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form aquifex aeolicus and the effect of mutants
on the production of phenyl lactate acid in E.coli
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Abstract: Based on bioinformatics, the amino acid residues of conservative and activity center of D - lactate
dehydrogenase( D - LDH ) , and the three - dimensional structure model of protein was analysised. The space
conformation of visualization mutant had been constructed by homology modeling, the best mutant models were
selected by the calculation of the distance and angle. The results showed that the 4 amino acid residues were
relevant to the activity center in 20 conservative residues of D-LDH.After the models were compared, it was found
that the big molecules substrates were obstructed by the benzyl of the residues of Phenylalanine( phe) or Tyrosine
(try)on the 49 and 297 position.When F49A Y279A,F49A and Y279A were mutated ,the obstacles would disappear
or weaken.The three mutants constructed were made a preliminary study,the results showed that IPTG or lactose
could induce mutant to produce phenyl lactic acid in E.coli. The yield of phenyl lactic acid was higher in static
culture than in vibration incubator,and the one of the F49A mutant( A.a.D-LDH-F49A strains) was higher than the
one of the wild type (A.a. D- LDH strains) with lactose inducing.lt would be a method of constructing gene
engineering strain that visualization mutants models were compared and selected.
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S HELEM AT O E, B A BN L3RR LT A
P, T L230A Fi1 A198G/L230A 525 A g %) 176 P 4013
ST 40~400 1%, PR BEART AL 10 SRR R SR L, AT
VA A7 it 1) TG 40 A S P R B v A AT 4 AL 3 P
T MUBfE G AR E B BEALHEAFE RS FE T, 7
=R o8 AR R 0 AR, B DL WE BACAE TR (Aquifex
aeolicus , A.acolicus) D— LI I Z g ( D— LDH) ™ Sy fi]
F IR AASE | 43 A7 T A Ak 5 AR AR 1 7 1k F 5€ A% A Tilg
b 7 A FL R SR T
1 HRS
11 HHRSE

WAk A.a.D—LDH £k . A.a.D—LDH-F49A £f  A.a.
D-LDH-Y297S £k .A.a.D-LDH-FY/AS £ ZASSZLEG
ERA; AT HH R RIEE F . DNA Marker , 25 [
Marker IPTG W 5 4 E A= A BR 2 7] 5 o35 4l FH i
ORTNIRBR BN R ZLIR (AR 1 iR (B Rl Tk C ER
7 A A1 .

ERORAR S H A S LDH & R )T 4
J5 A GenBank, D— LDH — 4 2544 Ji 1 RCSB PDB
(http//www.pdb.org/pdb/home/home.do) ; 53 i 14 :
B E 5 F S AR S5 M W EL AR A Chime 2.6 ffif4: M
CPHmodels T 2% ; RasMol 2.7.2.4 #a 3% — 4 4% }y %Kk
B R A B Jmol Version B 1 2% W 4k
(http//sourceforge.net/ projects/jmol/files/) .
1.2 ZWHIE
1.2.1 D-LHD ZH: 3 kXt  FE Genbank Fi#lzg
D-LDH Z X% )7 51, I BEHL T ##55 D—-LDH 2%
& 7 %1 3| A< #, F Multiple Sequence Alignment
(MSA) (http ://www.ebi.ac.uk/MAFFT/) #4757 % H
XF, X G RBEAT 53T o
1.2.2 FEAE =4:K1% 8T  H Chime {4 .RasMol
A4 Molsoft ICM—Browser 44 . Jmol Version 344 Fi1
View in Jmo A5 AS [AIE S RUASE Y .
123 A YA fE CPHmodels W 4% % 9% iz 55
B [9-10] ( http : //www.cbs.dtu.dk/services/ CPHmodels/ )
5 SWISS — MODEL [d] J5 £ 8 i 55 #% " (hup://
swissmodel.expasy.org) $F 17, DL fasta SC 4 B 422 30 oo
web FLIHT i 32 R 11 24 B R Y 4. 7E SWISS -
MODEL 55 = Fh A 7y =X, fE $EASL2 ( First approach
mode) | Bt i L 2L ( Alignment mode ) F1 I35 H AL =
(Project mode ) , Jf 7I 4§ %€ Bi e, A< 3L LA 3KB6 =Y
PDB %48 g v 1y e B A= 78U 3% Y5 S A5 AT, [T )5 AR
By A= A 5 S AR AR RS, 3T 1.2.2 d g A 53T .
124 GEBRBR IPTG i S & WY 48 Aa
D-LDHER (A.a.D-LDH-F49A £k A.a.D-LDH-Y297S
R \A.a.D-LDH-FY/AS ¥ H i e& 43 5 8 Fh 2] LB A
GBI AL, SRS A R = b, BRI R
B IRH LA 2% (ARFR S350 HE He Rl 78T & 19 250mL
5 50mL LB ¥ 1 =M A, 37°C K5 5%, 24 ODg, 15
#]0.6~0.8 [, It AW 2 2 0.4mmol/L ) TPTG i
IR 6h, RS N AL Sy 4mg/ mL 19 2R TN T 1R
B, BB G 5% 16h 5 12000r/min 25 .0 B W,
HPLC™ 5 25 7L R 1) 7 ik o 2 AH 85 80 (0 13 2%

174 501252108

14, £& 3% £ . Waters XBridge C,; 0 3% £ (4.6mm x
150mm ,5pum) ; FSHAH A 0.05% i = W2/ 7K (A 2=
55% ) F10.05% 1 = W2/ Wl (B 28 45% ) R4S
W, PEMEETE] 24 10min, i3 1mL/min, A4 75 30°C , #
FEE SpL, S8/ I 210nm
1.2.5 RAMKRPHMRZLPEG S AR #% 1.24 Ity
Bl R, SRS B R B S Sml/L Hwh 9 LB Rz,
37°CHEFE, 24 ODy, B 5 1.5 LU LB, A 20% 1 3L,
Wi AF LR 38 10g/L, 5 S 3R 3K 4h, It ALK EE Ky
4mg/mL [ 28 TN B B8 40, el 8 P 5 R R,
12000x/min &5 .0 X 1= 35, F HPLC I & 2K %L R 1Y
P = N
i H o
2 HERE5HH
21 SEBFISH

3KB6 #ME#E ( Aquifex aeolicus) D— LDH 4F 3k
FRIFHVUNT , KR IC Y S P~ & R R, Horh iR K £
INFEFRIC S 36 P 2 FE IR 5% 2, A AEFR 1D iy Dy F49 Fil
Y297 AR HR I
MNVLFTSVPQEDVPFYQEALKDLSLKIYTTDVSK
VPENELKKAELISVIEIVYDKLTEELLSKMPRLKLI
HTRSVGFDHIDLDY CKKKGILVTHIPAFISPESVAE
HTFAMILTLVKRLKRIEDRVKKLNFSQDSEILARE
LNRLTLGVIGTGRIGSRVAMYGLAFGMKVLCYD
VVKREDLKEKGCVYTSLDELLKESDVISLHVPY
TKETHHMINEERISLMKDGVYLINTARGKVVDT
DALYRAYQRGKFSGLGLDVFEDEEILILKKYTEG

KATDKNLKILELACKDNVIITPHIAMY TDKSLERI
REETVKVVKAFVKGDLEQIKGNFVVGPS.

K35 NAD* [#) 310~350 &(3LHE 1 D— LDH {#5F
PR, X Al B B B H AR B R 1 g 5 066939 _
AQUAE . ACN66627.1. ZP _ 07078106.1. YP _
003924957.1 .LDHD_LACDA .YP_602533.1 .C5NVX3_
9BACL ., CAP75895.1 . A6CVO8 _ 9VIBR, B8K866 _
VIBPA (A5FIM6_FLAJ1 .C6VSR8_DYAFD C6XUN9 _
PEDHD . A3XG39 _ LEEBM., DOKWU7 _ HALNC,
FAARC5 _ 9ALTE, A6VZR1 _ MARMS., A8UL50 _
9FLAO .F3A4W1_9BACL .D3SNVS_THEAH .E8T245_
THEA1 ,COQUDI1_PERMH ,C4FHV5_9AQUI .B2V7N6
_ SULSY . C1DWX6 _ SULAA ., B4USR3 _ HYDSO,
D1CAH7 _ SPHTD , MSDRAGGTAGCOGGJ9 _ 9FIRM |
A1W7V5_ACISJ.Q11BHO_MESSB .B4VSX6_9CYAN
B2KDHO_ELUMP {4 [ Bt & L 13 51 e x), & 34
20 MRESFE L . L) 066939 _AQUAE [ 4 1% 1T
B >k L i, R71 . G74 . P94 . Y96 . G147 . G149 1151 .
G152 . D170 . D196 . H201 , P203 . K221 . N228 . R231 .
G232 D256 \E261 , V289 Fl H294 M=y 5Lk, 5
B P H A S 5 DR IR AR I TP A 4 R LRSF
SR, B 1R G74 Y96 R231 1 H294 , V73 N 2 f%
SFE LR, 0 71 714 R71 R LRSF R IR, 7F 147~
157 {5 B 5 NADH (45 &1l A #7119 GXGXXG 45
14, Hor G147 (G149 (G152 Hy R~ P2 IR .

297 VR — M IRARSF 2 FE R, A2 R TN 2R i
P 221 , P2 IR R AR & AT — 2RIk, PR AL M ik
S, R AL PO A RIS B AR X TN I PR B
FLIR /N FIC W AT AEAR RS, AR P 2B R i . (B AEXT
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SR TR TR P2 B8 AR L R A T A A IRy 7 AR BELARAE F o 3X
AFEFLIA Razeto A 257 TR X A5 0 ) S L 198 AT B4
( Lactobacillus  bulgaricus ) ) D — F, 2 B = i
(D—LDHDb) JIR e S P BIF 58 h BGAR £ 299 A2 A8 TR 2
B2 AR L , B XS PN BR i3 (C-3) B 43 32 19 )IS
Wy 77 Az B AR VR F L 0 AE W A 1 ( Escherichia coli,
E.coli) 19 D -3 — 8 /2 H ol JBii & B (D - 3 -
phosphoglycerate dehydrogenase, PGDH ) H1 Phe299 #f
H& W2 (glycine, Gly, G) AL, th T Gly A A3, i
W PEH LR ES [ K, %5 IE 3 AL aeolicus ) D—LDH
i) 297 A& —DHE AR, B R F iRt g — %
FKEER BT LA B 27 oK L P 1) 22 5 1R 2R A Qs 2 1R
Bl Y297S,

SMT 4B, 5 A.aeolicus D—LDH F4 49 437 X Ji7 £
FFEMR B @ TR AL 0R , (HAE LU X i 2B b, 46
REBZAR VI Z PR B K MR, 3R HE b i 48 B A [m] 1%
PEHLL A AT BEXS 3 TS HE M R . TE LE X Y
AR T U TR TR AT 4% 28R TR BR TR X N of R TN 2
i Calanne , ala, A) 1 4 P9 40 R S — A B Ak 200
12, i LA Ala A0, B F49A

S T AR E M O i AS TR AR AR BE R, 43S Ala
A% Phe, Ser AL Tyr JE )R AN S AL fiff , B} F49A/Y297S,
A BEAR TN R R al R FL IR 5 Mg 45 5 v A R
G, B NG T RERE R o
22 EAR=HSEHMHH

3KB6 (19 =4ERA TLIE 1A, & Sz L BF A= 5 D—F,
12 it S B AL O AT Phed9 | Try297 5% 5t J% Wil i
HC E LR TR AL S S O R SR 5 A AR Ak 2 TH]
RIFE RS . IL S PR C-3 BRIF TR B AR F] SA R
FITHRWNERRIXISAE C-3 A G HF R MR IFIE
Yy g s E G . B 1B JE D-FLER I SRS
O B JRIER = e ghAs , Hhn B —AA 49 13 1Y Phe, 5 —
A 297 L1 Tyr, BEATTHY R FEERAH 6] e, TR
S TR BEA BK H 48, TEG /K H 48 b 2 IS ) LR
53 Fo B 1C.1D F1 1G J& 3KB6 Z8 28 44 (1 1 P v o0
JRER = 4E45Hg ,1C o8 FA9A/Y297S RUZEAS i /K [
ARSI s R AR O, (B AT BE XS IS 4 B fiE AL
FEAEREm . 1D J& Y297S BASEAR IS Ak A K a8
[B]A B4 i, F49 X i 90 1 1l i i 2K A FH 3 4TS 8K AR
5o 1G J& FAOA FRSEAR IR &5 & Xl i =5 (0] 5
S BN, AH F49 X6 RS # I 1 B i K A s 3 2k
TEGL/K 48 B gL A B NAD ™ 7E 3G P 2 5t
B2 gke e rh , His294 2Bl 4 viv O fie B 2L R AR Bk, R 4%
PR A AR o
23 RTEEZHEH

RATFNAMR (A) FAENEAR (F) , 2 &R
(S)BUBE AR (Y) TR 8, TR 2, B 2A 2y
A.aeolicus D—LDH W7 A= 7 [a] 5 s A% — 4 25 44 J7; &5 19
K H 485 18] 2B O FAOA GRARR = 4L, 49 {74
FEMRFRIE 2R IERE Y C-3 (IR AN E] 5A i —
AFERLPE T T 6 A, BT UL S IR 09 45 S A % )
SEF I 2C O Y297S FRARIR = HELS R, Stoll 45 4
EAEFLIRAT BT 299 LR TN 2R B A8 B e g ey
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Fig.1 The active site of X—ray structure of D—LDH
from Aquifex aeolicus,the map
and the distance between substrate
and active amino acid residue , mutants 3D
TE: A D-LDH 3§ P rpC i Ve S BERR SR L 5 IR W i BE B S A1 5
B. D-LDH J A0 = 4E4544 ; C. FA9A/Y297S IU5AL
D. Y2978 FAGEAE = 2S5 H G, FAOA LG AE = Y2 Ry
PIMRfR R F (C=3) b iy s /K H A i BE R RN, 5
JEY IR FEVEA 565 18] 2D Sy FA9A/Y297S XU A =
HELE M, th T3 R I, Ak b0 19 25 (B 45- B 36
(AT IR AR R A K B S e A 2 S
A ot B A, H Daff S 257 75 B 5 0 P B
(Saccharomyces cerevisiae ) 1)) Flavocytochrome b2 H}
RIL,A189G/1230G X FEAF VRl T R Ab 1 P, X 2
M T A189G/1.230G XU 78 1A 1l iy A Ak v 0> 25 ] i
RN T il ) SE A M, BT LT AR b T O 4 5 38 PR X
AL Fr i 0O fE AL D REAR H 2L

A

P2 WA D— LR 0 ) PR — Al 5
Fig.2 Homologous modeling structure of the active site
of D-LDH from Aquifex aeolicus
T A REERHEIL PO R B. FAOA 578
C. Y297S R48;D. FA9A/ Y297 A WFEAS

24 REEERBELE

24.1 IPTG PR BE  RASRE PR IPTG i S i
RBE 24h J5 ] HPLC U5 & W B Wb i 2R 2L IR &
B, REAR D-LDH (A.a. D— LDH #££) 247mg/L,
Y297S #2848 ( A.a. D— LDH — Y297S %) 257mg/L,
F49A FAZEA% ( A.a.D—LDH-F49A #§) 301 mg/L F1 %YL
AT FA9A/ Y297 A (A.a.D—LDH-FY/AS ¥£)243mg/L,
TEULIEI 3. B W 72h J5, 2RFLIR ™ B A Fr e

(201255198 179



I{iétﬂ@f&

Science and Technology of Food Industry

FA9 A PAGAR () 7 B ey , 15 F1) 400mg/ L,

1500
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E 750
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00 1.0 20 3.0 40 50 60 7.0 80 9.0

min
K3 IPTG 5 S A4S R (HPLC)

Fig.3 HPLC of the fermentation Supernatant of IPTG induction
242 FLBEHSKEE  FURBMZWRIZERETE 2~12¢/L
A FA9A PR SR B 175 RO JC W . 22 5, AR FL IR -
HHE 220~240me/ L Z [0], FLMEL R BE ) BRI 12¢/L
JE L, ARFLIR (7 e 2R B R R BRI A LR
PR (180r/min) K WE Y & o JHAHRE 8/ I FLBE S
33 DRABAFIR IR AL D-LDH (A.a.D-LDH #) %
T, T A I 240, ZRFLIR 77 &5 D-LDH 164mg/L,
Y297S P Z€ AF 1179mg/L, X 2 A8 F49A/Y297A
186mg/L FA9A PAZEAF 302 mg/ L, FEANLE S LK 4

F49A/Y297S

F49A/Y297S

500
250
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80 9.0
min

K4 FLREHE S kR4 (HPLC)
Fig4 HPLC of the fermentation Supernatant

of lactose induction

ZANGRARRTN A EAE 1Y KN A B TRR B AR SN
SN BRI ER S AT AR BRI, 7R IPTG 35 5 F #BAE & s
AR, Horh FA9A A ZSAR MBI B A, B K KR 19
sl AT LB s R AL 1 e B, FLEES S kR, 2L
MR BE IR TE 2~ 12/ L ZZ [H] , XT FAO A FASE AR TR AR
M= 22 SRR A L 12g/L J& , KL 7=
BRI R, AR TR 2, Mkl Szl &
Ao PRIRET IR T IR 09 G B, X I i T 2L e A
ABHETE IR A M N A LB . KA D-LDH
KIHFF B T FE B MR A FLBE S S0, 2R LR & B fiE
AR, HA 164mg/L, FAOA B 5 A8 B bk 00 RO B r,
VEUIZAL S I A FEBR 228, W IR W s R k=4 T
—SEFEM . FA9A/Y297S X5 A% B kAT 4R BE & i 2K
FLIR , UG HAXL S8 A J5 I 1 1 23 B I Ve AT 56 4= i IR g
F e (HERFLER 1tV A B e v, R R A
Fritt— 24T
3 it

TEA TR B BsF, T 38 3 A 05 S8 25 0 O v X
T 2878 B 2R A A LR 7 5 A T AR W B85 B 5
BT, FE43 5 T EAR 50 Rk 45 5 SR A PR 26 T 5L, R R BRLAR
gk 3 ST & X B ds 8 R IR R8T, v Ak 4
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1375mmol/L | it $f 3 BF 650r/min 2% 4 T ¥t 7
G.oxydans #0200, FEURFEAL LN 45 98 (Y T IR

S EFET) , B0 SR A BEAT N — S AL S
*ETEF/Q 6 BN, RNV AERT 3 b ¥ BoRIRIFE S
P AL TE PERB LRI L —HIk 95% LU I, (H 2 HEA T
FNEE 4 HEBT, B TR S 40 A B (] 5 BR TR =B AE
¥ UL R e s ML BT Y0 I 00, T B4 M 2R

B E B 2 DAL R 5 AL 80% Ay, S AR AR
AT R ™ 5 U SR, A B O A AR TS P T R W 3

TR, R B AT RN AR R 3 4, 2-KGA By = 7
FiKF] 67.5~74.0mmol/L/h,

1400 ; - 1400
~ 1200 \\ F1200 3
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S 8001 ° L800 & V- #-lGA)
Pt ] - [ a0 HIHHGA)
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@) i N [ —W— 5 lL(2-KGA)
200 N\ § 200 i —@— Ui (2-KGA)

00 4 8 12 1620242832
B[] (h)
K6 TL A TERE I S A0 il
GA & 2-KGA St IRBIFSE
Fig.6 The repeated utilization of resting cells
to produce 2—KGA from GA in 7L fermentor
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