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 E o-RAREBBLASESH (e-amino acid ester acyltransferase, AET) &L MEAL R L-7 R B F B5 3k 84 3
L-A &R Buhi b L-7A & B-L-5 & Bk (L-aanyl-L-glutamine, A& =K). FIA ELKHATH saet-QCO1 /fsz
o-BIAABR BB AR 45 AL B, T L R A KM RATT AL, :‘@ it Ni-NTA Ffe BATik o B b TLES, ot Loas i
T AR A BAT T AR E A A R IE S A BE 20 C, 55 M (ODgy=2.0-2.5), IPTG # & 0.6 mmol/L,
FEFEE 12 h, o- BB AL A B0 RIE R IR JE 27 C, i pH 8.5, & pH7.0-8. m&ﬁéﬁ,, JEBR M At
TAARTAEE, AR & Co™\ IKIRE 4 EDTA xTBEE AL SAE A . fE R MR A 2B T B 28 2% 600 mmol/L.
SR BERe 480 mmol/L, #A5-—Pkey = &A% 78.2 g/L, A F ik FiXF| 1.955 g/(L-min), frﬂ{:ﬁgéﬂ 75.0%. o-&
KBRS BEA A8 LA RAF e BaRAT b, MBAKESHR RSN, AT LA v AARSFHEAES.

Co-R AR ESBE RSB, R TRk, RASKM, MR, ANt
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Abstract: o-Amino acid ester acyltransferase (Aet) catalyzes the L-alanyl-L-glutamine forming reaction from L-alaine
methylester hydrochloride and L-glutamine. In this study, the recombinant Escherichia coli saet-QCO01 was used to express the
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a-amino acid acyltransferase, and its expression conditions were optimized. The recombinant protein was separated and
purified by Ni-NTA affinity chromatography, and its enzymatic properties and catalytic applications were studied. The
induction conditions suitable for enzyme production optimized were as follows: The temperature was 20 C, the induction
stage (ODgpe=2.0-2.5), IPTG concentration was 0.6 mmol/L, induction time was 12 h. The optimal reaction conditions of
a-amino acid acyltransferase were 27 “C, pH 8.5, it was most stable between pH 7.0 and 8.0 and relatively stable in an acidic
environment, and low concentration of Co?" or EDTA could promote the enzyme activity. Under optimal reaction conditions,
600 mmol/L of L-alaine methylester hydrochloride and 480 mmol/L of L-glutamine, the yield of L-alanyl-L-glutamine reached
78.2 g/L and productivity of 1.955 g/L/min, the conversion rate reached 75.0%. a-Amino acid ester acyltransferase has
excellent acid-basei resistance, high catalytic efficiency. These characteristics suggest its application prospects in the
industrial production.

Keywords. a-amino acid ester acyltransferase, L-alanyl-L-glutamine, expression conditions, characterization, catalysis conditions

B ARG (GlIn) [ 76 ML B8 BRAC I 7
TPy 8 AR, AR RAE TR AR T R e
o5 7 THT 32 B EEOGTE . A A Bt AR R AR LT A
B, BTENUARLE T BCRAS Y, X 4Edr i 1B 45
F RS D RE Y 58 B v AT A TR EHT s 72
MUASZ B BWE . AT soTd, A S Gmn
B @B BEW L TR, R — A S
TR, AR EBEMOK N2 , BARTERRTE S
FTRATE, TEMREMT 54 A FENERA
BRI, BRI T AL I B BN . RS 2 B
TP 2 G I i 1) T P 5 LU i 25 4 I i v P T i
gigaE ™, T ELAS I e AR A A
an B 5 H B DA R Ak o L-IN L - 2
Btz (L-alanyl-L-glutamine, P14 k) ik
SE L R, R TR RO B B3 i A A
Fie DR HE 2 Ak A 0O TP A o i o g T
BERAREH TAG BEMREEE . sk,
2R AZ B [ A 2 D) G TE

AT, TolbA =N ke oy ik F 28 o ks
B, ARfR2EIL RN A R, BB, TR
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JE A5 B AL IR , A AR, A s O
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Tabata %5120 % $1 7F Bacillus subtilis 168 {1 ywfE
SEH Gt —Fh -2 56 ik ety 1% LA i 2 3k
W R A B R, AT Al LN s R AN L - 2k
Fe s BN K, R P, (RFZERIM I
ATP, INAF AR AL HAERAL, mH L-&
B R 3% Bz i 3k 2 38 X A0 T A RS ok B TR S I
Yokozeki 21 3 1] — Wi B A B o220 TR IR 1B 5
NG (EAET) MAEARATE, XEERELL L-IN AR
s Eh IR L (L-Ala-OMe-HCl) Hl L-23 & Bt N
YRR RA BN A K. Hirao ZE18 W\ Y s W
B AR S TR TR A o S 3 PR R 19 3 5 AL
(SAET), HA H m &N A K ae )1 . Bk,
SCH A EA KT IR RS o- 2 IR BRI
iy, JEXPIHRE AT, T Ni-NTA 2%
FZHTE X H R R AT o B alidk, DL L-I R
Fis 45 R £E A1 L-73 2 Wk R I e AL E T
BN K, e LA R I S XA
U RGN, N Tl A N AR KR T
HUOE IR, o HA AR T A KA R Bl 4R
HEf L

1 Me5h%

1.1 ##
WA TR (268 >99%) . L-& A Bk (46
E>99%) . L-NZE IR EREh iR £h (41 >99%) 4
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F 3 A1 e = 2 B RAT BR A ) S 43
N E A

12 Bk

A o- 2K R R IR SR R R AT
saet-QCO1 A< 52 10y 3 A4 JF O ; AN SL 0 =04
PET28a JTKL 5 o- %2 JHE 2 1A Tk Jik ty 7% il ik 181 Ay o
H4H Bkl pET28a-SAET, A5 %41k % Escherichia
coli BL21 (DE3) &z A4, mly ik Hh 44 e
NI BE, JFR kA 4%  saet-QCOL,
13 #EHF#

LB H5FR8k: R R 10 g/L, WERESZI S g/l
NaCl 10 g/L, pH 7.0, (AT 1.5%0 B8 #) -

SHigidk. Hih5g/L, BEAK 109/L, B
FEEREU) 10 g/L, Jo/K MgSO, 1 g/L, pH 6.3,

HoAtia50) 2

1.4 saet-QCOL ByHNEATESR 514

W EE 2 o- 2 R TR T L B BRI K A AT IR
saet-QCOL DL 1% (MRF4r4) myefh i fh =
20 mL & FHBEEZE (100 pg/mL) By LB A K; 3%
Herp, 37 'C. 250 r/min 1535 12 h, TR 1% (854
) HEREEEEE 50 mL SRR E (100 pg/ml)
) S WK FR A, 37 C. 250 r/min ¥i3RE
ODgo=2.0 Hf & Jin 55 79 3& -B-D- &7 AL 2 2L 0
(IPTG) ¥ E 0.6 mmol/L, 25 “C . 200 r/min
IR 6 h, IRAE IR U TS S0 s 41
ift. 5S45 )5 KB DL 8 000xg 2§.0> 15 min
Gk BE, RERE.

15 MgRH&S4

50 mL % BT Y 50 5 I R A 10 mL f) B
MRl (pH 8.5) T, WAL (SEChnEIE
2s, [f]f% 3's, WEHERTE] 15 min, BEAELI3 15 W),
W RR S5 35 8 000xg &0 15 min, B R EN A
FRGE I o B MR 2 B AR 2l fl, difb IR 4
FEL PR, BREL VRV DRI, R VRN
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16 BEENE

B 0.4 mL B, HIA 1 mL & 200 mmol/L 454,
Pk . 200 mmol/L 74 2 iz H R £k R 3k 1 IS T TR
(pH 85), RAJETE 25 ClHEIE/KIBHP L 1 h,
IIAZEAART 1.7% (VIV) HaPO, IR 1L, 4
0.22 um A8k U85 , # 1.7 PRk e P4 — Rk
W, — RS B E O LmL IRYIFE Lh INAERK
0.1 mg 7™ ¥ i 5 1) P it
17 WH TR

HPLC A5 . R FH = S80 AH €8 335 3 A0r I 3 4
TRy R, @ R @i% Aty TSKgel
Amide-80 HR (4.6 mmx250 mm, 5 pm); i shAH A
0.05 mol/L KH,PO, (pH 4.0): Z.JiE=35 : 65; ik
b1 mL/min, FEE 214 nm.

1.8 FTikFHM

XEAF TS AT, B S
(15,20, 25, 30. 35 C), S5 IPTGHE (0.2,
0.4, 0.6, 0.8, 1.0mmol/L), FESmfE (6. 12.
18. 24, 30 h) MIfNA TPTG B () 4f B 1A He JiE
ODeggo (1.0, 1.5, 2.0. 2.5, 3.0).

19 MEMR

SR S BE e AR E M - 7E pH 8.5 RYBIRR 92
i, CREERCE AR (23,0 25, 27, 29,
31 C) MEREE, fe Ll 100%i1, THEFXTE 1.
VB E T AR (25, 30, 35, 40, 45, 50 C)
TNARHE 30 min, FESCE LT I AR ARG,
LA 100%i 1, THEARXE ), HERERE .

il RN pH K pH AR v« B S TR TR
pH ZZahif s 25 “CllE Bgs 71, TS B LA
100%it, FHEAHXIE I, R E T4 pH T,
4 CH¥E 12 h, 7E 25 C RIS M (BT, B
F LA 100%i 1, THEAIXTE Jr, HE pH R .

& )8 B K ALE YR TS TR . R R
Pl (pH 8.5) fiLiil 100 mmol/L ¥ MgCly.,
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CaCl,, MnSQ,. CoCl,. NiCl,. FeCl;, SDS. EDTA
VAR, MR, TR R SO 2k B 4 1
5. 10 mmol/L, W& /ES1, PAIARMA E iR
(AT VR %o R 100%, 152 A %o il S 77 o

2 HER5AW

21 o-REMEMEEBEBITIESHML

saet-QCO1 £ o2 FE MR Fe Ik S 36 B g 11 &
MO R, HHRRFMATENI. 5k, &
15-35 CHYyIJEIEHE N i#4T saet-QCOL 4 1Y
B, SRNME 1R, 20 CiF S8 E T
W, 20 CREFES seet-QCOL s SR .. S
HIPTG A He B X il 1Y 2 5ty A 5], 45 2R 2
Bl 2 s, IPTG 49Kk 0.6 mmol/L i}, #5%
TR EFIE B . MFSY saet-QCOL A= K3 Xt i &
KR, 2R WE 3 FUR, YR R AR
ODegoo K 2.0-2.5 B i i fie i, 45 F saet-QCO1 4=
Kok, B E R AT B A= KX EO i
& B 2 78 K A TR AR K il 2 4 e 50 B
W PTG W53 o 155 B[] X5 0 11 52 M A J
F, WK 4R, BFEHS 12h 6, BiEReE,
B IS [E) 9 S, TS AT BT REAIC, U5 E 12 h
HE

100

Relative activity (%)
= o )
o o o
T T T T

2
[l
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[l
T

15 20 25 30 35
Induced temperature ('C)
1 FEEREX SAET RiEHE M

Fig. 1  Effect of induced temperature on SAET
expression.

http://journals.im.ac.cn/cjbcn

100:— %
RENEIN R

60 -

Relative activity (%)

20} \
0 N N
0.2 0.4 0.6 0.8 1.0

IPTG concentration (mmol/L)

2 IPTGKEX SAET FiERIF M

Fig. 2 Effect of IPTG concentration on SAET
expression.
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Fig. 3 Effect of ODgg 0n SAET expression. bar graph:
relative enzyme activity when induced at different ODgqo;
line graph: growth curve of the saet-QCO01.

100 -
90+
80+

70+

Relative activity (%)

60+

50 I 1 1 I 1 I
0 6 12 18 24 30 36
Induced time (h)

4 FEEEN SAET RiX8IF M
Fig. 4 Effect of induced time on SAET expression.



XS Flo-DERMEBEEBBRIAAL. BEERRAEECNA 1173

22 o-BEMEMELBENOEFEMER

W K& T e TR A A S S B O E AT
SDS-PAGE, H&FZ Dl a, 45 RaKE 5
JIt7R , saet-QCOL B A i L 75 ¥ Hh H Bl 24 68 kDa
M4, 5 OCHRE o503 1R iR 196 3L 55 F2 i 4
SDS-PAGE [#4 T 1t 68 kDa —51*, (A B4 %
HE% pET28a%s 2 (1Al i |3 Wit 1 X 68 kDa )
Z, WIS REIE BT3Z 2% B8 1 2 B H A 8 1R 3Rk
Wik, Bk saet-QCO1 B A B % I 17 W %
Ni-NTA SEMJZHT 5k sr g alifl, AR R
DRI, AR VR , 4 SDS-PAGE Hil %5 T i)
SEWEY, WnE 6 s, 7EZ: 80 mmol/L BR Mk

1 2 M kDa

98.0
66.2

68 kDa 45.0

31.0

20.0

B 5 =4 o-[EMBEBEEBE SDSPAGE 547
Fig. 5 SDS-PAGE analysis of a-amino acid acyl
transferase. M: marker; 1: cell disruption supernatant of
saet-QCO01; 2: negative control.

kDa M1 2 3 4

68 kDa

E6 i o-REMEHMERBE SDSPAGE

Fig. 6 SDS-PAGE analysis of the purified enzyme. M:
marker; 1: 40 mmol/L imidazole elution; 2: 80 mmol/L
imidazole elution; 3: 120 mmol/L imidazole elution; 4:
160 mmol/L imidazole elution.
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AR P B T2 68 kDa [ L—4%
W, ULHZE Rt B LR R TOR, 0k
HRiE o-2 SERR BRI AL B 2 SDS-PAGE 41
# 68 kDa —&",

25 B Bt SO Tk B XA S AR O EE
B 7 FR, o= 22 J5 2 PR T 25 2 5 Tt 1) A A A AR
JEH 27 C, & 8w, 35 CALFE 30 min, fif
TG JRFEAE 25 CHITIE 1) 80%LA I+, 45 CAbHE
30 min JEEfFEA D 2006 . RIREE L, X
PR R IR BEYE R R AR 1, W A ol Uk
TG A B [ il B AR S TR A i R R
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Fig. 7 Effect of temperature on SAET activity.
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Fig. 8 Effect of temperature on SAET stability.
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it 119 Fe B AR pH AN — 8 R OV pH, 580
FEROY pH [EWREZ, MK 9 iR, EMME
FEL PN, oo R T I I 5 7 Tl 11 3% 1 S B pH {EL1Y
FhE A, 7F pH 8.5 B HIE RS, pH 8.5 &
o2 SL R TR I L AL AL W ) e Ak pH fH. th B
10 R, o-2d BEPR TR I L 5% #4 g 7E pH 7.0-8.0 {1
BN R E AR, MR 12 h, BEE 0 RER R R
HHy 90%LL | .

GIRE T AL E IR o S LR R LI 75 i
TN 1R . ARUE I Co™ ARk
() EDTA XA B e #hrE A, Rk B Y

100 -

60

40 F

Relative activity (%)

20 -

0 1 . 1 " L " 1 L L . L " 1 .
70 75 80 85 9.0 95 100

pH

9 pH X SAET & BIE M

Fig. 9 Effect of pH on SAET activity.
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Fig. 10 Effect of pH on SAET stability.
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x1 eEBTRUSYX SAET ENRIFME
Tablel Effect of pH on SAET activity

Relative Relative Relative

Compound  activity (%) activity (%) activity (%)
(10 mmol/L) (5 mmol/L) (1 mmol/L)

Control 100 100 100
ca** 88.56+0.08 92.76+0.15 96.13+0.14
Fe** 36.50+£0.16 62.88+0.24 88.32+0.22
Mg** 83.35+0.19 89.54+0.16  93.31+0.17
Ni2* 54.82+0.15 75.48+0.08 90.51+0.23
Co?* 79.73+0.19 88.73+0.11 105.35+0.17
Mn?* 75.43+0.09 77.62+0.19 97.69+0.26
SDS 1.20+0.08 2.50+0.13 89.85+0.21
EDTA 97.54+0.14 98.78t0.17 103.33+£0.31

Co?" ¥4 T 1% 42 55 5.35%, KMk BER) EDTA ¥l
5 145 3.33%; mik A Fe® . Ni®*, SDS %%
B B PR HIAE = R EE Y SDS (i il e 2
B TR 5 v Mn? X2 A R B ik 3 oV 5
ca’*. Mg®* X% mEJC A B

23 o-REMEMEEBEELIEMRIL

TSIV ) T X 7 0 1) A J A T 5 )
[#] 2 A 22 R Y T IR R 1V FE 2 250 mmol/L, 4%
AW S5 HA B A: 06, B: 0.8, C: 1.0,
D: 12, f£27 ‘C. pH 85~ 1 h, Z5R4nK 11
B, A K 7 i Bl JEC A U i %) v JiE
P3G TG AR, HARXT TSP A 2 Bk e 1) % Ak %
WK 19.5%. 19%. 15.7%F1 13.2%, Hib% &
WA, (2 Fe A3 0.8 J5 , P i s i TR
{RECALRENREAREA S, T LA 24 7N 2R P R Eh Wk 1)
Rk 250 mmol/L, A 2Rk B2 A 200 mmol /L,
RPEE A5 A 0.8 B Ay i 4 1) s A MR B2 1 o

2R T R AR B Eh vk 24 100, 200, 300,
400, 500, 600 mmol/L, 7% Wk Fn N 4 H fig
PRI TR ELE R 0.8, TERAL S BB AE ST
FLRE, PIAS KA = A& 12 iR o 24520 40 min
BF, NIRRT st TP, Rl Y 2R FH R AR
PR ER A B2 AL 100 mmol/L 3575 600 mmol/L, A
A T RRA R4 15.1, 29.2, 42.3, 56.2, 69.5,
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Fig. 11 Effect of the ratio of GIn to Ala-OMe-HCI on
enzymatic reaction. Bar graph: L-Ala-L-GIn yield at
different substrate concentrations; Line graph: Gln
conversion rate at different substrate concentration ratios.

A: GIn/Ala-OMe-HCI=0.6; B: GIn/Ala-OMe-HCI=0.8; C:

GIn/Ala-OMe-HCI=1.0; D: GIn/Ala-OMe-HCl=1.2.
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Fig. 12 Effect of substrates concentration on enzymatic
reaction.

782 gL, HIX T AWM ALK N 86.7%.,
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3 Wik
T2 A A B R A L o i

]z, A0 H AR A KA A0y S AR R AR
A IR, ARG, a- @ EMRIR IR 7
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Tifg ) L0 B A TS AR R B BT R TR IO . 3¢
e et A R AFF I saet-QCOL ik 45 1F ik
Tk, BESIRELE 20 'CH 25 CHE, FikHY
g ZRAR, BFEFRELSSREEARE
BT, ZIKEERRRIEMYT R, (H15 e KL
DK 2 B AE AN 50 0 AL IR AR, TR I >4 60 A (AT
R JE R SIRIE R 20 C PO PTG Wk
RARET 8 1 RB AR, BRER/N, T IPTG W
JEid R e E AR, mH IPTG A4l
Madgtk, AFTFREARERPE ) E PTG f ik
W 0.6 mmol/L; fLA IPTG B, ODego 7E
2.0-250F, AN K/IEZEARK, GG ZEHK
AT I A K 2R, 24 ODggo 14 %] 2.0-2.5 I, It
I Sy 2 4 DA 6 B8R A B R A B B, AR LR
WS 1o, AR AE IR, BRI ERIARE I,
BT LS S B0 46 T R ODgoo 4 2.0-2.5 b dief:
—iFE AT, HMEANRSEES, H
VR, 5™ A i S SRR S T 2 i
2 AR, Y7 BRI AE 12 h ISR 7%
w s BT DL A RIS R R R
20 C,MA IPTG I )46 T e B ODeoo 4 2.0-2.5,
IPTG ¥ £ 0.6 mmol/L, 5 F:it[a] 12 hy A5 Xt -
A BE TR TG ok 5 7 o Tl 1 il 2 Pk SR A T TR 5T, %
it 1) 5 A 2 i R BE Sl 27 °C, )% pH 8.5, 7E pH
7.0-8.0 fREa A, TEMMAM T HXRE, ik
{9 Co®" . VR EDTA XFIE A 1L HEET; Bt
J5 M IZ AL A B A TR B AR A R T TR
5%, TESML R RN ST SN A IR = 3G
A, B K 27 °C, pH 8.5, 4% kAN & R
FF il R AR R VS N EL 14 0.8, 24 T 24 R Y i Eh iR
A S 600 mmol/L . A 2 I B TR E R
480 mmol/L Bf, JZh 40 min B4 K&
782g/L, N4 ARMAE 48R3 1.955 g/(L-min),
FEXS T4 2 BERE 5540 % 75.0%, 53 E Ry
ST CE LY S
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