CHAPTERIII

MATERIALS AND METHODS

1. Equipments
Autoclave: Model HA-30, Hirayama Manufacturing Corporation, Japan.
Autopipette: Pipetman, Gilson

Centrifuge: Refrigerated cm&@/y) J-21C, Beckman Instrument Inc.,
Centrifuge: Microce h" Spe 1110 Mikro 22R Hettich
g W‘g p m—.M\NﬂR

Zentrifugen, Germ

Incubator: Model OB- Sa n ’ﬁc Inc S.A.
Magnetic stirrer

Co.KG, Japan

Transformatlon i --,..--.------,_,._,.;__-._-.:...:.-:.: _____ .4

uid chromatograph;

High performance fi |
Orbital shaker: Gal nkamp, Germany.
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Acetomtnle (HPLC grade), Lab Scan, Ireland.

o-, B- and y-cyclodextrins, Sigma, U.S.A.

Soluble starch, Sigma, U.S.A.

Tris-base, USB, U.S.A.

Boric acid, Merck, Germany.

Ethylenediamine tetraacetic acid (EDTA), Fluka, Switzerland.
Sodium dodecyl sulfate, Sigma, U.S.A. i



Sodium hydroxide, Carlo Erba, Italy.
Hydrochloric acid, Lab Scan, Ireland.
Sodium chloride, Univar, Australia.
Glacial acetic acid, BDH, England.
Glucose, Sigma, U.S.A.

Calcium chloride, Merck, Germany.

Sodium citrate, Carlo Erba, Italy.

Di-Sodium hydrogenphosphate, Fluka, Switzerland.
: , [taly.

Ethidium bromide, Sigma US.A.
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Tryptone, Merck, Germany.

Agar, Merck, Germany.
Methanol, Scharlau, Spain.
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3. Bacterial strains
Escherichia coli IM109 (F’, traD36, proA”, proB”, lacl, lacZAMI5 recAl,
endAl, gyrA96, thi, hsdR17, supE44, relA1, A(lac-proAB, mcrAd) was uséd for
DNA manipulation.
Escherichia coli BMH 71-18 mutS (F’, prod™, proB”, lacl’, lacZAMI5/mutS:Tn10

thi, supE, A( lac-proAB) was used for mutagenesis.

4. Plasmid vector
A plasmid pVR.’m;g ontamlng the B-CGTase gene from

B. circulans All (orgam onga Yaglsawa 1987), was used for

mutagenesis and const ave mutation regions.

5. Enzymes

6. Media preparation ¢ =,

61 Lﬂw’awm@wmm

LB “brotH consists of 1% B%ctotryptone 0.5% yeast extract and 0.5% NacCl,
AR RO R 2] 6] 2

6.2 LB-starch agar

LB-starch agar consists of 1% Bactotryptone, 0.5% yeast extract, 0.5% NaCl,
1.5% agar and 1% soluble starch, supplemented with 100 pg/ml ampicillin when
needed. LB-starch agar was used for the detection of starch degadating activity of
CGTase. |
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7. General techniques in genetic engineering

7.1 Preparation of competent cells

A single colony of E. coli IM109 or JC8679 was cultured as a starter in 5 ml of
LB-broth and incubated at 37°C with 250 rpm shaking for 24 hours. The starter was
diluted in 500 ml of LB-broth, and the culture was incubated at 37°C with 250 rpm
shaking until the optical density at 600 nm of the culture reached 0.5-0.6 (~3-4 hours).

The culture was chilled on ice for 15 minutes and the cells were harvested by
centrifugation at 8,000 x g for 15 minutes at 4°C. The supernatant was removed. The
cell pellet was washed twice with 1 volum'é.v-ﬁ_pd 0.5 volume of cold sterile water, =~
respectively. The cells were resuspende;_q and cen{r;fuged at 8,000 x g for 15 minutes
at 4°C. The supernatant was-discarded. The pellet was washed with 10 ml of ice cold
sterile 10% (v/v) glycerol, a ﬁnally resuspended in a final volume of 1-2 ml of ice-
cold sterile 10% glyca/‘nzﬁde celllsusger‘l:smn was divided into 40 pl aliquots and

store at -80°C until used: .
F Fr-. A
7.2 Electroporatiom = = B "
The competent cells ﬁvgre‘; :thawea_;.og ice. Fourty microlitres of the cell
; . » ' . . ! ..
suspension were mixed Wwith 1-2 yl-of the ligation mixture or mutagenesis mixture,
r
mixed well and placed on ice fdt‘ T mmute “The mixture was electroporated in a cold

0.2 cm cuvette with the apparatus: setting as _2‘545F 200 Q of the pulse controller unit
and250kV. 3 £) ‘

il I

After one puI{r: was applied, the cells were resus;éended in 1 ml of LB broth

and incubated at 37°C-for 1 hour with shaking at 250 rpm One hundred microlitres of
the suspension.were spread-on.the LB-starch agar.

7.3 Plasmid preparation' (Bimboitn and Doly, 1979)

Plasmid harboring cells wer€ cultured in LB broth (1.5 ml),and harvested by
centrifagation at 8,000, g, 4°C for L minute. The packed cells \were" fesuspended in
100 pl of Solution I (25 mM Tris-HCI, pH 8.0, 10 mM Na,EDTA and 50 mM
glucose), mixed by vortexing well. Then 200 ul of Solution IT (1% SDS, 0.2 N NaOH)
was added, mixed by inversion and kept on ice for 5 minutes. The mixture was
neutralized by adding 150 ul of Solution III (3 M sodium acetate, pH 5.2 ), mixed by
inversion and kept on ice for 10 minutes. After centrifugation at 10,000 x g for 10
minutes, 10 mg/ml of RNase A was added to the supernatant to give a final

concentration of 10 pg/ml and incubated at 37°C for 20 minutes. The supernatant was



extracted with one volume of phenol:chloroform (1:1). Two volumes of absolute
alcohol were added, mixed and stored at —20°C for 30 minutes. The plasmid was
pelleted by centrifugation at 10,000 x g, washed with 70% ethanoi and vacuum dried
for 10 minutes. The pellet was dissolved in TE buffer.

For DNA sequencing, QIAprep Spin Miniprep Kit was used for preparing
plasmid DNA and performed according to the kit protocol. Briefly, plasmid-harboring
cells were cultured in LB broth (1.5 ml) and harvested by centrifugation at 8,000 x g,
4°C for 1 minute. The pelletted bacterial pr{;lls were resuspended in 250 pl Buffer P1
by vortexing until the cell clumps were not J sﬂr Added 250 pl Buffer P2 and gently
inverted the tube 4-6 times the mixture shotild become viscous and slightly clear.
Then added 350 pl BufferiN3; the
6 times and centrifuged*for 10 minute at 10,000 x g. The supernatant was applied to

lution became eloudy, gently inverted the tube 4-

the QIAprep Spin ¢ centrifuged for 1. minute. The flow-though was

. i

o/
discarded. Buffer PB was ad angd c'_é_ﬁltrifuged for 1 minute. The column was
washed twice with Buffe éenjriﬁqhed for 1 minute. Finally, the elution buffer
was added to the center of th QIA]'g:rep !éiﬁ%p golumn to elute the DNA, the column

was left stand for 1 minute, and then centrifuged for 1 minute.

7.4 Agarose gel e ctr;o’i;héresis —_::_TT:‘_J}

To measure the size Qf,IETA usi@ﬂ agarose gel in TBE buffer (98 mM
Tris-HCI, 89 mM Qobc acid and 2.5 mM EDTA, _pi&ﬁ),, DNA samples with 1x
tracking dye were 165@@ into the wells. The gels were fl;qjat 100 volts for 1 hour or

until bromophenol blug reached the bottom of the gel. After electrophoresis, the gels

were stained with ethidium b\‘romide solution (2.5 pg/ml) for 2-5 minutes, and the
DNA bands were wvisualized under! UV light from the UV transilluminator. The
pictures of gels were recorded by using a CCD camera. The sizes of DNA fragments
were deterinined by eomparing the relative mabilities with ‘those) of standard DNA
fragments (A/HindIII marker).

7.5 Extraction of the DNA fragment from the agarose gel

The QIAquick gel extraction kit was used for extracting DNA fragment from
the agarose gel, and performed according to the kit protocol. Briefly, a gel piece
containing the DNA fragment was excised from an agarose gel, added 3 volume of
buffer QG and incubated for 10 minutes at 50°C. After the gel slice had dissolved
completely, the sample was applied to the QIAquick column, and centrifuged for 1
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minute. The flow-through was discarded. Buffer QG was added and centrifuged for 1
minute. The column was washed twice with buffer PE and centrifuged for 1 minute.
Finally, the elution buffer was added to the center of the QIAquick membrane to elute
the DNA, the column was left stand for 1 minute, and then centrifuged for 1 minute.

7.6 Preparation of the single stranded plasmid

Single-straned plasmid was prepared from pVR328, a pUC119 plasmid
carrying the B-CGTase gene from B. circulans All, by using helper phage M13KO7.
A single colony of E. coli IM109, contaifning pVR328, was inoculated in LB broth
containing ampicillin 50 pg/ml and incuhé}(id/&vith shaking at 37°C for 2-3 hours.
Then, the culture was added the helper phage @08 pfu/ml and grown at 37°C for
1-2 hours with vigorous _@iﬂg- The Gulture was added kanamycin to 70 pg/ml to

et grown at 37°C for 12-18 hours with vigorous

select for infected cells -
shaking. The 1.5 ml of the€€ll ulture was centrifuged for 5 minutes at 10,000 x gina
microcentrifuge. The sup as removed to a fresh tube. The supernatant was
added 150 pl of a soltition’ containing 2 70, PEG6000 and 2.5 M NaCl, mixed and

incubated to allow thedphage particles to precipitate on ice for 30 minutes. The

mixture was centrifuged for 1 mmptes atff.a 000 x g to collect the phage precipitate.
s - "i"
1n£'9,_|f?.__- _}.ll of err and 10 pul of 3 M NaOAc. The

supernatant was extracted with prﬁolume@é}ol:chlorofonn (1:1). Two volumes of

The pellet was resuspende

- v 1J_:"q_:-'a-

-

absolute alcohol were,added, mlxed and stored at —20°C for 30 minutes. The single
g — '

stranded plasmid wai?pelleted by centrifugation at lO,‘O_QQF x g, washed with 70%

ethanol and vacuum dxied for 10 minutes. The pellet was gi}issolved in TE buffer.

7.7 Phosphorylation of the oligonucleotides

Three mutagenic oligonucleotides, purchased from Biobasic Inc., Thailand,
were phosphorylated before use in the mutagenesis procedure. Approximately 100-
200 pmol ofa oligonucleotige was mixed) with, 10,  of kinase yubof 10X kinase
buffer and 1 pl of 10 mM of ATP and incubated at 37°C for 1 hour. Theén, the reaction
mixture was heated at 70°C for 15 minutes to stop the reaction. Then the reaction was

spun for 1 minute and stored at -20°C.

8. Mutagenesis of B-CGTase gene in pVR328 by using USE procedure
Three mutagenic primers were designed according to the amino acid regions in

B-CGTase that are different from those of y-CGTase. The nucleotide sequences of the
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three primers are shown in Figure 17. For the screening of the mutants, primers 1, 2

and 3 were also designed to create Smal, EcoRV and Nrul sites at the mutation sites,

respectively.

PRIMER 1 (46mer)

5¢ GCCATGATMGCCGT TCCCGGGTGCACGCTGTAGA’IATTC 37

—

coRV
5 mcc@ny@c ATGGTTC 3’
T —

Figure 17. Oligonucl
shaded.

o~

As summarized in Fig. T&s‘ﬂ’m USE@CHC is procedure involved the use of
single stranded plasmid containing }% gene and mutagenic primers.

d 3 along with 50 ng of

ess ehmlnates the Scal

Approximately 50 t\e-}f the kinased mutage ;’{I]
- LR

the kinased reference’m utagemc ScaI prim

site in ampicillin resistant gene were annealed to 40 ng oiﬂxe single-stranded plasmids

in 10 pl reacti contaihifig annealing buffér (200 mM of Tris-HCI, 100 mM of
MgCl, and SOﬁj:M 1) ﬁ ﬁl\w %}tf]cmlg to room temperature,

the mixture was placed on ice. Theny 6 ul of an enzyme mixture gontaining with T7

o o D) L ) B a0

were added and incubated at 37°C for 1-2 hours. Upon transformation into an E. coli

strain BMH71-18 mutS, a mixture of plasmids was generated by culturing the
transformation mixture in the presence of 50 pug/ml ampicillin overnight, pelleting the
cells and preparing the plasmids. The plasmid mixture was digested with Scal and
transformed into an E. coli strain JM109 to separate individual clones. Colonies were
cultured for plasmid miniprep and screened for the plasmids with added restriction

sites by using restriction enzyme digestion.
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The DNA sequences around the mutation sites were sequenced and subcloned
into the same location in the original plasmid (pVR328) to avoid possible other

mutated sequenced in the mutated plasmids.

1

l ----‘:."“\_m-”'\_;\\\’§ ‘ V//{/ﬁm of the mutant strand with T7

-~ m“rase and T4 DNA ligase

—-

N
WBMH 71-18 musS cells with
enesis reaction mixture.

“Digest with the restriction enzyme that is
utated in the mutated plasmid.

- S Tran 09 cells. )
plasmids. ‘
o Spelect the muiant plasmids by restriction

dentify the new restriction sites
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9. Sequencing of mutant plasmids

The primers from a set of five primers (Biogenomed Inc., Thailand), designed
for the sequencing of the whole CGTase gene were used in the sequencing of the
mutant sites as well as the nearby DNA sequences, according to the CEQ2000 Dyé )

Terminator Cycle Sequencing with Quick Start Kit protocol. Briefly, approximately
200 ng of plasmid was mixed with approximately 10 ng of DNA primer and amplified
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by thermal cycling (96°C for 20 seconds, 50°C for 20 seconds and 60°C for 4 minutes
for 30 cycles) and finally held at 4°C. The DNA was cleaned up by ethanol
precipitation by adding 4 ul stop soluﬁon (1.5 M NaOAc + 50 mM EDTA) and 1 ul of
2 mg/ml glycogen to each reaction tube, transferring the sequencing reaction to the
microfuge tube and adding 60 pl cold 95% ethanol and centrifuged at 12,000 x g for
20 minutes. The pellet was rinsed with 200 pl 70% ethanol and centrifuge at 12,000 x
g for 5 minutes for 2 times. The pellet was vacuum dried and resuspended in 40 pl of
the sample loading solution. The sample yas transferred to the CEQ sample plate and
overlaid with one drop of light mineral oil. %ﬂ/&s}nple plate was loaded into the CEQ

sequencer, and the sample was sequenced by starff" ng the desired instrumental method.
J

g— - -
10. Construction of recyntlﬁ/ t plasmids containing various combination of the

mutant sites :
The mutated sites i

in pVR328. The pl
remove DNA fragments containing the ri-riatant sites. The DNA fragments were gel

uitdted plasmids were subcloned into the same sites

— ot
1ds" were' digested with appropriate restriction enzymes to

purified using agarose gel€le opho.resns a.n eluted with Qiaquick gel extraction kit.
The eluted fragments were gated to the= p’tfR}ZS at the same restriction sites that

o

flank the mutant sites. The llgatlorrreactlomere incubated for 16-24 hours at 16°C.

"-n ‘a_

The ligation products iwere transformed mto the E. coli Jl\ﬂ 09 and plated on the LB -

agar containing 100 yﬂml of ampicillin at 37°C for an O\Ldmght Each transformant
was grown on LB-brotﬂthor plasmid preparation. The rec&mblnant plasmids were first
screened- for the presence of new restriction enzymes. The cloning sites were also
checked by restriction enzyme ‘digestion/ The recombinant plasmids were constructed

such that they céntained all possible combinations of the three mutant sites.

11. Detection of mutant CGTase activity
11.1 Dextrinizing activity

11.1.1 Halo zone on LB-starch agar

E. coli JIM109 cells, containing a CGTase plasmid, were plated on a
LB-starch agar plate and incubated at 37°C for 24 hours. The halo formation was '

observed after iodine solution (0.02% I, in 0.27% KI) was sprayed.
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11.1.2 Dextrinizing activity assay (Fuwa, 1954)

CGTase sample (100 ul) was incubated with 0.3 ml of 1% soluble
starch in 0.2 M phosphate buffer, pH 6.0 at 37°C for 10 minutes. The reaction was
stopped by adding 4 ml of 0.2 N HCI. Then 0.5 ml of iodine reagent (0.02% L, in 0.2%
KI) was added. The mixture was adjusted to a final volume of 10 ml with distilled
water and its absorbance at 600 nm was measured.

One unit of enzyme is defined as the amount of enzyme, which
produces 10% reduction in the intensity of the blue color of the starch-iodine complex
per minute under the described condition. /j/

112 CD formlng activity a . "{_g
E. coli IM109 ceus,.-eorrtalmng he CGTase plasmld were grown at 37°C for

16 hours in LB broth M ed  Supernatant (200 pl) was incubated with 0.5 ml of

1% soluble starch at 37 nd 124 urs, After boiled, the mixture was treated for

- . .
an overnight with abou# 30 glucoamylase to digest the remaining starch and

oligomers formed from CGT A*ftgf stgi;fnpi.hg the glucoamylase reaction by boiling
for 10 minutes, the reactio clar‘iﬁed’ﬁ“'y, centrifugation. The cyclodextrin samples
were filtered through the0.45 p metﬁbranef E,lters The samples were injected into the
HPLC sherisorb-NH, column (0146 %25 mm)'_ééd detected by RI detector. The eluent
was 70% (v/v) acetomtrlle in water and the :ﬂaw ‘rate was 1 ml/minute. The a-, 3- and
v-cyclodextrins wece,ldentlﬁed by comparing the reterglgn times to those of the
standard mixture o'ffa— B- and y-cyclodextrins (20 m‘gflml each). F or- quantitive

analysis, peak area ced'respondmg to each cyclodextrin® was used to calculate the

cyclodextrin product ratios;
12. Protein determination (Lowry e al., 1951)

The protein‘sample was mixed with 2.5 ml of 'solution C*(Appendix A), and
stood at'room temperature for 5-10 minutes. Then 0.25 ml of solution D (Folin-
Ciocalteu phenol reagent) was added and mixed. After 20-30 minutes, the wavelength
of 750 nm was measured. The protein concentration was calculated from a standard

curve of bovine serum albumin.
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