CHAPTER IlI
RESULTS

For cloning and sequencing of the structural gene encoding gene CGTases
from 2 strains of Paenibacillus $p., the RBOL and T16. . coli JM109 and pGEM®- Teasy
vector were used as host and plasmid. CGTase genes were expressed in the transformed
E. coli. Both recombinant enzymes were purified and characterized in comparison to
their native enzymes.

3.1 Cloning of CGTase genes from Paenibacillus Sp.RBOI and Paenibacillus sp.T16
3.1.1 PCR amplification of CGTase gene

From the amino acid and nucleotide sequences of the previous study on
Paenibacillus Sp. All (Bacillus circulons All) (63), several pairs of oligonucleotice
were designed from the conserved amino acid sequences of the CGTase gene and used as
probes for the screening of CGTase gene of sacili. From the analysis of the
hybridization blot, nucleotide sequences of RBOL and T16 yielded up to 98% similarity to
B. circulons All. Therefore, in this study, new pair of oligonucleotides was designed
from the sequences upstream and downstream of the CGTase gene of 8. circulons Al 110
cover the whole CGTase gene. The annealing sites and the sequences of oligonucleotides
were shown in Figure 4 (a) and (). They were used to amplify the CGTase gene
fragment from the chromosomal DNA of Paenibacillus SP.RBOI and Paenibacillus
sp.T16. One major band of 2.4 kb which was band of expected size was observed
(Figure 4 (c)). Bacillus liceniformis, @ non-CGTase producing bacillus used as a negative
control. The PCR products which contained the CGTase gene could be obtained with this
pair of primers for both paeinibacillus Sp. RBOL and TL6.
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3.1.2 DNA cloning and selection of positive colony

The PCR products contained the CGTase genes were run on the 0.7%
agarose gel, and the expected band of 2.4 kb was eluted, ligated with the pGEM-Teasy
vector and transformed into e. coti JM 109, The vector which was inserted with CGTase
gene generated white colonies on the culture plate. Clones were analyzed further by
techniques, such as expression of their enzymes activities on the selective plate. By
incubating for 24 hours, the replica plate of white colony which contains the CGTase
gene showed clear zone on the LB plate containing 1%soluble starch after treating with
joding solution or phenolphthalein-methyl orange solution (Figure 6 (a) and (). The
resulting transformants of paenibacitius SP.RBOI and paenibacitius Sp. T16 were named
PRB and pT, respectively. The transformants were kept in LB medium containing 30%
olycerol at -80°c &s stock for the re-cultivation for the expression of CGTase gene and
extraction of the plasmid for DNA sequencing. The plasmids were kept at -20°c.
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CGTase geneJ>
Primer A
—

<

(b) Primer B
Primer A 5’- GGCTATGCTTTCCTTACCTTACCC -3’
Primer B 5-ATAGCACCTTTCCCCCACATAACG -3’

Figure 4 Amplification of the CGTase genes.
() The drawing shows the approximate locations of PCR primer annealing sites,

(b) Oligonucleotide primers designed for the amplification of the CGTase genes.

(c) The PCR proaucts were amplified from the reactions using DNA template as
followed: Lane 2; no template represented the negative control, Lane 3; pVR316
(a plasmid containing the CGTase gene from Bacillus circulons All) represented
the positive control, Lane 4 Paenibacillus $p. RBOL; Lane5 Paenibacillus Sp.

T16; Lane 6 Bacillus licheniformis SK-1 (a chitinase producing bacteria)
represented the negative control. Lanes 1and 7 were DNA marker, x /Hind Il
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Figure 6 Iaentification of CGTase producing bacteria
() pRB, pTand pVR316 (a transformant containing CGTase gene from
paenibacillus S0, All) on phenolphthalein plates, (b) the recombinant
colony of pRB on starch - agar plate containing x - gal and ampicillin after
treating with iodine solution, (c) pRB on phenolphthalein - methyl orange
plates.
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3.2 DNA sequencing

The DNA sequencing was done using the primer MI3 forward, primer M3
reverse, primers 1-5 and primer B were used to design additional primers in orcer to
sequence the whole gene.  Their annealing sites were shown in Figure7. The DNA
sequence showed an open reading frame of 2194 bp encoding 732 amino acid resicues
for pRB and an open reading frame of 2139 by encoding 713 amino acid residues for pT
(Figures 8and 9).

Alignment of the deduced amino acid of CGTase from pRB and pT were
compared with various published CGTase sequences.  The phylogénie tree was built by
the neighbor joining method, implemented in the CLUSTALW program (79). The resuilts
were shown in Figures 10 and 11 The accession number and abbreviation of each
published CGTase were listed in Table 4. The amino acid sequences of pRB and pT
showed 97% homology among those saciii used for the alignment. pRB gave 97%
identities to the CGTases from All, 95% o 8acilius Sp. #1011 and sacitius Sp. Strain
n0.38-2, 8% 10 8. circutans Strain 251 pT gave 99% identities to the CGTases from
All, 8% t0 Bacinus p. #1011, 97% t0 Bacitius sp. Strain n0.38-2 and 8% to .
circulans Strain 251,
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CGTase gene size 2.4 kb
Primerl Primer2  Primer3 Primerd  Primer5

M3 forward A—_ Mls reverse
primer PrimerB <4- primer

Figure 7 Approximate annealing sites of the sequencing primers along the cloned
CGTase gene.
The top arrow indicates the orientation and size of CGTase.
The small arrows locate the primers used for recombinant plasmid
Sequencing.
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Figure 8 Nucleotide and deduced amino acid sequence of recombinant CGTase of pRB.
o The nucleot?ge,s \Were numbered. ]%e eiﬂll%leator codon (ATG) of the deduce%
amino acid residues and the terminator codon (TAG) were also bold letter.
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Figure 9 Nucleotide and deduced amino acid sequence of recombinant CGTase of pT.
; The nucleot?ges \Were numbered. ]%e e|ﬁ|¥|eator codon %eTG) of the deduceg
amino acid residues and the terminator codon (TAA) Were also bold letter.
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and pT. The amino acid residues indicated by asterisks (*) were completely
identical or conserved in all CGTases. The amino acid resicues indicated by
colon (;) were conserved and dot (.) among the CGTase. Dashes (—) denote
oaps.  Underline letters cenote the signal (leader region) of CGTase.

Figure 10  Comparison of the deduced amino acid sequences of CGTase from pRB
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Figure 10 (cont’d)
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NDVLGGILNGNTLTVGAGGAASNFTLAPGGTAVWQYTT-DATAP11GNVGPMMAKPGVTI 542
NDVLGG ILNGNTLTVGAGGAASNFTLAPGGTAVWQYTT-DATAP I IGNVGPMMAKPGVTI 547
NDVLGG I LNGNTLTVGAGGAASNFTLAPGGTAVWQYTT-DATAP I IGNVGPMMAKPGVTI 542
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B 0 ks

Figure 11 Phylogenetic tree of the sequence alignment of various published CGTase
sequences. The tree was built by the neighbor joining method,
implemented in the CLUSTALW program (79). The accession number

Table 4

Abbreviation

KLEPN

BMACE
BLICH

B1011
BCIRS
B1018

B382
BC251
BOHB
THETU

BREV
BF290
All

and abbreviation of each CGTase were listed in Table 4

List of CGTases used in the sequence alignment and phylogenie tree

construction.

Accession

number

P08704

P04380
P14014

P05618
AA4840
P17692

P09121
P43379
BAA14289
P26827

AAB65420
A 18991
AAG31622

Source

K. pneumoniae strain M5al
B. macerans strain NRRL
B388

B. licheniformis
Alkalophilic B. sp. strain
1011

B. circulons strain 8

Bacillus sp. strain B1018
Alkalophilic B. sp. strain
38.2

B. circulons strain 251
B. ohbensis (strain C-1400)

T. thermosulfurlrenes EM 1
Brevibacillus brevis strain
CD 162

B. firmus/lentus strain 290-3
Paenibacillus sp. A 11

Main
Product

d

a
al@

w
—_
C)J:

Reference
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3.3 Expression of CGTases in the original cell isolates and recombinant cells

In preliminary experiments, the wild types and the transformants were checked
for the optimum conditions for culturing such as type of medium and incubation time.
Two kinds of medium, Horikoshi pH 10.0 and LB medium pH 7.0 were chosen. The
results showed that the wildl types preferred the Horikoshi medium but the transformants
could not grow at alkaline pH of Horikoshi medium,

The cells from RBOL, pRB, T16 and pT were taken from the stocks and
prepared for cultivation by inocutation in an appropriate medium and follwed steps of
preparation as described in sections 2.5, 2.6.1 and 2.10. The cultivated media from each
strain was collected for the determination of the absorbance at 660 nm and enzyme
assayed at time interval of 6, 12, 18, 24, 36, 48 and 72 hours. For the enzyme assay, cells
were removed from the media by centrifugation (3,0000) at 4°c for 30 minutes, and the
supematant fraction containing CGTase was collected and dextrinizing activity was
assayed determined as described inthe section 29.1. |

Figure 12 (a, b and c) showed that rapid growth was ohbserved in bath of the
original cells and the transformant from 12 hour of incubation. However, the
transformant showed the highest dextrinizing activity around 18-24 hours incubation,
while the wild type needed the longer incubation time of 60-72 hours to reach the highest
dextrinizing activity.  The specific activity of the transformant pT was about 3 times
higher than that of the wild type.

Therefore, RBO1 and T16 were cultivated in Horikoshi medium containing
10% soluble starch, at pH 10.0, 40°c, 250 rpm for 72 hours which was optimum
condition determined by Tesana, 2001 and Pranomitra, 2001. While, the transformants,

PRB and pT were cultivated in LB medium containing 10% soluble starch, at pH 7.0,
37°c, 250 rpm for 24 hours,
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Figure 12 Growth and CGTase activity profiles of RB0L, pRB, T16 and pT.
() Growth profile (b) total dextrinizing activity (c) specific activity.

RBOL and T16 were cultivated in Horikoshi medium containing 1.0% soluble
starch, at pH 10.0, 40°c, 250 rom for 72 hours. While, pRB and pT were cultivated in LB
medium containing 1.0% soluble starch and 100 Mgim ampicillin 3at pH 7.0, 37°¢, 250
rpm for 24 hours.
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3.4 Purification of CGTases
Purification of CGTases were carried out for enzyme from both the isolates and
recombinant cells of RBO1 and TL6.
3.4.1 Purification of CGTase from RB01 and pRB

The wild type, RBOL was cultivated in 1,000 ml of Horikoshi and 1% soluble
potato starch at 40°c with 250 rpm shaking for 72 hours. The recombinant, pRB, was
cultivated in 1,200 ml of LB brath containing 100 mg/ml of ampicillin and 1% soluble
potato starch at 37°c with 250 rpm shaking for 24 hours. After cultivation, bacterial cell
mass was removed by centrifugation at 4,500 rpm for 15 minutes at 4°c. Culture broth
with crude enzyme was collected and kept at 4°c for activity assay and determination of
protein content before the next step of purification. Crude enzyme was purified by starch
adsorption as described in method section 2.11.1, followed by DEAE-cellulose
chromatography column as described in method section 2.11.2.

The crude enzyme contained the total protein of 388.9 mg with 59,500 units of
CGTase in the total volume of 1,000 ml for RBOL and 293.9 mg with 210,200 units of
CGTase in the total volume of 1,150 ml for pRB, respectively. Thus, the specific activity
of RBOL and pRB were 153 and 715 units/mg, respectively. The crude enzyme solution
was further purified by starch adsorption. In'this step, the purification fold and recovery
of CGTase obtained were 29 folds and 72% yield for RBOL, 3 folds and 22% yield for
PRB. The specific activities of the enzymes from this step were 4,435 units/mg for RB01
and 2,283 units/img for pRB.

For RBOL and pRB the enzymes from the starch adsorption step were
concentrated with the ultrafiltration (Viva-Flow 50) and dialyzed against 10 mM Tris-
HCL buffer, pH 85 (TB2). Each enzyme solution was applied onto DEAE-cellulose
column as described in the section 2.11.2. The chromatographic profile of RBO1 and
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PRB were shown in Figures 13 (a) and (). The unbound proteins were eluted from the
column with TB2 buffer. The bound proteins were eluted with linear salt gradient of 0 to
0.3 M sodium chloride in TB2 buffer. Both enzymes were eluted at approximately 0.1 M
NaCl as indicated in the profile. The fractions with CGTase activity were pooled,
concentrated by aguasorb to reduce enzyme volumes and dialyzed against TB2 buffer.
The proteins remained in this step were 559 mg with 30,770 units of enzyme and
specific activity of 5,504 units/mg protein for RBOL and 0.8 mg with 14,688 units of
enzyme and specific activity of 18,360 units/mg protein for pRB (Table 5).
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Figure 13 DEAE-cellulose column profiles of CGTases from RBOland pRB.
The column size was 1.5x28 cm. The enzyme solution was applied to
the DEAE-cellulose column and washed with 10 mM TB2 huffer, pH
8.5, until the Azo decreased to the haseline. Elution of bound proteins
was performed by 0-0.3 MNaCl in the same buffer at the flow rate of
45 ml/h. Fractions of 4 ml were collected. The arrow indicates where
the gradient started. The fractions of high protein peak and high
CGTase activity were pooled.
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Table 5 Purification of CGTase from Paenibacillus sp. strain RBO1 and the transformant, pRB.

Step V%r)ne
RBIL pRB

Cruce 1000 1150

Starch o 250

cellulose 2 8

Dextrinizing activity

Total activi Total protein ~ Specific activity  Purification Yield
6eUn(its) v (rrﬁ)g) P gU?mg) y Fo% 9
RB0L pRB RBO1I pRB RBOL pRB RBOL pRB RBO1 pRB

59500 210200 3889 2939 18 76 1 110 100
42840 47250 966 207 43D 283 29 3 n 2
0770 14688 559 08 5504 18%0 3B 26 N !
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3.4.2 Purification of CGTase from T16 and pT

The wild type T16 was cultivated in 1,600 ml of Horikoshi and 1% soluble potato
starch at 40°c, shaking 250 rpm for 72 hours. The recombinant, pT was cultivated in
1,200 ml of LB broth containing 100 mg/ml of ampicillin and 1% soluble potato starch at
37°c for 24 hours, After cultivation, bacterial cell mass was removed by centrifugation
at 4,500 rpm for 15 minutes at 4°c. Culture broth with crude enzyme was collected and
kept at 4°c for activity assay and determination of protein content before the next step of
purification. Crude enzyme was purified by starch adsorption as described in method
section 2.11.1, followed by phenyl sepharose chromatography column as described in
method section 2.113,

The crude enzyme contained a total protein of 465.6 mg with 44,750 units of
CGTase in the total volume of 1,600 ml for T16 and 188.71 mg with 181,900 units of
CGTase in the total volume of 1,130 ml for pT, respectively. Thus, the specific activities
0f T16 and transformant, pT were 9 and 964 units/mg, respectively.

The crude enzyme solution was further purified by starch adsorption. The
purification fold and recovery of CGTase obtained were 32 folds and 61% yield for T16
and 33 folds and 19% yield for pT, respectively. The specific activities of the enzymes
from this step were 3,105 units/mg and 31,818 units/mg for pT.

The enzyme solutions from starch adsorption of T16 and pT were applied onto a
phenyl sepharose column as described in the section 2.11.3. The chromatographic
profiles were shown in Figure 14 (a) and (). The unbound proteins were eluted from the
column with the TB2 buffer containing 1 M ammonium sulfate. The bound proteins
were eluted with decreasing concentration of ammonium sulfate linear gradient from 1M
to 0 Min buffer TB2. The enzyme was eluted at 0.05 M ammonium sulfate as indicated
Inthe profiles. The fraction with CGTase activity were pooled, concentrated by aquasorh
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to recluce enzyme volumes and dialyzed against buffer TB2. The proteins remained from
this step were 0.98 mg with 9,486 units of enzyme and specific activity of 9,680 units/my
protein for T16 and 0.9 mg with 80,700 units of enzyme and specific activity of 89,667
units/mg protein for pT, respectively (Table 6)

The dextrinizing activity and specific activity of CGTase from wild-types,
RBOL and T16 and their transformants, pRB and pT, respectively were compared in
Table 7. The transformants produced about 3 times higher CGTase in pRB and 10 times
higher enzyme in pT comparing with their repective wild type.
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Figure 14 Phenyl sepharose column profiles of CGTases from T16 and pT. Column
size was 1.3x10 cm, elution was by 1- 0 M (NHa)2So4 in TB2 buiffer (10
mM Tris buffer, pH 8.5). Fractions of 2 ml were collected. The enzyme
solution was applied to phenyl-Sepharose CL-4B column and washed
with TB2 buffer containing 1 M ammonium sulfate until Aso decreased to
baseline. Elution of bound proteins was then performed by a decreasing
linear gradient of ammonium sulfate from Lo 0 M at the flow rate of 20
mifhour. The arrow indicates where gradient started. The fractions of
high protein peak and high CGTase activity were pooled.
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Table 6 Purification of CGTase from Paenibacillus sp. strain T16 and the transformant, pT.

Ste Volume Total activity*  Total protein ~ Specific activity Purification Yield
P (ml) (Units) (mg) (U/myg) Fold (%)

T16 pT T16 pT 116 pT T16 pT T16 pT T16 pT

Crude 1600 1130 44750 181900 4656 188.71 96 964 1 1 100 100

Starch
adsorption 400 250 27320 35000 8.8 1.1 3105 31818 32 33 61 19

Phenyl
Sepharose 21 23 9486 80700 0.98 0.9 9680 89667 101 93 21 44

Dextrinizing activity



Table 7 Comparison the dextrinizing activity and specific activity between wild-type and transformant CGTase
Dextrinizing activity ( /ml) Specific activity (Uimg)

RBOL pRB T16 T RBO1 pRB T16 pT

Cruce 60 183 28 161 153 15 % 064

Starch
Adsorption
Purified
column*

Fraction

504 189 68 140 4435 2283 3106 31818

306 452 3509 504 18360 9680 8966/

* DEAE-cellulose column for purification of RBOL and pRB,
* Phenyl sepharose column for purification of T16 and pT
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3.5 Characterization of purified CGTases

3.5.1 Determination of enzyme purity and protein pattern on non-denaturing and
SDS-PAGE

The purified enzyme from each source was analyzed for purity and protein
pettern by non-denaturing polyacrylamide gel electrophoresis.  The activity stain was
performed in comparison with protein stain.  The result in Figure 15 showed many
protein bands in the crude enzyme from pRB but only 2-3 band with one major band in
the purified form. lodine stain showed a positive clear band in all samples. SDS-PAGE
of purified CGTase from RBOL and pRB showed only a single band in SDS-PAGE as
presented in Figure 16. From the mobility on SDS-PAGE, the molecular weight of
CGTase from pRB was estimated to be 65 kDa (Figure 19 (a)

Similar pattern of native and SDS-PAGE analysis were obtained with pT (Figures
17, 18), the molecular weight of pT on SDS-PAGE was estimated to be 77 kDa (Figure
19(h)).
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Coomassie blue staining - Dextrinizing activity staining

Figure 15 Non-denaturing PAGE analysis of pRB-CGTase from different
purification steps.
Lane 1 Crude, lane 2 Starch asorbed, lane 3 DEAE cellulose column

Figure 16 SDS-PAGE analysis of pRB-CGTase from diifferent purification steps.
Lane 1 Crude SLane 2 Starch acsorbed, Lane 3 DEAE cellulose column,
Lane 4 Starch adsorbed from Wild p(pe, Lane5 BSA'M = Low
Molecular weight markers 1y// .

- % g\s\‘
4
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Coomassie blue staining ~ Dextrinizing activity staining

Figure 17.  Non-cenaturing PAGE analysis of pT-CGTase from diifferent purification steps,
(lane 1-3) Lane 1 Crude, Lane 2 Starch adsorbed, Lane 3 DEAE cellulose
column

M 2 3 4

Figure 18  SDS-PAGE analysis of pT-CGTase from different purification steps.
(lane 2-4) Lane 1 Crude fromwild type , Lane 2 Crude from pT, Lane 3 Starch
adsorbed. Lane 4 Phenyl Sepharose column
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Figure 19 Molecular weight calibration curve of standard proteins by SDS-PAGE
Myosin 205 kDa
P-galactosidase 116 kDa
Phosphorylase B 97  kDa
Bovine serum albumin 06  kDa
Ovalbumin 45  kDa

Arrow indicated the molecular weight of CGTase from this study were in range
of 65 kDa from RBOL (a) and 77 kDa from T16 (p)
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35.2  Determination of pi

Purified CGTases were analyzed for their isoelectric points by separation on IEF
0el electrophoresis, comparing to standard pi markers. Ampholine pH range 3-10 was
used and relative mobility against pi was plotted. Sample from pRB and pT showed
one major band at pi 5.85. pRB also showed 2 faint bands at pi 5.74, 5.34. Sample from
wild type RBOL showed very faint bands at 5.74, 5.64, 5.34 and T16 at 5.74, 5,54, 5.34,
35.3 Optimum conditions for enzyme activity

35.3.1 Effect of pH on CGTase activity

The effect of pHs on the enzyme activity was studied at various pH’s as
mentioned in section 2.12.3.1, taking the pH with highest enzyme activity as 100%. The
results showed that the wild type and the transformant of both RB01 and T16 had the
same pattern of pH-activity profiles of dextrinizing activity (Figures 22, 23) and
cyclization activity (Figures 24, 25). The optimum pH for dextrinizing activity and
cyclization was 5.5-9.5 and 6.5-7.0, respectively. The enzyme lost activities at extreme
acidic and alkaline pH’s.

35.3.2 Effect of temperature on the enzyme activity

The effect of temperature on the purified enzymes were investigated by
incubating the reaction mixtures at various temperatures as mentioned in section 2.12.3.2
and determined for both dextrinizing and cyclization activities. The optimum temperature
for dextrinizing activity of CGTase from RBOL and T16 were 70°c, and 60°c,
respectively. However, pRB and pT showed broader optimum temperatures. At 50-70°C,
PRB still exhibited dextrinizing activity at higher than 90% while pT retained activity at
greater than 90% in the temperature range of 40-75°C (Figures 26, 27). The optimum
temperatures for cyclization activity of all strains were quite similar in the range of 50-
70°c, although the transformants showed slightly higher activities.
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Flgure( 2)0 Isoelectric focusing gel with ampholyte solution (pH 3.0-10.0) of purified CGTase

(b)
LaneM

Lane 1 Purified CGTase from RBOL

Lane 2 : Purified CGTase from pRB

Lane 1: Purified CGTase from T16

Lane 2 : Purified CGTase from pT i)

Standard pi markers; Amyloglucosidase (3.50), Soybean trypsin inhibitor
(4.55), (3-lact oglobulln (5.20), bovine carbonic anh drase B &851) human
carhonic anhydrase B (6.55), myogloblm -acidic band &6 35), m?/ glo In-basic
band ‘7 35), lentil lectin- acidic band (8. 1529I3%r;tll lectin-middle band (8.49),

lentil lectin-basic band (8.65), trypsinogen
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Figure 21 Standard curve of pi determination
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Effect of pH on dextrinize activity
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Figure 22 Effect of pH on dextrinizing activity of CGTase from RBOL and pRB at 40°c
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Figure 23 Effect of pH on dextrinizing activity of CGTase from T16 and pT at 40°c



Effect of pH on cyclization activity
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Figure 24 Effect of pH on cyclization activity of CGTase from RB and pRB at 60°c
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Figure 25 Effect of pH on cyclization activity of CGTase from T16 and pT at 60°c
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Effect of temperature on
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Figure 27 Effect of temperature on dextrinizing activity of CGTase from T16 and pT at pH 6.0
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Effect of Temperature on cyclization activity
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Figure 28 Effect of temperature on cyclization activity of CGTase from RB01 and pRB at 60°c
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Figure 29 Effect of temperature on cyclization activity of CGTase from T16 and pT at 60°c
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35.4  Stability of purified CGTase
354.1 pH stability
The effect of pH on enzyme stability was investigated on the cyclization
activity by incubating 20 units of enzyme for one hour at 55 °c for all four enzymes
which were their optimum temperatures in buffers of varying pH prior to determination
of cyclization activity under standard assay conditions as described in section 29.2. As
shown in Figures 30-33, the cyclization activity of all strains remained stable between pH
6and 9 at 60°c. At pH b5, the cyclization activity of all strains except pT rapidly lost
activity after preincubation for 20 minutes. The cyclization activity of CGTase from pT
at pH 5 slowly declined and retained 60 % activity after preincubation at 55°C for one
hour. The cyclization activities of all strains retained up to 60% relative activity after
preincubation at pH 6 to 10, at 55°C for 40 minutes. However, CGTase from T16
preincubated at pH 6.0 to 10, completely lost the cyclization activity after 40 minutes,
excepted for pH 7. The cyclization activity of CGTase from pT was quite stable at all
pH’s up to 40 minutes after which its activity slowly declined and retained around 50%
after preincubation for one hour.,
35.4.2 Temperature stability
Each purified CGTase (20 units of enzyme) was preincubated at the designated
temperature at pH 7.0 up to one hour. Samples were taken at 5 minutes intervals and
assayed for cyclization activity as described in section 2.9.2. For RBO1, the temperature
stability pattern of the wild type and recombinant were similar. CGTases from RIB0L and
DRB retained 80% or more of their activities at 40-60°C up to one hour. At 65°c, they
were relatively stable up to 30 minutes (Figures 34, 35). At 70°c, their activity declined
rapidly from the start of incubation to a minimum around 20 minutes. The presence of
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2% starch at 70°c stabilized the enzymes which retained activity at 40% for RB and 60%
for pRB after 60 minutes.

Cyclization activity of pT (Figure 36) seemed to be more stable, retaining its
activity up to 80% after 60 minutes while activity of T16 (Figure 37) dropped to 20% at
65°c. At 70°c, cyclization activity in pT slowly declined to lower than 20% at 25
minutes while T16 lost most of its activity at 10 minutes (Figures 36, 37).  Both
enzymes could be stabilized at 70°c in the presence of 2% starch, retaining up to 50%
after 60 minutes.
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Figure 30 pH stability of cyclization activity of CGTase from RBO1.

pH stability of cyclization activity
of CGTase from pRB at 55°c
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Figure 31 pH stability of cyclization activity of CGTase from pRB.

The purified CGTase was preincubated in various pH’s at 55°c for
one hour prior to the cyclization assay.
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Figure 32 pH stability of cyclization activity of CGTase from T16.

pH stability of cyclization activity
of CGTase from pT at 55°c
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Figure 33 pH stahility of cyclization activity of CGTase from pT.

The purified CGTase was preincubated in various pH’s at 55°c for
one hour prior to the cyclization assay.
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Figure 34 Thermostability of cyclization activity of CGTase from RB atpH 7.0
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Figure 35 Thermostahility of cyclization activity of CGTase from pRB at pH 7.0

The purified CGTase was preincubated in various temperature from 40 to 70°c
for one hour prior to the cyclization assay with 200 units of enzyme at 60°c for
30 minutes.
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Figure 36 Thermostability of cyclization activity of CGTase from T16 at pH 7.0
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Figure 37 Thermostability of cyclization activity of CGTase from pT at pH 7.0

The purified CGTase was preincubated in various temperature from 40 to 70°c
for one hour prior to the cyclization assay with 200 units of enzyme at 60°c for
30 minutes.
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355 Substrate specificity of CGTase

Different types of substrate were incubated with CGTase for 30 min at 60°c, and
the cyclization activity was measured. Enzymes from RBOL, pRB, T16 and pT showed
similar substrate specificity (Figure 38). Maximum activity was observed with 6% wiv
of soluble starch and 1.5% amylopectin was a better substrate than 6% amylose.
Pullulans, glucose and maltose (all at 6%) were the poorest substrates. Only 1.5% wiv
concentration of amylopectin was used in this experiment because of its low solubility
but it attended 80% relative activity compared to 6% soluble starch. Among the
oligosaccharides used (G2-G7), G6 was the best substrate followed by G5 and G7, and
G4. Dextrin was as compatible as amylopectin as substrate for CGTase.
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Figure 38 Substrate specificity of purified CGTases.
(@) RBOL and pRB  (b) T16 and pT
Cyclization activity was measured with 200 units of enzyme. Substrates were used
at 6.0%w/v (except for amylopectin of which 1.5%) in acetate buffer, pH 6.0 incubated
at 60°c for 30 minutes
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Study of some kinetics parameters

Kinetics parameters of the coupling reaction catalyzed hy the four CGTase were
determined and compared. Based on previous study on the coupling reactions, cellobiose
was the only one among the natural occurring sugars tested that acted as a good sugar
acceptors. Cellobiose was, therefore, employed as the glycosyl acceptor for the study on
kinetic parameters of the coupling reactions with several cyclodextrins as oligosaccharide
donors.  Experiments were performed in the excess amount of cellobiose (IOmM) and
varying concentrations of several CDs (a-, P-, y-CD, glucosyl-a-CD (G-a-CD),
glucosyl-P-CD (G-P-CD), and hydroxypropyl-p-CD (HP-p-CD)). The reaction was
performed and monitored as described in section 2.15. The results were subjected to
Lineweaver-Burk plot and k m, Vivex, Kct were determined.

The Lineweaver-Burk Plot and kinetic parameters of coupling reaction of
CGTases from RBOL and pRB were shown in Figure 39 and Table 8. The km values for
the wild type enzyme were in the order HP-p-CD > a-CD > G-a-CD >y-CD > G-P-CD
>P-CD. The k) Kmrate were in the order HP-p-CD > G-P-CD > P-CD > G-a-CD > y-
CD =a-CD. The transformant enzyme showed improved K m for most of the CDs tested
except y-CD which did not change much and much higher km for a-CD. Km values for
CDs of the transformant, pRB were in the order a-CD >y-CD >P-CD> G-a-CD > HP-p-
CD > G-P-CD with keJ KmVvalues in the order of HP-P-CD > G-P-CD > P-CD> G-a-
CD >y-CD > a-CD.
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Figure 39 Lineweaver-Burk plot of coupling reaction of CGTases.
RBOL (+) and pRB (o ). Cellobiose and various cyclodextrins were used as
substrates. CDs (donor) concentrations were varied (0.5-15 mM) for
incubation with 10 mM cellobiose (acceptor) for 5 minutes at 55°c.



Table 8 Kinetic parameters of coupling reaction of CGTase from RBOL and pRB.

Cellobiose and various cyclodextrins were used as substrate.

Km

(mM)
Substrate RBOL R
- 3.777 4 10.443 #
a-Cyclodextrin 0,195 2 457
- 1,620 0.887 ¢
- 2.574 2.527 ¢
Glucosyl-a- 3.423 ¢ 0.876 +
Cyclodgxtrin 0.401 0.220
Glucosyl-(3- 2.385 0.634
Cyclodextrin 0.231 0 050
Hydroxypropytp-  4.445 + 0.718 #
yCychgexm/n : 0.298 0.044

C max
(MM min'lmg')

RBOL ORB
0.300 0.509
0.322 0.156
0.608 0.142
0.624 *0.131
0.265 0.206
0.462 0.383

RBO1

0.022

0.024

0.004

0.046

0.002

0.034

= et Were calculated from the formula, Fvex Divided by the Total Enzyme Concentration .

Acat

(sec']

PRB

0.037

0.012

0.011

0.009

0.015

0.028

Acat IKm
(mM'1sec')
RBO1 ORB
0.006 0.004
0.015 0.013
0.002 0.004
0.013 0.011
0.001 0.024
0.008 0.039
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Figure 40 and Table 9 showed the results for enzymes from T16 and pT16. T16
showed highest affinity (lower km) for HP-P'CD followed by G-a-CD, y-CD, P-CD , G-
P-CD and a-CD respectively. CGTase from pT16 also showed highest affinity for HP-
p-CD while the order of affinity slightly changed. The enzyme from pT seemed to have
improved affinity for P-CD and its glucosyl derivative. The keat/ Km ratios of pT enzyme
also seemed to be much improved for P-CD and also for HP-p-CD.
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Figure 40  Lineweaver-Burk plot of coupling reaction of CGTases.
T16 @ ) and pT (). Cellobiose and various cyclodextrins were used as
substrates. CDs (donor) concentrations were varied (0.5-15 mM) for
incubation with 10 mM cellobiose (acceptor) for 5 minutes at 55°c.



Table 9 Kinetic parameters of coupling reaction of CGTase from T16 and pT.
Cellobiose and various cyclodextrins were used as substrate.

Km V/ max Acat Acat IKm

(mM) (MM min'lmg') (sec'] (mM'1sec')
Substrat Ti$ ol Ti$ il Ti$ T Ti$ T
aCyclodextrin S8 SER? 035 0577 0003 004 oo 0007
PCyclodextrin 890 &R 025 026 002 000 oo 0018
yOyoderin -~ §%06% ALt og3 05 0098 0016 004 0007
S 1 b 042 028 0L 0019 0013 0007
Sobll g gt o oM 007 oo 000 0006
vary%fggggw- gy st 0453 0191 0004 0015 0003 0.019

* axat Were calculated from the formula, rinax Divided by the Total Enzyme Concentration.



35.7 Product analysis by High Performance Liquid Chromatography

The reaction mixture containing 25 ml 0f 2.0% soluble starch in 0.2 M phosphate
buffer, pH 6.0 was incubated with 0.5 ml enzyme at 40°c for 24 h and reaction was
stopped by incubation in boiling water bath for 10 min. (3-amylase (20 wiT) was added
to the aliquot and the mixture was incubated at 25°c for 3 hours. The HPLC analysis of
the resulted mixture revealed the presence of mainly 2 types of CDs. It was found that
CGTase from wild types and transformants produced mainly (3-CD. However, T16 gave
almost equal amount of all three CDs with slightly higher amount of y-CD. The ratio of
a: @y-CDwas 057 : 1:0.13 for RBOL, 0.21 1 0.05 for pRB, 0.83 : 1: L1 for T16
and 0.25 : 1: 051 for pT (Figure 40 and Table 10)
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Figure 41 HPLC chromatogram of CDs produced by purified CGTase and standard
cyclodextrins (Ot-CD, (3-CD and y-CD).

(a-d) standard CD, e-h) CGTase from RB, pRB, T16 and pT, respectively.
Lichrocart-NH2 column was used. Acetonitrile : water (70 : 30, v/v) was used as
eluent at 16 ml/min flow rate,



Table 10 CD products of purified CGTase determined by HPLC.

RB01
PRB
T16
T

a-CD

5.88
5.65
3.294
2.96

Area Peak
p-CD

10.28
21.44
345
11.66

y-CD

138
135
541
5.95

Ratio
a.py
057 1:0.13
021 1 005

095:1 157
0.25 1 051
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