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& trehalose synthase (PTTS) 54 2 BA = MY LR i BLA TR LRV RE T - fEASHEH
FMIA S TIERT » S8R — kB H S ReR A E EAU RS AR AL AR B A EE B - A A
Box-Behnken [5] & fH 755 A B R AL T AR (L B SR 2 BE - DL 5 ATHEBBE M M (T AR 78 - Sl
&Rl PTTS g KE =A% 175.89 £ 6.83 mg/L -
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Production of Trehalose Synthase in Recombinant
Bacillus subtilis
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Department of Biotechnology, Southern Taiwan University of Science and Technology

Abstract

Bacillus subtilis is most commonly employed for secretion of recombinant proteins, which could facilitate
the downstream processing of proteins. However, plasmids used in B. subtilis are usually unstable and increase
the metabolic burden in the cells. This makes stable and mass production of secreted recombinant proteins very
difficult. Trehalose is a non-reducing disaccharide and is widespread in microorganisms in nature. This sugar
confers on living cells the ability to survive in stressed environments such as desiccation, freezing, high
temperature and high salt condition. Recently, many studies on biological properties of trehalose have
substantially extended its application range. Picrophilus torridus DSM 9790, a thermoacidophilic archaea,
carries trehalose synthase (PTTS) and exhibits a high activity for trehalose synthesis. Based on genomic
engineering technique, a potent recombinant trehalose synthase producer strain will be constructed. Meanwhile,
the response surface methodology of Box-Behnken method will be applied to optimize medium for
mass-producing trehalose synthase PTTS. The highest production of trehalose synthase PTTS could reach
175.89 £ 6.83 mg/L for fermentation of 5 L fermentor.

Keywords: Bacillus subtilis, Chromosomal Engineering, Recombinant Protein Production, Trehalose
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JEEAE (Trehalose) @ IR R MEEERE - HRI(E#T&ME (Glucose)rrTLla-1,1 FE&EIMAEL[L] - MEselERR
ZHIFAE B AR SEYE 2 B fEHE - B - BRI Raa B ST AR EEERACER[L-4] -
AR B LE - BORER B R ERA IR A 5 /KE - BReTEAEYRe iU EREE » /5%
R REEY y FHAMBEES 2 IA - RIEEEREEREEAYREESEERA > KK
(dehydration) ~ /K (freezing) ~ =75 (high temperature) Ei=23E K (high osmotic stress) » #E LY RS {EE
SEERI N SR O SR VIR G R T e R A2 an[5-7] - PSS RER I8 FNE B A E —fi
VEIARY Y B B LB - NI ESEME R - H RS e st 42 U7 UE B R A YV AR ET
A AN YRS BT ENEAREES - R R AYELE » HEEAEREREKR
Al orEk =FfE = ¢ (a) phosphorylase 247 : SN E FHEEEREE H2[8-9] ; (b) glycosyltransferse-hydrolase
& ¢ {EEDEE Arthrobacter sp.HrEER(H H At A —t 2 5 E B AR 2:241[10-11] ; (c) trehalose
synthase Z:47% : FE(E R4 (Pimelobacter sp. B Thermus sp.55) 9t » 5% 24 H 75 B —BE R BLRE RF 2R o g
(LR NEL12-16] o HHFAIREEENE & RCBE AT DA—{(8] S M2 BR A disiil 1 S ME R 2R S A O RS I A 5
— MBI B E ZFHE - 0L H AR SRR TS E AR - RILE Ve S e ok AR A Ve R B

TEEALZTET] » FF 2 HHRRRY S SENE & R RE R AR IR B AC BRI L ARSI AR R AR B o AR AR [12, 17-18] -

Picrophilus torridus trehalose synthase (PTTS) &—FEiE0E G5 & ai iR EEsE 7> Picrophilus torridus DSM
9790 [12] - PTTS J& H Al —— T il i E AN G MR R THVESERE G RS - tboh - it AR S
HE T AR R R Lo e H I L0/ S 20-30°C B pH6.0 R ZE %] 70% -

AR BB R - 2 EHATREARINEZEY) 2 — » (R 2R TR R A E R
FHEE EEATHAL - MR UL TEE NG - B ERELAEREGSE - SRR E DR BT E
5y [19] > HRMETE EA S EEEWEREEOR - Binbsiaisiis 2 £k - MR T E EER
ERF A EEEAH R L ERYE TAIRE - HRTC A2 RIS 08 AR WEE A AR E TR E
[20-22] - HIAKEEARE BB TFI%% (1) 5 Generally Recoginzed as Safe (GRAS) %2 Eitk @ ERSAS ¥ A
A BAEURNE - QBNEIEET (codon) @ HRARL ~ Q)FEMRATERDIUR - BEHER5[23-24] -
Rl A AR B ok A EE B A AR B R ELVE ST [25] »

DI SRR BN R A 7 S A 3 2 1B R 2RI Ko 2R PE ER4H &5 B Y18 4R & AR 28 2R
TR RERERERIE b HAifrE HRVERR V2R ERNHEEREAS » il EAREAR R EIE DR
RN URIGRE - Rty 7 ERERE RAVER - A2t EREERNGEE - AR ERERE
(shuttle vector) [26-28] > H AL fEZEEE RS OB Z AU FIERREA T L - A e AR E P EEE
ReRESTH AR EEEAHE N E - e EER N REANRI[22, 29] » BL T E(LRVAEEEREMS » (EAERTT
AR EEHEAE - g R B RE R E E 8 A e B - DB S EHEAEN
i o KNIt ARBH7EE AR TARR AR L — MR T 4 R R S g PTTS 2 ERAH AL FEAR B IR &
Ll Box-Behnken [alfEf AT I FE(CAHRCRK Z T S RGOS 2 HAY « AR EE g% ES
R ] B 1 A AREDRE 0% 2R o B LR S DUE A R e I T 2R

B RAETALE
- CARRRER

EAERT - i AOVHBERE - BRRES [ THSIER 1 2 - FrANEASFEREHERGIREE
TR IR £ S 20 ml Luria-Bertani (LB)/RARE BT - [0l fE B T AFTROE 2 BRI S AL i
k{73 Ry yeast extract > tryptone i glutamate - &It FI (5 I 530 ERES T HE T 9347 » R4 600 nm (ODeoo)
KB ATEE > EE AR SRR TPl H ) an A & g Ry 0.1 (ODeoo) » HIHE (R Ryl iR
150 rpm £i1 30 °C - HiE 2 {5 & By Ampicillin (50 pg/L; (T ARERE ) » Erythromycin (10 pg/L; £
PAREEARE H) 8L Kanamycin CREGIRE T E#GRF - FIE R 50 po/l DUR(EFIFERIGIRE A G A
PRFy 15 pg/L) -
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& (Strain) ik
DH5a deoR endAl gyrA96 hsdR17 supE44 thil recAl lacZM15
PT5 DB428, Awpr::T7gene 1
PT5(PTTS) PT5, Ampr:: Py /PTTS
'E#%(Plasmid) ik
ploxErm-PTTS 5 loxP-Erm-loxP B1 P+, /PTTS
pEK-Cre Tt AR B AR B RS » Popac/Cre
5 |F(Primer) I
mpr01 catattgcgaaaacgatcac
mpr02 catgacaagacctgttcaaactctattttaaaattagctggt
mpr03 cgtcgacattaatgggggatcccggttggetggtacggetac
mpr04 gtctgttttaccgagtatctc
T701 gtaatgaattccgatcccgcgaaattaatac
T7T01 catatggatatcgcaaaaaacccctcaagacc
ff55E:  PTTS: P. torridus JESSEMESERESELR; Prr, T7 BUELT- ; Psec: SPAC BLEN T
=~ PR

DUE 8 pET-23a(+)-PTTS [30] Fsfbihi » 5 [+ T701 B2 T7TO1 435 2L PCR J7 =gl HH 2l LAPR IS
PIMiz EcORI/EcORV jKFeZ B A 7 BEEE A & A fl EAR R PT Erm F4: RATEC AR H it Erm Hid: R A& R
It A loxP HEask 5 IHIEGES pLoxErm HH{GEEHG pLoXErm-PTTS - {{4E SR A[3L] - /K N I C Ui
mpr 5 BERYR R BES [ (K& 500 bp)s3 il 5[+ mpr01l-mpr02 B mpr03-mpr04 IiE iz - DUE#S
PLOXErm-PTTS Ryt » A7 Ben [ BNk DNA #E7TE {5788 PCR (overlapping PCR){5%] mpr0102-
T7-PTTS-T7T-lox-Erm-lox-mpr0304 - [i§/% 5% PCR J E DI EE##EAI 752045 A PT5 [32]2v i by mpr £LFE
o S EIELH AL FEAR R PTS(PTTS)-Erm > S HR[E H@Mﬁﬁﬁﬁéﬂﬂi mpr > FE& AT 427 Cre EHAHERHY
*ﬁ%ﬁ*”/ﬂﬁff‘a“%ﬁ%ﬁﬂﬂﬁ #g (helper plasmid) pEK-Cre ## A 7T loxP IgfhEE4H - KFHT Erm HrAE R AR
AR EIELHE R PTS(PTTS) » R AR 1 Fs -

/*?f*% AR WA
loxP lox

b & ¥ e 7 PTTS Erm

loxP JloxP

e .
(i 2 %@@éﬁére)_\l loxP:% 8L £ %
loxP

W1 ERRERS SRAFRESFPTIS AR RGP E > REBFHPIS 44 1
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HTEREE % DUEIREE (0 (4 °C; 9000 g) #E1 TEASILER - UTERTREHS L 0.1M BEEE 4% )% (pH 6.0)[E701
FHEERYL 1 mL & ENR P S A B AG 20 (ODeoo) © &HI S I BB F A E T EREENE » 21 i H AT REE
1£2(4 °C; 9000 xg) » HUf5 L0 R Fy4lfEiH 5% (cell-free extract; CFX) « 4FfH 2K AV 1 E RS 2 A
Braidford & HE7HTE4H (Genemark co.) T34 « & HEREMHIE & 20 ug 1% LA SDS-PAGE #1THEH
BB Z1&F{E ] Quantity One (Bio-RAD)ZHETE H'H AR HIFH

TR A LEAE 0.5 mL BT &7 150 MM Z8ZEHEEL 200 ul AR 2<% AT 0.1M % 4% T
T (pH 6.0) F#ETT « RFEATRAT 40°C N HEFTRE—(E/NHEFFILA 100 °C 15 43§ sk 11 K FE - 4% 1R1%1Y
S RERAINE Fl = 3 Be A g i (High performance liquid chromatography; HPLC) A1 775 i 734 Ot 2
1.0 mi/min > FEESHTERE (SUGAR SZ5532, Shodex) » #4EhfH & 75% acetonitrile B 25% —ZRZEES/K) -
FRrAE R T EEEER -

o oRBERAZEAELCRHRKT

ATk FH Box-Behnken sl i i I B B A ES T SRR I 2 B B o) Z SRR BAH & AT - — RIS
A ] = (E T b R = (E/KCERFEEIDL 2R (eq.1):

Y =0+ 0, X; + Xy + a3Xs + 015X, X5 + 03X, X3 + 053X, X5 4 01 X2 + 0,X3 + 033X3 [€h)

HrpY E R E G RERPTTS A E R » Xy, XoBd X B ={#B 1 a8 'y T « ald R ERER (main
effect) ~ ZZFEFREE (interaction effect) B — 2352 (quadratic effect) 7 []5F {4 % (regression coefficient) -

FBERENH
- R HIRRAFEAIRIMLERTBEARIAAERE S

Ry E AR SRS PTTS AR E VA EAR B h A2 » TP DA S TR IE T Cre-lox 247 [33]
i ] AR AR A N E S IR Y B A A AR B RS B E RS TR - —T5A AR — A
EHa T BRI AL R AT A AT A R R UERR IR E R IR A E P NGB RS T
REFE AR 45H B AT E R EDUEREHER AR HEAEZRBIY  [32] - Bl FFELA T AR
T7 @y PTTS AN LAEEIE 7 I AMEFEARE PTS [32]F /Y mpr AR 1FEIELHREE
PTS(PTTS)-Erm - (B2 fEfiBh#kAG pEK-Cre HYRAEN MRHT BErm PUAEZRAENSFR - BE] "2 # 1Y
WEAFEBIPR PTS(PTTS) » R il B AR R gE &5 AR e B A VEMERY PTTS » EE4HE R PTS(PTTS)#i &L LB
IRRERFEAE T 14/ NP ARRBUEEENE S G PTTS R4 SDS-PAGE ([E 2> Lane M: SEHEESE (marker) -
Lane 1: PT5 > Lane 2: PTS(PTTS) » /A5 ME G ECHE PTTS (& 66 kDa) o] /£ B4R il AR B 17 A4 L
FE AR Z SRR R TR B Lo i - 88—/ NI EIR DL HPLC MEfTIREEERE AT » it
B E AR A EAR B PR RN S e PTTS B L& M HUEME R4 E 60 £ 5 U/mg  FE& f 70 + 1.79
mg/L - fhh > PR 14 /NEHE RV BT AR 10° (TR R RAE LB BIRER L b - 48 14 /NIF
B t% > BBk 50 PRE—E % (5T T701 81 T7T0L » DL PCR 5 2KHERE PTS(PTTS) Lt fgth 2
SEREORA A PTERE AR T7-PTTS0L-T7T F B » &CEERAE R FrA WA T7-PTTS0L-T7T H
Bz (Data not shown) = Hitt - FffitfEst B HE R PTS(PTTS) nIFEE AL A /s il S pidlig PTTS -

M 1 2
75 kDa— — - ——— P T TS

63 kDa=—

'
|

W2 £EiX 5 PTS(PTTS)Z &% b & 4 p% PTTS sn% § 32 2 SDS-PAGE
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S ARG ES

FEERNEAERE PTTS » {2 Box-Behnken [o] i i 2SR S (RSB ARAH AR « M THkEE T yeast
extract ~ tryptone B Glutamate =& LL Box-Behnken B i st A% stH 15 4HS B A &R S EE
LHEEPE PTS(PTTS) » 4158 2 Ao » SHERF R AR R B hiliaest s (+1) » B (0) B (-1) =(E/KHER +- -
It 15 4HIFEEAH R IAT =B TRPE ESE T - SRR Z8aTU0%% 3 Fir - it 15 4HERE
FAHPCGEITAHRA R - IRy 14 /N » 2 1R SR I T i AR A5 2 4AE_ OB RO 7 b se
HE SR E 8 HO SR AT AR 3 DIGsTiss IMP 5.1 #E1TIR T3 4. S B B — SO R i s 2
FES 32 (the analysis of variance; ANOVA) (7= 4R IEFRER—2IE 2 (eq. 2)

Y = 105.77 + 3.51X; — 3.15X, — 1.78X5 — 5.51X,X, + 6.18X, X5 — 8.33X,X5 — 5.44X2 — 12.77X2 —
8.98X2 )

4 2 ® 3 Box-Behnken = ;2 ¢ 2 ¥ £ F]F KA ¥

BT EENTEOE (Level)

-1 0 +1

Yeast extract (X;) 2 35 5

Tryptone (X,) 0.5 1.25 2

Glutamate(X3) 0.2 0.3 0.4

%% 3 DA Box-Behnken 5 A TR A R (L EREGT
%»A_éﬂﬁﬂ X, X, X, EHEESE

(Trials) (mg/L)
1 0 0 0 103.98
2 -1 0 +1 78.92
3 +1 0 -1 91.40
4 +1 +1 0 80.75
5 0 +1 +1 75.00
6 0 0 0 106.97
7 0 -1 +1 93.00
8 0 0 0 106.35
9 0 -1 -1 76.38
10 -1 0 -1 98.38
11 +1 -1 0 103.01
12 -1 +1 0 83.11
13 0 +1 -1 91.68
14 -1 -1 0 83.34
15 +1 0 +1 96.67
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%2 4 Box-Behnken R85 (ANOVA)SEE

T flEHE Skl B P1E
(factor) (estimate) (sum of squares) (degree of freedom) (P value)
X 3.51 98.56 1 0.0602
X, -3.15 79.32 1 0.0822
X3 -1.78 25.38 1 0.2743
XXz -5.51 121.33 1 0.0436
X1 X3 6.18 152.89 1 0.0297
XoX3 -8.33 277.22 1 0.0098
X4 -5.44 109.40 1 0.0514
X5 -12.77 602.19 1 0.0019
X4 -8.98 297.80 1 0.0085

2 IR BRI 3 £ FEE (goodness of fit) T 1 iE (4% {H (the determination coefficient; R?)E-ZE&3% -
AR EERIEAIE) R® {E By 0.9515 » ({71 4.85901 [0 e 58 { L P S5 o FH L AR AR RE - = 42 il B T ey
BB E B A e E By /K ZE R F-(0) B E At W A8 1 & B o B R [EIAH AT T4 B « (o] 7 i i sl =] DA
FEmEEA(E 3 - (A)E Glutamate (X3) TS A 0.3%HF » yeast extract (X;) Hi tryptone (X)) [B]fERT
iR 5 (B)&E yeast extract (Xs) B[ B 3.5%H% » tryptone (X,)E Glutamate (Xs) 2 [BIFEHEIE ; (C)F tryptone
(X By 1.25%I55 - yeast extract (X;) i Glutamate (Xs) 2 [BIfE i HIlE - ) - JE5EHE AR FE B Y i S RE R I
REE#EIE N HASETE RS A > B {RAH R EC 5 By 3.5 % yeast extract > 1.25% tryptone £ 0.3% glutamate
B G RlE PTTS FOAIAEE & Ry 107.28 mg/L - (REQHEFUMEIE ML EEE TS » K=RE®
EERAE R GRS R R A E R Ry 108.37 + 3.10 mo/L BTHHISE A ERET - It n] LAGEHA L B BpfH Ay
Z G R BLARRE o

(A) yeast extract (X)¥ tryptone(Xy) (B) tryptone (X,)¢2 Glutamate (X;)  (C) yeast extract (X;) ¥ Glutamate (X3)
v A R B v RE 5 B v RY & B

W3d2FFIZHNELAFHESPFPTISZ2 A2 5 /¢ 6 W °
2R REEERRETEEN L AR

FEFIEREZHE » JFIER 3 ATHREEEAR TR 5 ATHER TR E R - S8R
JE£ 7 30 °C » VA (DO)RE Ky 20 % - FEERIYA pH BEE s 6.8  {HESERIETR R FHEE pH o (S REIIAEAE
FEE PACE » A DASEERARSE & AR Y B R S R AR I - E R 14 Nk 1S R KR
AEESEE 175.89 + 6.83 mo/L - {HAE 14 /NKf{R » JERSHE S ARES PTTS BRI M - & 4(A) (FEHMEE

FE PTS(PTTS) Z AR FR - AIEFERT 6 /NRFERERRC R - AR i 2251 10.18 (ODgoo) * LI pH {E
PN > (H55 6 /NIRRT - FllF pH EWFRGEET S » SEAREAESS 7-15 /)NRHE
FHERLR > 1£58 15 /NRFAHIAE A 2 14.10 (ODeoo) * {HE AR R F AL » IL— B {LARERRMEZSE
AR TR > TAE 15 /NRfR - SRR REIGZIREN - (IR ERGER L PTTS BRSERER R
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Tl EAR B 1 A S (B ATHA - (H8 7 P LRI 4R RAFIG E2FUERTR 5 PTTS ERSEGHA T -
IETR TP R B I % e e T = [ 2 2B JBR ) [ % il (strigent response) (S il AR R A 1T AR BB B 2L - [
BUREEATHASIR N & A £ A A S R RESE - PLAN ) AERSEAE A #EAT pH P25 i ThR I AR 2
MRAERE B HAEr (¢ pH 6.8 220 T[% % 6.3 Zh% pH (EF%GZA M7 % pH 7.9 ([& 4(B) BilEZE1E 7 pH &
(EHR4R) - BEURRE EAR B R AR RS YRR -

200
18
T L 8.0
15
- 7.8 4
150 3
10 E 78]
12 i =
S 7419
o i ol =
3 T S
a T 100 3 72 4
o ¢ T oI
5o
> 70
ko
6 S 6.8 1
50 &
6.6 1
3
|=| 6.4 1
0 0 0 6.2
3

6 9 12 15 18 0 3 6 9 12 15 18

0
Time (hr) Time (hr)
(A) £ 255 1% F PTS(PTTS)2 4 £ (B) FEfsiEAz2 pH % 1t ¥ M

M4 deFpFAer SR XA0pa@R S erEiank

B 83

-]

AWTFERE F A e TRRRU AR L — R iR E A E B A S Sl PTTS AYEMHME
o HNFEAFE Y GRAS ZaEitk - FEANBERENME » HEE KT EF e L4 - £/
R B ER A AR SE B S B PTTS ] E R e B an L3R BRFA B I (RO S S Rl A ESD -
AFEtL Ll Box-Behnken [B]fE i A TEE B A S (R LAHBOKRTE SR E G R E B AL 5 AT SRS
AT EENE - R B T AR Ry BRI R AR - INILEAH pH ERZE T
&L 14 /NRFBRIFF (R - RS NE G R A = FE B T2 175.89 £ 6.83 mo/L > REESIRKFA BN ARAHET T80 T8
{RAE e Z ST BT -
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