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ABSTRACT: The bifunctional PheA protein, having chorismate mutase and prephenate dehydratase (CMPD) activities, is one of the key
regulatory enzymes in the aromatic amino acid biosynthesis in Escherichia coli, and is negatively regulated by an end-product,
phenyalanine. Therefore, PheA protein has been thought as useful for protein engineering to utilize mass production of essential amino
acid phenylalanine. To obtain feedback resistant PheA protein against phenylalanine, we mutated by using random mutagenesis,
extensively screened, and obtained pheAFEP gene encoding a feedback resistant PheA protein. The mutant PheA protein contains
substitution of Leu to Phe at the position of 118, displaying that higher affinity (about 290 uM) for prephenate in comparison with that
(about 850 uM) of wild type PheA protein. Kinetic analysis showed that the saturation curve of PheA™® against phenyalanine is hyperbolic
rather than that of PheA"", which is sigmoidal, indicating that the L118F mutant enzyme has no cooperative effects in prephenate binding
in the presence of phenylalanine. /n vitro enzymatic assay showed that the mutant protein exhibited increased activity by above 3.5 folds
compared to the wild type enzyme. Moreover, L118F mutant protein appeared insensitive to feedback inhibition with keeping 40% of
enzymatic activity even in the presence of 10 mM phenylalanine at which the activity of wild type PheA"™ was not observed. The
substitution of Leu to Phe in CMPD may induce significant conformational change for this enzyme to acquire feedback resistance to
end-product of the pathway by modulating kinetic properties.

Key words: £ colj, aromatic amino acid biosynthesis, chorismate mutase/prephaenate dehydratase, enzyme assay, feedback inhibition
resistance (FBR), phenylalanine production, random mutagenesis
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phed EIEIO| EIRiolR|0f Kt &

& FH7H| ol EH(Aida, 1986), HEfC|= 7|29l ofAulE
(aspartame) @] ¥ & S22 201X 11 QlthAllevaetal., 2011).
E. coli o)A WF8FZE o) 1eARS2] 31442 phosphoenolpyruvate
(PEP)2} erythrose-4-phosphate (E4P)2] &A% Z35L0 & A]
Z¥s}o] chorismate-S TH=2= shikimate pathway2}al &%
FEA ZE E3K Parish and Stoker, 2002) (Fig. 1).

o] A B m oA #H'd Lehd-2 pheA AR} o] o3l oF
3 .3}%]+= chorismate mutase/prephenate dehydratase (CMPD
= PheA)2h= 07| 5 A A (bifunctional enzyme)o]| 23}
o] chrismate® X E| 3F4J o] A|&t= ),
pathway ©f| 2]5}¢] A A= chrismate £ prephenate 2 1 2l-5H=
chorismate mutase 7|51}, Th2 ¥H2-91 prephenate& phenyl-
pyruvate 2 A3} A|7]+= prephenate dehydratase 7] 5= 3t &
a0l A FAlofl 7HA] AL Qlth(Fig. 1). o] 7714 7lh°l |
PheA ©H2-2-386 7] ] o4k o = S w0 Qlat, 947
29) upA]uf AbE¢l L-# d depd o &fstof ohEAke] A4
ZZ(allosterically regulated)& W=t} &2 QIti(Pohnert
et al., 1999; Prakash et al., 2005) (Fig. 1). o] 2|3 AFAIL, A2
Qo 4] o] PheA Tl 2 O] 23 A= o] FA| = E A 51| 9k, =]
daeid o Az 5= 7ol wheh 2F A o] 7)1 At
Ho7tel 54 Ao R Qg w242 thgA| A
(oligomeric state) & HAZHE] FAZAZA| 7L AE O Z 4 21

o] § A= shikimate

%Jo] 31 9JtKDavidson, 1987). ®3t, #H'd oehd A 4
ZoA EAF YA Y 28-S e 2T A 241 2] PheA
| SHIKIMATE PATHWAY |

AROMATIC VITAMINS
ENTEROCHELIN
TRYPTOPHAN
TYROSINE

CHORISMATE

PheA
Chorismate
mutase

PREPHENATE

PheA
Prephenate
hydratase

FEEDBACK
INHIBITION

z
PHENYLPYRUVATE |

tyrB
aspC

y
PHENYLALANINE |

Fig. 1. Biosynthetic pathway of phenylalanine in Escherichia coli. The
bifunctional enzyme PheA functions as a chrismate mutase-prephenate
dehydratase (CMPD) and is negatively regulated by an end-product
phenylalanine. E4P, erythrose-4-phosphate; PEP, phosphoenolpyruvate.
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Herrmann, 1990; Gunel-Ozcan et al., 1997). $9} 72 X 3}st
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2 Aol A ARGE 3 9 EekAu] = Table 19] Wl
SFATh E. coli JTH24 H-F= vl ddabd A A a4

% phed GRS AEAA, 2 A7 2o 2235} A %M.
pLC150 Za}Au| == pBC322 (pBR322-Ater) ZefAu| S o]
E. coli®] phed SRS §H5-51=DNA & H-L EcoRI-BamHI
Agtaa Fojof 2 sto] 531U PheA THH 2 9
G AE fI8to], o]0l 4-8-5h= DNA d & pLC150S
template 2 AR8-5}0] 22112 L E|= Zajo|m Z(pheAFor:
5'-GGTGGTCATATGACATCGGAAAACCCGTTACTGGCGC-3',
pheARev: 5-~ACCACCGAATTCTCAGGTTGGATCAACAG
GCACTACG-3") PCR3}o] EE3}49tE Aoj7l 1.1 kbe] DNA
HHE Ndel-EcoRI A g F42 Aotslo], 3 HEQ]
pET28a(+)°ll 2953t
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Table 1. Bacterial strains and plasmids

Bacterial strains Genotype Reference or source
W3110 wild type C. Yanofsky
JH24 supE, supF, hsdR, gal, pheA’ this work
BL21 (DE3) F ompT gal dem lon hsdSe(rs mp ) MDE3 [lacl lacUV5-T7p07 indl sam7 nin5]) [malB Jk12(\%) Novagen
DH5a F endAl gInV44 thi-1 recAl relAl gyrA96 deoR nupG purB20 ¢80dlacZAM15 ThermoFisher

A(lacZYA-argF)U169, hsdR17(rx mx ), N
Plasmids Description Size (kb) Reference or source
pLC150 Ap', pBR322-Atet-pheA™" 44 this work
pLC151 Ap', pBR322-Atet-pheA™ 44 this work
pBC322 Ap', pBR322-Atet 32 this work

SXISIX EXHO| RUAS S5t phed™ KR} E0IHO|

pheA $871 o] ] 22 H Fe}An| E(LCISO)E Aol
AF8-3} % tHHwang ef al., 1985) (Table 1). phe AV G- AR} 7} =
295 ZA0|E(pLCI50) 2 FRAASKE E. coli JH24(pheA-)
£ =7 17HA] e, S o] =29l nitrosoguanine
(NTG)E citrate buffer (pH 5.5)E ©]-83}4] 50 mg/ml =2
qk220] JH24/pLC150 & 2 A= E. coliz}37°Cof| A 305 =
QFRESAIZATE. $12] A 2ol A HE-g- 3 ZE5H= NTGE A A
5171 91811, NTG7} A2 ¥l E. coli 5 U223t F phosphate
buffer (pH 7.0)2 5= 81 A 2315k o] E. coliS-2 A2 2] 9
ZAHiAI(LB broth)of| A 24 AJ7F B} £, NTG7} %] 2% pLC150
AV ES FESRI o] 5 pLCIS0OS AlTtas
Nael-EcoR1 © 2 #|2|RES- ThA| A28 Eefn| =of 26}
o] JH24(pheA-)oll AL A &, sl d Lrapd -2 FARA|
(analogue) 21 p-fluorophenylalanine (p-FP)} m-fluorophenylalanine
(m-FP)& 5 mg/ml -5 5= 2 3Z3F6}h= 2| a1 A] u %] of| A 3-7¢
F237°CollA vljokstsith AT E. coli 7212 2R E| pLC150
Fopan|= g 25510 phed §249] 97149 2t

k.

MIEXSA%M(crude extract) = 4 CHHZA] 85
A2 = 3|H E. coli (JH24/pLC150)2 2 F3t F-5]
] $+59-00(50 mM Tris-Cl, pH 8.2, 1 mM Na,EDTA, 10 mM
[3-mercaptoethanol)o]] AEMA|A 2231} 1} $F F(Sonics Vibra
Cell), 30,000 x gof| A 3027+ A E2] 5} lysateof| A ¥]-8-3
A FES AAS A YA 22 E AN S S48 27
of| A8} Tk PheA T 7k & pET28a(+)-pheA™’ &
L pheA™* 2 Z3}51= E. coli BL21(DE3)-& Kanamycin (50
ug/mlyo] 3Z3HE LB v z] ol 4] tfj4=7](ODeoo~0.6)7HA] 37°C

=32l A Als2d Al3E

of| A ujeFEhE, 1 mMIPTGR 37°Cof| 4] 5A| 7 &<t 2hird
FEshI) o] S AT AERE L] FUE LS
£F=8-91(50 mM Tris-Cl, pH 7.5, 500 mM NaCl, 1 mM DTT)
S A9la}3L Slot BUSHA Ak

o o

6x His tag 7} PheA"" T1= PheA™" w2
2 Ni-NTA affinity resin (Qiagen)©]
2 FAIZ] &, 50 mM imidazole©o] T8 245
ARSHA| 2 E. coli A ZE o] il Ydh=
1212 2-2-290(50 mM Tris-Cl; pH 7.5, 500 mM NaCl,
200 mM imidazole)& o]-&35}o] F|4=3}¢tHFig. 2). Hoi=l
i 2 of] A N-heho]] 6x His tag-& thrombin %] 2] = #4517
Sffol, Tl §olS F45k0] NaCIo) 5125 150 mME b

30| 7 unit 2] a-thrombin (Hematogolic Technology Inc.)&

(A)123456 (B)123456

& 75
60 S 60

45 B 45
" | en——
35 - 35 - au
A
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Fig. 2. SDS-PAGE analtysis of purified PheA™" (A) and L118F mutant
PheA™" (B). Bacterial lysate and purified recombinant proteins were
analyzed using 12% SDS-PAGE as described in ‘Materials and Methods’.
Notably, 6 x His tag was removed by treating with thrombin, resulting in
producing the lower molecular weight protein (lane 6) than that uncut
protein (lane 5). Lanes: 1, molecular marker (kDa); 2, crude extract from
non-induced cells; 3, crude extract from induced cells; 4, unbound
fractions from Ni-NTA agarose column; 5, purified 6x His tag protein
(~43 kDa); 6, thrombin-digested protein (~41 kDa).
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7Fete] o) Al 5 A7 F9t v-g-51 St A2 %l 6x His tag ¥t
o9l = thrombing: A|#5}7] 9]5}¢] prephenate dehydratase
(PD) &4 =74 €-9(50 mM Tris-Cl; pH 8.2, ] mM Na,EDTA,
10 mM 3-mercaptoethanol) 0 & H&H-S- o] 2 HiLoad™ 16/600
Superdex 200 pg column (GE Health)of] ] Thull 2l gol.8 &
T} A]A size-exclusion chromatograpy & A48} T} 2|54
o2 olofl BujH e HATY 24 o) AL T

Prephenate dehydratase (PD) &4 &M =X

pheA 9747} 4291 PheA™" & PheA™ tha 2l o] & 42t
A2 prephenate dehydratase®] A=A o2 2031
(Davidson et al., 1972). ©] &4~ 9] ¥F-3- AHE-2] phenylpyruvate
= &8 Ao A(1.5 M NaOH) ZJ3F ZFo) 4l 4 & 317320
nm)o| A S3FE=E 2 2lth 0.4 ml2] 0.5 mM prephenate -8-28
2{(Tris-Cl, pH 8.2, 20 mM [3-mercaptoethanol)S 1]2] 37°Co||
A A e F, M 2T AN T g B E @20
u)S 7ste] 37°Col| A 587 WA HTE AN 0.8
ml®] 1.5 M NaOH &5 3 7}sto] A A7) a1, L 4lie] 5
Arzol o] &3 = 320 nmoj| 4] 245} thBiochrom Libra
S22). A A% phenylpyruvate 2] 5=+ 320 nmoj| 4| 9] E5%
A4(17,500)F o]-8-5Fo] AAFsFel ek o 24 F H(blank) 2
7178 A o] T3t S8 T Tl A 37} Fof| NaOH 8942 7}
AN FHEE o]&sto] ST AL 9
9 274o)| 4] prephenate 1.0 uM 7] -5 A gHA| 7] = B 429
FS- 1 unit 0.2 A o5+ ch

5

ok

&)

SA S#H8Henzyme kinetics) X|&E A

PheA THill 2 0] 7121 9] prephenate®]] 3t =224 53
s 2|3 A7 438 7714 520l tslo] triplicate A130]
Ok -EAIA Aol oJsto] =8P =| Atk Kl Vinai= Sigmaplot
curve-fitting 3 2 71 2(JandelScientific)2 A5} A A=

oAk,

2 I

E|HUKSH KEH phed™ QFIX} MH

ofu| Al §-A}H|(analogue) = AFS5H= ofbu] Ak ABFHA
CHA o] Tofdl= 2 F Ax(key enzyme)-2 A Ff|SHcE 132
2 O FFL o] 3 A 7L A 1= B o M= W a st
ofn| i Abe AR © 2 gHA 8 5 gl w o] AAfo] A3

k. R =, At 4§ ahs ofulietto] A3

Y 71 A3 7} A &E tDopheide et al., 1972). o] 23t 22
S ofa] At FARA of] o]5to] B o] &/ o] AlsfjEA] oF
0 o] Bevo] Tzl ek o o4 T ou] el
oJlol = HuIAs|S WX o= AL ofu]gte). watA] of
2Rt EARo] RS 7HAAL Qs P E-S: T oAk A
T T o) 24 AU B AAlske] 57 otuliedbe) 57
o] Aot (Hwang et al., 1985; Pohnert et al., 1999). Bk
ofr|ieAkRl Hd e AR BgollA =2 B¢l PheA
SIS Yo sddehde] ot HueAlel Ay
(feedback resistance) SAHo] GHAXE &Ry 9519
NTGE o] g3 L219]8 Eo| e Aalit). pheA
SHAE R PLCIS Sepan|E2 Y AsE oYY
2d 2 3% (auxotroph) Q1 E. coli JH24E NTG 2 A 2] 3+%,

mg/ml 9] Hddehd FAM|Ql m-PF = p-PFE Egoh=
Z|axu x| 0| A 3-7 L o] At - 2|FA O = p-PF 2 v A o
AREB7S] B2 E 224 glgle. o] §AAHES thil Al
& WE|(pBC322)0]) 2 4|7 el R R dao] oft Al
YA 272 glolaa shalch 2ol GAM A A4
=9 #Hd ol gt A= s dolr] $istod, o] p-PF
of| Aol = ETLH =S FHSHE E. coli TH24 2] Al
Za 4Nof 3E3FE PheA Tl 2 9] 7]%5-¢1 prephenate dehay-
ratase (PD)2] 24-& 0-10 mME bl Zajatol o 27
Shoich. Sehan| S8 g okA) g TH2 T A9 A%
2 oo A= o e 2 o] ZHE| ) ekl E coli oF
ARl W31109] sz 4202 1 mM #HE depd A
Slof|A] ©F91%2] do] Asf ¥ 1AL, S mMofAl= 2 do] A2
24 %) %] SFIrK Table 2). HHHO| E. coli JH24/pLC150 (pBR322:
phed™o A Qo F&EL P dehdo] ZAsHA] g
EZ M AR R k66 9] TS Wl S mMe] 3
erebd At A oF 20%2] F4o] wot 9igich ol
gene dosage A }of| oJ 3t E|H QI A o] A}l AL = AR H
o}, oot ulmstel, 8E52] FAH A Fe4S 7H B
Ho] FolA  FRo ZEvto] sjdretdo] tha) ol
0| I AP LR ek 0] $071 2 phed ™ o]} 7
3}, 0|2 EFER= ZapAn| =2 pLCl51 (pBR322:phed ™)
]2} w5}k Table 1), 0] §707}2] 4H5:3] PheA™ gha
e opAl g whu Azt | mato] oF 3.5u) o 4ho] FH S R
th E3k E coli JH24/pLC150 QJZZ2F AN 1 mM 2 5
mM #ddehd Freof A HojE B/ vlasto] 7.26) B
158] 9] &AJ-& YEM It Table 2). E. coli JH24/pLC150 A
E2 84000 o] 27 H14) 9 10mM s d ek 27
Blo| A= E. coli JH24/pLC151 8] 252 o 3] 54l J =2
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Table 2. Enzyme activities and feedback inhibition of prephenate dehydratase by phenylalanine in E. coli

Specific activities (U/mg protein)”

Strain®
0 mM (Phe) 1 mM (Phe) 5 mM (Phe) 10 mM (Phe)
W3110 0.37 (100) 0.035(9.4) ND (ND) ND (ND)
JH24 ND (ND) ND (ND) ND (ND) ND (ND)
JH24/pLC150 1.98 (100) 0.85 (42.9) 0.35(17.7) 0.06 (3)
JH24/pLC151 7.44 (100) 6.11(82.1) 5.18 (69.6) 4.86 (65.3)

(), Relative Activity (%)
ND, Not Detected

*Cultures for enzymatic analysis were grown in minimal medium agar lacking methionine (0.2 g/L).

b, .
Crude extract was used as enzyme sources for all the strains

314(4.86 Ulmg)< 9 A15F 919iTh o] pLCIST 22220
mM s detebl 22 spoll 4 2] AaH4at vl m3kd 10mM 9]
Joretd ZASll A 653%2] AGAE SATITHE AL
ofu|gteh E3F, 2 5= Hd gEhd(S, 10 mM) A5}
xle] opY $ 27 g Al 25 400(pLC1S0) KTk 747} 4
o} 226fe] Z7bel MRS LR SIcKTable 2). 9] ATk
A o] FAAE el A o] Al L] A 3}e} 7 2ol A -71‘—
9 GAEH o= AE 23 5Ho| AM(deregulated) T L

3l 74 = o] upA|uf AlEol| o)t = Q] # sl of T gt ‘ﬂ%‘Eoﬂ

G S S S ek BerElo] Alek. sAe, 9 AHE 5
@ Bkl e SAYRE LG el e ol
B, 2} YAHTAE colio] vlof 27 LA ZR AL 2]
gl el HTe] 3380l 918 4 SIck et
st v ol Ao} 2|54 Eeo] §Hx10] R} 1 ALz
ohat Eaeara] WHel A9l shilo] WATHIR, phed™
740] @714 2R ) Hel gl Al stk

pheA™ QXIS &7 M Z Tt 0P SISt HlmEA

s Afafol] dhgh vizt=ol AgdS vt 4
(phed™) 2] B 0] 915 H2}s] 47| )50, 1,158 ¥
S| SEto|=of thgt A7 A E-E 25t tHMacrogen). 1
A} oY A E 2 352‘?1241 A EAlO] EjRlo. g 2]2HC
—T)=| 9t Table 3). 0] 28] L.EFo| = X|3He AR} A
Q1 kol 4] o4 PheA™ Thal A o] 118 A o] imAtel 7
Al(Leu, CTT)o] #|d &efd(Phe, TTT) 0.2 AZHE-S ofn|3t
th obu| Al 2ol 4] Falo] Hld drehd © 2 o) 2|2k o}l
AR o] shehA B W x| o g F s dojd A
© 8 gkEnh FA10] M7l 27)E A A o0& o2 ofnl
I Abo] u]Eko] ZRA]WE Thl A ARt o A A Q1 Ay
gAe) 7]efgiet. shARL Hd debde ohE S ofv) e
ARl B 2AN(Tyn) 3 EYEH(Trp)o] vlsto] Frja] o2

=32l A Als2d Al3E

Table 3. Location of mutation and change in the corresponding amino acid
in PheA™®

Nucleotide Amino acid
.. .. Change
position position
Leull8 —Phell8
352 118 (CTT —TTT)

2 g A VR AR 2719 At a0l 2713 R4l
of| vlste] vltisic). whabA o] 2|ghe- Thal A of Akl ALz
9] MEtE 24 9tk o tork, g debd e 2]
o] T whaFE obu] Akt 3] 7t A stacking & 55k
7 AR 3 4 Qlof Wl o] ARl et 7))
SE7} ol A= ot

e 24 A7 el o] A
Het 5, *L %PheAFBR thul g o] ] ¢]
28 25 ofu) Az} el ko] Y 3ks]
2E 85} L2 235kt AAE s}
PheA "2} PheA™ thij o] Z:n]5]ofof
S| e, 2 SIS coliol ] et 417171 Ststed
PET28a(+) Tkl ulEjo] 221d5to] 7 b2 oje ukel
AT,

B TS AT MRS Bl e
294 BASS A7 oko] B S AL shok Sa4 4
S H(Fig. 2: lanes 2 and 3)2 Ni-NTA resinof| Z3}A| ZiT}. o]
O] A resineo]] AE5HA] &AL} ekslA Ags Tl AL A
W Z(Fig. 2: lane 4), 32 imidazole 5E=9] &H5-8-90
N-terminal o] 6x His tag-2 35 ?ﬂ—PheAWTE} PheA"™® ¢y

235 TH(Fig. 2: lane 5). Lo A} Zro| rH A == ¢
a’kgm], His tag¥} 21 3}E 7} =2 resineo]] =2 hal 2 o] 7]
(43 kDa)2} TSR HE R Wop g apmel dAre wele

r
Hf o @

i



7 S o] A | 932 o = AU Fof Xl e
His-tag 2} 52 thal 2] Afo]of] el 2] Faj 7 4~ 1 thrombin 2
o R 23| wiel, o] el Faff a4E o]-8-5)
His-tag2 $H-5-31 5-9)(~2 kDa) & Aths}gic). HEH o= A

2 dAkT} ZHo] ~41 kDa 3.7]9] 14T 2 AA F

X %A chajlo] W) R R L
Eop S gie] Hgirhs 412 ofnlgit

FBR
PheA™ Citzlo| SASHSIN of

PheA™ 9} PheA™" thil o] mageat] 54 e
S0l E oAk B97F & AA| 2] 7]5 0l m]X
TS o] 8ff sh=t| BA otk whebA PheA THil 2 o] 7]
prephaenate dehaydratase (PD)2] 24 of| ojj 3t Z2l&F4] H>
o mid debd A S H] L AT Table 4). 712
@] prephenateo]] t)3l PDO] 534 H45-2 Michaelis-
Menten equation®]] &]§F 7|4 =2 =4 & QI tH(Table 4).
PheA"" 9} PheA™* 2] K & 7] 9] H]4=3}1}, 712121 prephenate
o}o] AHE = e K PheA™" (0.847 mM)©o] PheA™
(0.287 mM) K.t} oF 38 A& =9ttt 1A |Th EAT LT
H %2 91 Kea/ K PheA™ 0] oF 34} lnom} 0], PheA™
oy 2] 0] PheAWT HE} 714 A erl g =0y, g g8F 0
A& oju|gitt

ﬁLOM %EI PheAFBR Thal 2 of 5kst = A of
Aol gt 5284 A4S doti ] flste, &g A€
hal 2 2 PD 24 of| o 3 = = 91 A 3fj(feedback inhibition) 41
H4e 49 8P’“EHFlg 3). o] T A 2hg o] 2HARQI Hd Y
M ZA ], opg a2 (PheA™ )2 95%2] 24
= ez;adxl kA8 e PheA™ thaj o gho g dobehd =
of| Al 50%2] E/d-& F-AI5kL QL ITH(Fig. 3). ZL o]4Fe] #Hid
oFabd 9] &%(5-10 mM)oj| A= PheA™ -2 7] 2] 30-40%2]
3PS Q2|5 uh, opalZ 0] BA] O 7] o] Holx] ekgft).
o] A3M= PheA™ Tl Aol A Qoft L118F ofu Ak gt
Ed o7} PheA" ThilH o] HAabA 0 2 g B¢l Ao S W
AW 9 debd 5 52(0.6-1 mM)of A &= 50% o) A si&

Table 4. Determination of kinetic parameters of WT and L118F mutant
PheA™®

. Prephentae
Protein 0 . -1 -1
Keat (min™) K (mM) Keat/Kin (min”™ mM™)
WT 2061 0.847 2433
L118F 2027 0.285 7112

348 7PAgeh T TRk,
19| ) she et B ate] BAE o 4] &
A sxo] Hddetd A4 7 dEE o2y &
=431 thFig. 4). Wl d gebdoe] 24240, 0.2240.5 mM
ZAYA], 718L 02 mME §13} A 7] A}, 52513 AR A
2 Afoldt AuHE B grh PheA™ whil Ao o d grebd 24
Al 71-EF}E A H(substrate saturation curve)”} sigmoidal
32 Th(Fig. 4A), Phe AFBR chal e kO % 7o A hyperbolic
# B2 HTHFig. 4B). o] AT}, ot AL 2 A 7}0]

jg i
ril
=

O_u mN I:D{t

A B Aol Eol 7|83k B cooperative)
¥O2 AR Wl 24E AARICE e, Eello] o
D S P
AYgseA o AR
o F#
B AN E. colio ] WS oAt AT H2E

251 0 749 PheA BHil o] HuglA o] 23] B
#o](PheA™) 2 MW}, 71 &40 & 452512 (enzyme
kinetics) A& AT-3heiet. =elelAlo] 4 Eeluo] £
HAS 0] Hdetehy fmA] 2454 A astsic
o] ERol= 118HA ofu| Akl FAl(Leucine)o| #HE Y

100 @

—— PheA""
—O— PheA™® (L11F)
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60 1

40 A

Prephenate dehydratase activity (%)
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0 - - - -
0 2 4 6 8 10
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Fig. 3. Effect of phenyalalanine on PheA activities. The prephenate
dehydratase activity was measured in the presence of various phenylalanine
concentrations. PheA™" (open circle) sustains its activity by 40-50% at 1
and 2 mM phenylalanine concentrations, respectively, at which the activity
of PheA™" (closed circle) is almost negligible. All experiments were
performed with triplicate for statistics.
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Fig. 4. Substrate dependent PheA function in the presence of phenylalanine. The prephenate dehydratase activity was examined as functions of PheA*" (A)

and PheA™® (B) proteins in the fixed inhibitor (Phe) concentrations (0, 0.2, and 0.5 mM). PheA""
changes inhibitor-dependent binding of substrate to hyperbolic (B), indicating that

phenylalanine (A), whereas the mutation occurred at L118F in PheA™

shows sigmoidal fitting in the presence of end-product

the amino acid substitution might prevent the oligomerization of mutant protein. Data are averages of triplicate determinations and were fitted to

Michelis-Menten equation.

2d(Phenyalanine) 2.2 x| &-%] %ﬂt‘ﬂo
(Table 3). 4 FA L NHFO NZZF AN 152 B
SPAE P o) 2 e
A gl ah 1 8 S vl 2 o, 30 o]
£ Wik Table ). W5 ol leAHE<) o]
Esto] ofgk 2.8 v g HAEol
¢1 © LK(Choi and Tribe, 1982; Hwang et al., 1985), H|'2d -
of| o3t A8l A3H/d Z ol Har F v gllek wahk
Aol A 291 2] Ei o] W of) oJa) AHE phed™
A= HlEEE ofu| 1AL AYHA] A 2 o) 24 7])ZHS ¢ /\ﬂ
olafish=tl] F-&51A o-§ F Ao & Al a4
T-2] A3}, o] FAHO| = oS 9] Eﬂlél%fa}‘/‘ 94
714 ek 9F A (cooperative) Q1 7] A ko] Ao A
2ol AT PO 2 W A7) A0 FhekEIL o] WA
E. coli Y] oY PheA T4 22 thefa)|(monomeric) & A3}
A] o1 thEEA)|(multimeric) & 2R3 9)=35ka Qth o] A
2 7|1&9] EL’E«‘—)—(Baldwin etal., 1981) a4 FHsF o7
U5z Aotk Z1 o)z, x|l A E. coli ol %
ZE|oj 2= HddEhd o] F = 0.6-1.o mME A A 3=
Hl(Brown, 1970), o] A7 opAf ol A o] A4 Q1 Al &
L oF 4 %H~0.5 mM HHd drehd Efstel A A A 5F317] o
Eoll, E. coli Yol 4] PheA T2 o] thekA| 22 9] £27} #d
Al S HEXHEAE G EHOE Ao = =
5 QAT e HojEt o]d Feha d+te] Ayt
oF T A o] 7]55 Atolofl AR AIE ArE ] fistod,

fu
_]j4 rrl
. Tt
A=)
e o Cjﬁ
32
i)

ox ol
1o
i [m olN
Ay

5%

o 1

Lo
Pz ad

mE
Ol
o,

X

o1.

£
= anl I

ox &

o

El

=32l A Als2d Al3E

o] Thile] 491 % 9177} Herolel s 1
v, ﬁ]XHW}X] H11E E. coli2] PheA THl2l.S 72kokA] 0]
”E] N-Zeh E2.9] chrismate mutase (CM) 2} C-
7}z]

L A7 CM Eﬂﬂ 21(1-89 aa)JJr PD Euﬂ <ﬂ(103-376 aa)gi
trolA oL, AEehd QA7 U b ulAbge] PD gl
Z Ao A 3093129} 329-332 ofu|i-Ato g o]Fo]R]
motif7} Hd defd o] Agsl= 259 (regulatory region)
2 4 A thLiberles et al., 2005; Vivan et al., 2006). 5}4]
7k, 2 A7) Phed ™ Thul Mol A ub el 22k v d et
A7 obd CMI}PD T ¢19] 7+ = PD =11 9]
L FollA FAE U o] Aits EARO|(LIISF)oA L
Sk EEelo] Aol 284 A ele] Wato 2 2
o sdererd ske 272 Qe aubt ohets S
ofm]git}. ofukE o] Eelulo] 1l o] G715 Ao A
9 742 wjolel 7hsAo] Ack ApR Y,
Fa17] 9lao] A Bajo] R yEr,

X]___
3]

=
s

o
i {i{o

I

8 2

E. coli®] PheA 22 chorismate mutase and prephenate
dehydratase (CMPD) /44& 7} npz|at ALE¢] o d &}
dof ojsto] Feiqlalols} Bl ATy ARe] FR 24 &



pheA EHo| E|2olr|0f Kt Seolo] Matars ei7 - 285

~

4 50 sholrt Z1e| B, o] PheA Tl E-2- T4 ofw| Al
o il #ld dehd o] s A4kl o]-8-517] 91t Tl
%?‘i, EpAlo] H 4= QI o] 2ijt 554 © 2 PheA thiH ©
FAYAREQL H ' drehd of] Rt HH A o A A}

stk o] A AHEQl PheA™ 2 118 W7 &
Aol Hiddehd o 2 28kE§la1, 7] 2l prephenate]] tht
Z18t= 7L oA T A ) v wsfo] oF 3.5u) H = 3tk
PheA™ & A Z U0l A 2 5|01 =9 A s)E sl wd
dahd F o) A(2F1 mM2} 10 mM)of| A &= 50%2}F 40% 2] &
AL, wd depd EAstol A 71d o] At
&5 Z(cooperative) H =04 ©=A(hyperbolic) 2

2 A QI o= 7]|& Ao} Blas & o, of F¢Ho]
H o= o] §37]%s EAQI PheA thij A o] |28 24 F.9
O ZAE A gt} A4 52 5H A Ib=PheA T 2] 9] &
HAA s A 5o ofn| At F Aol of] ofgh ek -
20 ¥3} - ieof O3k A o= A7 Ch B Yok, & dt
A AEE FAHO| A =SS o83t ol

d
-

oo
ﬂJlO J‘j
it

ALl &

Q= 20131 AR R) ] Q102 AT
212 uho} 2] QlulALA x| LA NRF-2013R 1 A1A2057465)

References

Aida, K., Chibata, 1., Nakayama, K., Takinami, K., Yamada, H. 1986.
Biotechnology of amino acid production, pp. 188. Progress in
Industrial Microbiology. 24. Tokyo: Kodansha; Ltd, Amsterdam:
Elservier Science Publ.

Alleva, R., Borghi, B., Santarelli, L., Strafella, E., Carbonari, D.,
Bracci, M., and Tomasetti, M. 201 1. [n vitro effect of aspartame
in angiogenesis induction. Toxicol. In Vitro 25, 286-293.

Baldwin, G.S., McKenzie, G.H., and Davidson, B.E. 1981. The
self-association of chorismate mutase/prephenate dehydratase
from Escherichia coli K12. Arch. Biochem. Biophys. 211, 76-85.

Brown, K.D. 1970. Formation of aromatic amino acid pools in
Escherichia coli K-12. J. Bacteriol. 104, 177-188.

Choi, Y.J. and Tribe, D.E. 1982. Continuous production of phenylalanine
using a Escherichia coli regulatory mutant. Biotechnol. Lett.
4,6.

Davidson, B.E. 1987. Chorismate mutase-prephenate dehydratase
from Escherichia coli. Methods Enzymol. 412, 8.

Davidson, B.E., Blackbum, E.H., and Dopheide, T.A. 1972. Chorismate
mutase-prephenate dehydratase from Escherichia coli K-12. 1.
Purification, molecular weight, and amino acid composition. J.
Biol. Chem. 247, 4441-4446.

Dopheide, T.A., Crewther, P., and Davidson, B.E. 1972. Chorismate
mutase-prephenate dehydratase from Escherichia coli K-12. Ii.
Kinetic properties. J. Biol. Chem. 247, 4447-4452.

Gamer, C.C. and Hermmann, K.M. 1985. Operator mutations of the
Escherichia coli aroF gene. J. Biol. Chem. 260, 3820-3825.

Gunel-Ozcan, A., Brown, K.A., Allen, A.G., and Maskell, D.J. 1997.
Salmonella typhimurium aroB mutants are attentuated in BALB/c
mice. Microb. Pathog. 23,311-316.

Hwang, S.0., Gil, G.H., Cho, Y.J., Kang, K.R., Lee, J.H., and Bae, J.C.
1985. The fermentation process for L-phenylalanine production
using an auxotrophic regulatory mutant of Escherichia coli.
Appl. Microbiol. Biotechnol. 22, 6.

Krishnaswamy, K. 2001. Perspectives on nutrition needs for the new
millennium for South Asian regions. Biomed. Environ. Sci. 14,
66-74.

Krishnaswamy, K. and Madhavan Nair, K. 2001. Importance of folate
in human nutrition. Br. J. Nutr. 85 Suppl 2, S115-124.

Liberles, J.S., Thorolfsson, M., and Martinez, A. 2005. Allosteric
mechanisms in act domain containing enzymes involved in
amino acid metabolism. Amino Acids 28, 1-12.

Masuo, S., Zhou, S., Kaneko, T., and Takaya, N. 2016. Bacterial
fermentation platform for producing artificial aromatic amines.
Sci. Rep. 6,25764.

Muday, G.K. and Hermmann, K.M. 1990. Regulation of the Salmonella
typhimurium aroF gene in Escherichia coli. J. Bacteriol. 172,
2259-2266.

Parish, T. and Stoker, N.G. 2002. The common aromatic amino acid
biosynthesis pathway is essential in Mycobacterium tuberculosis.
Microbiology 148, 3069-3077.

Pohnert, G., Zhang, S., Husain, A., Wilson, D.B., and Ganem, B. 1999.
Regulation of phenylalanine biosynthesis. Studies on the
mechanism of phenylalanine binding and feedback inhibition in
the Escherichia coli p-protein. Biochemistry 38, 12212-12217.

Prakash, P., Pathak, N., and Hasnain, S.E. 2005. pheA (Rv3838c) of
Mycobacterium tuberculosis encodes an allosterically regulated
monofunctional prephenate dehydratase that requires both catalytic
and regulatory domains for optimum activity. J. Biol. Chem.
280, 20666-20671.

Tan, K., Li, H., Zhang, R., Gu, M., Clancy, S.T., and Joachimiak, A.
2008. Structures of open (R) and close (T) states of prephenate
dehydratase (PDT)--implication of allosteric regulation by
l-phenylalanine. J. Struct. Biol. 162, 94-107.

Vivan, A.L., Dias, M.V., Schneider, C.Z., de Azevedo, W.F. Jr., Basso,
L.A., and Santos, D.S. 2006. Crystallization and preliminary
X-ray diffraction analysis of prephenate dehydratase from
Mycobacterium tuberculosis h37rv. Acta. Crystallogr. Sect. F
Struct. Biol. Cryst. Commun. 62, 357-360.

Korean Journal of Microbiology, Vol. 52, No. 3



