁj?mﬂjm itrosalicylic acid

method as described in section 2.9.
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Table 8 Kinetic parameters of CGTase for different cyclodextrin substrates

k
SubStrate Krn anx VI'IIIX/KI'I'I kCIt caEl/Krn‘l
(mM) | L | mM min")
(Limoles min 'mM™") | (min")
OL-Cyclodextrin 4.480 3.205
B-Cyclodextrin 9.415 | 3.569
Y-Cyclodextrin 9.503 4.451
Glucosyl-OL- 1.729 1.818
Cyclodextrin
Glucosyl-[3- 4830 | 2478
Cyclodextrin
Hydroxypropyl- | 35 2.055 0.519
B-Cyclodextrin | £0.285 |  +3.559 »
— -

AUEINENINGINT
RIANIUNRINEIAY
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3.4 Product analysis by High Performance Liquid Chromatography

Crude and purified CGTase was incubated with soluble starch as described in
methods. The reaction mixture which was passed through 0.45 [lm membrane filter was
injected to HPLC column and eluted with acetronitrile-water (70:30, v/v) using a flow
rate of 1.6 ml/min. The CD peak was identified by comparing the retention time with

that of standard O-,3- or y-CDs (20 ). When B-amylase was added to hydrolyze

linear oligosaccharides produ ixture, the peaks at R, of 4.68, 5.45

élon of the peak area to CD
B : Y-CD in the ratio of
\\\%\,

N

To determine the giup-spe ic feagents on enzyme activity, purified

and 6.63 minutes were
concentration, it was f

1.0:1.1:0.1, while p 0 0of 1.0 : 1.8 : 0.4 (Figure 25).

CGTase was incubated wit: .0, mM-of eag difying reagent at 40 °C for 30 minutes

in phosphate buffer pH 6. 0 Ih t@j c" me activity was then determined as

described in sectiof 1-2.7.1. Enzyme a ctivity w; s almost lly inhibited by NBS and
DEP, while partiall ’-r"* : : -;n Vity). This result suggests the
importance of trp, his, and carboxyhc amlno acids for e e catalytic activity. Other
modifying reﬂrﬂ ﬂl{}lw E‘rw ﬁwy]ﬂl?SF did not show any
inhibition (Figuté 26

TRRANTUF AN TV Yo

affectedCGTase activity, was then carried out in two steps. The first step was to
determine the suitable concentration and incubation time of the reagent used in the
modification of enzyme. Then the suitable conditions were used to identify the amino
acids involved in the catalytic site of enzyme using substrate protection technique.

To determine the suitable concentration of modifying reagent used in the
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STAE

Figure 25 HPﬁZ ﬂﬂﬁz% W ?ﬁegqm CGTase from RBO01

and}standard cyclodextrms (a-CD CD and 'Y-CD) a-c) standard

AIRIR IO LEAII L

f) purified CGTase with -amylase Lichrocart-NH, column was used.

Acetonitrile : water (70 : 30, v/v) was used as eluent at 1.6 ml/min flow rate.
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modification, the enzyme was incubated with varying concentrations of the reagent at
40 °C, for 30 minutes. CGTase activity was then determined as described in section
2.7.1. The suitable concentration for modification is the minimum concentration of the
reagent that leads to maximum inactivation of the enzyme.

To determine the suitable incubation time used in the modification, the
suitable concentration of each modifying reagent was incubated with CGTase by

varying time as described in se

y

incubation time at which about'50% dextriiZifigsictivity was left.

——
—

3.5.1 Modification of carboxVLrés

Carboxyl resigiic _‘ as! dified by 1-ethyl-3-(3-
dimethylaminopropy} oo ’

Figure 27 shows the efféct .. s, of EDC on CGTase activity
D)

N\
‘\\ igher concentrations of EDC,

1
- 18

S

5

c-\\ _in section 2.17.1.1.

)
:E

CGTase activity was complgfely X

‘
concentration. Figure 28 shows 1

; ' was chosen to be the suitable
inutes of incubation with 5 mM EDC,

dextrinizing activify}jof* ~was 'decr % whereas almost total

activity loss was iv..f- 16 'ation time of the enzyme

with EDC was thus 5m.nutes. . m
To de i ﬁﬁ ] rﬂ'df]wﬁlwllﬁi 1?1 jalytic site of CGTase,
modiﬁcationsﬂﬁ t e 'or' the abs of 'substrate were compared. O(-,

B-a ‘ﬁﬁgﬁiﬂpﬁzﬁgﬁja\-vr?eplc itions: 1. CGTase
alone, 2. Tase Incubated “with“e ubstrate, 3. C 3 as ted with each

substrate then modified by EDC, and 4. CGTase modified by EDC, were compared.

After the reaction, CGTase activities were then determined as described in section
2.7.1. The loss of CGTase activity was about 60% when modified with 5 mM EDC.
Relative activity was increased 20% when CGTase was preincubated with each

substrate and then modified by EDC (Figure 29a, b and c).
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Figure 27 Effect of ED
CGTase was i ed with.s \\“ 3§ rations of EDC at 40 °C for 30

minutes acco eduin section 2.17.1.1. After the

incubation, CGf ag€ aCtivity : edias described in section 2.7.1,
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Figure 28 Inactivation of CGTase activity by 5 mM EDC

Relative activity

(W}

CGTase was incubated with 5 mM EDC at 40 °C at various times according
to the method as described in section 2.17.2. CGTase activity was

determined as described in section 2.7.1.
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3.5.2 Modification of histidine residues by DEP

Histidine residues of CGTase were modified by diethylpyrocarbonate (DEP) as
described in section 2.17.1.2. CGTase activity was decreased with increasing DEP
concentration (Figure 30). At 1.5 mM DEP, CGTase activity was completely lost.
Thus, the suitable concentration of DEP was 1.5 mM. Figure 31 shows that after 5

minutes of incubation, dextrinizing activity was decreased 50%. Thus the suitable

ue w@ at the catalytic site of CGTase,

—
or| the, absénee.ofisubstrate were compared. O(-,

incubation time was 5 minutes.

modification by DEP i
B- and Y-CD were us ifferent conditions: 1. CGTase
alone, 2. CGTase 1 )GTaseincubated with each
substrate then modifi dified by DEP, were compared.
After the reaction, CG ed as described in section
2.7.1. Figure 32 shows | by, 1. \\\ DEP led to about 41% loss of
CGTase activity. When C : cach substrate was modified by
DEP (condition 3), the loss of: a 43¢ al yvere significantly reduced. In the

presence of Ol-, B 14 Y=L, the activitics 1065 v -U-J---\.x # 1d 11%, respectively.

\Z

:
AT e the

Tryptop%!an residues of CGTase were mod ed by N- bromoayccmlmlde (NBS)

s cospillr G 3 B &lWﬂﬁa G iy T complcely

lost (Flgure 33). Thus, the suitable concentration of NBS was 0.005 mM. Figure 34

shows that after 5 minutes of incubation, dextrinizing activity was decreased about

50%. Thus the suitable incubation time was 4 minutes.
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Figure 31 Inactivation of CGTase activity by 1.5 mM DEP
CGTase was incubated with 1.5 mM DEP at 40 °C at various times

according to the method as described in section 2.17.2. CGTase activity

was determined as described in section 2.7.1.
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minutes ace®rding o e’ method as describeduin section 2.17.1.3. After the

incubation dscfacfivity-was determined asidescribed in section 2.7.1.

% Relative activity
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Flgure 4 Inactivation of CGTase activity by 0.005 mM NBS
CGTase was incubated with 0.005 mM NBS at 40 °C at various times
according to the method as described in section 2.17.2. CGTase activity was

determined as described in section 2.7.1.
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To determine if tryptophan residue was involved at the catalytic site of
CGTase, modification by NBS in the presence or the absence of substrate were
compared. O, [3- and Y-CD were used as protective substances. Four different
conditions: 1. CGTase alone, 2. CGTase incubated with each substrate, 3. CGTase
incubated with each substrate then modified by NBS, and 4. CGTase modified by
NBS, were compared. After the reaction, CGTase activities were then determined as

at when CGTase was preincubated with

oss of CGTase activities were

significantly reduced. In the-othe . thﬁ'ﬁ of O- and Y-CD, change of

3.6 Fluorescence emissfon speétlum pe difics y NBS

Since chemical mogdifigatior "1 \\ = ted tryptophan was the most
important residue for CGTage activa : Rl ~, emission spectrum of CGTase
due to tryptophan residues was fol 1 if any tryptophan residues were
present at the catalytic sitesof € Tase 1o fonuwas carried out by comparison
| between four i;‘—m“ ith 0.1 mM NBS for 5
o - %} for 5 minutes and then

modified by 0.1 mM NB‘$ 5 minutes. The ﬂuoresence emission spectrum of CGTase

it A B SPGB i e

wavelength wa§ shifted to a shorter wavelength and ﬂuorescence intensity was

AT AL T T e
prior Itﬂhe modification with 1851 as gradually

returned to the control pattern especially with the maximum emission wavelength as

minutes, CGTase pre

shown in Figure 36.
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1= CGTase alone

9 fiadfianismnadngnas

3 = CGTase incubated with 20 mM ot-,3- or y-CD then modified
by 0.005 mM NBS
4 = CGTase modified by 0.005 mM NBS
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Figure 36 Fluorescence imlssmn spectrum of CGTase before and after
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a = CGTase alone (Control)

b = CGTase preincubated with 2% [3-CD, then modified 0.1 mM NBS
¢ = CGTase preincubated with 1% [3-CD, then modified 0.1 mM NBS
d = CGTase incubated with 0.1 mM NBS
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3.7 Urea-induced denaturation of CGTase

To examine the relation of the tertiary structure of the protein and the
formation of isomeric forms, CGTase was unfolded stepwise with urea and the degree
of unfolding was assessed by following fluorescence emission. Figure 37 showed the
change in emission spectrum of CGTase under urea-induced denaturation (0-10 M
urea concentration). The maximum emission wavelength was shifted to longer

dtion of urea. Fluorescence emission at 350

wavelength when increased the conge

ase at different concentration of urea

tivity at 2 M urea, 50% at 4 M,

nm and % relative dextrinizi
were shown in Figure 38.

60% at 6 M and all a Meand 5 M urea, transitions in

fluorescence emissiox of enzyme activity. When

dextrinizing activity & (Figure 39), no difference

in pattern of mmltiple \\\ - ntrol CGTase and CGTase
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Figure 37 Fluorescence emission spectrum of C&Tase when madified by urea
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Figure 39 Dextrinizing acﬁvi&}‘@n‘i}i%ﬁve PAGE of urea-induced
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