CHAPTER 1V
DISCUSSION

4.1 Purification of CGTase

Many microorganisms capable of using starch as carbon and energy source are

convert starch into cyclodexizins. By Cang odextrins, the organisms build up
rmost other organisms because
they are not able to metaboliZ€ | trivs. . atively, cyclodextrins may protect
iroment by forming inclusion

complexes as in biologigé 4 water tréaime; ' ) & the addition of small amount

I

of B-cyclodextrin in actiy doe incieases theitolerance level to toxic chemicals

NN
(Allegre and Deratani, 19 As0/d availabilit \\ compounds needed for growth

may improve when present i ani ~.=.:_ " -, |with cyclodextrins (Aeckersberg

et al., 1991). These alternative " however, oot explain the presence of the specific

uptake and degra ol jdextrinase and transporter

) i N :
proteins for CDs wér€re ar ‘n d some other strains and

l o co-function mm CD degradatﬂ (Tonkova, 1998). CD is
: ¢ w :
channeled 1nﬂl'uﬁ ﬁﬂgﬂ?{ ﬁjﬁ:ﬁo maltose or glucose
which then begomes energy so of the oxﬂi . Studies“on CGTase have been
‘ .
focusﬁl W ﬂlaqﬂmwjgﬂo , \el ﬁﬁn is known to
be beneficial for various industrial users. ase from different bactéfial strains differ

especially in terms of optimum working conditions for maximum activity and the ratio

they were proposed™

of CD products formed (Matzusawa et al., 1975; Depinto and Campbell, 1986;
Tonkova, 1998). The search for CGTase is still attractive because it may possess an
interesting or a better catalytic property. Our research group has been working on

thermotolerant bacteria, which has an advantage on growth at higher temperature than
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the group of mesophilic bacteria. A thermotolerant bacterium producing CGTase,
Paenibacillus strain RBO1, was screened from hot spring area in Ratchaburi province,
Thailand. Optimization and partial purification were performed by Tesana (2001). The
present work aims at purification and characterization of this enzyme.

The development of techniques and methods for the separation and

purification of proteins has been an essential pre-requisite for many of the recent

advancements in biosciene and big oy research. The global aim of a protein
anted contamination, but also the
concentration of the desired"protem AT environment where it is stable

on (¢ 1oz ef al., 2001). The principle

TN
lubility and the pc = \\ .
solubility an epes ,‘ % ’\\\

than one step to achiev degited levél #f prc fuct purity. Hence the key to

methods are size, charge,
(Quelroz et al., 2001 and

ic ation protocols require more

successful and efficient -.:'::....f . is o select the most appropriate

techniques, optimize their perf fance {0 suit tae requirements and combine them in a
_r“' 'J.V -
logical way to maximizeé } of steps required (Amersham
———————————————a |
Pharmacia Biotec ¥; : N

Consequentlymlo purify CGTase, the extracm.\lar enzyme, the different

separation teﬁ %’ purification processes
was the use ntarch adso oﬂ ﬂyitltﬁ 1985, modified by
Kutt 1w mwﬁoﬂ iﬁ‘d the CGTase
1nvolvq not :J:y adsorptlonjwmso substrate-enzyme g[lny ding. In this

research for the first step, CGTase was adsorbed by corn starch added to the crude
enzyme and the adsorbed enzyme was eluted with the buffer containing maltose. To
use the basic principle of substrate-enzyme specificity, maltose, the water-soluble
substrate with lower affinity than starch competes for binding to CGTase thus the

enzyme-substrate can be easily separated and present in soluble fraction. After this
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step, the enzyme is purified to homogeneity with 29 purification fold and 72% yield.
DEAE-cellulose, an anion exchanger, is the next step which separates proteins with
differences in charge to give a very high resolution with high sample loading capacity.
It popularity stems from the possibility of high resolution power, versatility,
reproducibility and ease of performance (Eisenthal and Dason, 1992). Upon this step

the CGTase was separated from other bulk proteins which constituted about 50% of

transferred to the last colu whi ﬁ; was ﬂ tion column. The Bio-Gel P-100

horting gel ﬁm acrylamide. Because of this
enzyme using starch M

d e, which can bind to the other
kind of supporting gel,

\\\\.\\
e I type is one way to overcome
- e chromatogram (Figure 9)

the drawback the reiar

shows that a peak of u &t a; ) \\ \ as clearly separated from the
i
CGTase peak since it w ted b arounddthe void volume of the colume when

pHIL \ h
compared to elution of st d ? 15, GG T ase was eluted close to ovalbumin and
: ; \

was calculated to have a molec A weioht 645 kDa.
LTI
Native and ¢ \‘ fhe enzyme. On native gel

electrophoresis the* “ly e activity while on SDS-gel

electrophoresis the ens 1 e showed only 1 band which ﬂgested that this enzyme had
multiple fo ﬁ ‘m orted in other strains
(Nakamura‘ﬂ ﬁlﬂhl e:?T Eim ﬁTﬁ? Bovetto et al., 1992;

m ﬁm ﬁ st-translational
modlﬁqatlon of a smﬁ: protein or 3131( sten: EI ge (ﬁCGTase had to

be found out (Prasong, 2002).

Most of the bacterial strains are known to produce other amylolytic enzymes
besides CGTase (Volkova et al., 2000). To ensure the existence of CGTase, the
measurement of CD-TCE was performed in parallel to dextrinizing activity during

purification process. We found that these two activities were well correlated at every
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step of purification (Table 7). For the last step of Bio-Gel P-100, even if the fold of
purification was increased but almost half of the recovery yields was reduced.
However, the purification procedure of Paenibacillus RB01 CGTase in this study was

considered appropriate with the acceptable yield and purification fold.

4.2 Characterization of purified CGTase

srmed with two methods; native

and denature condition b olumnschromatography and SDS-PAGE,

respectively. For Bio @ ; \\\ ; separation technique is

based on exclusion e - ordmg to differences in size

(shape) as they pass thrg@ugita ; i }u\ lhe 31ev1ng is via, pores in the
gel matrix which are con@pay \ es one wishes to separate. Bio-
Gel P-100 is based on high ; asS-hinked us rylarmde bead and free of charge
GE was technique of molecular sieving

(Bio-Rad Laboratory, 2000)

through polyacryl a1l ' Sed to determine the subunit

v

content of enzym@&st=

ot ted to be 45 kDa by gel
a“Bio-Gel column. While moleculﬂ weight determined by SDS-

PAGE was ' r"n'ew , m S€ 4S. 2 MONnomeric enzyme.
Elution volm ng’ligorm tgj ﬂ }] iger than the expected
voluﬁ Wbr]ba eﬁ é( d shape of the
proteify From the result 0:5 ‘gl;aumn‘gﬁ‘vlgase m i)g;ycoprotein. In

addition, the Sephacryl S-200 column showed the retardation of this enzyme which

chromatography on

was then eluted at 43 kDa (data not shown). Previous reports on Bacillus sp. No 38-2,
Bacillus circulans E 192 and Bacillus sp. A1l (Kaneko et al., 1988; Villetto et al.,
1991; Techaiyakul, 1991) also showed similar results. Most of the reported CGTase

are monomeric; those from Bacillus sp. ranging in molecular weight between 33 and
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103 kDa while from Micrococcus sp. between 85-120 kDa. B. agaradhaerens LS-3C
CGTase with the molecular weight of 110 kDa was the largest protein among the
reported Bacillus CGTase (Martin and Kaul, 2002). However, there were reports that
CGTase form Bacillus macerans 1AM 1243 and Bacillus megaterium No.5 were
dimeric proteins of identical subunit size of 66 and 145 kDa, respectively (Kitahata
and Okada, 1974; Kobayashi et al., 1978). The CGTase from B. circulans E 192
s of 33.5 and 48.5 kDs, respectively

%

showed 2 isoenzymes with diffe

(Bovetto et al., 1992).

For qualitative®? aifsi /e ,‘ o1 drate-specific periodic acid
Schiff (PAS) stainingaficthdd Srip: ’ ide'\geloffers a good choice. The closed
e oxidized by periodic acid,
| aride to the violet color. The result
in this study showed that this e@th4soforn ase was a glycoprotein (Figure 15).

Isoforms of CGTase fro also reported to be a glycoprotein,

each isoform has diffeicii-cai ate-content—actemmned by PAS staining and also
7 9 Y g
phenol-sulfuric acid ﬁho @

wfUHINENTNYINT
WL MR 2 TN LT

The result showed that this enzyme had 2 major bands of 5.2 and 5.3 and 1 minor band
of 5.1. This corresponded with many previous reports, such as B. megaterium which
gave two fractions which were similar in enzymic properties but different isoelectric
points (Kitahata et al., 1974).. The thermophilic anaerobic bacteria,

Thermoanaerobacterium thermosulfurigenes EMI1 revealed one major band on
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Thermoanaerobacterium thermosulfurigenes EMI1 revealed one major band on
isoelectric fucusing with an isolectric point of 5.0 and three minor bands with
isoelectric points of 4.3, 4.4 and 4.6 (Wind e al., 1995). Kaskangam (1998) reported
isoelectric points of isozyme from Bacillus sp. A1l were 4.73, 4.49, 4.40 and 4.31.
Charge differences were detected by IEF may be arise from the carbohydrate content

of glycoproteins or differences in a few amino acids in the polypeptide chain.

%me activity and stability

pH & o b the rate of the reaction that it

: \ . --\. e optlmum value lead to a
A 0 \ o

) ionization of the of charged

4.2.4 Effect of pH an

Each enzyme hag —'
catalyzes is at its max

decrease in the reacti

‘ 4\ \\\
amino acid residues that i01'in heenzyme. Large shifts in pH
. % If
may lead to denaturatign c w,-‘f ; ‘ nterference with many weak

noncovalent bonds maintaini b 1 dim 1 \ cture (Hames et al., 1998 and

CGTase cyclizing activity '_ \ ) 1s most stable over pH range of 6.0-
10.0 upon incubatiai-at 55 C 70% L activity was ret: ....-.-',: e 20). According to the
Vi X

result, it suggests thatithi 2 ."'ji ic enzyme. This conclusion

was also related with ths. culturing pH of Honkosh1 medium which was about 10.1-

10.2. For tenﬁ u %Q %E*W Eﬁeﬁl ﬂe‘ﬁé’yme was incubated at

temperature raﬂge of 45-65 °C for 1 hour, oyer 70% of actuty was retained.
i 5] LS B VI B e o
absence of substrate, the enzyme rapidly lost its activity at above 70 °C. On the other
hand, the addition of substrate to the reaction resulted in a better stability at higher
temperature as shown in Figure 21. The result was corresponded with those of Abelian
et al. (1995) and Gawande et al. (1999) who reported that starch (substrate) enhanced
the thermostability of CGTase from Thermoanaerobic thermosulfurigenes EM1 at 80-

85 °C and Bacillus firmus at higher than 30 °C. Furthermore, other reports showed that
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the stability of CGTase from Bacillus no A-40-2 at high temperature was increased
when calcium ion was present (Horikoshi, 1971).

Although CGTase was capable to catalyze hydrolyzing and cyclizing reactions,
the two activities occurred in different proportion. It depends on pH and temperature.
For RBO1, the optimum pH for dextrinizing, cyclizing and CD-TCE activity were 5.0,
7.0 and 7.0-9.0 and the temperature were 65 °C, 70 °C and 55 °C, respectively. Larsen

et al. (1998) reported that the optimumipHiand temperature of Paenibacillus sp. F8 on

dextrinizing activity were 8.0'and 60 : izing activity were 7.5 and 50 °C.

erobitatehacen strain B1001 had 110 °C and

pH 5.0-5.5 for optimum sfa; ing wi " eyclod extrin synthesis the optimum
were 90-100 °C and pH 5 | \\

4.2.5 Substrate s

In general, a sub indentation or cleft on the

surface of an enzyme m v- ementary in shape to the substrate

(geometrical complementary)-Mate ’ »acid residues that form the binding

site are arranged t& f"""‘mm‘m“‘- :‘ in an attractive manner
(electronic complemeﬁry es inﬁhape or functional group

distribution from the suhst te cannot pro tlvely bind to the enzyme, that means

ey can ot p LR qmgwg SR iormation of procuc

(Voet and Voe?" 1995). For CGTage, the conveﬂon of substrabto CD was also
affectavwr}ea” MI@W Nl%qs’}’a'l% gx%anﬂuwalent (DE)
value in the range 1-22 were good for cyclizing reaction while most effective at DE
value about 10. The conversion rate dropped sharply when DE of oligosaccharides was
controlled to 13 and continued to decrease as DE increases over 20. The conversion
. was faster when there were more reducing end per mole of CGTase as starch was

liquefied to shorter length. However, when liquefaction was allowed to proceed further
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to produce oligosaccharides with <6 glucose units, resulted in poor conversion to CDs
(Chung et al., 1998).

The CGTase from thermotolerant Paenibacillus sp. RBO1 showed conversion
of amylose > starch > oligosaccharides. Longer chain oligosaccharides produced CDs
more than short chain. The enzyme had specificity for substrates with OL-1,4
glycosidic bond with minimum 3 glucose units, so glucose and maltose could not act

as substrate. In addition, this CG t use pullulans as substrate because its

structure is linked by B- is ﬁndlng agreed with CGTase
corresponded with previous
studies by Abelyan et al. (J# 5 erlal CGTases. Those results

a'degree of polymerization higher

: 9{‘ ‘ b . e .
than seven glucose unit ofl 3§ direet-subst \\\ cychzlng reaction. When the
reaction mixture containgll MOSs ith-ajlower deg €, of polymerization than eight

glucose residues as a subsif: 3 1&@' ¢ ‘.\\ age various linear MOSs were

afld int ' a lycosylation reaction. While low
molecular MOSs were not dlI'CC iu = o£CD formation. When their concentration
in the reaction mixfi l ar transglycosylatlon these
low molecular MJSs were ‘ ’. the CGTase and a

disproportionation remion began. For other CGTase, m enzyme from Bacillus sp.

:)Té:;z(l;:;ﬁrﬁﬂ ﬁiﬂﬂjﬂ %WEFTTT?M B-limited dextrin
18 ﬁ\mﬁm URIANYIAY

Partially purified enzyme from starch adsorption step produced a ratio of Q- :

B- :Y-CD as 1.0 : 5.4 : 1.2 (Tesana, 2001) while crude and purified CGTase in this
study showed the average ratio of 1.0 : 1.8 : 0.4. The difference may arise from
different buffer used in enzyme preparation. There was previous réport by Volkova et

al. (2000), that crude CGTase from Bacillus sp. 1070 produced 0.6 : 5.7 : 0.6 while
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purified enzyme gave 0.6 : 9.0 : 0.0 of Q- : 3- : Y-CD. It was known that different
ratio of CDs production may be performed by varying incubation time. Terada et al.
(2001) once compared the cyclization reaction of three bacterial cyclomaltodextrin
glucanotransferases. The results suggested that the larger cycloamyloses initially
produced were converted into smaller cycloamyloses and finally into mainly O-, B-

and Y-CD. These three enzymes also differed in their hydrolytic activities, which

1 report showed that the ratio of

CDs produced by CGTa 3 tdacekans | Y as almost constant regardless
of the pH range (4.0-8.5 iCtion syste and Okada, 1974).

4.3 Kinetics study

To determine the «54'? y coupling reaction, a ring of CD

molecule is opened and combinediw, ‘liqsacharide chain to produce a

longer linear oligos ";—..y....s::,—.-..... e e ;’-'-EJ‘*.'.' or its derivatives acts as
donor and cellobiose 7as ace fle generated then acts as a

substrate, which is susceptlble to hydrolytlc cleavage by glucoamylase. The liberation

of the reducuﬂ% Ha%e‘w;ﬁo% @anﬂq ﬂ ihe proeedie the ease

and convemenc%ﬂ of routine sugar ang.lysm dlmtrosahcyhc acid me; d (Miller, 1959).
e QR RN DALY e o
from thg amount of glucose in glucoamylase-treated reaction mixture. When Kkinetic
parameters of purified CGTase from RB01 obtained in this study were compared with
those of isoform I, the major isoform of CGTase of Paenibacillus sp. A1l (Prasong,
2002), both CGTase showed some similarity in which they used natural CD better than

modified ones though the values were somewhat different A11. _
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4.4 Chemical modification of CGTase

Several methods have been used to explore the molecular structure and the
active site of enzymes. Among those general techniques, affinity labeling using
substrate or substrate analogs, site-directed mutagenesis, X-ray crystallographic and
diffraction studies or chemical modification have been reported (Means and Feeney,

1971; Lundblad, 1991; Villette et al., 1993 Nakamura et al., 1993,1994; Sin et al.,

eacti 4f enzyme have been used to

res ... e for enzyme action (Mean and

1994, Strokopytov et al., 1995).

Chemical modifi
identify the amino acid
Feeney, 1971). With s different groups may be
modified (Appendix . ions, with and without a
specific binding substa the amino acid residues at
the binding site. For exaj e with or without its specific
inhibitor may suggest t g located at the active site. If
enzyme activity is retained modificati the presence of inhibitor but is lost in

its absence, it is usually ass imed wprotected a group in the active site

(Mean and Feeney, %6 E ‘ atlon is a relatively easy

method and a method ©

’ cﬁe it dose not require much
preliminary data of the e&a es and only a small amount of enzyme is used. Many

examples can ﬂ lu %p’}pw'l E}% ?W%’]a R} Rhizopus niveus by

chemical modifi¢ation with NBS and their 1nvol\gment at enzyr%actlve site were
reporta% ’q azﬁa ﬂ3§1ﬂd9w&am’a %%Jc}@lﬂodlﬁcatlon of
hlstldlne residue for the investigation of active site of N-acyl-D-glutamate
amidohydrolase from Pseudomonas sp. 5f-1. John et al. (1997) studied the effect of
covalent modification of tyrosine, arginine and lysine residues on coproporphyrinogen
oxidase from chicken red blood célls.

In this work, the identification of essential amino acid residues at the active

site of purified CGTase from thermotolerant Paenibacillus sp. RBO1 was performed
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using chemical modification with group-specific reagents and substrate protection
technique. Chemical modifications of seven different amino acid residues (carboxylic,
histidine, tryptophan, tyrosine, cysteine, lysine and serine) of purified CGTase were
determined under mild conditions. These amino acid residues have been selected
because they are widely known as residues involved in enzyme catalysis, while some
have been reported to be essential for CGTase of other sources (Mean and Feeney,

1971; Lundblad, 1991; Mattsson, 1992.

1991; Villette, 1993; Ohnishi, 1994).
The first step was . ‘..;fff \ l // amino acid residues that upon
modification, the loss of pui "—‘“" Ta 'act@served. Incubation of purified
CGTase with series of gevAleft o 5fg mino acid residues at 1 mM
concentration resulted igg¥ary angé in ‘ ﬂ ability of this enzyme. No
inhibition of CGTas ac ' : 0 dlﬁcation of cysteines by N-

ethylmaleimide (NEM), igdoaCe ,.,, , - it] thretol (DTT), lysine residues

by 2, 4, 6-trinitrobedzefie \ \ BS), serine residues by
phenylmethylsulfonyl fluoride ( (}m : yTOSIE e residues by N-acetylimidazole
(NAI). Reaction under rmld o i§=with 1-ethyl-3-(3-dimethylaminopropy!)

carbodiimide (ED

-"’ omosuccinimide (NBS),
which were kno V H‘ istidine, and tryptophan

residues, respectlvel Reactionl, 2, and 3, respectmly) resulted in extensive
inhibition of ﬁﬁ m siderately, DEP and
NBS inhiblteﬂnu nvETp fi ’TI’I (Figure 27) while
EDC ﬁ ﬁ( d tryptophan
resxduesq‘g ﬁma q‘f leﬁn ti Ytﬂh’l ﬁ dues, because

less concentration was used for inactivation. Since the experiment was followed by

dextrinizing activity, thus these residues might be more important at the hydrolytic
site. Whether or not they were important at the cyclization site remained to be further

proved.
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\
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Nt o\ E— NN "C-O-CHCH3 + CH3CHOH
/°-O-CHiCH3
0

N— CH,CH,CH,N(CH,),
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Reactio 3 Modification reaction of carboxyl residue in protein (P) with EDC

(Means and Feeney, 1971; Lundblad, 1991)
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When compared to other studies, these important amino acid residues for our
CGTase have been demonstrated elsewhere as essential residues for other CGTases as
well. Bender (1991) reported that histidine residues of CGTase from Bacillus circulans
strain 8 and Klebsiella oxytoca M5 al were modified by DEP and proposed to be
involved in the cyclization reaction. In 1992, Mattsson et al. reported the inhibition of

CGTase from Bacillus circulans var. alkalophilus (ATCC 21783) by 0.25 mM DEP

nitration of the CGTase i fuofdd/decrdase In he 1c properties of the enzyme.
CGTase from Bacillus ot idees was e 0 “-g\ be modified at tryptophan
residues by NBS (OhgiShife q The d1 ication corresponded with
inactivation of the ‘ psd < sedhydro 18, 0 cyclomaltohexaose (cGy).

Researchers in our group reported  tha and its isoform I from Bacillus
. -

circulans All were mactlvate ' NBS, EDC, and NAI at 1 mM (Tongsima,

1998 and Kaulpibqo

D ﬁ= 01 in this study was thus
different from that e3¢ 1 S 3 of inactivated by NAL

The second sﬂ was to prove that the amino acmesidues involved in purified
CGTase acti ﬁl e sl ctivation of enzyme by
chemical moﬂéu c‘)e ‘Yl E]tﬁiﬂkﬂ F!?ﬁ esidue is present at the
actlv )? ve inhibitor, end
producty or rj gmmﬁﬂj Y:ﬂﬁné( ce of specific

residues at the active site. If activity is retained following modification in the presence

of substrate (or other protective substrates) but is lost in its absence, it is usually
assumed that a group in the active site has been protected (Means and Feeney, 1971).
In this work, O(-, ﬁ-, and Y-CD were used as protective substances. And the

experiment was performed by measuring purified CGTase inactivation by group-
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specific reagents in the presence or the absence of protective substances. The result in
Figures 33, 36 and 39 showed that the loss of purified CGTase activities were partially
or totally reduced in the presence of protective substance. For histidine modification, it
was interested because there are several reports that histidine was at the active site of
CGTase from Bacillus sp. In this experiment the result when added -, [3- or Y-CD,
significant level of CGTase activity was retained which indicated the presence of

histidine at the active site of RBO arboxyl residues were also involved at

the active site since they we Ds. Trytophan modification was

especially interested be , . @diﬁer (0.005 mM NBS) was

used for total inhibition 0 2 s ivit \ : ""on by [3-CD was much better

than other CDs. This su ‘ ‘ ' opha -\\ ore important at the active

site of this CGTase whi p oy T f;\j\.\ thar ‘other CDs. Moreover, we

confirm that tryptophan #vasfp ‘ &r‘rg' active py following fluorescence

emission of CGTase whengho &é NE in \- ence and absence of [3-CD.
r .

For control (NBS only), thege was'ng thio ssion observed at 310-360 nm

. ; ; Az

(data not shown). The result s-tha tryptophan was protected by B-CD, since the

fluorescence emission, spectr turned to he ﬁ trol pattern both for the
- = - - — -

maximum emissio ’f_ nte s ty. The wavelength of

modified enzyme wamshifted to shorter wavelengthmlggested that CGTase had
conformation ‘;1 | m ed. i more hydrophobic
environment Hmlfﬁ ﬁﬁ:ﬁu , Br:jnt], ‘iase experiments could
lead i tatic ﬁji i tﬁ rbd esidues were
invola:ﬁjﬁ §I‘ i m 11 Zﬂ tljg g'[he importance

to enzyme catalysis. For other CGTase, Mattsson et al.(1992) reported that CGTase

from Bacillus circulans var. alkalophilus (ATCC 21783) was protected against DEP-
inactivation by Ol-, and B-CD suggesting that the modified histidine residues were at
or near the active site. The study by Villette ez al. (1992) showed that CGTase activity

was retained when chemical modification with DEP occurred in the presence of S mM
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acarbose (uncompetitive inhibitor of CGTase) or 5 mM salicin (competitive inhibitor
of CGTase). These inhibitors protected one of the two faster reacting histidine residues
in the active site, with a 49.7% recovery of residual activity. Trytophan was protected
against NBS by glucose and the maltosaccharides G2-G4, which indicated tryptophan
to be located at the substrate binding site of CGTase from Bacillus

strearothermophilus (Ohnishi ef al., 1992). Tongsima, (1998) and Kaulpiboon, (2000)

ﬁ modifications of histidine, tryptophan,

. &d in the presence of protective

or akar @te of these residues.

reported the loss of CGTase activiti
tyrosine, and carboxylic
substances suggesting th

=

4.5 Urea-induced dena

The chaotropic i ; ; , : 7. Iniumn o pride (GdmCl) or 8 M urea,
was used to denature piotei . =\ ' tructure around the protein.
Usually the protein becgmes u:rﬁ'- e of these reagents. In this
experiment the enzyme Was /iiioub: 10 M urea and following the
fluorescence emission spectr "“"% Tag) ﬁ opl ollowed. Exitation was at 280 nm
while emission was Ci------—'-‘ﬁ S0 . E o Con 2\5‘ a only), there was no

fluorescence emissiorﬂb ) mm The spectrum of purified

CGTase was shifted to kpn er wavelength when urea was added. This suggests the

tryptophan reﬂ. uaﬂfa %&l%‘%‘w annﬂv h was usually at the

surface of a pr%'tem (Ruan, 2002) ‘Concommn Ity with the slaf} in fluorescence
o WARUVFRHRRA I Hle i v
used to ahalyze the isoform pattern using activity staining, we found no different in the
pattern between control and urea-treated CGTase. This result was different from
pullulanase study (Renz et al., 1998) which showed that multiple form of pullulanase
was arise from different teriary structure of protein, as proved by urea-induced

denaturation experiment.
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