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# O [BM)] FREN oINS R (0-CGTase) AT AT ( Bacillus subtilis RIK1285 ) Y &
BMIAN R RS, [F33RY DORIE TR B 2 MO 1 19 173 Fh s 5 IO L RN #1555 B SCRE, Sk 34T 9 SRk j R
TS E TR, Ho citH (55 BKE S0 80  ficm o TEMCERE 1, ik — 2B Ak a-CGTase M43 ik, XHE 5 Ak
citH 1 Gly2. Asn3 ¢ Thrd #ATHIAIZEAE, I IWECA R AR5 R0 W a0R . (8 R 54k G2R-N3K-T4L-
CGT W51 S4> WA R i 8, 8 4 B 28 AT 1 (9 I A 0-CGTase ¥& S i3k (14240.11 ) UmL™, A A 32515 5 ik
[ (9.620.29 ) UmL™"], /M WASRILE T 47.9%; & U A4 Bk g $b 28 AT 5 Geobacillus caldoxylosilyticus. CHB1 ( 0.66
UmL ™) i 21.5F% . T4 o-CGTase B i 38 J2 W pH 2 6.0, il 52 i 15 BE 4 60 °C, 76 50 C LI E ; Mg,
Ca” XF a-FRMIRS 06 P LA — 52 WOBOE AR o U530 Y 159 JUOUh BRBIRS B 18 25 M FT 18 v 0 v A3 1A B M,
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Enhanced Thermophilic a-Cyclodextrin Glycosyltransferase Expression by
Optimizing Target Signal Peptide in Bacillus subtilis
CHEN Longjun, LIN Chenqgiang, JIA Xianbo, FANG Yu, ZHANG Hui, CHEN Jichen '
(Soil and Fertilizer Institute, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350003, China)

Abstract: [ Objective] Conditions to achieve high-efficiency secretory expression of the thermophilic a-cyclodextrin
glucosyltransferase (a-CGTase) in Bacillus subtilis RIK1285 were explored to understand the role played by signal peptide.

[Method] A library based on 173 signal peptides from B. subtilis was constructed to identify the highest secretion efficiency
candidate. Using the saturation mutagenesis of segments in the selected signal peptide, the secretion expression of a-CGTase
was enhanced. [Result] There were 9 signal peptides with high expression efficiency identified from the library. Among
them, the signal peptide citH showed the highest secretion efficiency. Subsequently, the saturation mutagenesis of Gly2, Asn3,
and Thr4 of citH produced a mutant, G2R-N3K-T4L-CGT, with an extracellular activity of a-CGTase as high as 14.2 UmL™
and a secretion efficiency increased by 47.9% over the non-mutated signal peptide (9.6 U-mL™"), which was 21.5 times higher
than that of the wild-type Geobacillus caldoxylosilyticus CHB1 (0.66 U'mLfl). The purified a-CGTase had a maximal activity
at pH 6.0 and 60 ‘C, was thermally stable within 50 ‘C, and could be activated by Mg’ and Ca’". [ Conclusion] The
important effect signal peptide had on the high-efficiency expression of cyclodextrinase in B. subtilis was verified. The result
provided a new and valuable reference for studies on the expression of extraneous proteins in the bacteria.
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O 5E 3 SCY FORDRE = ih 6 4> DAL 4 e it
a-14- W 2 2500 A FRARAR 2 1 SR R0, MR 2
) A 2 B AN B AN TR (6~8 4> ), 35l R o
B-. y-FRMIRE T T IR O T A BRIk A 3
K WEBURE RSB S, S 2E RS
TR, SETSUR AR TR . RRE
YESE W B AP, IOrEAR 2y . B dh . BR2h ., b
g it R A S AT S LA 3 AR T PR
Je FT PR RS A 7 2L B A (EC 2.4.1.19, i B
CGTase ) it i fi AL 343 48 JIE W) B SR AL T E Ao 1M
WilEE T o-FER MRS, AL a-L B-. y-3PBIHE
RS, WEEZ- AR, IR -, B\ y-
IMIRG I . o3 SPIRMIAS B BR 1 HEAL IR L R R A, i
REMEALAR A . KR B RON, R—FhZIRER
AR ST EORIRE RO E RN A, e PR
e i T BRGS0 2% 3 0 4 S P gE g P KA
NWFFEHEREY A GE MRS Ml 3 800 1 KR TR AR Y &
BEARI, [Hh T RAREERA S ARE . PRk, &
PP S 2 AR T o0 B SR IR A, BRI il A 7
WA JE F AT, 2E 2D BR AT ERRE B ML R
Flo D8 T 42 e PR Tl ™ A, R IR AE 7 AR
i N TR A R TR SRR, S IR RG
Y S R Ak, R I T Tl A A 5 1 T R
AR BRAMMERZ — MEZFMEAFE (Bacillus
subtilis ) ARG GERY Tl AR bk, 38 A% 15 5 Il
TCW] A TR Ak, M IBRE e, S TR R, %
DU R, A T 220, Bk 2 BRAR A4 Sh IR
BB W Rk R skt kIR
FRACZF MOAT TR 1Y) o- RIS 780 200 0 2 e A Il A A
PRt fr Rk, KBS o-BRHDRS il 15 73k 31
49 UmL ", ik iR B AR Bofk 28 M FT 1 3k B 1Y
9.8 1o AN F T A B 2F AT B A I AR
BT RS KRS T, E2AMAEE: Sec iz
Tat @42 . X TR—FMINREAT, ARES K5
SOMBCRM LK, BiH Z A feE mE
B ZF AT BRI N S iE AT X (1~5 A IR HL S
B ). HEBI KX (7~15 8K IR ) K C i
F T IREER I (3~7 SRR PR SERR ) 4. BFE
FWIF 2 K N g 1 A R, H S K v 2 S H Y
& HEA FZF AT P A > iR 4 (Sec, Tati®
), IR H B8 F R R DR A X
SR T BB A S WA SR, R E 5K
N S 1 HL 7 KO0 S U P i kR s HA BRI

(@NTENYIV NS MENIPNE 24T S LR S TPeR- kS
RBEFAAL . WAA R E AR SMER X RS
KA E AR AR B HERT, ARG S
RIS A 3 s SN 1 Fab A et WARGE . KU
PR B R ] A 250 28 FEFTIN TAE N Geobacillus
caldoxylosilyticus.CHB1 1 43 5 3 1% — > 8 o-20 #l
K, Hofoi W IR IR E] 60 °C, HA B AR
EME . EH WIS CAE E. coli . HEMIFT 18 S Be A g B
s T SRR N TR R - BRORS G 1A
PN P R R RCR IR R, AR LR IR T2
HUAF R A 173 FifE 5 IO SO, i IEE & T a-BRH)
KSR = AR B E S Ik, TEMLERAL b, X e 4R 15
A5 5 0k N i 2 Bk R R AT R, AR 15 5k
N i 1F L fr 850, — 20 S B o FORORG 8 76 G R 2 i
PR i R IRk

1 MH57&

1.1 iRIE AR

L11 Ay e ks Al B 2F ROAT T PORBDRS I 2 15 2
& pBE-aptE-CGT & | 4l Bacillus subtilis RIK1285 /
pBE-aprE-CGT ARSI A HARAE 5 Bacillus subtilis
Secretory Protein Expression System ( SP DNA mixture
173 Ff 73 WA {5 5 AK SCJ%E ) . the In-Fusion HD Cloning
System M E.coli HST08 Premium Competent Cells It [
KEFEY T (TaKaRa ) HRAH

112 KA E5ME REIPENVIE . Tag DNA KA
fiti . DNA Mark. Protein Mark. T4 DNA % % filf .
DNA ] i 8] W ik 551 & Fn 5t bz P e 4 B ) &
(TaKaRa A F] ); PCR GG M. WP 55 il ik
T TR B A RA A e, HAaln gk =
otk LB, 3-18K A iy 8 VR 250 ML (Sigma 24
A ), PCRAY (FEHEAF MR/ F ), Micro Pulser H, %
FL1X (3 E Bio-Rad A #] ), Multiskan FC i #r 1
( & [E Thermo 22 H] )

L13 354 LBHFRE (Rhrsgs). WAER
R 1%, BEREHY 0.5%, NaCl 1%, Amp 2 &k &
100 pg'mL ' TB (BEERFREL ) . Hil 0.5%, &AMk
1.2%, BEEREM 2.4%, K,HPO, 1.64%, KH,PO, 0.23%.
12 REFHE

1.2.1 AR S5 Ao 7 M BL B B AR K HLN 4y
Ty AR K H H R IK P ) SDS-PAGE 73 1 5 [i
3Lk [16].

122 FMArEsfz TR EBARLEGMmE LK
1 KG il ¢ 3% 484K pBE-aprE-CGT MM, 115 5 ik
aprE b N5 T sem 514 (M1:5'-CGCGTCCC
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TCTCCTT TTGCTTAAGT TCAGAGTAG-3'; El: 5'- £ citH ESHE (L Gly (FIZET3| 4
GGCCGGTGCACATATGGAGCTCGGTACCCTCG Table 1 Primers for saturated mutation of G2
AG-3' ), % H PrimeSTAR Max DNA Polymerase X SeAs Ik GLﬁfjﬁ | MR
12%%11;&{2[; ﬁﬁ? gjz 1@ /f kjj‘i . PCR fim%ﬁ: . 98 C Muntants name Primer sequence(5'-3")
O [o? . VA S \/_, . .
10s, 62°C 155, 72°C30's; fEi#F 30 %5 72 °C 10 min. Gop  G2FF  AGAGGGACGCGTATGITCAATACTCGTAAAAAAG
P38 7=y 0 I Il Wit ) & i 4T 26 1 34K pBE-CGT G2FR  CTTTTTTACGAGTATTGAACATACGCGTCCCTCT
KA B, # . ooy GIMF AGAGGGACGCGTATGATGAATACTCGTAAAAAAG
P 2 P 2R AR pBE-CGT 5 SP DNA mixture % L, il G2M-R  CTTTTTTACGAGTATTCATCATACGCGTCCCTCT
RA, H 5X In-Fusion HD Enzyme Premix i 17 [F] i 5 Gp  GPF AGAGGGACGCGTATGCCGAATACTCGTAAAAAAG
4. YL A R S 41K E.coli HSTOS, 2 100 G2P-R  CTTTTTTACGAGTATTCGGCATACGCGTCCCTCT
ngml ' ZEH B E P LB AT 3R, e G GAF AGAGGGACGCGTATGGCAAATACTCGTAAAAAAG
e TR A R T BBOR A TR . M S G2A-R CTTTTTTACGAGTATTTGCCATACGCGTCCCTCT
55 Ik F ik F A E pBE-SP-CGT, Gy G2Y-F AGAGGGACGCGTATGIATAATACTCGTAAAAAAG
123 FaEE BTG M T L G2Y-R CTTTTTTACGAGTATTATACATACGCGTCCCTCT
W UKV R AL R R A5 40K Bacillus subtilis RIK1285 B o GZF AGAGGGACGCGTATGCATAATACTCGTAAAAAAG
100 L 5 3 L. 401 & oRE-SP-CGT A 1% G2H-R CTTTTTTACGAGTATTATGCATACGCGTCCCTCT
pb =35 pn ZH ot mL pBE-SP- =],

Sk Sk s G2K-F AGAGGGACGCGTATGAAGAATACTCGTAAAAAAG
Fefe 28 (LT ZH1500 V., 25 pF, 200 Q). ¥ GZK KR CTTTTTTACGAGTATTCTTCATACGCGTCCCTCT
pBE-SP-CGT # /& ‘5 A &322 Bacillus subtilis RIK1285

i, T 10 pgmL ' RIREE ZHirE LB AR K 3 254k G2D
T (24~48h), HFGHEH Bacillus subtilis RIK1285/

G2D-F  AGAGGGACGCGTATGGATAATACTCGTAAAAAAG
G2D-R CTTTTTTACGAGTATTATCCATACGCGTCCCTCT

G2C-F AGAGGGACGCGTATGIGCAATACTCGTAAAAAAG

pBE-SP-CGT, G2C - Gacr CTTTTTTACGAGTATTGCACATACGCGTCCCTCT
124 EaMPFRARGHELLEETRER i G2Q-F AGAGGGACGCGTATGCAGAATACTCGTAAAAAAG
FHEE SR . PRI AUAS B ZE AT 1 Bacillus subtilis ¥ @22 5QR CTTTTTTACGAGTATTCTGCATACGCGTCCCTCT
o3 2 s R 2
SOET LB R RIS 18 'hy REREHT IR 45 1% Hefh Gy G2LF AGAGGGACGCGTATGCTAAATACTCGTAAAAAAG
R R EF 2 50 mL BEER SR, 7E37 C G2L-R CTTTTTTACGAGTATTTAGCATACGCGTCCCTCT
S0 S7 T ) N -
RIREEFR 24 h, EATIAE TR, T 12000 rrmin - 5 G O2F  AGAGGGACGCGTATGATTAATACTCGTAAAAAAG
O 2 min BREMA, IE LHBRAMEER, ME o-FFBk G2I-R  CTTTTTTACGAGTATTAATCATACGCGTCCCTCT
g5 o LAEE 4 Bacillus subtilis RIK1285 / pBE-aprE- Gy GVF AGAGGGACGCGTATGGIGAATACTCGTAAAAAAG
CGT Ky Xt HR . 3k TR A5 I 305 725 F %o MR ) 26 200 G2V-R CTTTTTTACGAGTATTCACCATACGCGTCCCTCT
TbET, WBUZTEME TR, X RiEATAEY TR g GSF AGAGGGACGCGTATGICTAATACTCGTAAAAAAG
H/%'ﬁj\ﬁ IEE//_\\Ej J‘ﬂ:ﬁf?ﬂm’? %ﬁg*ﬁ@ —\EA% Hk}?ﬁu G2S-R  CTTTTTTACGAGTATTAGACATACGCGTCCCTCT
125 25 ke st L7 58 35 158 2 38 35 S ot G2T-F  AGAGGGACGCGTATGACCAATACTCGTAAAAAAG
BT 1015 Bk 2 ik B MK (pBE-citH-CGT) W f 42 G2T-R  CTTTTTTACGAGTATTGGTCATACGCGTCCCTCT
15 BT -citH- ,

% FH QuikChange Lightning Site-Directed Mutagenesis N ONF AGAGGGACGCGTATGAATAATACTCGTAAAAAAG
Kit, 252 5 Ak oith] {2 2 AR 1% J0L e A S G2N-R CTTTTTTACGAGTATTATTCATACGCGTCCCTCT

A7 1 = A 2 AR . 1 Iy2, G2B-F  AGAGGGACGCGTATGGAAAATACTCGTAAAAAAG
W fiz o IX 19 M %ﬁﬂ RAGIW, %zi (Gly GZE - GopR CTTTTTTACGAGTATTITCCATACGCGTCCCTCT
T X A 35 4 Ry 9 AR 1) I R A A ) B
. 5 N G2R-F  AGAGGGACGCGTATGCGGAATACTCGTAAAAAAG

\ M 4 P LUU,
o KR TSI Y1HEFT PCRY™HE (95 C 2 min; 95 °C GIR - GorR CTTTTTTACGAGTATTCCGCATACGCGTCCCTCT
20s, 60 C10s, 68 °C4 min, 20 ME¥H; 68 C
i et e e o St o Gow  G2RF AGAGGGACGCGTATGIGGAATACTCGTAAAAAAG

5min), R AR 5K A Lk R IR AR G2R-R  CTTTTTTACGAGTATTCCACATACGCGTCCCTCT
Bto Wv Bt2 Dpn THG AL IS, B ACRIIAT T S T ki mio o e R a7
DH5a, T 100 ug'mLfl AN EEZPilE LB Ed Note: the underlined base is the base codon of the mutant amino acid.

WG, TRk A7 7 %5 e AR LG R, e R AR
B 19 A5 5 Ik 28 28 3% 38 2k IR 5% b A 5 28 AT B AR [ IR G380 1 . R B N3 T4 if
Bacillus subtilis RIK1285 #EAT AWM B 22 38, 245 T AsEAs (BARFS A ) .
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1.2.6 o-CGTase B & a2 5 o-2 KRS 75 24 b
SEHE RS WS 17 2 IR P e kY H A
YEANR . B 0.9 mL W46 50 mmol L™ a4 22 v ik
(pH 6.0) ECHIEY 3% (m/V) AT P TER VA W T 1048
e, BT 60 CKIEH A T 2 min, K5 AL
W E SRR AL 0.1 mL, JZAV 10 min, 57 H]
A 1.0mL 1 mol-L ™ AYEERRZ LR, FEAIA 1.0 mL
(pH6.0) 19 0.1 mmol-L ™' i 1 IR AW, IRAE T
16 °C TR 20 min, FEEFR I E P4 505 nm 4b )
W B I AR 2 (R AR (AA), 5 R R
o- IR RIRG bR o AR o-BRRIRE B MR L S P
B R 60 °C, pH6.0 F, AE4MapiE L 4 1 pmol
HE N FRRIE T it 1 Bl et Bl — AN G B0 (U
1.3  a-CGTase BIESZ 1% R 047
13.1 & Bt &4 CGTase a-3R L & T 89 % o0 1E
pH6.0 5 F T, 4 40 B W MK #E 30 . 40 . 50 |
60 . 65 . 70 °C. 80 °C ik Nl & M o-FR AL TE TR
AN, SR X oMM RTE MR I, BOE IR T
() il 5 52 A 100%, 5 A X B o-2R AR T .
132 % &5 €4 a-CGTase # 42 2 M 49 %70 T
pH6.0 2518~ , ¥ Sl B W 4> 51 & T 40 . 50 . 60,
70 . 80 °C HY/K#HALHE 30 . 60 . 90, 120 min, %%
WIEH B & TR 2, SR )5 # I o- 3R fh T
J300 % J7 0 g LS 7, 25 SRR AR E P Y
O, RSB ZMT N oI e X
100%, AR a-FR LG ) .
1.3.3 pH *f £ 48 CGTase a-SR L F R0 1£ 60 C
T, ¥LiEgw 35 T pH A 3.0, 4.0, 5.0, 55, 6.0,
6.5. 7.0, 8.0, 9.0, 10.0 Z i, MW AW pH T
(BTG F1 K/, 558 pH G a- PR TEPERRE M, B
& pH T BB /15 XA 100%, 33 AH KBS 77
134 TR 4% &3 Z 4 CGTase a-3 1L & 1 69 %
o FER IR Z BN 10 mmol L R [\ £ 42 J 55
TR HIF, W L oM S, BERANEE
BT R 0 B o AR M S, DL RN R R
HOR I 42 J8 B F Rl e Ve S X IR, e SO
77 100%, TR A X B 7 .
14 BUELLIE

B R Origin pro 8 AbFRIF2E47 5 224347 -

R 554

2.1 EERRFTIEHEEMLE

TR 10T SR A0 B
o SP DNA mixture {17 BE4mtS 173 F1' Bacillus subtilis
MM KR DNA R B, A8 Sz [ 6 3 40 1) O i

[

I o

B L PE K pBE-CGT 5 SP DNA mixture 147 [f] I %
B R o-FR RIS 15 5 Ik 3% 38 24K P pBE-SP-CGT;
IF M AL Bacillus subtilis RIK1285 HEAT o-FR Kk Bl 1%
PR, Lk 365 NPHPEFAL T, LA Bacillus subtilis
RIK 1285/pBE-aprE-CGT F ik itk A Xt BE, Gl 4R45 9
FRARIRTEME R TXHARE SR (citH . ybdG . amyE .
nprE. bpr. bglS. bglC. sacB. ywed), Z5HUNKE 1
Fros, Hod e LS Sk citH 268 80UR el M sh
o-FR ARG 5 PE S (9.64£0.29) U-mL ', & X R4
[ (534022) UmL 1 1.81%, WEm T B4,
o- PRI T 2 A AN SR T o I 363k, IAh & T
EWEEARKIE 2 R, 53R, 7F 66.4~
972 kDafi 1 %2 75kDa 1, 5 HMEH K/N—
B, ARMGES KRB ARG E R E2E S AR
(RBEAF ). MK 9 KGES KRAIER T
N 2 fioR .

1N Intracellular

1
a [ Hu4h Extracellular

b
§ b h
Ea

10 r

o0
HHe
Ho
Fo
Hio

it 1
Enzyme activity/(U-mL™")
o [\S) B
% H

. i B e B M i B Wi B =
N YIS S LR
NN 0&@ & TS Soy

FOIREA T
Signal peptide mutant
e BN GFEEERR AR AL EAE P<0.05 KT T EREE. TERA.
Note: Data with different letters indicate significant differences among
treatments at P<<0.05. Same for following figures.
1 AREMESKI BREBFN
Fig. 1 Effects of signal peptides on target protein production

kDal\'/.I.1234567891011

200
116 "
972 =

66.4— W «GGTase

43— -
BB S e

29— -

20.1 — w-—

14.3 —
63 T SR A -

6: nprE; 7: bpr; 8: bglS; 9: bgliC; 10: sacB; 11: ywed.
Note: M: protein marker; 1: control; 2: aprE; 3: citH; 4: ybdG; 5: amyE;
6:nprE; 7: bpr; 8: bglS; 9: bglC; 10: sacB; 11: yweA.
B2 T E{ESHkk SDS-PAGE Hjk&ER
Fig. 2 SDS-PAGE analysis on signal peptides
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Table2 Amino acid sequence of signal peptide

5 e
Signal peptide

5 I E RS

Signal peptide amino acid sequence

pBE-aprE-CGT MRSKKLWISLLFALTLIFTMAFSNMSVQA

pBE-citH-CGT MGNTRKKVSVIGAGFTGATTAFLIAQKELADV
pBE-ybdG-CGT ~ MKTLWKVLKIVFVSLAALVLLVSVS
pBE-amyE-CGT ~ MFAKRFKTSLLPLFAGFLLLFHLVLAGPAAASA
pBE-nprE-CGT MGLGKKLSVAVAASFMSLSISLPGVQA
pBE-bpr-CGT MRKKTKNRLISSVLSTVVISSLLFPGAAGA
pBE-bgIS-CGT MPYLKRVLLLLVTGLFMSLFAVTATASA
pBE-bgIC-CGT MKRSISIFITCLLITLLTMGGMIASPASA
pBE-sacB-CGT MNIKKFAKQATVLTFTTALLAGGATQAFA

pBE-ywed-CGT ~ MLKRTSFVSSLFISSAVLLSILLPSGQAHA

2.2 citH {5 SRR LSS oS #AFEEE 2 ik R IE B B2

2.2.1 citH 42 53k Gly2. Asn3. Thrd ta4= K % 3 0-3F
PN B ik R K69 B ol LA 34K pBE M pBE-citH-
CGT Rk AR AT, XHF 5 K citH (19 N iy 28 5L R
J¥ 31 Gly2, Asn3. Thrd 23 Gl EAF AR AR, 4% %
EARML . MLAh a- BRI BTG PE AR (R AN 3. 4. 5
fin. il 3 alEH, Y4 Gly2 2748 G2A . G2K., G2L,
G2V. G2R, Mk o-FORIRG B M3 TXTIR, o
JE G2R W 3 & T citH, fif L Ab o- 28 WIKG B 35 % fh
(9.6+029) UmL ' 4 & % (10.7£0.27) UmL ,

W T 11.5%. H & 4 FTH, 24 Asn3 28748 5 N3M.,
N3A. N3K. N3V, N3G. N3R i}, {55 KEHH T

o- RIS 70 A 3R5A , FRE N3K 878 1 i & 5 T
citH, fish a-FRRIRE RGPl (9.620.29 ) UmL™

12 . P Intracellular
. 4t Extracellular .
o} b Lo b o3 [
I H c Bb
c F C
8 1 d d d

24

/7_“

it
Enzyme activity/(U-mL™")
o 8] BN o)
2F j:s-ﬁ-ﬁ
Gl —

L STEQOONT L S/
JF0FEE 8FFFEFTFCFEEFITG
Gly2 A
Gly2 Mutant

E 3 citH 558K Gly2 t8MREX o- MG EG 5 b FRIXHF I
Fig. 3 Effect of Gly2 saturation mutation of citH on a-CGTase
activity

g N Intracellular
12 ¢ % :lﬁ@gl‘ Extracellular
b b bp b p
~w0l < & B < ¢ AEE A A
a i i
d
= & i ellelle
> e e
Z=E o6 |IT
2%
=
<
g 2t
o L aldlAlAlE A A e A e e e A A
QXL SR <A TEQOONS Ao bzha s
SRR i
Asn3 AR

Asn3 Mutant

4 citH {55k Asn3 RFNRE X o- I HKEEE S i RIK BRI
Fig. 4 Effect of Asn3 saturation mutation of citH on a-CGTase

activity
g N Intracellular
4k Extracellular
12 b a
b i f b E b
SN
~or g & [l
=
=) (Ii d
2 8 dil g cdlldalld
# 5 ikl
B 6 f
23
g 4
=S
8
Q0 2
0 , fi F i i B B B i B B B i S B B e
°~ $~ A
Thr4 %&er
Thr4 Mutant

5 citH {55k Thrd {FZRER o- ARG 5 I RIZHI N0

Fig. 5 Effect of Thr4 saturation mutation of citH on a-CGTase
activity

#rF (11.5+£028) UmL ',

Thrd JHEFTIRANRAE (185),

BEINT 19.8%. RIS
T4M. T4A. T4K. T4C,

T4L. T4G. T4R % 7 M RA(F S MEBSCRE T
XPRE, Hiorp TAL BE RGN, (AN a-BRRRS Bl UG M

i (9.64029) U-mL ' ###5%] (11.84021) UmL ',
BT 22.9%.

222 citHE 5K % &R Ea o- 30 A5 B 9 ik R R 8
AL 25 34K pBE K pBE-citH-CGT &35 244 Hy %
M, G2R. N3K. T4L 5748 (55 kR ELal, *HES Ak
citH Ay N Ui 2 3L 1R 7 S i AT L A R A, W2 AR
{55 )k G2R-N3K-CGT. G2R-T4L-CGT, N3K-T4L-
CGT. G2R-N3K-T4L-CGT, #£% %75 T3 Wb a-FR K
I RE AN 6 fim . AUE . A AREFESK,
O3 U o- ORI i (0 BE ) 2 TR S R AR E SR, &
3 FA SRR =5 %48 G2R-N3K-T4L-CGT,
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53 W o-F WA it 1Y BE ) IR0 ﬁ%%?wBMﬁ
CGT, HMi4h a-BFIREREEE (9.620.29) U-mL
BmE (14240.11) UmL', 88T 47.9%, %%
R AE 5 IR SR IR PRI T A A0 A R vk o A an 181 7
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