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L-Phenylalanine (L-Phe) tfuansisiulunissdnansdrdnlumamaunmguazgnamnssu
91915 LU aspartame 91NANABDINITIUAISLIY  aspartame 1'7iLﬁmmm%uﬁﬂﬂﬁmﬁﬂ%’Uﬂqamam
L-Phe Tugdunislasiamzlu Escherichia coli Tnsnszuaumsimnssuuvueddy vuideildvms
Wumsudn L-Phe TnelrauBuiiddnluifinisdaunsieyt L-Phe $1uru 4 Buidhgiames pRSFDuet-1

PNUUNIIWANEIUING £ coli BL21(DE3) SaufuBuiinsvialusiummi glycerol 1ingiaad uwagdui

A o a

\isalusiuiiinsneriilusineslsundnesnuenivad ieglunanes pBAD33 Taaudsnaniauise
&% L-Phe lagsan fie 608 fiadnsusadns Lﬁal,?iymiugmmmiﬁﬁ glycerol 30, (NH,),SO, 50,
KH,PO, 3, MgSO, 7H,0 3, NaCl 1, Na-citrate 1.5, CaCl,-2H,0 0.015, FeSO, 7TH,0 0.1125, thiamine-
HCL 0.075, yeast extract 3 nSuADaRS Lag 1.5 Jadansvesdrsazany trace elements (Usgnaunig
AL(SOL518H,0 2.0, CoSO;TH,O 0.75, CuSO45H,0 2.5, HsBOs 0.5, MnSO,7H,O 24,
Na;MoO2H,0 3.0, NiSO#6H,0 2.5 uaz  ZnSO,7H,0 15 n§usiodns) pH 7.0 flgamgil 37 e

Wwaldea Wuan 168 lua

Abstract

L-Phenylalanine (L-Phe) is mainly used as a reactant for production of important
substances in medical and food industry such as aspartame. An increase in demand for
aspartame leads to the improvement of L-Phe production in microorganisms, especially
Escherichia coli by metabolic engineering. In this research, L-Phe production was increased by
cloning four important genes in L-Phe biosynthesis pathway into pRSFDuet-1 vector. After that
the recombinant plasmid was co-transformed with pBAD33 vector containing a glycerol uptake

gene and an aromatic amino acid exporter gene into E. coli BL21(DE3). The highest production
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of L-Phe at 608 mg/L was obtained when the recombinant clone was cultured in minimum
medium containing glycerol 30, (NH4)2SO4 50, KH2PO4 3, MgSO4+7H20 3, NaCl 1, Na-citrate
1.5, CaCl2¢2H20 0.015, FeSO4s7H20 0.1125, thiamine-HCl 0.075, yeast extract 3 ¢/L and 1.5
mU/ of trace elements solution (contained (g/l): Al2(SO4)3+18H20 2.0, CoSO4s7H20 0.75,
CuSO4+5H20 2.5, H3BO3 0.5, MnSO4s7H20 24, Na2MoO4s2H20 3.0, NiSO4«6H20 2.5 and
ZnSO4+7H20 15) pH 7.0 at 37 oC for 168 hours.
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L-Phenylalanine (L-Phe) iJunsaeziilufisnduviionis dlaseadrauvveslsundn nulaly
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[ a

mldegneieun WY uargduvsd  (Sprenger, 2007) lugmamnssudeniiuildiduansianans

17

(intermediate) Lﬁamﬁmmw@mmmms aspartame  wayldnanansandalumandyinen (Judu
(Baez-Viveros uay A, 2004) Fwilslunszurumsudn L-Phe lutlagiiu Ao mandnlaeldqduvid
(De Boer wag Dijkhuizen, 1990)

NInNsFLATITinIAziiluluuylsuIfn oﬁ’mamiugﬂﬁ 1 Thongchuang Lagauy
(2012) Wa¥193moudunud Escherichia coli #ifiwanafin pPTFBLY @sldarnnisunsndudidrdalunis
duA3199 L-Phe 6 8U wWgimmas pRSFDuet-1  laun 1) 8u glpF  1iswalilusiu slycerol
facilitator Fevimiindivn glycerol Wndwad 2) Bu tktA 1WhsalH transketolase da3sufnienns
FUAT199 erythrose-d-phosphate (E4P) 3) Bu aroB 4159 3-dehydroquinate synthase (DHQ
synthase) uaz 4) arol Fadnswa shikimate kinase Il Ineviaoafuoulsiiimundasidwedianis
dAs1g9 L-tyrosine, L-phenylalanine wag L-tryptophan  5) 8u phedh 1919%& phenylalanine
dehydrogenase Liﬂﬂﬁﬁ%mﬂmUSau phenylpyruvate 18U L-Phe uaz 6) 8u yddG fidinswalusiud
v¥mihiith L-Phe sonainiwad  Inedurimunldinen £ coli sniiu phedh fiunann Bacillus lentus
Tneffnquszasdiaratisirenduuudlaauiianunsnads Lphe  Tutiinugailededdusimsis
glycerol Wuuvasnsueudainmgniosnnidunanasslfanmsudnlulefiea

Thongchuang (2011) 167‘1/‘1’1miﬂ%’uqmmmmazmwmil,?ivml,%aiuszﬁusumwsh WUIT
aeuduuudlaauiiil pPTFPLY awnsandn L-Phe 6 429 fadndusiedns lodedly minimum
medium (glycerol 30, (NH,),SO, 50, MgCl, 0.81, KH,PO, 2.43, K,HPO, 2.43, vyeast extract 0.085,
thiamine-HCL 0.0085, FeSO, 0.002, MnSO, 0.002, CaCl, 0.05 waw ZnsO, 0.01 nYusedns pH 7.4 il
kanamycin 30 lulasnsusiefiadans) Inglaifeciiy isopropyl B-D-1-thiogalactopyranoside (IPTG) i
ol 37 ssrnwaioa Wuan 240 a1 agnalsfinuiiodiedaay pPTEPLY Tuemsuds wutn
wulalduaslaladiidugmivasuanyuduuug enadesnanuiiaunfvuieviuwaddadunaan
nsuanseenves glof way yddG meldlustumes T7 detulduilifinswidenivne PTe  vaild
seeisnsuanseanfiminifuluvesdunielilusiiees T7 Tae Miroux uag John (1996) ldlaaudu

MmdrsvialUsiuieg usnandevieaaiavan 7 vliaing wanala pET-17b udmsudnesudn £ coli
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BL(21)DE3 Wiovndrenduvudlerauiilaluidedusimsudediliiy 1IPTc wuinlaladdvuindnuan
venanianenduuudlaauldannsadulaldlusmsiiy PTG

Guzman warmme (1995) liadeamanadinnames pBAD fiuszneusielusliwmes ara wazfu
muA araC TngBuilegnelaluslumes ara sziinsuanseeniilegniniloativine arabinose

wihtukaznshanseenazanasiled glucose Fanawosiungiunsuanioonvelusiunduiuse

' [
1 a IS ¥ § o o 14

wad iwﬁﬂﬂiﬁuﬁaqmmmwm@mL%aa Atu alraudu gloF way yddG Ninelalusluwmes ara
Uagilieadinmsdulslduniuazinisnadn L-Phe Tduntu
othdlsfnugnsomnaifsndeiinadeniulnventouasmienhlifuesei L-Phe 1ilu
UTUamNANSAU LU Baez-Viveros hagAuy (2004) WIsUWBUNISHEAS L- Phe 910 resting cell U3
Sreuduuus £ coli JIM101 uaz E coli PB12 7158y pheA™ waz aroF " lu waafin pTrc uaw
PACYC184 muddiu Miiulsluewng pH 7.0 7ifl slucose 10, Na,HPO, 29.8, NaCl 2.5, KH,PO, 15,
NH,Cl 4, MgSO4-7H,0 0.3 nJusiadns, CaCl, 5.6, thaiamine-HCl 0.09 Haansusiodns oy 1 Jaaans
YNATaLaY trace element (ﬁﬂisﬂauﬁw CaCl,-:2H,0 0.1, CuCl,'5H,0 0.02, CoCl,-6H,0 0.1,
FeSO47H,0 0.2, MnSO4-5H,0 0.1, ZnSO,-7H,0 0.1 ez Na,MoO,-2H,0 0.01 nSusedns) wuinsmou
Juuud £ coli PB12 anansowdn L-Phe ldnniian fe 0.45 ndusiodns wdsaintiu Zhou wasanie
(2011) Hos3neuTuULS E. coli BR-42 il pAP-B03 @il phea™ uas aroF luswmsiiil slucose 20,
(NHo),S0q 5, KH,PO, 3, MgSO,7H,0 3, NaCl 1, Nacitrate 1.5, CaCl,2H,0 0.015, FeSO,-7H,0
0.1125, thiamine-HCl 0.075, yeast extract 3 N3UFDAAT Way 1.5 LadanIU0IE1a¥aNY trace
element (Usznaunie Al(SO,)5:18H,0 2.0, CoSO,7H,O 0.75, CuSO45H,0 2.5, HsBO; 0.5,
MnSO,-7H,0 24, Na,MoO4-2H,0 3.0, NiSO,4-6H,0 2.5 kaz ZnSO,-7H,0 15 nsusiadans) pH 7.0 Tus

wiinvuin 3 dns lngldseuu fed batch 10USuna L- Phe gegn 57.63 nSusiadng
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[
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cytol b\ic membrane
-

JUN 1 Ainsdaasginsaeziiluiuveslsin@nly £ coli (Thongchuang, 2011)

nguszasn

Lﬁ'aﬂ%’wqﬂmiwam L-Phe T E coli Whnntulnelnaudu yddG uas elpF Wgnanaiin
pBAD33 Faidlu tightly controlled vector wiowanseansiufudu aroB, arol, phedh wag tktA uu
nAMeS pRSFDuet-1 mﬂﬁ?uv‘f’m'ﬁmqma’mwﬁmmsamLﬁ@iﬁﬁ alycerol tuunasasuaulunisnén
L-Phe

1. meRuduuaiide wanefin uaznnglunmsiasuuaiide

AT £ coli BL21(DE3) iluwadidndhudmiunisinauuasnsuanseenvesiu
warld pAroB (pRSFDuet-1 #ififiu aroB (GenBank no. 6058405) wag pPTFBL (PRSFDuet-1
Al aroB, arol (GenBank no. 6059445), phedh (GenBank no. EU880599.1), tktA
(GenBank no. 6059044) wag glpF (GenBank no. 6062231) 31911338984 Thongchuang
(2011) dwsunsasns pBLPT d@aunisadrs pYF 149 pPTFBLY (Thongchuang, 2011) 1Ju
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WNA99038U yddG (GenBank no. 6062375) Way gloF (GenBank no. 6062231) Wwayld
PBAD33 (Creative Biogene) tunanafianinnes

yhmadesuueiiGeluens LB Aifis1ufiiug chloramphenicol arududugarie
10 lulasnusiefiaddnsdmsuinenduuudlaauildanmsumsnduly pBAD33  uaz
kanamycin Aadduanthe 30 lulasniusefadansdmsulraufiunsndulu pRSFDuet-1 9
37 99ALaLTed
2. wedavaiiBuiedild

nsananaialialy Hivield TM Gel/PCR Fragments Extraction Kit (Real Biotech
Corporation) d@un1sgeefiduiesaisanintueulel viaudawuzivesusengngn (New
England BioLabs) lun1svinujjisenanlanediueisa (PCR) 14 PAu DNA polymerase (Thermo
Scientific) Taglnsiesfildlunisiiug uaudusngg uwansiannsad 1 dmsunsdeonduld

oulasilaing (New England BioLabs)

AN5199 1 drsuianalelnavadlnswes

T
17 a

) e N eI TEY WV
Twswes autndlelng . )
DRivei! yodlnsies
Xbal yddG forward | GCTCTAGAATGACACGACAAAAAGCAACGCTC )
gy yddG

ATA

Sall yddG reverse ACGCGTCGACTTAACCACGACGTGTCGCCAG

970 pPTFBLY

Xbal glpF forward GCTCTAGAATGAGTCAAACATCAACCTTGAAA

GG 8u elpF
panwuuly
Sall glpF reverse ACGCGTCGACTTACAGCGAAGC GTTCT 371N pPTFBLY &
ASNAADIN
GAAGGA
Sall Ara promoter ACGCGTCGACCTGACGCTTTTTATCGCAACTC
TCTACTG TUslawas ara way
Pstl glpF gene AACTGCAGTTACAGCGAAGCTTTTTGTTCTGA | 84 ¢lpF 97 pGlpF
AGGA

* | Fulduananuniaaninvassansndueuley
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daudsznavlueuwisivian

v v % 1 =
AULVNVU (NSURDARNT)

gashl 1* gasil 2+ gasil 3%
pH 7.4 7.0 7.0
slycerol 30.0 40.0 20.0
(NH,),50, 50.0 5.0
NH,CL 4.0
K,HPO, 2.4
KH,PO, 2.4 3.0 15.0
MgCl, 0.8
MgSO4 TH,0 3.0 0.5
Na,HPO, 30.0
Na-citrate 1.5
NaCl 1.0 2.5
thiamine-HCl 8.5x10° 7.5x10° 9.0x10"
yeast extract 8.5x10° 3.0
AL(SO,), 18H,0 3.0x10°
CaCl, 5.0x10° 1.5x10° 5.5x10"
CoCl,-6H,0 1.0x10"
CoS04TH,0 1.1x10°
CuCl,-5H,0 2.0x10°
CuSO4-5H,0 3.8x10°
FeSO, TH,0 2.0x10° 1.1x10" 2.0x10"
H,B0, 7.5x10"
MnSO, 7TH,0 33x10° 3.6x10° 1.1x10"
Na,MoO,-2H,0 4.5x10° 1.0x10°
NiSO,-6H,0 3.8x10°
ZnSO,-TH,0 1.8x10° 23x10" 1.0x10"

* 970 Thongchuang kagAmuy, 2012, ** aawUasain Zhou tagande, 2011, *** aaulasain Baez-Viveros

uazAnly, 2004
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3. mMsmangungaulunsnan L-Phe

3.1 Anwmsiulnvensadlnedosinonduuudlaauiil pBLPT waz pYF (pBLPT & pYF)
Wasuieuiulnauiidiwanaiin pPTFBLY Tneidedly LB broth 71 37 ssmwaidea audisszey mid-log
phase (0D600 Usvanas 0.6) Wideitldludessely minimum medium Fiduuasainemiseild £
coli Tunsuan L-Phe T9l4 glycerol Wuunaswasmsusuuwny glucose Inemuialiluavesaisuou
Windin 912U 3 ges Auandupised 2 USines 200 faddns 715 chloramphenicol ¥ie kanamycin
mnududugavne 10 uaz 30 llasniudediadans auddu fgamndl 37 ssrwaldoa Tunsdliisnon
Tuuudlaauiiwanadin pYF ler1 OD600 Uszanas 0.6 Yimaiiiu arabinose Trianuidudugaving
0.2 % w/v ewilsnhliinnsuanseanvesdiu glpF uaz yddG Aamuiansiulalagad OD600
yn 12 daludlugae 100 Falususn wdmndufieniuyn 24 Flus dasuvuaesideildludumisd
8,000xg LUwtaan 15 un¥l waginuaiuladmsunsiainusunnes L-Phe
3.2 a599¥AU3aes L-Phe Tnethdhegnadildands 3.1 unnseswhewdunseswuia 0.2 lulasiums
Mntuiluasanusunames L-Phe 28 High performance liquid chromatography (HPLC) Tneld

meeutl Chirex 3126 (D)-penicillamine LC 9w1nA3e13 150 Hadluns lduruaugnans 4.6 daduns

v Y v a al Y ] < . [} <
1% copper sulfate wWutu 2 fiadluaisiag methanol 8ns1@u 70:30 1UU mobile phase 8157 1
faddnsdoui IaAnsaanduuasi 254 wilulunsie UV detector
T7-1 1bs BamHI rbs aroL T7-2
T7-1 — & S
aroB £
bs
T7-1
pAroB BamHI pPTFBL |
(4,883 bp) lacl (9,579 bp) |
Shot  BamHI / Xhol I“i '
Digestion < T7-2 -
ot tbs
. lLigation = v 8lpF
BamHI1 i arolL 172
n" ——a
aroB phedh
rb: .
(8,671 bp)
tktA
lacl
8« d' ™\ Xl
ol - Ter
kn

JUN 2 wudstumaun1sasna pBLPT
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BamM1 araC
”‘Z' ";".k arol. 5., ara pn}rpglter
S PCR orif} peaozz V7
o — pPTFBLY e I S
(10,555 bp) o - amplification (5,352 bp) araC
, phedh G
K \ f of yddG \77 ara promoter
e < “EcoRV cam Ra
ria gpr 9 n i Xbal
Bl Xbal Sall  xbal/ sall ok
PCR Digestion Ligation pYddG yddG
amplification > (6,228 bp)
of glpF yddG (882 bp)
Sall
Xbal Sqll
. cam
r
¢lpF (846 bp) arac
,.ara promoter
Xbal / Sall b Xbal
Digestion O”' pBAD33 Sall araC
(5352bp) |
ara
N\
all / Pstl
Ligation \ 2 sall Pstl 5(.’ i " g promoter
cam Digestion Ligation
araC l ‘ — pYF yddG
ara promoter (7,165 bp)
\ bal ara promoter and
ori ’ & PCR
¢lpF (937 bp)
pGlpF slpF amplification ara Sall
(6,198 bp) of ara promoter o promoter
and ¢lpF sip.
). aniep Psti
cam

JUN 3 wnudstumaunsaing pYF

NANIINAABILATIAUTIENA
4 =] a
nsasnssneuduuunlaau

nsdulaau (subclone) 8u arol, phedh wag tktA rgnanaiin pAroB lagniseae
OAroB Wwag pPTFBL @28 BamHI wae Xhol antuidentudusaelan mmgﬂﬁ 2 \dloth pBLPT %aagj
T supercoiled wag relaxed form 716 (3U 4 983 1) wgaesig BamHl a¢lalu linear form fvuin
8,671 bp ¢agu 4 ¥os 2
msdulnauBy yddG wae elpF anmanaiin pPTFBLY  Inewfiusuauduiu yddG wa oloF antu
Tnauidnawmes pBAD33 fsguil 3 1ilew pYddG wae pGlpF lWAlesesimddy  dhedlolndves
81 yddG uay glpF waztlUifisuiugiuteya GenBank wuiguiuilaumiloutiu GenBank no.

o v a

6062375 uar no. 6062231 Jududuilandlelndves yddG waz olpF 910 E. coli DH10B 100 uay

1% '
a a =

100 % gudwiu MntugulaauTuBuTdilslames ara wazBu glpF 210 pGlpF Wng pYddG e pYF

(%

fagU 4 983 3 B pYF fléieglu 2 form Ao supercoiled way relaxed MntunsIIdOUAMGNABITES
FuBuwuiriidiuianalelndiigndes 100% wazilegosde BamHI I¥ABule 2 Fudsiivun 6,195
wag 970 bp fs5U 4 909 4

dlovisudwesu pBLPT aufu pYF 191 £ coli BL21(DE3) Snonduuudlaauildianuas

voslalafifiyuund wanalinfiadalafizuwuudagy 4 o9 6 wazillodeswaralindie BamH lagumdu
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ofitluunn 8,671, 6,195 way 970 bp (5U 4 Y83 7) a':;Ulé’f’jwmmma%ﬁﬁﬂauﬁLLuuﬁIﬂauﬁﬁgu olpF
wag yddG agnnelaluslumes ara vaswaailn pBAD33 waziltu aroB, arol, phedh uay tktA aeld
1Uslumes T7 veswanaln pRSFDuet-1

NN

¥03 1 pBLPT, W04 2 pBLPT figfaedne BamHI, 904 3 pYF, 904 4 pYF figoadae BamH, ¥
5 pBAD33, %03 6 PBLPT wa pYF, 983 7 pBLPT uaz pYF fieade BamHI uazdes m Adu
911M5§1U 100 bp ladder

nsiulauazn1sndn L-Phe vassnauduuudlaauluaimsgasdg 9

MnMsiassIrauluuudlrauidnaiala pBLPT wag pYF (pBLPT & pYF) wisuiisuiulpauiniin

o
o

anala pPTFBLY Tuamnsideadena 3 gns (M51991 2) lanan1smaaeenagy 5 wag 6
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0D600

0 50 100 150 200 250
a7 (Fa19)

-4~ Formula 1 pBLPT & pYF —@— Formula 1 pPTFBLY
-48-- Formula 2 pBLPT & pYF —@— Formula 2 pPTFBLY
=== Formula 3 pBLPT & pYF —@— Formula 3 pPTFBLY

JUN 5 maiiulavesirenduuudlrauluenmsgnsing 9 wanidiafeann1maaes 2 41

600
=
=
@
-2 500
R
&
G 400
@
=
c 300
G
33
@
&
= 200
@
d
3 100
a3
g 0
&
0 50 100 150 200 250
a1 (#lu)
-4~ Formula 1 pBLPT & pYF —@— Formula 1 pPTFBLY
- 4=~ Formula 2 pBLPT & pYF —@— Formula 2 pPTFBLY
=== Formula 3 pBLPT & pYF =—®— Formula 3 pPTFBLY

U1 6 M3wdn L-Phe Tng3aauduuuilaaulugnsenmseng q uansriadeannismeass 2 41

Sreuluuuilaauiisaessiafulaldfluemsansi 2 sesawndugnsi 3 dwsu pBLPT &
PYF uazansi 1 @iy pPTFBLY lnedl log phase 8g5e%i19 0 - 100 939 kaendsa1n 100 Falusay
Wng stationary phase (3U7l 5) Fwafilidenadesiu Thongchuang (2011) fivinisidedlaau

PPTFBLY l¢f9vs log phase agfl 100 Haluausnidufioatu ogslsfinu Uun L-Phe Tuems
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ansfl 2 uag 3 ndlnevianddaautiosinn (i 100 fadnsusedng wasnsranumdedalaed 150
dmuluemagnsi 2 Ienadenndesiu Thongchuang (2011) wagwui1 pBLPT & pYF Wam L-Phe 16
495 fadn3usiodnsil 240 dlusdagandinsnanues pPTFBLY (449 Tadn3usiedns?l 240 Fala)
ntden (5U71 6)  madulanazgUuuuMsHAR L-Phe funnsnsfuemmss 3 gnsenaLilosunan
Usunad glycerol suvauvaslulpsauasUSinalulasuiiuandieiu ﬁaﬁ?ﬁw‘hmaﬂ%’ugmﬁ 2 Ay
3 Tolanududuves glycerol Wy 30 nSurednsuwazly (NH,),SO, 50 ﬂ%’miaammﬁauﬁ’wqmﬁ 1 &

linsiulauazniasngs L-Phe vesineuduuudlaaudsgy 7 wag 8

&---g-----g---g---a
-

-

0D600

0 50 100 150 200 250

nan (@79

-4F- Formula 1 pBLPT & pYF —@— Formula 1 pPTFBLY
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