
C H A P T E R  I I
M A T E R I A L S  A N D  M E T H O D S

2 .1  E q u i p m e n t s
A utoclave (M L S-3020, SA N Y O  electric  C o., L td., Japan)
A utopipette  (Pipetm an, G ilson, F rance)
B enchtop  centrifuge (Sorvall B iofuge P rim o, K endro L aboratory Products L.P., 

U SA )
B ioreacto r (B ioFlo lie , N ew  B runsw ick  Scien tific , U SA )
E lectrophoresis unit (G elm ate 2000, T O Y O B O  Co., Ltd., Japan)
E lectroporato r (M icroPulser™  elec troporato r, B io-R ad L aboratories, Inc., U SA ) 
G el D oc (B ioD oc-It®  Im aging System  w ith  M -20 uv Transillum inator, U V P® , 

Inc., U SA )
H igh Perform ance L iquid C hrom atography  (C L A SS-V P lOAyp, SH IM A D ZU , 

Japan)
M agnetic  hotplate stirrer (C H -1E , N ickel E lectro -C lifton , U K )
M icrow ave oven (TR X 1500, T u rb o ra  In ternational Co., Ltd., K orea) 
pH  electrode (m odel no. 405-D P A S -S C -K 8S /225 , M ettler-T oledo, Sw itzerland) 
pH  m eter (S20-K  SevenE asy™ , M ettler-T o ledo , Sw itzerland)
Polarographic electrode (InPro® 6800 Series (ว2 Sensors, M ettler-Toledo, 

Sw itzerland)
Pow er supply  (PO W E R  PA C 300, B io-R ad, U SA )
Scanner (C anoSan L iD E 100 C o lo r Im age Scanner, C anon, T hailand)
R efrigerated  centrifuge (A vanti J-30I H igh-P erform ance C entrifuge, B eckm an 

Coulter, Inc., U SA )
R everse phase colum n chrom atography (C R O W N P A K  C R (+) colum n, 150 m m  X 

4 m m  ID, D aicel Chem ical Industries, Ltd., Japan)
Shaking incubator (E xcella  E 24R , N ew  B runsw ick  Scientific, U SA )
Solvent filtration  apparatus (Part no. 0210-0005, 1 L flask 40/35, 300 m L glass 

funnel, fritted glass support base 40/35, 47 m m  alum inum  clam p, Vertical 
C hrom atography Co., L td., Thailand)
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Sonicator (V ibra cellTm, SO N ICS &  M A T E R IA L S , Inc., U SA )
Spectrophotom eter (B eckm an DU 530, B eckm an  C oulter, Inc., U SA ) 
Spectrophotom eter (D U  Series 650, B eckm an Instrum ent Inc., U SA )
T herm oblock R eactor (M D -01-220, M ajo r Science, U SA )
Therm o cycler (M astercycler®  Fam ily, E ppendorf, G erm any) 
uv T ransillum inator (M acroV ue™  U V -25, Floefer Inc., U SA )
V acuum /pressure pum p (M odel num ber. W P 6 1 11560, M illipore Inc., USA)
V ortex shaker (T opm ix F B I5024, T h erm o  F isher Scientific Inc., U SA )
W aterbath (W B 14, M em m ert, G erm any)

2 .2  D i s p o s a b l e  m a t e r i a l s
M em brane filter (G SW G 047S6, 0.22 |jm , 47 m m , w hite gridded, sterile, m ixed 

cellulose esters, M illipore Inc., U SA )
M em brane filter (M idisart 2000 , 0 .22  pm , 64 m m , PTFE, sterile, Sartorius 

Stedim  Biotech S.A ., G erm any)
M em brane filter (N Y LO N  M em brane filters, 0.45 pm , 47 m m , V ertical 

C hrom atography Co., Ltd., Thailand)
M icrocentrifuge tube (1.5 m L m icrocen trifuge  tube, M C T -150, A xygen Inc., 

U SA )
PCR tube (0.2 m L thin-w all do m ed -cap  PCR tube, PC R -02D -C , A xygen Inc., 

U SA )
Pipette tip (10 pL , 200 pL  and 1000 p L  pipette tip, A xygen Inc., U SA )
Syringe (3 m L, 5 m L and 20 m L  d isposab le  syringe, N issho  N ipro  Co., Ltd., 

Japan)
Syringe filter (0.2 pm , 13 m m , V e rtiP u re rM PTFE, V ertical C hrom atography Co., 

Ltd., T hailand)

2 .3  M a r k e r s
L am bda D N A ////ndIII M arker (# S M 0 1 0 3 , Ferm entas Inc., U SA )
Protein  m olecular w eight m arker (#S M 0 4 3 1 . Ferm entas Inc., U SA )
100 bp D N A  m arker (#SM 0334, F e rm en tas  Inc., U SA )
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2 .4  K i t s
G el/PC R  D N A  fragm ent ex traction  kit (D F 300, G eneaid, B iotech Ltd, Taiw an) 
H igh-speed plasm id m ini kit (PD 300, G eneaid , B iotech Ltd, T aiw an)

2 .5  C h e m i c a l s
A cetylacetone (C arlo Erba, Italy)
A crylam ide (S igm a, U SA )
A gar, B acteriological grade (C riterion, U S A )
A garose (FM C  B ioproducts, U SA )
A m m onium  persulphate (Sigm a, U SA )
A m m onium  sulphate (C arlo Erba, Italy)
A m picillin  sodium  salt (US B iological, U K )
B ovine serum  album in (Sigm a, U SA )
B rom phenol blue (M erck, G erm any)
C hloroform  (Lab Scan, Thailand)
C oom assie brilliant blue R -250 (S igm a, U S A )
F olin-C iocalteu  phenol reagent (C arlo  E rb a , Italy)
E thidium  brom ide (Sigm a, U SA )
E thylenediam inetetraacetic  acid d iso d iu m  salt, ED TA  (M erck, G erm any) 
G lycerol (A jax F inechem , A ustralia)
Isopropyl-P-D -thiogalactopyranoside (IP T G ), D ioxane Free (U S B iological, U K ) 
P-m ercaptoethanol (Fluka, Sw itzerland)
M ethanol, H PLC  grade (M erck, G erm an y  and LAB SC A N , T hailand)
N, iV’-m ethylene-bis-acrylam ide (S igm a, U SA )
P-N icotinam ide adenine dinucleotide, N A D + (Sigm a, U SA )
Pancreatic d igest o f  casein  (C riterion , U S A )
Phenol (BD H , U K )
L-phenylalanine (S igm a, U SA )
Phenylm ethylsulfonyl fluoride, P M S F  (S ig m a , U SA )
Potassium  hydroxide (A jax Finechem , A u stra lia )
Silicon antifoam  agent (A jax F inechem , A ustra lia)
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Sodium  dodecyl sulfate (Sigm a, U SA )
Sodium  m etaperiodate (BD H , U K )
A(A(AUjV’-te tram eth y l-l, 2 -d iam inoethane, T E M E D  (C arlo Erba, Italy)
Y east ex tract (Scharlau, Spain)

O ther com m on chem icals w ere p roducts obtained from  Sigm a, U SA ; B D H , U K; 
Fluka, Sw itzerland; M erck, G erm any; A jax Finechem , A ustralia; C arlo  Erba, Italy; 
and Lab Scan, Thailand.

2 .6  E n z y m e s  a n d  r e s t r i c t i o n  e n z y m e s
L ysozym e (S igm a, U SA )
P fu  D N A  polym erase (Prom ega, U SA )
Proteinase K (S igm a, U SA )
R estriction  enzym es (N ew  E ngland B ioL abs, Inc., U SA )
R N ase A (S igm a, U SA )
T4 D N A  ligase (N ew  England B ioL abs, Inc., U SA )

2 .7  B a c t e r i a l  s t r a i n s  a n d  p l a s m i d s
The bacterial strains and p lasm ids used a re  show n in Table 2.1.

E. c o li B L21(D E3) was the  host strain used to overexpress all genes 
throughout th is  w ork. E. c o li TO P 10 w as used  as the source o f  genom ic D N A  for 
am plification o f  a roB , a roL , g lp F , g lp K , p heA , tk tA  and yddG  genes.

pE T -22b(+) (5,493 bp), co n ta in in g  an am picillin  resistance gene as 
the selection m arker gene, w as used  as c lon ing  vector for a ro L , p heA , and yddG  
genes. pR SFD uet-1 (3,829 bp), con tain ing  a  kanam ycin  resistance gene, w as used as 
an expression  vector. The restriction m aps o f  these plasm ids are show n in A ppendix 
A and B.

For short-term  storage, all constructed  recom binant strains w ere m aintained on 
Luria-B ertani (LB ) agar (1%  peptone from  case in , 0.5%  yeast extract 0.5%  N aC l and 
1.5% agar, pH  7.4) containing e ith er 100 pg/m L  o f  am picillin  or 30 pg/m L  o f  
kanam ycin depending  on the selective m ark er on plasm id. A gar plates w ere incubated 
at 37 ๐c for 18 h and then stored at 4 °c. T h e  strains w ere subcultured once a m onth.



Table 2.1 E. c o li strains and plasmids used throughout this work

D esc rip tio n S o u rce

Strains

B L21(D E3) F” om p T  hsdS[](jB~ 1ทร') g a l dcm  (D E3) N ovagen, M erck

TO P 10 F- m c rA  A (m rr -h s d R M S -m c rB C )  (p80/acZAM 15 A /acX 74 re c A l Invitrogen, CA

a ra D \3 9  A {a ra - le u )  7697 g a l l ]  g a lK  rp s L  (S trR ) e n d A l ทนp G

Plasm ids

pET-17b Expression vector w ith  T7 prom oter N ovagen, M erck

pET-22b (+) E xpression vector w ith  T 7/ac prom oter N ovagen, M erck

pRSFDuet-1 Expression vector w ith  T l la c  p rom oter contain ing  tw o m ultiple cloning sites N ovagen, M erck

pB LPheD H B. len tus phedh  gene inserted under T7 p rom oter o f  pET-17b T hongchuang, 2006

pPheD H B. len tus phedh  gene inserted under T 7 /ac  p rom oter o f  pR SFD uet-1 This study

pETA roL E. c o li TO PIO  a ro L  gene inserted under T l l a c  p rom oter o f  pE T -22b(+) This study

(continued)



Table 2.1 E. co li strains and plasmids used throughout this work

D esc rip tio n

pE T Y ddG E.

pE T PheA E.

pA roL E.

pY ddG E.

pPheA E.

pA roB E

pG lpF E.

pTktA E.

pG lpFK E.

pPT Ez

S o u rce

This study 

This study 

This study 

This study 

This study 

This study 

This study 

This study 

T his study 

T his study

(continued)



Table 2.1 E. c o ll strains and plasmids used throughout this work

D esc rip tio n S o u rce

pPTF Each phedh, tk tA  and g lp F  preceded by l i l a c  p rom oter and ribosom e b inding site inserted into 
pRSFDuet-1

This study

pPTFK Each phedh, tk tA , g lp F  and g lp K  preceded by l i l a c  prom oter and ribosom e binding site inserted  into 
pRSFD uet-1

This study

pPTFB Each phedh, tk tA , g lp F  and a ro B  preceded by l i l a c  prom oter and ribosom e binding site inserted into 
pRSFD uet-1

This study

pPTFB L Each phedh, tktA , g lp F , a ro B  and a ro L  p receded by l i l a c  p rom oter and ribosom e binding site inserted 
into pRSFD uet-1

This study

pLY Each a ro L  and yddG  preceded by T 7 /ac  prom oter and ribosom e binding site inserted  into pR SFD uet-1 This study

pLY A Each a ro L , yd d G  and pheA  preceded by l i l a c  p rom oter and ribosom e binding site inserted into 
pRSFD uet-1

This study

pPT FB L Y Each phedh, tk tA , g lp F , a roB , a ro L  and yddG  p receded by l i l a c  p rom oter and ribosom e b inding  site 
inserted into pR SFD uet-1

This study

pPT FB L Y A Each phedh, tk tA , g lp F , a roB , a ro L , yddG  and pheA  preceded by l i l a c  p rom oter and ribosom e b inding 
site inserted into pR SFD uet-1

This study

(continued)
NJ



Table 2.1 E. co li strains and plasmids used throughout this work

D esc rip tio n S o u rce

pPY Each phedh  and yddG  preceded by l i l a c  p rom oter and ribosom e binding site inserted into pR SFD uet-1 This study

pPY F Each phedh, yddG  and g lp F  preceded by T 7/ac p rom oter and ribosom e binding site inserted into 
pRSFD uet-1

This study

pPY FK Each phedh, yddG , g lp F  and g lp K  preceded by l i l a c  p rom oter and ribosom e b inding site inserted into 
pRSFD uet-1

This study

pPT Y Each phedh , tk tA  and yd d G  preceded by T 7/ac prom oter and ribosom e b inding site inserted into
pRSFD uet-1

This study

pPT FY Each phedh, tk tA , g lp F  and yddG  preceded by T 7 /ac  prom oter and ribosom e b inding  site inserted into 
pR SFD uet-1

This study

pPTFK Y Each phedh, tk tA , g lp F , g lp K  and yd d G  preceded by l i l a c  p rom oter and ribosom e b inding  site inserted 
into pR SFD uet-1

This study

pPT FB Y Each phedh, tk tA , g lp F , a ro B  and yd d G  p receded by l i l a c  p rom oter and ribosom e binding site inserted 
into pR SFD uet-1

T his study

น)น ิ
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For long-term  storage, the  glycerol stock  o f  each strain w as p repared  and stored at
-8 0  ° c .

2 .8  O l i g o n u c l e o t i d e s
O ligonucleotide synthesis w as perfo rm ed  by 1st B A SE, Singapore. 

The o ligonucleotide prim ers used for p o ly m erase  chain reaction (PC R ) am plification 
and D N A  sequencing are show n in T ab le  2 .2  and  Table 2.3, respectively .

2 .9  S u b c l o n i n g  o f p h e d h  g e n e  t o  p R S F D u e t - 1  v e c t o r

2 .9 .1  P la s m id  e x t r a c t io n
The E. c o li B L21(D E 3) h a rb o rin g  previously  constructed  pB LPheD H  

(4,388 bp), pE T -17b (A ppendix C) in serted  w ith  B. len tus phedh  under T7 prom oter, 
w as grow n in 5 m L o f  LB m edium  (1 %  p ep to n e  from  casein, 0 .5%  yeast extract and
0.5%  N aC l, pH  7.4) supplem ented w ith  100 p g /m L  am picillin  at 37 ° c  for 18 h w ith  
shaking at 250 rpm. The cell culture w as co llected  by centrifugation  at 12,000xg 
for 1 m in. Then, the plasm id was ex trac ted  using the high-speed p lasm id m ini kit. 
The obtained plasm id solution w as u sed  as D N A  tem plate for phedh  PC R  
am plification. U ltim ately , D N A  co n cen tra tio n  was estim ated using subm arine agarose 
gel electrophoresis by com paring th e  in ten sity  o f  the fluorescence o f  ethidium  
brom ide-D N A  com plex w ith  know n am o u n t o f  X /H in d l l \  m arker.

2 .9 .2  A g a ro s e  ge l e le c t r o p h o r e s i s
The appropriate am ount (g) o f  ag a ro se  (norm ally, 0.7 or 1.0 g used) relying 

on the size o f  the D N A  fragm ents to b e  separated, was added to 100 m L o f  
electrophoresis buffer (89 m M  T ris-H C l, 8 .9  m M  boric acid and 2.5 m M  ED TA , 
pH  8.0) and m elted in a m icrow ave oven . T h e  solution w as cooled  to about 55-50 ° c  
before pouring into the casting tray in serted  w ith  proper com b and allow ed to solidity. 
The D N A  sam ples w ere m ixed w ith  6x lo ad in g  buffer (30%  glycerol and 0.25%  
brom phenol blue), then loaded into the  g e l. E lectrophoresis w as run at constant 
voltage o f  100 volts until the brom ophenol b lu e  loading dye front approached the end



Table 2.2 The oligonucleotide primers used for PCR amplification in this work

P r im e r  S eq u en ce  r m (°C ) R e s tr ic tio n  site  D irec tio n

phedh-AW d 5 '-G G A  A T T  C CA  TA T G A G  C T T  A G T  A G A  A A A  A A C  A TC  C A T C A T A -3 ' N c M  Forw ard

phedh~£doRV  ร ,-A TC T T A  G TT G C G  A A T A TC  C C A  TT T  TG G  C T T  A A -3 ' 58 -5 Three bases o f  R everse
E c o R V

aroL-AW d 5 '-G G A  A T T  C CA  TA T G AC A C A  A C C  T C T  TT T  T C T  G A T C G G -3 '

aroL-ATid 5 '-C C G  C TC G A G  TC A  A C A  A TT G A T  C G T C TG  TG C  C A G  G -3 '

yddG-AW d 5 '-G G A  A T T  C CA  T A T  G AC A C G  A C A  A A A  A G C  A A C  G C T  C A T A -3 '

yddG-ATwI 5 '-C C G  C TC G A G  TTA  A C C  A C G  A C G  T G T  C G C  C A G  CC-3 '

pheA -A fad 5 '-G G A  A T T  C CA TA T G AC A TC  G G A  A A A  ccc G TT A C T  G G -3 '

pheA -£coR I 5 '-C G G A A T  T C T C A G  G TT G G A  TC A  A C A  G G C A C T  A CG -3 '

T 7 -B a m U l 5 '-CG C G G A  TC C  A C G  G CC G C A  T A A  T C G  A A A  T T A  A T A  C G -3 '

aroL - A s c ]  5 '-T T G G C G  C G C  C TC A A C A A T  TG A  TC G  T C T  G TG  C C A  G G -3 '

Nde  I
60.0

X h o l

Nde  I
60.0

X h o l

N d e l
60.0

E c o R l

B am V ll
50.0

A sc l

Forw ard

R everse

F orw ard

R everse

Forw ard

R everse

Forw ard

R everse

(continued)



Table 2.2 The oligonucleotide primers used for PCR amplification in this work
P r im e r S eq u en ce T m (°C ) R e s tr ic tio n  site D ire c tio n

T l - A s d

yddG -//m dIII

5 '-T TG  G C G  C G C  C A C  G G C CG C A TA  A TC  G A A  A TT A A T A C G -3 ' 

5 '-C C C  A A G  C TT T T A  A C C  A C G  A C G  T G T  CG C C A G  C C -3 '
50.0

A s d  

H in  d ill

Forw ard

R everse

pheA-A//II

5 '-C C C  A A G  C TT C G A  TC C  CG C G A A  A T T  A A T  A C G  A C T  C-3' 

5 '-C C C  C TT A A G  T C A  G G T  T G G  A TC A A C  A G G  C A C  TA C G -3 '
50.0

H in d u

A M

Forw ard

R everse

aroB-ACoI 5 -C A T G Ç Ç A T G G A G  A G G  A TT G TC G TT A C T  C TC G -3 ' A CO I Forw ard

aroB-ZteroHI 5 '-C G G  G A T C C T  TA C  G C T G A T T G A  C A A  T C G  G C A  A T G  G -3 ' ‘ B a m R l R everse

tktA-iVûfel 5 '-G G A  A T T  C CA  T A T  G TC CTC A C G  T A A  A G A  G C T TG C  C -3 ' N d e l Forw ard
58.5

tktA-ATzoI 5 '-C C G  C TC G A G  TTA  C A G  C A G  TTC T T T  TG C  TT T  CG C A A -3 ' X h o l  R everse

glpF-AWd 5 '-G G A  A T T  C CA T A T  G A G  TC A  A A C  A TC  A A C  C T T  G A A  A G G -3 ' N d d  F orw ard

g lp F -P a d  5 '-C C T TA A  T T A  A T T  A C  A  G C G  A A G  C T T  T T T  G TT CTG  A A G  G -3 ' 49-5 P a c l R everse

glpF-AW d 5 '-G G A  A T T  C CA  T A T  G A G  TC A  A A C  A TC  A A C  C T T  G A A  A G G -3 ' N d e l F orw ard

g lp K -i’o d  5 '-C C T TA A  TTA  A T T  A T T  C G T C G T G T T  C T T  ccc A C G  C C -3 ' 50-0 P a d  R everse

(continued)



T a b le  2.2 The oligonucleotide prim ers used fo r PCR am plifica tion  in this w ork

P rim e r Sequence T m ( °C) R e s tric tio n  site D ire c tio n

T7-£coR V 5 '-A TC  A C G  GCC G C A  T A A  TCG  A A A  T T A  A T A  CG-3' Three bases o f Forward

64.6 £coR V

tktA-ATioI 5'-CCG CTC G A G  T T A  C A G  C A G  TTC  T T T  TGC T T T  CGC A A -3 ' X h ol Reverse

T 7-X ho l 5'-CCG CTC G A G  A C G  GCC G C A  T A A  TCG  A A A  T T A  A T A  CG -3' X h o l Forward

glpF-Pac'I 5 '-CC T T A A  T T A  A T T  AC A  GCG A A G  C T T  T T T  G TT C TG  A A G  G-3'
48.5

P a d Reverse

1 1 -X hol 5'-CCG CTC G A G  A C G  GCC G C A  T A A  TCG  A A A  T T A  A T A  CG-3' X h o l Forward

g lp K -P a d 5'-CC T T A A  T T A  A T T  A T T  C G T C G T G TT C TT  CCC A C G  CC-3'
55.0

P a d Reverse



Table  2.3 The oligonucleotide primers used fo r D N A  sequencing in  this w ork

P rim e r Sequence Tm T a rg e t gene D ire c tio n

(°C )

DuetU Pl 5 '-G G A  TC T C G A CGC T C T  c c c  T-3 ' 64.5 Gene inserted into m u ltip le  c loning sites-1 

pRSFDuet-1

o f Forward

D ue tD O W N l 5 '-G A T  T A T  GCG GCC G TG  T A C  A A -3 ' 60.4 Gene inserted into m u ltip le  c loning sites-1 

pRSFDuet-1

o f Reverse

DuetUP2 5 '-TTG  T A C  A C G  GCC G C A  T A A  TC -3 ' 60.4 Gene inserted into m u ltip le  c loning sites-2 

pRSFDuet-1

o f Forward

T7 term inator 5 '-G C T A G T  T A T  TG C T C A  GCG G-3' 51.0 Gene inserted into m u ltip le  c lon ing sites-2 

pRSFDuet-1

o f Reverse

phedh-[813-832] 5 '-CGC CGG TTC  AG C  C A A  C A A  TC -3 ' 72.4 tktA  gene in  pPT Forward

tk tA - [ 1939-1971] 5 '-G A G  TTC  GGC TTC  A C T  G TT G A T  A A C  G T T  G TT 

GCG -3'

64.4 g lp F  gene in  pPTFK Forward

glpF-[674-700] 5'-CCG GCG G C A  G A G  A C  A  TTC  C T T  A C T  TC C -3 ' 70.7 g lp K  gene in  pG lpF K  and pPTFK Forward

uooo
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o f  the gel. The gel was stained w ith  2.5 p g /m L  o f  eth id ium  bromide solution fo r 

5 m in and destained in  tap water fo r 10 m in . D N A  fragments were visualized under 

a long wavelength u v  light. Photograph o f  the gel was obtained by gel 

documentation instrument. The concentration and m olecular weight o f  D N A  sample 

was compared w ith  those o f  the standard D N A  markers (k/H indU l and 100 bp 

ladder).

2 .9.3 P C R  a m p lif ic a t io n  o f  p h e d h  gene

The p h e d h  gene (1,143 bp) fro m  B. lentus  was am plified w ith  a pair o f 

primers designed based on the nucleotide sequence o f  B. lentus p h ed h  (GenBank 

accession no. EU880599) using pB L P he D H  as the template. The 5 '-term inal o f  

forward prim er (phedh-AWel) possessed restriction endonuclease site fo r N del. 
As PCR am plifica tion  by P fu  D N A  polym erase generated blunt-end PCR fragment, 

the 3 '-term inal o f  reverse prim er (phedh-E coR V ) was added by three bases o f  E co R V  
site (A TC ). For PCR am plification, a total reaction volum e o f  50 p L  contained 1 บ  o f  

Pfu  D N A  polymerase, lx  Pfu  D N A  polym erase buffe r w ith  M gS 0 4 , 0.2 m M  o f  each 

dNTP, 50 ng o f  pBLPheD H  obtained fro m  section 2.9.1 and 10 pmoles o f  each o f  

primers phedh-AWel and phedh-EcoRV. The P fu  D N A  polymerase allowed 

approxim ately 2 m in  fo r every 1 kb to be am plified .

The p h ed h  gene was am plified  using  gradient PCR method. The PCR step 

was in itiated by pre-denaturation at 95 ° c  fo r  10 m in fo llow ed by the cycling  p ro file  

o f  35 cycles containing dénaturation at 95 ° c  fo r 1 m in, annealing at 58.5, 60.7, 62.9 

64.9 and 66.6 ° c  fo r 30 sec and extension at 72 ° c  fo r 3 m in. The last step was final 

extension at 72 ° c  fo r 7 m in. The PCR products were subjected to an agarose gel. 

The phedh  gene fragm ent was harvested fro m  the gel by gel/PCR D N A  fragment 

extraction k it.
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2.9 .4  C lo n in g  o f  p h e d h  gene to  p R S F D u e t-1  v e c to r

2.9.4.1 V e c to r D N A  p re p a ra tio n

A fte r E. coli B L 2 1 (D E 3 ) containing pRSFDuet-1 was cultured in 

LB  medium supplemented w ith  30 p g /m L  o f  kanamycin, pRSFDuet-1 was extracted 

as described in  section 2.9.1. It was linearized  w ith  N del and E coR N . The reaction 

m ixture fo r double digestion containing 1 pg o f  pRSFDuet-1, l x  N E B u ffe r 2, 

100 pg/m L o f  BSA, 10 บ  o f  N d e l , and 10 บ  o f  EcoR V in a total volum e o f  20 p L  was 

incubated at 37 ° c  fo r 3 h. E lectrophoresis step may be omitted in  case the plasmid 

was com pletely digested and the e lim ina ted  fragment must not exceed 50 bp. 

Thus, the linear form  o f  pRSFDuet-1 (3,808 bp) was easily recovered and 

concentrated using PCR clean up protocol o f  gel/PCR D N A  fragment extraction kit.

2.9.4.2 In s e rt D N A  p re p a ra tio n

The purified p h e d h  gene fragm ent from  2.9.3 was digested only 

w ith  N del. The reaction m ixture fo r d igestion  consisting o f  1 pg o f  gene fragment, 

l x  N E B uffe r 4, and 10 บ  o f  N del in a tota l vo lum e o f  20 p L  was incubated at 37 ° c  

fo r 18 h. The D N A  fragment (1,147 bp) was collected using PCR clean up protocol.

2.9.4.3 L ig a tio n  o f  ve c to r D N A  and  inse rt D N A

The gene fragm ent (2 .9.4 .2) was inserted into the pRSFDuet-1 

vector (2.9.4.1) at vector: insert m olar ra tio  o f  1: 5. The ligation m ixture  o f  20 p L  

consisting o f  100 ng o f  vector D N A , 500 ng o f  the gene fragment, l x  T4 D N A  ligase 

reaction buffe r and 10 บ  o f  T4 D N A  ligase was incubated overnight at 22 °c . 

This obtained ligation reaction was further used fo r transformation.

The construction o f  recom binant plasmid pPheDH (4,955 bp), 

pRSFDuet-1 inserted w ith  B. len tus p h e d h  under T7/ac promoter, is shown in  Figure

2.1 A.



41

F ig u re  2.1 The constructions o f  recombinant plasmids pPheDH (A ) and pE T A roL  (B )
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2.9.4.4 T ra n s fo rm a tio n

2.9.4.4.1 C om peten t ce ll p re pa ra tio n

One co lony o f  the freshly streaked E. co li B L21(D E3) 

from  LB  agar plate was resuspended in  5 m L  o f  L B  medium, pH  7.4 and grown fo r 

18 h (37 ° c ,  250 rpm shaker speed). O vern igh t seed culture (5 m L) was used to 

inoculate (1%  v /v ) to 500 m L  o f  the same m edium  in  a 1 L  shake flask. Cell culture 

was shaken un til the optical density at 600 w as 0.6-0.8. The culture was ch illed on ice 

fo r 30 m in and then centrifuged at 8,000xg fo r  10 m in at 4 °c . The cell pellets were 

washed w ith  cold autoclaved d is tilled  w ater 1.5-2 volumes o f  medium used. 

A fte r that, the cells were washed w ith  approxim ately 20 m L o f  cold 10% glycerol, 

centrifuged at 8,000xg fo r 10 m in at 4 °c , and resuspended w ith  cold 10% glycerol to 

a fina l volum e o f  3 m L. Then, a 40 p L  a liquot was transferred to each 1.5 m L 

m icrocentrifuge tube and placed on ice. The remainders were maintained at -80 °c .

2 .9 .4 A 2  E le c tro p o ra tio n

The liga tion  reaction from  2.9.4.3 was introduced into 

competent cells o f  E. coli B L21(D E 3) by  electroporation. The 0.1-cm gap w idth  

cuvette was ch illed on ice and the competent cells were gently thawed on ice. Tw o p L  

o f  ligation reaction was m ixed w e ll w ith  40 p L  o f  the competent cells and then placed 

on ice fo r 1 m in. This m ixture was transferred to the cuvette. A fte r electroporation, 

one m L o f  L B  medium was im m ediately added to the cuvette. The entire volum e was 

transferred to a new m icrocentrifuge tube, m ixed  by inverting the tube and incubated 

at 37 ° c  fo r 1 h w ith  shaking. A fte r incubation, i f  desired, the transformed cells may 

be concentrated by centrifugation at 8,000xg fo r 1 m in. The cell pellet was 

resuspended in  remaining supernatant, p lated onto the LB  agar plates containing 

30 pg/m L o f  kanamycin and incubated at 37 ° c  fo r 18 h. The transformed cells 

containing plasmid grow ing on these selective plates were picked and marked onto 

the new L B  agar plates containing 30 Pg/m L o f  kanamycin called as the master plates.
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2.9.4.5 Selection o f  re co m b in a n t clone

2.9.4.5.1 R ap id  selection b y  agarose gel e lectrophoresis

The transform ed cells in  master plates from  above 

section were identified i f  each clone contained recombinant plasmid or vector by 

agarose gel electrophoresis. A fte r the 0 .5%  agarose gel preparation, fifteen p L  o f  

the resuspension buffe r was added to each m icrocentrifuge tube. The cells from  

the master plates (about 2 fo ld  o f  end o f  a 200 p L  pipette tip-sized amount) were 

subjected into these m icrocentrifuge tubes b y  a pipette tip , resuspended and placed fo r 

20 m in at room temperature. Five p L  o f  the lysis buffe r was loaded into each w e ll o f  

the gel and fo llow ed by the above incubated resuspension from  each tube. 

A ll  solutions fo r this selection could be prepared in  accordance w ith  Appendix D. 

Clones containing desired recombinant p lasm id were picked and cultured in  LB  

medium. A fte r that, the ir plasmids were extracted and confirm ed again by restriction 

enzyme digestion as described below.

2 .9 A 5 .2  P lasm id  e x tra c tio n  and re s tr ic tio n  enzyme digestion

E. co li B L2 1 (D E 3 ) recombinant clones were grown in 

5 m L  o f  L B  m edium  containing 30 pg /m L  o f  kanamycin at 37 ° c  fo r 18 h at 250 rpm. 

The plasmid from  ind iv idual clone was isolated as described in  2.9.1. A fte r that, 

the plasmids were completely digested w ith  N de I and E c o R V  (section 2.9.4.1). 

The sizes o f  digested recombinant plasm ids were estimated by agarose gel 

electrophoresis compared w ith  X /H ind lll marker. The crude extract o f  clones 

harboring recombinant plasmid containing p h e d h  inserted at N del and EcoRW  sites o f  

pRSFDuet-1 was prepared and assayed fo r  the PheDH a c tiv ity  and protein 

concentration as described in  the fo llo w in g  section.



44

2.9.5 E xpression o f p lied h  in  E . coli B L 2 1 (D E 3 )

2.9.5.1 C rude  e x tra c t p re p a ra tio n

The E. coli B L21(D E 3) transform ants harboring p hed h  was cultured 

in 5 m L o f  LB  medium containing 30 p g /m L  o f  kanamycin at 37 ° c  fo r 18 h w ith  

shaking. A fte r that, 2.5%  v /v  o f  the cell culture was inoculated into 200 m L  o f  

the same medium and kept on cu ltiva tion  at 37 ° c .  W hen the tu rb id ity  o f  the culture 

at 600 nm reached 0.6-0.8, IPTG  was added to  final concentration o f  1 m M  to induce 

phedh  expression, and cu ltiva tion  was continued at 37 ° c  fo r 3 h as recommended by 

pET system manual (Novagen, 2003: online). The cells were harvested by 

centrifugation at 8,000xg fo r 10 m in  and washed w ith  cold 0.85% NaCl. Later on, 

the cell pellet was washed once in  co ld  extraction buffe r (0.1 M  potassium phosphate 

buffer, pH  7.4 containing 0.1 m M  PMSF, 0.01%  /Emercaptoethanol and 1.0 m M  

E D T A ) and centrifuged again. The cell pellets were stored at -80 ° c  until used. 

For crude extract preparation, the ce ll pellets were resuspended in  5 m L  o f  cold 

extraction buffe r and sonicated on ice. U nbroken cells and cell debris were excluded 

by centrifugation at 17,500xg fo r 30 min. The supernatants were kept at 4 ° c  fo r 

determination o f  PheDH activ ity  and prote in  concentration.

2.9.5.2 PheD H  a c tiv ity  assay

The PheDH a c tiv ity  fo r oxidative  deamination o f  L-Phe was 

spectrophotometrically assayed. One m L o f  standard reaction m ixture contained 

200 pm ols o f  g lyc ine -K C l-K O H  buffe r, pH  11.5, 20 pm ols o f  L-Phe, 1 pm ol o f  

N A D +, and the crude extract. Each o f  above components, except N A D + was added 

into a cuvette o f  1-cm ligh t path. The cuvette was incubated by putting in  a water bath 

set at 30 ° c  fo r 5 min. A fte r incubation, the oxidation reaction was in itia ted by 

the addition o f  N A D + and m onitored by measuring the increase in  absorbance at 340 

nm using the extinction coeffic ient 6.22 m M ^ c m '1 fo r N A D H .

One unit o f  the enzyme is defined as the amount o f  enzyme that 

catalyzes the form ation o f  1 pm ol o f  N A D H  in  1 m in. Specific activ ity  is expressed as 

units per m illig ram  o f  protein.
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2.9.5.3 P ro te in  d e te rm in a tio n

Protein concentration was quantified by the m odified method based 

on Low ry  et ah, (1951). For preparation o f  calibration curve, the reaction m ixture 

(3.05 m L ) containing the standard prote in  B S A  in  the range from  20 to 100 pg, 50 p L  

o f  solution A  (0.5%  copper sulfate and 1% potassium tartate, pH  7.0), and 2.5 m L o f  

solution B (2%  sodium carbonate and 0.1 N  sodium  hydroxide) was eventually m ixed 

by vortex and then incubated in  a w ater bath thermostated at 30 ° c  fo r 10 m in. A fte r 

that, 250 p L  o f  the freshly prepared so lu tion c  (1:1 (v /v ) phenol reagent: d istilled 

water) was added to the m ixture, let rest fo r 20 m in at room temperature, and then 

measured the absorbance at 610 nm. The standard curve fo r protein determ ination is 

shown in Appendix E.

2.9.6 N ucleo tide  sequencing o f  p h e d h
The plasmid o f  E. coli B L2 1 (D E 3 ) transformant showing the highest 

PheDH specific activ ity  was prepared and the nucleotide sequence o f  inserted phedh  
was verified  by D N A  sequencing at M acrogen Inc., Republic o f  Korea using primers 

DuetUP2 and T7 term inator due to the insertion o f  p h ed h  at m u ltip le  clon ing sites-2 

o f  pRSFDuet-1 vector. The plasm id consisting o f  correct nucleotide sequence o f  

phedh  or pPheDH was used as a parental plasm id fo r gene com bination construction 

in further experiments.

2 .1 0  C lo n in g  o f  a r o L , p h e A  a n d  y d d G  g e n e s  in to  p E T - 2 2 b ( + )  v e c to r

2.10.1  C h ro m o s o m a l D N A  e x tra c t io n

Chromosomal D N A  o f  E. co li  TOP 10 was isolated by the fo llo w in g  

method o f  Frederick et al., (1995). A  single co lony o f  E. coli TOP10 was inoculated 

into 100 m L  o f  LB  medium and incubated at 37  ° c  fo r 18 h w ith  shaking at 250 rpm. 

Each 1.5 m L  o f  cell culture was centrifuged at 12,000xg fo r 2 m in. The pellet was 

resuspended in  550 p L  o f  TE  bu ffe r (10 m M  T ris -H C l and 1 raM  E D T A , pH  8.0). 

The cell suspension was then treated w ith  3 p L  o f  5 m g/m L lysozyme, 2 p L  o f  

10 m g/m L RNase A , 30 p L  o f  10% SDS and 3 p L  o f  20 m g/m L proteinase K  and



46

incubated at 37 ° c  for 1 h. A fte r incubation, the D N A  was extracted w ith  an equal 

volume o f  phenol-chloroform  (1:1 v /v ) and centrifuged at 12,000xg fo r 10 min. 

The upper phase was carefully transferred to a new m icrocentrifuge tube. D N A  was 

precipitated by the addition o f  5 M  N aC l to the fina l concentration o f  1 M  and 

2 volumes o f  cold absolute ethanol and kept at -20 ° c  fo r at least 30 min. 

Subsequently, the D N A  pellet was collected by centrifugation at 12,000xg for 10 m in 

at 4 ° c  and washed w e ll w ith  cold 70% ethanol. A fte r drying, the pellet was dissolved 

in an appropriate volume o f  sterile ultrapure water. D N A  concentration was estimated 

by agarose gel electrophoresis.

2 .10 .2  P C R  a m p lif ic a t io n  o f  a r o L , p h e A  a n d  y d d G  genes

2.10.2.1 Tem p la te  p re p a ra tio n  fo r  P C R  a m p lif ic a tio n

The isolated E. coli TOP 10 genomic D N A  was digested w ith  

Bam H l. The reaction m ixture containing 5 pg  o f  chromosomal D N A , lx  N E B uffe r 3, 

100 pg /m L  o f  B SA and 20 บ  o f  B am H l in a total volum e o f  50 p L  was incubated at 

37 ° c  fo r 18 h. A fte r incubation, the obtained D N A  fragments were concentrated 

according to the PCR clean up protocol. These purified  D N A  fragments were fin a lly  

eluted w ith  50 p L  o f  sterile d istilled  water. Tw o p L  o f  this solution (about 200 ng) 

was used as template in each PCR reaction fo r am plifica tion  o f  all genes throughout 

this w ork, except phedh.

2.10.2.2 P C R  co nd itio n  fo r  a m p lif ic a tio n  o f  aroL , p /teA  and yd d G
The primers used in PCR am plifica tion  o f  aroL  (525 bp), pheA  

(1,161 bp) and y d d G  (882 bp) genes were designed based on the nucleotide sequence 

o f  each gene from  E. coli D H 10B (Genbank accession no. CP000948.1), a strain w ith  

a close s im ila rity  to the strain TOP 10. The prim ers used in aroL  am plification were 

aroL-AWel and aroL-TTjoI. Primers p he A -M fe l and pheA-ZAoRI were used in  pheA  
am plification. A lso, the primers used in  y d d G  am plifica tion  were yddG-Afafel and 

yddG-AT7oI. The reaction m ixture fo r each PCR am plifica tion  in a fina l volume o f  50 

p L  contained 1 บ  o f  Pfu  D N A  polymerase, l x  P fu  D N A  polymerase buffer w ith
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The aroL  and yd d G  genes were am plified  using gradient PCP. 

method. The PCR steps were composed o f  an in itia l dénaturation at 95 ° c  fo r 10 m in 

followed by 35 cycles o f  dénaturation at 95 ° c  fo r 1 m in, annealing at 50, 54.4, 58.7, 

60.8, 62.9, and 64.6 ° c  fo r 30 sec, extension at 72 ° c  fo r 2 m in and a fina l elongation 

at 72 ° c  fo r 7 m in. For pheA  gene am plifica tion, the annealing temperatures were 

varied at 50, 52.7, 55.4, 56.8, 58.1 and 60 ° c  fo r 30 sec and extension was done at 

72 ° c  fo r 3 m in. The other steps were conducted like  above.

The PCR products obtained (i.e. aroL, pheA  and ydd G  
fragments) were separated by agarose gel electrophoresis. The specific band o f  each 

product was harvested from  the gel.

2 .10 .3  C lo n in g  o f  a ro L , p h e A  a n d  y d d G  genes

The aroL  and yd d G  fragments and pET-22b(+) were digested w ith  N del 
and X h o \. The reaction m ixture  fo r double digestion consisting o f  1 pg o f  D N A , 

lx  N E B uffe r 4, 100 pg /m L  o f  BSA, 10 บ  o f  N del and 10 บ  o f  X h o l in  a total volume 

o f  20 pL  was incubated at 37 ° c  fo r 18 h, except fo r 3 h in  plasmid digestion.

The pheA  gene fragment and pET-22b(+) were digested w ith  N del and 

.EcoRI. The reaction m ixture  fo r double digestion contained 1 pg o f  D N A , 

lx  N E B uffe r E co R l, 10 บ  o f  N del and 10 บ  o f  EcoRI in  a total volum e o f  20 p L  and 

then incubated at 37 ° c  fo r 18 h, except fo r 3 h in  plasmid digestion.

Each gene was ligated in to pET-22b(+) plasmid digested w ith  the same 

restriction enzymes {N del-X ho l or N d el-E co R l). This produced the recombinant 

plasmids p E T A ro L  (5,890 bp), pETY ddG  (6,247 bp) and pETPheA (6,560 bp). 

Subsequently, each o f  the resulting plasmids was introduced into E. coli BL21(D E 3) 

and screened on the L B  agar plates containing 100 pg /m L  o f  am picillin . 

The constructions o f  recom binant plasmids pE T A roL , pETYddG  and pETPheA are 

shown in  Figure 2 .IB , 2 .2A  and 2.2B, respectively. The E. coli B L21(D E3) 

containing each type o f  plasm id was selected as section 2.9.4.5. The plasmid o f  each

MgSC>4, 0.2 m M  o f  each dNTP, 200 ng o f  ftam HI-digested E. co li TOP 10

chromosomal D N A  as template and 10 pmoles o f  each o f  forw ard and reverse

primers.
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Figure 2.2 The constructions o f  recombinant plasmid pETYddG (A ) and pETPheA (B)
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E. coll B L21(D E 3) clone was extracted and the existence o f  the gene was confirmed 

by digestion w ith  the appropriate restriction enzyme. The E. coli B L21(D E 3) clone 

containing each gene-inserted pET-22b(+) was used as source o f  the relevant gene 

fragment preceded by the l i l a c  prom oter and the ribosome b inding site. Each 

fragment was further cloned into pRSFDuet-1 vector.

2 .1 1  S u b c lo n in g  o f  a r o L , p h e A  a n d  y d d G  in to  p R S F D u e t-1  v e c to r

Each o f  aroL, pheA  and yd d G  genes under l i l a c  prom oter in  a backbone 

plasmid pET-22b(+) (pETA ro L , pETY ddG  and pETPheA) was subcloned into 

suitable restriction sites o f  pRSFDuet-1 so that construction o f  gene com bination in 

future was conveniently attained.

2.11.1  C lo n in g  o f  a ro L  gene in to  p R S F D u e t-1  v e c to r

To clone the D N A  fragment (637 bp) containing the T lla c  promoter, 

the ribosome binding site and the aroL  gene from  pE T A ro L  into B am H l and A scl 
sites o f  pRSFDuet-1, the primers used fo r th is  fragment am plifica tion  were designed 

from  nucleotide sequence o f  T7 prom oter and 3 '-sequence o f  aroL  gene flank ing  w ith  

respective B am H l and A scl sites as T l-B a m H l  and a io L -A sc l primers. A fte r 

the p E T A ro L  extraction, PCR am p lifica tion  was conducted using p E T A ro L  as 

template at annealing temperature o f  50, 52.5, 54.4, 56.5, 58.7, 60.8, 62.9, and 64.6 °c  

fo r 30 sec and extension at 72 ° c  fo r 2 m in.

The am plified PCR product was harvested from  the agarose gel and 

digested w ith  B am H l and A scl. A  tota l vo lum e o f  20 p L  containing 1 pg o f  D N A , 

lx  N E B uffe r 4, 100 pg/m L o f  BSA, 10 บ  o f  B am H l and 10 บ  o f  A sc l  was incubated 

at 37 °c  fo r  18 h. S im ila rly  as PCR product, pRSFDuet-1 was digested fo r 3 h. A fte r 

purification, this gene fragment was inserted between B am H l and A sc l  sites o f  

pRSFDuet-1 by ligase leading to a recom binant plasmid p A roL  (4,447 bp). 

The construction o f  recombinant plasmid p A ro L  is shown in  Figure 2.3A.
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F ig u re  2.3 The constructions o f  recom binant plasmids p A roL  (A ) and pYddG  (B )
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2.11.2  C lo n in g  o f y d d G  gene in to  p R S F D u e t-1  v e c to r

The primers used fo r a m p lifica tio n  o f  the D N A  fragm ent (994 bp) 

containing the l i l a c  promoter, the ribosom e binding site and the yd d G  gene were 

designed from  nucleotide sequence o f  1 1  p rom oter and 3'-sequence o f  yd d G  gene 

linked to site o f  A sc\ and / / /« d in  as respective l l - A s c \  and yd d G -///« d III primers 

to clone this fragment from  pETY ddG  in to  A sc l  and / / /« d in  sites o f  pRSFDuet-1. 

PCR am plifica tion  was then performed us ing  pETYddG  as template by varying 

annealing temperature.

The am plified PCR product was purified  from  the agarose gel and 

double digested w ith  / / /« d i l l  and A scl in a to ta l volume o f  20 p L  containing 1 pg o f  

D N A , lx  N E B uffe r 4, 10 บ  o f  A sc l  and 20 บ  o f  / / /« d i l l .  In the meanwhile, 

pRSFDuet-1 was digested w ith  / / /« d i l l  and A sc l.  A fte r purifica tion , gene fragment 

and pRSFDuet-1 digested w ith  A scl and / / / « d i l l  were ligated together resulting in 

a recombinant plasmid pYddG  (4,805 bp). The  construction o f  recombinant plasmid 

pYddG  is schemed in Figure 2.3B.

2.11.3  C lo n in g  o f  p h e A  gene in to  p R S F D u e t-1  v e c to r

Recombinant plasmid pP E T P heA  was used as template to am plify  

the D N A  fragment (1,269 bp) consisting o f  the  l i l a c  promoter, the ribosome binding 

site and the pheA  gene. The forward and reverse primers containing / / /« d i l l  and A flll  
(T 7 -///« d III and p he A -4 /ftI) were designed from  T7 promoter and 3'-sequence o f  

pheA  gene. This fragm ent was inserted in to  / / /« d i l l  and A flll  sites o f  pRSFDuet-1. 

A fte r pETYddG  was isolated, PCR reaction  was done by varying annealing 

temperature.

The specific fragment was recovered from the agarose gel. The / / /« d i l l  

and A flll  excision o f  the D N A  fragm ent w a s  occurred in  a total volum e o f  20 pL  

containing 1 pg o f  D N A , lx  N E B u ffe r 2, 100 pg/m L o f  BSA, 10 บ  o f  / / /« d i l l  and 

10 บ  o f  A flll. S im ilarly, pRSFDuet-1 was digested w ith  / / /« d i l l  and A flll. Later on, 

the digested gene fragment and pR S FD uet-1 were ligated resulting in  a recombinant 

plasmid pPheA (5,078 bp). The construction o f  recombinant plasmid pYddG  is shown 

in Figure 2.4A.
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F ig u re  2.4 The constructions o f  recom binant plasmids pPheA (A ) and pA roB  (B )
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The plasmids pA roL , pPheA and pYddG  were separately transformed 

into E. coli B L21(D E 3). The transform ed cells were grown on L B  agar plates 

containing 30 pg /m L  o f  kanam ycin and incubated at 37 ° c  fo r 18 h. Each o f  

transformed cells was b rie fly  screened on agarose gel as section 2.9.4.5.1 to find  out 

cells containing the desired fragm ent inserted into pRSFDuet-1. The plasmid from  

each E. co li B L21(D E 3) transformant was extracted and confirm ed the gene existence 

by appropriate restriction enzyme digestion and sequencing. The prim ers D uetU P l 

and D u e tD O W N l were used to sequence gene inserted into m u ltip le  c loning sites-1 o f  

pRSFDuet-1 vector (i.e. pA roL , pPheA  and pYddG ). Then, the expression o f  each 

gene o f  the E. coli BL21(D E 3) clone conta in ing recombinant plasmid w ith  correct 

nucleotide sequence was further identified .

2 .1 2  C lo n in g  o f  a r o B ,  g l p F  a n d  t k t A  i n t o  p R S F D u e t-1

The prim ers used fo r PCR a m p lifica tio n  o f  aroB  (1,089 bp), g lp F  (846 bp) and 

tktA  (1,992 bp) genes were designed based on the nucleotide sequence o f  each gene 

from  E. coli D H 10B  (Genbank accession no. CP000948.1). The primers comprised o f  

appropriate recognition sites to insert each o f  these genes into the desired sites o f  

pRSFDuet-1 vector. The E. coli TOP 10 genom ic D N A  digested w ith  B am H l was used 

as template fo r these gene am plifications.

2.12.1 C lo n in g  o f  a r o B  gene in to  p R S F D u e t-1  v e c to r

The aroB  gene a m p lifica tion  was performed using primers aroB-AYol 

and aroB -Saw H I to introduce aroB  gene in to  N co l and BamYW sites at m ultip le  

cloning sites-1 o f  pRSFDuet-1. P C R  reaction was done by varying annealing 

temperature.

The specific band o f  P C R  p roduct was recovered from  the agarose gel. 

I t  was simultaneously digested w ith  N c o l  and Bam H l in a total volume o f  20 pL  

containing 1 pg o f  D N A , lx  N E B u ffe r 3, 100 pg /m L  o f  BSA, 10 บ  o f  N col and 10 บ  

o f  B am H l, the same condition as that o f  pRSFDuet-1 vector. Accord ing ly, 

the digested gene fragm ent and pRSFDuet-1 were linked together as circular D N A  by
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ligase resulting in  a recombinant plasmid p A ro B  (4,883 bp). The construction outline 

o f  recombinant plasmid pA roB  is shown in F igure  2.4B.

2 ,12 .2  C lo n in g  o f  ik tA  gene in to  p R S F D u e t-1  v e c to r

The tktA  gene was introduced into N d e l  and X h o l sites at m ultip le  

cloning sites-2 o f  pRSFDuet-1. The designed primers were tk tA -/W eI and tktA-ATzoI. 

The PCR reaction was accomplished at various annealing temperatures.

The specific fragment was concentrated from  the agarose gel. The gene 

fragment and pRSFDuet-1 were sim ultaneously digested w ith  N del and X h o l  in  a total 

volume o f  20 p L  containing 1 pg o f  D N A  or pRSFDuet-1, l x  N E B uffe r 4, 

100 pg /m L  o f  BSA, 10 บ  o f  N del and 10 บ  o f  X hol. A fte r purifica tion , they were 

ligated resulting in  a recombinant plasmid p T k tA  (5,767 bp). The construction o f  

recombinant plasmid p T k tA  is shown in  F igure  2.5A.

2 .12 .3  C lo n in g  o f  g lp F  gene in to  p R S F D u e t-1  v e c to r

The Ro/TîHI-digested chrom osom al D N A  was used as source fo r g lp F  
am plifica tion  using prim ers g lp F -M M  and g lpF-P ocI to clone g lp F  gene into N del 
and P acl sites at m u ltip le  clon ing sites-2 o f  pRSFDuet-1. PCR was perform ed in  

a total reaction volum e o f  50 p L  as specified in  section 2.6.3. The PCR reaction was 

accomplished at various annealing temperatures o f  46.4, 48.9, 51.0, 52.7, 53.8 and

55.0 ๐c .

The specific fragm ent was concentrated from  the agarose m atrix. 

The double digestion o f  the gene fragm ent and pRSFDuet-1 were separately taken 

place by N d e l and P a d  in  a reaction o f  20 p L  containing 1 pg o f  D N A , l x  N E B uffe r 

4, 100 p g /m L  o f  BSA, 10 บ  o f  N del and 10 บ  o f  P a d .  A fte r cleaning up by k it, both 

o f  the digested D N A  fragments were jo in e d  together by ligase resulting in  

a recombinant plasmid pG lpF (4,550 bp). T h e  construction o f  recombinant plasmid 

pGlpF is shown in  Figure 2.5B.

The plasmids pA roB , p T k tA  and pGlpF were separately introduced 

into E. coll BL21(D E 3). The transformed cells were grown on LB  agar plates 

containing 30 pg /m L  o f  kanamycin and incubated at 37 ๐c  fo r 18 h. Each o f
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transformed cells was rapidly screened on agarose gel (section 2.9.4.5.1) fo r cells 

containing expected gene inserted in to  pRSFDuet-1. The plasmid o f  each E. coll 
B L21(D E 3) transformant was extracted and the existence o f  the gene was confirm ed 

by digestion w ith  the appropriate re s tric tio n  enzymes and sequencing. The primers 

D uetU P l and D ue tD O W N l were used to  sequence gene inserted in to  m ultip le  

cloning sites-ไ o f  pRSFDuet-1 vecto r (i.e. pA roB ), w h ile  the primers DuetUP2 and 

T7 term inator were used to sequence gene inserted into m ultip le  c lon ing  sites-2 

(i.e. p T k tA  and pGlpF). Then, the gene expression o f  each E. coll B L21(D E 3) clone 

containing recombinant plasmid w ith  co rrect nucleotide sequence was further 

examined.

2 .1 3  C lo n in g  o fg T p F a n d  g l p K  g e n e s  in to  p R S F D u e t-1  v e c to r

In E. co ll genome, g lp F  encoding g lyce ro l fac ilita tor, g lp K  encoding glycerol 

kinase and g lp X  gene encoding fructose 1, 6-bisphosphatase I I  were organized in 

the g lp F K X  operon belonging to the g lp  regulon as shown below.

To simultaneously clone both g lp F  (846 bp) and g lp K  (1,509 bp) genes or 

g lpF K  gene (2,377 bp) from  E. co ll in to  N d e I and P ac\ sites o f  pRSFDuet-1 vector, 

the prim ers fo r the g lp F K  am p lifica tion  w ere created based on the orientation o f  g lp F  
and g lp K  gene on the operon. The fo rw a rd  p rim er was designed from  5'-sequence o f  

g lp F  gene containing N de  I site (glpF-yVcM) and the reverse prim er was designed from  

3'-sequence o f  g lp K  gene conta in ing P a cl s ite  (g lpK -E ucI). PCR am p lifica tion  was 

achieved using Bam HI-digested chrom osom al D N A  as template at various annealing 

temperatures. A fte r that, the construction o f  recom binant plasmid was done as section

2.12.3 resulting in  a recombinant p lasm id p G lpF K  (6,081 bp). The construction o f  

recombinant plasmid pG lpFK is show n in  F igure  2.6A. The plasmid was introduced 

into E. coll BL21(DE3). The p G lpF K  c lone  containing recombinant plasm id w ith  

correct nucleotide sequence o f  g lp F K  gene w as further analyzed fo r gene expression.

Promoter g/pF (846 bp) g lp K  (1,509 bp) g lp X  (1.011 bp)

Ip * •? * ftf



Chromosomal DNA of E. coli TOP10

PCR amplification

■’■ 'del g lp F  g lp K

Nde\ + Pad 
Digestion

Ligation I pRSFDuet-1

Isc l แ - 1* รuliftf J "  MCS-1

p G I p F K  f  1 1.

(6 ,0 8 1  b p )  I  S  p F

glpK
Ter \

F ig u re  2.6 The constructions o f  recom binant plasmids pG IpFK (A ) and pPT (B )
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2 .1 4  E x p r e s s io n  o f  r e c o m b in a n t  p la s m id s  p A r o B ,  p A r o L ,  p G lp F ,  

p P h e D H , p P h e A ,  p T k t A ,  p Y d d G  a n d  p G lp F K  in  E .  c o l i  B L 2 1 ( D E 3 )

2.14.1  C u lt iv a t io n  c o n d it io n  f o r  g e n e  e xp ress ion

E. coli BL21(D E 3) ce lls  conta in ing  the recombinant plasmids were 

cultured at 37 ° c  fo r 18 h in  5 m L o f  LB  m edium  supplemented w ith  30 pg/m L o f  

kanamycin. The cell culture was inoculated (5%  v /v ) to 100 m L o f  the same medium 

and incubation was continued until O D 600 was about 0.6. IPTG  was then added to 

a fina l concentration o f  1 m M  and the cu ltiva tio n  was continued fo r 3 h. The cells 

were harvested by centrifugation at 8 ,000xg fo r  5 m in and stored at -20 ° c  fo r further 

analysis.

2 .14 .2  S D S -p o ly a c ry la m id e  ge l e le c tro p h o re s is

The analysis o f  gene expression was carried out by SDS-PAGE 

according to Bollag  et ah, 1996. The slab ge l system consisted o f  0.1% SDS (w /v ) in 

12% separating gel and 5% stacking gel. The cell pellet from  section 2.14.1 was 

resuspended in  100 p L  o f  the 5x sample b u ffe r  (312.5 m M  T ris -H C l pH 6.8, 50% 

(v /v ) g lycerol, 1% (w /v ) brom ophenol b lue) and boiled fo r 15 m in. A fte r 

centrifugation at 12,000xg fo r 5 m in, e ight p L  o f  each sample was loaded to the gel. 

The cell extract o f  E. coli B L21(D E 3) con ta in ing  pRSFDuet-1 under induction w ith  

1 m M  IPTG  was loaded as reference o f  p ro te in  pattern. The protein molecular weight 

markers were (3-galactosidase (116 kD a), bovine serum album in (66.2 kDa), 

ovalbum in (45 kDa), lactate dehydrogenase (35 kDa), restriction endonuclease 

Bsp98I (25 kDa), P-lactoglobulin (18.4 kD a ) and lysozyme (14.4 kDa). A fte r 

electrophoresis, the gel was stained w ith  Coomassie blue solution and then destained 

by destaining solution.
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2 .1 5  S u b c lo n in g  o f  gen e s  c o m b in e d  w i t h  p h e d h  in  a s in g le  v e c to r

2.15.1  C lo n in g  o f  tk tA  gene in to  a re c o m b in a n t p la s m id  p P h e D H

To clone the D N A  fragment (2,101 bp) containing the tktA  gene w ith  

its own T l la c  prom oter and ribosome b in d ing  site into E co R V  and X h o l sites o f  

pPheDH at the 3' term inus o f  p h ed h  gene, the primers used were designed from  

T7 promoter-2 sequence o f  pRSFDuet-1 conta in ing  three bases (A T C ) o f  E co R X  site 

(T 7 -£coR V ) and 3'-sequence o f  tktA  gene conta in ing  X h o l site (tk tA -A fto I). The PCR 

reaction was accomplished using p T k tA  as template at various annealing 

temperatures.

The specific band o f  PCR product was purified from  the agarose gel. 

The pPheDH was digested w ith  E co R V  and X h o l  endonucleases in  a total volume o f  

20 p L  conta in ing 1 pg o f  plasmid, l x  N E B u ffe r 3, 100 pg/m L o f  BSA, 10 บ  o f  

E coR V  and 10 บ  o f  X h o l , and incubated at 37 ๐c  fo r 3 h. The gene fragm ent was 

digested on ly w ith  X h o l in a total vo lum e o f  20 p L  containing 1 pg o f  D N A , 

lx  N E B u ffe r 4, 100 pg /m L  o f  BSA, and 10 บ  o f  X h o l  and incubated at 37 ° c  fo r 

18 h. B oth were purified  by k it and ligated to produce recombinant plasmid pPT 

(7,021 bp). The construction o f  recom binant plasmid pPT is elucidated in Figure 

2.6B. The recombinant plasmid was in troduced into E. coli BL21(D E 3) and screened 

on LB  agar plates containing 30 pg /m L  o f  kanam ycin. The nucleotide sequence o f  

tktA  and its prom oter in the clone was ve rifie d  by sequencing using primers 

phedh-[813-832] and T7 terminator. The pPT containing correct sequence o f  tktA  was 

used as backbone plasmid fo r next cloning.

2 .1 5 .2  C lo n in g  o f  g lp F  gene in to  a re c o m b in a n t p la s m id  p P T

To am p lify  the D N A  fragm ent (961 bp) containing the g lp F  gene 

preceded by the T lla c  promoter and ribosom e binding site, pG lpF was used as D N A  

template. The primers were designed from  T 7  promoter-2 sequence o f  pRSFDuet-1 

containing X h o l site ( โ ! -X hol) and 3 '-sequence o f  g lp F  gene containing P acl site 

(g lpF-RacI). This fragment was placed between X h o l  and P acl sites o f  pPT at
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the 3'-end o f  tktA  gene. The PCR reaction was carried out at various annealing 

temperatures.

The expected band o f  PCR product was purified  from  the agarose gel. 

The pPT and the PCR product fragment were separately digested w ith  X h o l and P a d  
in a total volum e o f  20 p L  containing 1 pg  o f  D N A , lx  N E B uffe r 4, 100 pg/m L o f  

BSA, 10 บ  o f  X h ol and 10 บ  o f  P a d  and incubated at 37 ๐c  fo r 3 h and 18 h, 

respectively. A fte r cleaning up, both were purified  by k it and ligated to produce 

recombinant plasmid pPTF (7,907 bp). The construction o f  recombinant plasmid 

pPTF is outlined in  Figure 2.7A. The in troduction  in to host cells, screening fo r clones, 

and sequence verified using prim er T7 term inator was performed. The pPTF 

containing correct sequence o f  g lp F  was used as backbone plasmid fo r further 

cloning.

2 .15 .3  C lo n in g  o f  g lp F K  gene in to  a re c o m b in a n t p la s m id  p P T

The D N A  fragm ent (2,493 bp) containing the g lp F K  gene preceded by 

the l i l a c  prom oter and ribosome binding site, w hich was am plified from  pG lpFK  

using prim ers 1 1 -X h o l and g lp K -P a d  was cloned into X h ol and P a cl sites o f  pPT at 

the downstream o f  tktA  gene as same as g lp F  gene mentioned in  section 2.15.2. 

The obtained recombinant plasmid pPTFK (9,439 bp) was transformed into E. coli 
B L21(D E 3). The construction o f  recom binant plasmid pPTFK is outlined in  Figure 

2.7B. The nucleotide sequence o f  g lpF K  and its prom oter in the clone was verified 

using prim ers tk tA -[ 1939-1971], g lpF-[674-700] and 1 1  term inator. The pPTFK 

containing correct sequence o f  g lpF K  was used as backbone plasm id fo r further 

cloning.

In general, p rio r to expression, selected clones were confirm ed fo r 

correct am plifica tion  and absence o f  PCR /cloning mediated mutations by sequencing. 

For the fo llo w in g  experiments, there was c lon ing  by digestion o f  recombinant plasmid 

w ith  restriction enzymes and ligation but not by PCR am plification. Thus, D N A  

sequencing o f  each o f  constructed plasmids was not determined.
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62

2.15.4  C lo n in g  o f  a r o B  gene in to  a re c o m b in a n t p la s m id  p P T F

As sim ple construction, p A ro B  should be cleaved by N col and Bam H l 
to insert the aroB  gene into the same sites o f  pPTF. However, p h ed h  gene inserted 

into pPTF is able to be digested by N col. T o  avoid the incident, the digestion o f  pPTF 

and pA roB  w ith  X b a l  and Bam  H I is a reasonable alternative fo r cloning aroB  gene 

into pPTF.

The long length D N A  fragm ent (6,386 bp) containing the respective 

p h ed h , tktA  and g lp F  genes closing to each ow n  T lla c  prom oter and ribosome binding 

site was obtained by digestion o f  pPTF w ith  X b a l and B am H l. The digestion reaction 

contained 1 pg o f  pPTF, l x  N E B uffe r 3, 100 pg/m L o f  BSA, 10 บ  o f  X b a l and 10 บ  

o f  Bam H l in a total volum e o f  20 p L  and incubated at 37 ° c  fo r 3 h. The digestion 

products were separated by agarose gel electrophoresis. The 6,386 bp D N A  fragment 

was harvested from  the gel and used as a vecto r D N A  for ligation.

The 2,575 bp D N A  fragm ent containing the aroB  gene preceded by 

the T lla c  prom oter and ribosome b inding  site was obtained by digestion o f  pA roB  

w ith  the same restriction endonucleases (X b a l  and Bam H l). The digestion was done 

as mentioned above. The 2,575 bp D N A  fragm ent was collected from  the gel and used 

as an insert D N A  fo r ligation.

Both o f  the D N A  fragments w ere linked together by ligase to produce 

a recombinant plasmid pPTFB (8,961 bp) (Figure 2.8A ). A fte r transform ation into 

E. coli BL21 (D E3), pPTFB was isolated and used as source o f  gene com bination fo r 

further cloning.

2.15.5  C lo n in g  o f  a ro L  gene in to  a re c o m b in a n t p la s m id  p P T F B

The construction o f  recom binant plasmid pPTF B L is shown in  Figure 

2.8B. pPTFBL containing phedh, tktA, g lpF , aroB  and aroL  genes w ith  each own 

T7/ac promoter and ribosome binding site was derived from  the ligation o f  the D N A  

fragments obtained from  the digestion o f  pPTF B  and p A roL  w ith  Bam H l and BsrG l.
The long length D N A  fragm ent (8,877 bp) containing the p h e d h , tktA, 

g lp F  and aroB  genes w ith  each own T l la c  prom oter and ribosome binding site was 

obtained by the digestion o f  pPTFB w ith  B a m H l and 5srG I. The digestion reaction
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F ig u re  2.8 The constructions o f  recom binant plasmids pPTFB (A ) and pPTFBL (B )
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contained 1 pg o f  pPTFB, lx  N E B uffe r 2, 100 pg /m L  o f  BSA, 10 บ  o f  BatnWl and 

10 u  o f  B srG l in  a total volum e o f  20 p L  and incubated at 37 ° c  fo r 3 h. 

The digestion products were separated by agarose gel electrophoresis. The 8,877 bp 

D N À  fragment was harvested from  the gel and used as a vector D N A  fo r ligation.

The short length D N A  fragm ent (702 bp) containing the aroL  gene 

link ing  w ith  the l i l a c  prom oter and ribosom e b inding site was obtained by digestion 

o f  p A ro L  w ith  the same restriction enzymes as mentioned above. The 702 bp D N A  

fragment was collected from  the gel and used as an insert D N A  for ligation.

Both o f  the D N A  fragments were linked together by ligase leading to 

a recombinant plasmid named as pPTFBL (9,579 bp). A fte r that, pPTFBL was 

transformed into E. coli B L21(D E3).

2 .15 .6  C lo n in g  o f  y d d G  gene in to  a re c o m b in a n t p la s m id  p P T F B L

Since phedh, tktA  and g lp F  genes inserted into pPTFB could be 

cleaved by H in d lll, a recombinant plasmid p L Y  containing the D N A  fragment o f 

the yd d G  gene placed in to  downstream o f  a ro L  gene in  p A ro L  was firs tly  prepared. 

This recombinant plasmid p L Y  was used as source o f  both aroL  and yd d G  for 

construction o f  p P T F B LY  from  an orig inal p lasm id pPTFB.

2.15.6.1 C lo n in g  o iy d d G  gene in to  a re co m b in an t p lasm id  p A ro L

To obtain a recom binant plasmid pLY , the recombinant 

plasmid p A ro L  was used as parental p lasm id fo r insertion o f  the D N A  fragment 

(994 bp) conta in ing the yd d G  gene and its prom oter derived from  pYddG  digestion.

The 994 bp D N A  fragm ent generated from  the excision o f  

pYddG  w ith  A sc l  and H indlU  was separated and purified  from  the agarose gel. 

The d s c l////« d lll-d ig e s te d  p A roL  (4,429 bp) was cleaned up by k it. Both digested 

D N A  fragments were ligated to produce recom binant plasmid p L Y  (5,423 bp) as 

shown in  Figure 2 .9A . A fte r ligation and transformation, E. coli BL21(D E3) 

transformed cells were screened on LB  agar plates containing 30 pg/m L o f  

kanamycin.
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F ig u re  2.9 The constructions o f  recombinant plasmids p L Y  (A ) and pP T F B LY  (B )
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2.15.6.2 C lo n in g  o f A ro L  and  y d d G  genes in to  a recom b inan t 

p lasm id p P T F B

The construction o f  a recombinant plasmid pP TF B LY  

containing phedh, tktA, glpF, aroB, aroL  and ydd G  genes w ith  each own T lla c  
promoter and ribosome b inding site was carried out by the ligation o f  the D N A  

fragments obtained from  the digestions o f  pPTFB and p L Y  w ith  Bam H l and A fin . 
Each D N A  fragm ent was prepared in the fo llo w in g  manner.

The long length D N A  fragment (8,904 bp) containing phedh, 
tktA, g lp F  and aroB  genes attaching to each own T lla c  prom oter and ribosome 

binding site was received from  the digestion o f  pPTFB w ith  B am H l and A f i l l .  
The obtained fragments were separated on the agarose gel. The 8,904 bp D N A  

fragment was harvested from  the gel and used as a vector D N A  fo r ligation.

The short length D N A  fragment (1,651 bp) containing aroL  
and yd d G  genes closed to each T7/ac prom oter and ribosome binding site was 

obtained by the digestion o f  p L Y  w ith  the same restriction enzymes as mentioned 

above. The 1,651 bp D N A  fragm ent was collected from  the gel and used as an insert 

D N A  fo r ligation.

Both vector D N A  and insert D N A  were linked together by 

ligase leading to a recombinant plasm id named pP TF B LY  (10,555 bp) (F igure 2.9B). 

A fte r that, pP T F B LY  was transformed into E. coli BL21 (DE3).

2 .15 .7  C lo n in g  o f p h e A  gene in to  a re c o m b in a n t p la s m id  p P T F B L Y

As the same reason fo r the construction o f  pP T F B LY , a recombinant 

plasmid p P T F B L Y A  (p P T F B LY  containing pheA  gene) was constructed like  in 

the section 2.15.6. The D N A  fragm ent containing the pheA  gene and its T lla c  
promoter could not be d irectly  obtained by digestion o f  pPheA w ith  H in d lll and A fin  

to insert into the same sites o f  pP T F B LY  due to the fact that phedh, tktA  and g lp F  
genes could be cleaved by H in d lll. Hence, a recombinant plasmid p L Y A , the pheA  
gene w ith  its prom oter placed in to  the 3' term inus o f  yd d G  gene in p L Y , was prepared 

first. This recombinant plasm id p L Y A  was used as source o f  aroL, yd d G  and pheA  
genes fo r the construction o f  p P T F B L Y A  by addition the D N A  fragment containing 

these three genes in to  pPTFB.
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2.15.7.1 C lo n in g  o f p /ieA  gene in to  a recom b inan t p lasm id  p L Y

To construct a recombinant plasmid p L Y A , the p L Y  was used 

as parental plasmid fo r incorporation o f  the D N A  fragment (1,296 bp) containing 

the pheA  gene and its prom oter derived from  pPheA digestion. The excision o f  pPheA 

and p L Y  w ith  HincWW and BsrG \ were separately occurred in the reaction.

Each o f  the obtained products was separated on the agarose 

gel. The 1,296 bp D N A  fragment o f  pPheA digestion and the 5,376 bp D N A  fragment 

o f  p L Y  digestion were harvested by kit. B oth  o f  them were ligated to produce 

recombinant plasmid p L Y A  (6,672 bp) as shown in Figure 2.10A. A fte r ligation, 

p L Y A  was transformed into E. coli BL21(D E 3).

2.15.7.2 C lo n in g  o f A ro L , y d d G  and p h e A  genes in to  a recom b inan t 

p lasm id  p P T F B

The construction o f  a recombinant plasmid pP T F B LY A  

containing phedh, tktA, glpF, aroB, aroL, yd d G  and pheA  genes preceded by each 

own L i la c  prom oter and ribosome binding site was carried out by the ligation o f  

the D N A  fragments obtained from  the digestion o f  pPTFB and p L Y A  w ith  BamLW 
and AflW.

The long length D N A  fragment (8,904 bp) containing phedh, 
tktA , g lp F  and aroB  genes attaching to each own L ila c  prom oter and ribosome 

binding site was received from  the digestion o f  pPTFB w ith  BamYW and AflW  and 

used as vector D N A  fo r ligation.

The short length D N A  fragment (2,900 bp) containing aroL, 
ydd G  and pheA  genes closed to each L ila c  prom oter and ribosome b inding site was 

also obtained by the digestion o f  p L Y  w ith  BamLW and AflW  and used as insert D N A  

fo r ligation.

Both o f  the D N A  fragments were linked together by ligase 

leading to  the recombinant plasmid p P T F B L Y A  (11,804 bp) as shown in Figure

2.1 OB and then p P T F B L Y A  was transformated into E. coli BL21 (DE3).
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Figure 2.10 The constructions o f  recombinant plasmids p LY A  (A ) and pPTFBLYA (B)
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2.15.8 Cloning of y d d G  gene into a recombinant plasmid pPheDH
To study whether only the overexpression of y d d G  gene encoding 

aromatic amino acid transporter could increase L-Phe production in E .  c o l i  containing 
p h e d h , a recombinant pPY containing p h e d h  and y d d G  in a single pRSFDuet-1 was 
constructed.

pPheDH was used as parental plasmid for incorporation of the DNA fragment 
(1,033 bp) containing the y d d G  gene with its promoter derived from pYddG digestion. 
The pPheDH and pYddG were separately digested with B a m H l  and A f l W .

The 1,033 bp DNA fragment of pYddG reaction and the 4,898 bp DNA fragment of 
pPheDH reaction were harvested by kit. Both of them were ligated to produce 
the recombinant plasmid pPY (5,931 bp). The construction of pPY is schemed in 
Figure 2.11 A. After ligation and transformation, E .  c o l i  BL21(DE3) transformed cells 
were screened on LB agar plates containing 30 pg/mL of kanamycin.

2.15.9 Cloning of g l p F  gene into a recombinant plasmid pPY
To justify if the addition of an overexpressed g l p F  gene into E .  c o l i  

containing p h e d h  and y d d G  genes could provide increase in L-Phe production, 
a recombinant plasmid pPYF containing three genes ( p h e d h , y d d G  and g l p F  genes) 
was created by the ligation of the DNA fragments obtained by cleaving pPTF and 
pPY with B a m W \  and X h o l .

pPYF digestion, containing g l p F  gene with its promoter was harvested and used as 
a vector DNA for ligation. The 2,350 bp DNA fragment generated from pPY 
digestion, containing p h e d h  and y d d G  genes with its promoter was collected and used 
as an insert DNA for ligation. Both were ligated to produce the recombinant plasmid 
pPYF (6,817 bp) as shown in Figure 2.1 IB. After transformation into E .  c o l i  

BL21(DE3), the transformed cells were screened on LB agar plates containing 
30 pg/mL of kanamycin.

To construct the recombinant plasmid pPY, the previous constructed

Each of the reaction products was separated on the agarose gel.

After agarose gel electrophoresis, the 4,467 bp fragment obtained from



F ig u re  2.11 The constructions o f  recom binant plasmids pPY (A ) and pPYF (B )
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2.15.10 Cloning of g l p F K  gene into a recombinant plasmid pPY
The recombinant plasmid pPYFK containing four genes ( p h e d h ,  

y d d G , g l p F  and g l p K  genes) was constructed by the combination of DNA fragments 
derived from pPTFK and pPY digested by restriction enzymes X h o \  and P a c l .  

The digestion reaction of individual pPTFK and pPY contained the ingredients as 
shown in section 2.15.2.

The digested products were separately run on the agarose gel. 
The 2,493 bp DNA fragment containing g l p F K  gene with its own promoter from 
the pPYF digestion was harvested and used as an insert DNA for ligation. The 5,856 
bp DNA fragment containing p h e d h  and y d d G  genes with each own promoter resulted 
from the pPY digestion was collected and used as a vector DNA for ligation. 
Both were ligated as the recombinant plasmid pPYFK (8,349 bp) and then 
transformed into E .  c o l i  BL21(DE3). The construction of pPYFK is shown in Figure 
2.12A. The transformants were screened on LB agar plates containing 30 pg/mL of 
kanamycin.

2.16 The addition o f y d d G  gene into pPT, pPTF, pPTFK , pPTFB to 
produce pPTY, pPTFY, pPTFKY an d  pPTFBY

2.16.1 The construction of recombinant plasmid pPTY
To prepare a recombinant plasmid pPTY containing p h e d h ,  t k t A  and 

y d d G  genes with each own T l l a c  promoter, the pPT and pPY were used as source of 
these genes.

Each plasmid (i.e. pPT and pPY) was digested with B a m H l  and 
E c o R V .  After the digested products were separated on agarose gel electrtophoresis, 
the 5,682 bp DNA fragment resulted from the pPY digestion containing the g l p F  gene 
and its promoter was recovered from the gel and used as a vector DNA for ligation. 
An insert DNA was the 2,315 bp DNA fragment derived from B a m H V E c o K V -  

digested pPY containing the p h e d h  and y d d G  genes preceded by each own promoter. 
These two DNA fragments were ligated as circular DNA designated as pPTY (7,997 
bp) as shown in Figure 2.12B.
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F ig u re  2.12 The constructions o f  recom binant plasmids pPYFK (A ) and pPTY (B)
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2.16.2 The construction of recombinant plasmid pPTFY
The recombinant plasmid pPTFY was generated by the combination 

of genes from pPTY and pPYF.
For pPTFY construction, pRSFDuet-1 vector inserted with the g l p F  

gene in which each terminus was digested with restriction enzymes B a m H l  and X h o l  

was used as a vector DNA (4,467 bp). pPYF was excised by B a m H l  and X h o l .  DNA 
fragment (3,440 bp) containing p h e d h  and y d d G  genes was excluded from the vector 
DNA by agarose gel electrophoreis. Similarly, an insert DNA (4,416 bp) containing 
the p h e d h ,  t k t A  and y d d G  genes including individual own promoter was prepared by 
digestion of pPTY with the same restriction enzymes. After both fragments were 
harvested from the gel, they were ligated leading to the recombinant plasmid pPTFY 
(8,883 bp) as shown in Figure 2.13A.

2.16.3 The construction of recombinant plasmid pPTFKY
The recombinant plasmid pPTFKY containing p h e d h ,  t k t A ,  g l p F ,  g l p K  

and y d d G  genes was generated by the combination of genes from pPTFK and pYddG.
For pPTFKY construction, pPTFK was digested with A s c l  and A f i n  to 

create a vector DNA (9,400 bp), pRSFDuet-1 vector inserted with the p h e d h ,  t k t A ,  

g l p F K  closed to each own l i l a c  promoter between N d e l  and P a c l  sites in consecutive 
order. An insert DNA (1,014 bp) containing t h e  y d d G  genes with its own promoter 
was prepared by digestion of pYddG with the same above restriction enzymes. After 
both of these desired fragments had been harvested from the gel, they were ligated 
leading to the recombinant plasmid pPTFKY (10,414 bp) as shown in Figure 2.13B.

2.16.4 The construction of recombinant plasmid pPTFBY
The recombinant plasmid pPTFBY containing p h e d h ,  t k t A  g l p F ,  a r o B  

and y d d G  genes with each own l i l a c  promoter was constructed. The previous 
constructed pPTFB and pPTY were used as source of these genes.

An insert DNA (4,416 bp) containing the p h e d h ,  t k t A  and y d d G  genes 
including individual own promoter was prepared. A vector DNA (5,186 bp), 
pRSFDuet-1 vector inserted with the g l p F  gene and its T7/ac promoter at X h o l - P a c l  

sites and the a r o B  gene at N c o l - B a m H l  sites, was prepared by cleaving pPTFB with
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F igu re  2.13 The constructions o f  recom binant plasmids pPTFY (A ) and pP T F K Y  (B )
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B a m \ \ \  and X h o l .  Both fragments were harvested from the gel and ligated to produce 
the recombinant plasmid pPTFBY (9,602 bp) as illustrated in Figure 2.14.

These four recombinant plasmids (i.e. pPTY, pPTFY, pPTFKY and 
pPTFBY) were separately transformed into E .  c o l i  BL21(DE3) prior to plating on LB 
agar containing 30 pg/mL of kanamycin.

2.17 Expression o f  recom binant plasm ids pPY, pPYF, pPYFK, 
pPTY, pPTFY, pPTFK Y, pPT FB Y , pPTFBLY and pPTFBLYA in 
E .  c o l i  BL21(DE3)

Prior to optimization of L-Phe production by culturing in production medium, 
five transformants of each of nine recombinant clones (pPY, pPYF, pPYFK, pPTY, 
pPTFY, pPTFKY, pPTFBY, pPTFBLY and pPTFBLYA) were examined for their 
expected gene expression in LB medium by SDS-PAGE, and the highest over
expression of each genes was selected.

2.18 Shake flask  cultures
Ten recombinant clones (i.e. pPheDH, pPY, pPYF, pPYFK, pPTY, pPTFY, 

pPTFKY, pPTFBY, pPTFBLY and pPTFBLYA) showing intense desirable protein 
bands that were overexpressed from genes inserted in its recombinant plasmid in 
SDS-PAGE gel derived from above sections (exception for pPheDH clone that was 
selected from its highest PheDH activity) were examined for their ability to produce 
L-Phe when they were grown in the minimum medium containing glycerol as 
the carbon source.

2.18.1 Optimization of production medium composition for L-Phe 
production

The basic culture medium for L-Phe production contained carbon 
source, nitrogen source, salts, vitamins, and trace elements. In this work, glycerol and 
(NH4)2SO4 were used as carbon and nitrogen sources, respectively. This medium, 
pH 7.4 contained (g/L): glycerol 10; (NH4)2SQ4 50; MgCl2-6H20  0.81; KH2P04 2.43;



Figure 2.14 The construction of recombinant plasmid pPTFBY
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K2HPO4 2.43; yeast extract 0.085; thiamine-HCl 0.0085; FeS04-7H20  0.002; 
MnS04 H20  0.002; CaCl2-2H20  0.05; ZnS04-7H20  0.01 (Khamduang et al., 2009b). 
The MgCl2-6H20  solution and the thiamine-HCl solution were sterilized separately. 
The first one was autoclaved at 121 ๐c  for 15 min and the latter was filtered through 
a 0.22 pm membrane filter. These were added into cooled medium prior to 
inoculation.

To obtain the optimum composition of production medium, this work 
was focused only on the concentration of carbon and nitrogen sources (glycerol and 
(NH4)2S04. The E .  c o l i  recombinant clone containing pPheDH was used as a model.

2.18.1.1 Optimization of glycerol concentration in production medium
Shake flask cultures were used to examine the L-Phe production of 

the E .  c o l i  BL21 (DE3) containing pPheDH. A fresh single colony from LB agar plate 
was resuspended in 100 mL of LB medium (pH 7.4, supplemented with 30 pg/mL of 
kanamycin) and grown for 18 h (37 ๐c , 250 rpm). Overnight seed culture (10 mL) 
was inoculated to 200 mL of the production medium, pH 7.4 containing (g/L): 
glycerol 10-50; (NH4)2รO4 50; MgCl2-6H20  0.81; KH2P04 2.43; K2HP04 2.43; yeast 
extract 0.085; thiamine-HCl 0.0085; FeS04-7H20  0.002; MnS04-H20  0.002; 
CaCl2-2H20  0.05; ZnS04-7H20  0.01; and 30 pg/mL of kanamycin. Incubated was at 
37 °c, 250 rpm until OD600 reached 0.6 measured. IPTG was then added to the final 
concentration of 1 mM and incubation was continued. Samples were withdrawn 
at every 24 h until 240 h, and OD600 was measured. For measurements of glycerol and 
L-Phe concentrations, a 5 mL aliquot of each culture broth was centrifuged at 8,000xg 
for 15 min to remove the cells and each supernatant was monitored for pH of the 
broth. The remaining supernatant was maintained at -20 °c for further analysis. 
The experiments were carried out in duplicate.

2.18.1.2 Optimization of (NH4)2S 04 concentration in production medium
The pPheDH recombinant clone was cultured as described in section

2.18.1.1. The production medium (pH 7.4) contained (g/L): glycerol 30; (NH4)2S04 
10-50; MgCl2-6H20  0.81; KH2P04 2.43; K2HP04 2.43; yeast extract 0.085; thiamine-
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HCl 0.0085; FeS04-7H20  0.002; MnS04-H20  0.002; CaCl2-2H20  0.05; ZnS04-7H20
0.01; and 30 pg/mL of kanamycin.

The optimum concentrations of glycerol and (NH4)2S04 from section
2.18.1.1 and 2.18.1.2 were used as components of production medium for further 
shake-flask cultivation.

2.18.1.3 Optimization of IPTG concentration for L-Phe production
The L-Phe productions of all nine E .  c o l i  BL21(DE3) recombinant 

clones (pPY, pPYF, pPYFK, pPTY, pPTFY, pPTFKY, pPTFBY, pPTFBLY and 
pPTFBLYA) in comparison with production by the basal clone, E .  c o l i  BL21 (DE3) 
containing pPheDH, were examined in the production medium by varying 
concentration of inducer or IPTG.

One colony of freshly grown clones from LB agar plates was 
cultivated according to section 2.18.1.1 The production medium contained 30 g/L of 
glycerol and 50 g/L of (NH4)2S04 and other components as given above. After OÜ600 

reached 0.6, IPTG was added to different final concentrations (0, 0.25, 0.5, 1 mM) 
and incubation was continued. The samples were collected as section 2.18.1.1. 
In addition, a 1 mL sample of each broth was centrifuged at 12,000xg for 5 min to get 
cell pellet to determine the expressed proteins as mentioned in section 2.14. 
All experiments were carried out in duplicate or triplicate.

2.19 A nalytical m ethods

2.19.1 Biomass concentration
The following method was used to measure the dry cell weight. Firstly, 

a 0.22 pm membrane filter, 47 mm in diameter was placed on Petri dish and dried in 
an oven at 105 ๐c  for 24 h. After cooling down in a desiccator, the dried filter was 
weighed and stored in the desiccator until used. After the cells had reached 
the stationary phase, they were separated from the broth by filtration. For filtration, 
a 5 mL aliquot of the culture was poured into the holding reservoir fitted on 
the preweighed membrane filter and vacuum was applied. A few mL of water was
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added to rinse and the cell paste trapped on the membrane filter was completely dried 
in an oven for 24 h. After cooling down, the filter plus the cell paste was weighed. 
The cell dry weight was calculated in g/L.

The biomass concentration in the culture broth was monitored by 
measuring ODôoo- A calibration curve (Appendix F) is used to convert the OD to the 
dry biomass concentration. The equation of the calibration curve was Dry biomass 
concentration (g/L) = 0.99 X OD600-

2.19.2 Glycerol concentration
The residual glycerol in the supernatant was determined by ^ 4 10  of 

the periodate oxidation method (Bondioli and Bella, 2005). The working reagents for 
glycerol determination are described in Appendix G. The supernatant sample 
containing glycerol was appropriately diluted with working solution so that its 
concentration is in the range of the standards. Sodium periodate solution (1.2 mL) was 
added to the diluted sample (2 mL) and thoroughly shaken for 30 sec with vortex. 
After that, acetylacetone solution (1.2 mL) was added, then incubated at 70 ๐c  for 
1 min. The sample was immediately cooled by immersing the tube in a plastic basin 
containing tap water which was maintained at 20-25 °c for 30 min. The A 410 is 
measured to glycerol concentration using a standard curve (Appendix H). 
The concentration of glycerol was calculated using equation: Glycerol concentration 
(g/L) = 0.0486 X H 4 1 0 .

2.19.3 L-phenylalanine concentration
For measuring L-phenylalanine concentration, the culture supernatant 

was filtered through a 0.2 pm syringe filter. The concentration of L-Phe was then 
quantitatively measured by HPLC using a CROWNPAK CR(+) column equipped 
with a UY absorbance detector at 200 nm. The column temperature was maintained at 
room temperature. The mobile phase was 85: 15 v/v mixture of perchloric acid (pH
1.0) and methanol, with the flow rate of 0.8 mL/min. The injected sample volume was 
20 pL. L-Phenylalanine is quantified by comparison with the calibration curve 
(Appendix I).
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2.20 Ferm enter cultures
The appropriate IPTG concentration used to yield the highest production of 

L-Phe of each E .  c o l i  recombinant clone in previous shake flask cultures was used in 
fermenter cultures.

2.20.1 Batch cultivation

2.20.1.1 Inoculum preparation

Luria-Bertani medium is used as the seed medium. One fresh 
colony of E .  c o l i  BL21(DE3) recombinant clone grown on LB agar plate was 
resuspended into 100 mL of LB medium, pH 7.4, containing 30 pg/mL of kanamycin. 
Incubation was at 37 °c , 250 rpm for 18 h. An overnight culture was diluted with 
fresh LB medium to bring ODèoo to 0.6-0.8. This served as the inoculum for 
the fermenter cultures.

2.20.1.2 Batch cultivation condition
Batch fermentations were conducted in a 5 L glass stirred tank 

bioreactor (Figure 2.15). The above prepared inoculum (10% of working volume) was 
transferred to the bioreactor that had been prefilled with 3.5 L of an optimized 
production medium as specified in the section of shake flask cultures. The cells were 
grown aerobically and the aeration rate was 1 vvm (3.5 L/min). The incubation 
temperature was 37 ๐c  and mixing speed of 400 rpm. The dissolved oxygen 
concentration was monitored using a polarographic electrode. The pH of the broth 
was controlled at 7.4 by automated addition of 5 M NaOH in response signals from 
the pH electrode. Foaming was controlled by automated addition of a sterile silicon 
antifoam agent. Once the ODéoo reached 0.6, the appropriate concentration of IPTG 
was added. Samples were taken at 4-h intervals for 84 h after induction to measure 
O D ôoo- For the other analyses, the samples were centrifuged at 12,000xg for 5 min and 
the supernatants were kept at -20 °c .
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2.20.2 Fed-batch cultivation
The starter culture was prepared according to section 2.20.1.1. 

The fermentation was started with a relatively low initial volume of 3 L using exactly 
the same condition as used in the batch culture (section 2.20.1.2).

Before glycerol in the medium was mostly consumed, feeding of new 
concentrated medium had started. The feeding medium contained 200 g/L of glycerol 
and other media components in the same proportion of batch medium or shake flask 
medium (Table 2.4), except for the concentrations of IPTG and kanamycin 
(previously determined optimal concentration and 30 pg/mL, respectively, were used) 
After 40 h, the fed-batch cultivation was started by addition of the new concentrated 
medium (200 mL) to the fermenter, then at 60 h another lot (200 mL) was added. 
A air flow rate of 1 vvm and agitation speed of 400 rpm were used throughout 
the experiment. The medium was continuously withdrawn from the bioreactor every 
4 h until 120 h. The samples were analyzed for biomass concentration, glycerol 
depletion and L-Phe production as previously explained.



Table 2.4 The compositions of batch culture medium and feeding medium
Component Batch medium 

(๙  L)
Feeding medium 

(g/L)
glycerol 30 200
(NH4)2S04 50 333.33
MgCl2-6H20 0.81 5.4
k h2po4 2.43 16.2
k2h po4 2.43 16.2
yeast extract 0.085 0.57
thiamine-HCl 0.0085 0.057
FeS04-7H20 0.002 0.013
MnS04 H20 0.002 0.013
CaCl2-2H20 0.05 0.33
ZnS04-7H20 0.01 0.067
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