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B, GIn298 YU S5l ] Thr il 58 3 L g
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GIn298 X} i T CpAK H' GIn(Q)316, FAI4fEMI,
BN GIn298 Sl 3] Thr 2 i) i1 A 1A FFHl
555 ARG Thr X AK BIRRVER . BRI R
FHE RSB HOR S ml R i, AT R
A, WFFHRGS) 2% KA T, AR K I g
JIRER | PEBTBEE AR B R AR, A
RS BRI A LR T AR B PR S AR
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1.1.1 BEBRSBoRL: JLRUHFT A C. pekinense E31,
Hy o R 24 BE AR W F 5 T B R 5 4 TR
PET-28a-AK!", T AR AR Ol o & e T AR 520
Pefit; FiktE ERMITE BL2L(DE3), W HIA
S B AE B AR A BRI
112 HEREE. LB B FIEE, AW R BRI
WI5k, 475 50 ng/mL RIREE & .
1.1.3 Al 519G BRI Y A TAY T
PRI R A R V5 i BoRi B2 a0 &
PCR %74 . HIk Marker, T Ki% TaKaRa 2y
n]; SDS-PAGE BECIG &, T dbnt =&
P ARABRA W] RIFE R (IPTG T Genview
Nl ARASPERRAERERL, T GE AF],
1.2 5ttt R fnse SR

F Primer Premier 5 514 #E%T CpAK
Q316 fii kAT, FFREAE TA Y TR (H i)
B A R AR HATE R, 51t s, B
5-CAACATTGACATGGTTCTGNNNAACGTCTC
CTC-3, Rif#514) 5-CTTCCACAGAGGAGACGT
TNNNCAGAACCATG-3', H A Rl 2k 43 A 28 A7

Ao FIHABRSIY, VIEA ik pET-28a-AK
AR, HEATEAE PCR Y1, SO AR 2R B 2k 4 Dl
275 3CHR[10] . K PCR 7414 0.1%3 i HHEE I
TKIIE, I 1 PCR P4 Fl Dpn | W41k,
DA B B AR, T AR T L T AL
1.3 JHfLERIEEfL

I 1.2 ub TR A KA FF I BL21(DE3)JEk
TSN, VK 10 min, 42°C #4#% 90s, FEKG
2min, JEMIA 900 uL A& RAFEER M LB KiaRst,
37°C. 160 r/min %3% 1 h, 8000 r/min Z.[> 1 min,
WeH 800 ul FiEW, FE2s, TR FIFR P A
FE, WATEARIRERY LB BRI I,
37 °C 1R, S BAU A & RIRE R 2 IRz
14 RARRERMEL AK ZEBHE

WAL PR P HeF 254 200 uL LB
WARKEFR AL 96 LA, T 37 °C. 180 r/min 1k
RS . WEL 10 pl BEVRHEEFD 280 96 FLAkH
37 °C. 200 r/min }3% 45 h, fiLA IPTG 557 (&
el 1 mmol/L), 30°C, 130r/mini%ES 8h. i
S5 3500 r/min #5.0 45 min, 3 B, IR,
BIA 100 pL PBS & F{A, T-80°C. 30 min 5
30 °C. 30 min J & i fil 3-5 K o FREFRASCEE D 1K
540 nm TGRS BEREREG )3 B i 28 A8
PR A 10 mL LB i gRAEr, 37 °C. 180 r/min
HREEFR . TESEBESIYERT , DGR R
HR#EAT PCR 41 . PCR S AA R K 551 W27 30
BR[10]. #F PCR W4T 0. 1% IEAi B e v vk 46
E o B BT 3R Y R A A T AR TR (1)
AR AT B2 WY, i 28 A Y
15 AK BRRBEIEHLNL

B 2 mL B A 100 mL LB WA 3R b
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KEEFR, MIPTG ifESFEHRE, LN 8 h,
4°C. 8000 r/min &[> 10 min, J5F#H FiEW, Ik
SR, SIS AL ol b M 26 TR A
Mg alifl, FFASRIN AK 4 b, Kkl EER
“lifb 1T SDS-PAGE F1 Western blotting % 1iF,
T 0225 3CHR[12]
1.6 AK BRE S E

DL L-RAARNIEY, X RAD BRI T
ity 15 102 o WG 138 A U=1000%Asaonm, LA%E
3 2 B A 11 5T (P8 B e R ) A RS E 1Y 5
M A TR R O IS 7T RS S R R
800 mmol/L KCI, 10 mmol/L L-Asp. 100 mmol/L
TrissHCI, 800 mmol/L NH,OH . 10 mmol/L B-%ii &
Z T . 10.4 mmol/L ATP. 1.6 mmol/L MgSO., %L
HIA 10 pL i3k , 28 °C. 130 r/min 2 30 minf*,
BV IMASEAR R =@ A R & R RIR S, T
P 540 nm IR SRR
1.7  AK BEsh 5

it % D A Ty 1 Ry SO A R rh At 5
RTE LN, SRR B (451 0.5, 1. 3. 5.
7.9, 10. 12, 14, 16 mmol/L), {ll5E AK K35 11 .
LU Hill 7572 V=V (S)(K™+S) A TEAE 5
1.8 AK EEZMEFRRFSE

181 #&iE pH B FOWMAR R HA SRR,
M8 Tris-HCI 4 pH (M 6.0-10.0, 434117k 0.5),
WE 10 4525, e AK 5iE pH. DA e BT
7E h 100%.

182 HREREMR: RNERAL, EARIR
J#F(15. 20, 25, 26, 28, 30, 35, 40. 45, 50 °C)
MiE AK Feidilh B, Dhf s B o SR 100%.
1.8.3 FREHFFR : FEHLE pH RIS E T, AH
[l S A Z, BERR Ll 1 EHG . LA O h AR
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fif % & A 100%.
1.8.4 JEYIMERIXT AK FEFTHIREM . SN A
ZHUNINASFEHE (0.2, 1.0, 5.0, 10.0 mmol/L)
FIEPIIMEIF, 435910 Thr, Lys, Met, Thr+Lys,
Thr+Met. LystMet, Thr+Lys+Met, Jlj5E Hxt AK
T TR SEIR AN S ORS00 400 ) 7500 10 o B 2 A X6F
il 1 72 SRy 100%.
1.85 BB AK FEABEW: SOk R
b S A AR, 43 00 ZE AN [R)R JEE (0.2, 1.0, 5.0,
10.0 mmol/L)y4:JE B F(Na". K, ca*. Mg™.
Zn* . Mn*. Cu*. Ni**, FEIEERISMET, Xt
AK TE TS0, DAASES I 4 8 15 10 o) B A %
il 1 72 SRy 100%.
1.8.6 APLERIXT AK TESTHEME . [0 KR
HHS ISR 2 (0.2, 1.0, 5.0, 10.0 mmol/L) A
LR, /R HEL, OB, SNEE. IETEE. &
. R IEEAN L i, e T AK IS 52
PAASERAIAT LT 5 4%t BELEAF X RS S N 100%.
19 HdEatr

BALIWEL 31K, LRI X+sFIR,
K1 SPSS 19.0 # A7 GE 2= 20 o R %A Origin
Pro 8.5 {E .

2 SRR

21 REAFERMIGRZH Q316P HA W MM
DL pET-28a-AK $2HUR) BTk M AAR , 7E5 1911
YEFR, %4 54, 56, 58°C 3B KIRE, #hfT
ZRAF PCR, 478 PCR F=¥J7E 1% g R i
VKT BT IAIE , kg R A 1-A BoR, 2748 PCR
FZYITE 7000 bp Ab A ST 4401, X5 pET-28a-AK
JFRiK B 6822 bp (pET-28a5369 bp, CpAK 1453 bp)
FAAF, UEBBURLAE S [VE N S5 T R i & il
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Figure 1.

1% agarose electrophoresis of PCR products. A: the result of PCR mutant products. M: 10000 bp DNA

marker; lane 1. annealing temperature 54 °C; lane 2: annealing temperature 56 °C; lane 3: annealing temperature
58 °C. B: verification of the AK gene; M: 2000 bp DNA marker; lane 1: WTAK; lane 2: mutant.

He PRI FLERE FEVRAAR LB R FR AR  TE
fbs, IHOABEH G T PCR ¥4, 4 1955k
R vk IE, BiEg R K 1-B BoR, 7E
1000-2000 bp Z[a]4 Blse 4, S84 5 B A #Y
—3, 5 AK KJ¥ 1453 bp, EH] AK LR E K
' FARBFF B BL21 225 P H 58 TE B 1 28
SRR, 25 R AR Q316P, B Eh ik
AN L] 1) 22 SR TR AT R (GIn) 28 248 Ry AR AR M 2L
LRI 2 R (Pro)

2.2 BFpAERIFRAK Q316P EHFR B 54

B A BRI 28 A5 0K QB316P £ A8 Mk ali 4k,
J&i , SDS-PAGE #1 Western blotting 5 iE 45 SR 4 & 2,
WY A ARG . SEALIRRN 2R 1A QB16P 4l ki 7E
48 kDa ZE b AE e 45, X5 Kalinowski
26 D8 Ffp 4 3 1 45 FAH4S . Western blotting 45 5 i
N, {0 B AL AR RURN R AR (R Q316P HAT H
fr2%E, I AK A FRE M.

2.3 BPARIMZRAK Q316P KB 4R

DL L- KA, IS5 a] 04300
BETH53 BN A BRI 22 A5 & QB16P H AK 1 J1iH
AT AE o 022 25 5 OriginPro8.5 % 14 kA7 8l 112

HZRilA, 250 mE 3 s, 45K Q316P AK
1) B SN T8 Vi A7 30.62 U/(mg-min) , 45 87 A=
T [Vinex A 3.59 U/(mg-min)]#& i T 8.53 fi5., B4k
R AK 8 112 B8 K M 4.15, 825K Q316PAK
(1 K fE 4 5.69, 2R )5 Ml 5 K (SR F A
PR S5 EoR, B4R AK AR AR5 n A
215, JE TN, RAEK Q316P AK 1Y n fi
S 1.29, G AK BIIEVMREIEREAR, BT KK
fitg, MRS AR T HITIRIAEZE G, XAl REE
H T GIn316 Al A L SE R, 28485 Pro316

kDa M 1 2 3 4 5

97.2

66.4

443 <48 kDa

29.0

20.1

& 2. 12% SDS-PAGE #1 Western blotting 3&iEF 45 &
Figure 2. Results of 129% SDS-PAGE and Western blotting.
M: protein marker; lane 1. the purification of WTAK;
lane 2: the mixing of WTAK; lane 3: the purification of
Q316P AK; lane 4: the Q316P AK result of Western
blotting; lane 5: the WTAK result of Western blotting.
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Figure 3. Dynamics result of WT and mutant Q316P.
A: dynamics curves of WT and mutant Q316P; B:
position change diagram of mutant and WT.

AR AR DT R A LR (8] 3-B), HRZE S Sl
A Thr (B2 FHEMIRL, ARG, R T
MR Thr, {0 Thr B3 PR,
24 BYARIAZRAEK Q316P Bt FRAE
241 BIERBEM pH fH: BE 4-A T, A2
1K Q316P fii& i JE My 30 °C, HEFAE I AK $5 T
5°C., RAFIA Q316P 7E 15-30 °C JEFI N, A% T
BV T i g, 76 30-50 °C Ll N FiHS S bl
ZIHEREAL, SEPARIAR L, RABK Q316P 3
B LA RO St R R 4-B AT, 2875 (R Q316P
Bifi pH A 7.5, HLEFARS AK FE{R T 0.5, pH /)
F 750, BEEJIME pH FHE ey, R BT
(T ERYE, 24 pH KT 7.5 0F, B 1 2m R,
pH 2 10 I, JEE T E AR 10%.
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Figure 4. The effect of optimum temperature (A) and
pH (B) to WT and mutant Q316P. Results are meanstSD
of three parallel measurements.
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242 PFEM: K 5 NTERGEIRE 30 °C Al
& pH i 7.5 BT, EPAALAIZR AR R Q316P
HIXTEEE S SRRSO FR, AR RS
Wef 28 S ) AR S A9 — 2 A g s i) B g R £ 5 40

HI1El 5 Al %N, BPAERIAE R 3.8 h, ZRAEK
Q316P s B AE R R T 1.2 h, 5.0 h
RF AR X TS 738 %) 50%. 2848 I 2 R T i o] AE
JE TR EMFE KR SRR Q316 48 Hi /K 1

HHEMR P316, ¥ T EAMMES, NImiEs
Fa g el
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Figure 5. Thermostability curves of WT and mutant
Q316P. Results are meanstSD of three parald

measurements.

243 JRYIHFIN AK FEREM: hk 1]
W, HPERI AK Z 3] Thr A1 Lys A& — P
i, 2 Met g/, X TRk Q316P, Thr
fETET, AK TE JIH i 2485 (P<0.01), JLLL Thr
FMAE LRI TE 4R E A, EUOR (R Y R
SR . RS Thr+Met XS 12 90 H
WOEVER, mWREE R BRI, (AR )
AERUH AT A I B4 o S5 R BOR, Lys X548 (K
Q316P A EIPIHIAEH, Met Xof H 5 i 4 g A 78
MZEAK, Wi, BA Thr £, RH& 4

WEVER, X HAWHEH AR

244 SRETFXT AK IR : KA ARG
S E e, RMHYE T2 48 BT R . AR
TV T o4 e B 1 X B AR BRI SR (A Q316P Hh
AK TS S50, FTR 2 R 20 Xt HF A Y
— M & BT NaFl KX R A B i il
SHIEER; M ERE TR, BT Zn? R Ni®
PABARHE B MOP R BIOSVE AN, Hofth 4 B
FHIXTEEA R R I IER, e RE T
Fe Ui EHMHIVERT, FLBEZE R A T s il e
W5, XHF9AEA Q316P, —1 Na'kifi % e i THih
AR PG A @ PRI (P<0.01), 7ERWREER) KT
FEAE T AT T A% 5 245 55 (P<0.01),  FLARZIK
WER, MR BT Ca EAR MR R S
W i 5 2 (P<0.01),  Zn?* T 1 AR 24 AU AT
Tr, =& 87 Fe* % Q316P HIXT T /14
P FE AR (P<0.01), ARGk B2 B i 0V TS Al
VET o HoAth 43 B M A AU TOM b #7284k
245 AR AK TEHEm: & 3 AHl,
JIE B ML FIGT AR AK B B 3R
X TR Q316P, ANl B2 iy HIEEXT AK 1 )
PG 5 (P<0.01), JELAVREE N 1%0F R

F 1 ERPNE T EF LR FIR TR Q316P 1 AK JE AN
Table1l. Theinfluence of substrate inhibitors on the enzyme activity (%) of WT and Q316P

Substrate WT Q316P

inhibitor 0.2mmol/L 1.0mmol/L 50mmol/L 100mmol/L 0.2mmol/L  1.0mmol/L  50mmol/L  10.0 mmol/L
Control 100 100 100 100 100 100 100 100

Thr 90.28+0.40 83.97+#1.20 60.36+1.30 51.33+0.80 156.23+1.80" 135.69+2.40" 114.78+1.40" 106.23+1.00"
Lys 83.86+1.80 65.61+1.30 58.92+2.10 3855+3.60 85.25+1.10  72.36+090  64.95+150  54.36+2.70°
Met 97.63+1.90 94.34+0.80 89.89+2.30 86.34+3.30 88.23+310° 90.67+150  8528+1.90  80.85+1.60
Thr+Lys 77224160 54.76+3.70 25264110 20.36+1.50 10823+1.60" 95.35+2.30" 7158+1.00° 69.22+1.80"
Thr+Met 86.34+2.90 76.51+1.40 51.89+0.70 42.67+0.90 13658+0.80 116.13+040" 98.69+2.60°  88.16+0.90
Lys+ Met 85.47+2.00 5844+050 48.26+1.40 36.34+1.20 9151+120° 69.26+040°  4549+1.30  38.44+1.50
ThriLystMet 59.76+1.50 40.51+0.90 20.13+1.70 1523+1.60 86.63+0.70° 85.39+1.30° 41.66+1.60° 3548+1.70"

Q316P compared to WT at the same substrate inhibitor and concentration; **means the difference is significant at the 0.01 level;
*means the difference is significant at the 0.05 level; Results are means+SD of three parallel measurements.
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*2 SEREBFMNEFEBMIEETM Q316P H AK & HIFNT
Table 2. Theinfluence of metalions on the enzyme activity of WT and Q316P
WT Q316P

Metalion

0.2mmol/L 1.0mmol/L  50mmol/L  10.0 mmol/L 0.2 mmol/L 1.0 mmol/L 5.0 mmol/L 10.0 mmol/L
Control 100 100 100 100 100 100 100 100
Na' 8153+0.30 90.24+1.40 97.42+1.30 93.72¢1.60 7828+1.60  7117+1.30°  66.00:2.30 58.94+1.40"
K* 89.34+1.50 87.97+200 91.65+0.70 9569+0.80 91.94+050  90.44:0.60  13245:1.90° 126.56+1.50
ca* 50.68+3.20 65.47+1.10 79544220 86.23+3.10 79.06+1.40"  77.94+240"  77.56+1.70 80.000.80
Mg® 127.83+0.80 115.36+050 75.26+0.80 69474220 122224250 119.224320  84.56+1.90°  63.72+1.30
zn* 105.23+1.90 115.13+310 132.66+1.90 159.65+1.50 90.44+1.50" 102.89+1.60" 112.94+0.30" 126.50+0.60"
Mn?* 7458+1.80 7246+0.90 54.65:0.20 58.46£1.00 88224260  56.72+1.80°  49.00+1.80 52.72+1.70
cu?* 7729070 69.47+0.60 5154+0.60 44.23t150 8283+1.70  70.21+060  53.83+1.30 47.06+1.10
Ni2* 132.35+0.40 119.22+1.50 102.58+0.80 98.67+0.90 133.11+1.30 107.33+1.40° 106.22+0.90  89.56+2.40"
Fe* 7654+250 73.33t1.30 6459+1.70 40.04+1.60 105.23+0.80" 102.39+1.10" 85.17+1.207  7850+2.60"

Q316P compared to WT at the same metalion and concentration; **means the difference is significant at the 0.01 level; *means the
difference is significant at the 0.05 level; Results are meanstSD of three parallel measurements.

#3. BUAFIXEFERFIR

5K Q316P | AK & /1 HE N

Table 3. Theinfluence of organic solvent on the enzyme activity of WT and Q316P

WT Q316P

Organic solvent

0.2mmol/L  1.0mmol/L  5.0mmol/L  10.0 mmol/L 0.2 mmol/L 1.0mmol/L  50mmol/L  10.0 mmol/L
Contral 100 100 100 100 100 100 100 100
Methanol 85.80£1.30 63.42+0.60 47.02+0.60 35.37+0.70 113.75#1.20° 9174+1.40" 71.60+050" 69.17+1.60"
Ethanol 73841160 54541080 46.12+050 34.03+0.60 99.28+1.60°  89.17+1.30° 64.93+040 48.13+1.40°
Isopropyl alcohol ~ 67.37+1.20 47.73+1.00 48.77+1.10 48.03+1.30 91.25+1.80" 69.93+1.60" 58.75+0.80° 4801+1.10
N-butanol 90.42+0.50 89.30+0.70 68.11+1.50 43.71x0.90 90.88+0.90  82.86+1.40° 7164+0.70 57.67+1.70°
Acetonitrile 79712120 4556x0.80 4599+1.20 3559+1.10 63.75+1.30 5240+0.70 42.08+0.70  33.63+1.10
Dimethyl sulfoxide 93.93+1.10 82.09+1.70 63.36:0.70 66.51+0.80 95.76+1.40  7243+0.30° 69.58+0.50 55.83+1.50°
Glycerin 95.73+1.30 85.92+0.60 59.33+1.60 45.68+1.60 90.23+t0.90 88.26+040 7121+040° 65.00+0.60"

Q316P compared to WT at the same organic solvent and concentration; ** means the difference is significant at the 0.01 level; * means
the difference is significant at the 0.05 level; Results are meanstSD of three parallel measurements.

S E . HAA BLE R OB . SN EEx AK 3
iﬁﬁﬁ I (P<0.05), H7ZEARHR B B A3 W i 2%
5 (P<0.01), 7EEWREERTHIMAALET , XA ik

QmW$AK%%ﬁ%%ﬁ%mmmm%Lﬁﬁ,
AR Q316P 5 A= HUAH X A ML R R I R

IR 7R
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(Y=%iis

1 S A il |

it

2&6?9”%5&%[:?%1‘?%2\’5&@2%@@4“ Q316

HATRE B RAS, L

%ﬁﬁﬁfﬁﬁﬁﬁt
1Y o 3 B AE Primer Premier 53

B BB

HATIRAS
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I LAE 4 ki pET-28a-AK AR, e H 58
& Q316P.# 5 2E{K Q316P LI TE K I i BL21
ik, I 12% SDS-PAGE K Western blot 15
FNIE, B2 a R IR, AR Q316P 1 Vina
BRI R 8.53 1, BTG N ERIE ., JFHR
AR5 I PR FPERRAR, Al e ASF TSRS A
[l B RSP0 Thr fEZERT, X 5845{k Q316P
FIHBEIER, RARAESR AK 50§15 Thr
ZEERTRE TERER, X 531 8 R ANAT

A R AR, AR S
SEAERET &, IS B Y a2 iR i
B, KB aBETmRE. i, 78T & A
H, PERUE TR IR R RO, W]
AR AR AR 43 e B4 RS o R I E AL 76 58 A Ak i
T e Tk L R LA R AR . ASHH S R
R Q316P 2 PE T4 R o, 5 HF A RUM L A
ERE T 5 °C, Holi pH FEIK 0.5, ~FRHIER
F 5h, FIZFRASA H T B A R B8 L fE
71, BEARTFREA

2 B N 2 B SRS 2 NN
Q316P FETE R H BL21 sl deik , I G
I, BEAERTOGE , [R I AERD R g R A
FER XA A — B AR, (Hl T
il i) S I AR AL B 2 0% . BASHIESE X Thr
XoF b BB DR R A SR S O S s i, e AR
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Characterization of Q316P mutant of aspartate kinase from
Corynebacterium pekinense

Zhirui Zhang, Chen Chen, Caijing Han, Yunna Gao, Chunle Liu, Weihong Min’

National Engineering Laboratory on Wheat and Corn Further Processing, College of Food Science and Engineering, Jilin
Agricultural University, Changchun 130118, Jilin Province, China

Abstract: [Objective] To obtain a new aspartate kinase (AK) with higher activity and better properties of highly
produced aspartic acid family from Corynebacterium pekinense by spatial structure transformation, and attenuate or
release the feedback inhibition of AK. [Methods] The GIn(Q)316 of AK was mutated by site-directed mutagenesis,
and mutant strain with the highest activity was selected by high throughput screening. The mutant was expressed in
Escherichia coli BL21. AK of the wild type and mutant strain was purified by Ni?*-NTA column and then the
characterized. [Results] The mutant Q316P was constructed, and successfully expressed in E. coli BL21. Compared
with the wild type, Vi Of Q316P was increased by 8.53 times, and the n values was decreased from 2.15 to 1.29. The
optimum temperature was increased from 25 °C to 30 °C, the optimum pH was decreased from 8.0 to 7.5 and the
half-time period was increased from 3.8 h to 5.0 h. The inhibition of the substrate inhibitor threonine was not only
relieved but also threonine had an active effect on the activity of Q316P. Q316P had better resistance to methanol and K.
[Conclusion] Our findings provided areference for the construction of high-yield aspartic acid family engineering strain.

Keywords: Corynebacterium pekinense, aspartate kinase, site-directed mutagenesis, kinetics, characterization
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