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Statistical Optimization of Culture Conditions for Enhanced Production of Trehalose by Recombinant Escherichia coli Using
Crude Glycerol

Hong So, Sung Bae Kim, and Chang-Joon Kim*

Department of Chemical Engineering and ERI, Gyeongsang National University, Jinju 52828, Republic of Korea

This study aimed to optimize the culture conditions of recombinant Escherichia coli expressing otsBA
using crude glycerol for the enhanced production of trehalose. The effects of culture temperature and iso-
propyl B-D-1-thiogalactopyranoside (IPTG)-induction were investigated. Trehalose production and cell
growth were highest when cells were cultured at 37T and induced with IPTG. The concentrations of IPTG,
validamycin A, and NaCl were optimized using Box-Behnken design. Statistical analyses of the experimen-
tal data revealed that the concentrations of IPTG and NaCl had significant effects on trehalose production,
but that of validamycin A did not. Contour plot analysis and model calculation showed that the highest
amount of trehalose could be produced at 298 mM NaCl and 0.1 mM IPTG. Under these optimal conditions,
the optical density at 600 nm and trehalose production were 5.4 £ 0.2 and 304 £ 15 mg/l, respectively.
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Fig. 1. Time course of cell growth, trehalose production, glyc-
erol consumption, and pH in flask culture of recombinant E.
coli cells grown in M9 medium supplemented with 20 g/l pre-
treated crude glycerol, 300 mM NacCl, and 0.1 mM validamycin
A. The cells were induced with 0.1 mM IPTG.
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Table 1. Effect of culture temperature and IPTG induction.

Culture conditions

Cell density Trehalose

Run
gt Tem';’%r;’“”re (ODgoo) ~ (mg/)
1 Yes 37 55+0.0 27214
2 No 37 5.1+0.2 174 £ 13
3 Yes 27 29+£0.1 204+ 13
4 No 27 3.7+x0.2 148 £ 16

*Comparison was made after 36 h-culture.

December 2016 | Vol. 44 | No. 4



500 So et al.

F& Bt 37T oA #sts -¢-Run 13 Run 2)7t
27CO) A ¥ Run 37} Run 4)3h= ¢ 2ok Al 2L =9}
EF T2 A AY4to] 9kt Induction 314 -2 v ¥ (Run
2%} Run )94 EG T2 A Pito] JHE G oYU IPTGE
inductiondt 7} o @& EHTEAE Pk & A
Y Aae 37T A IPTGE induction 3t vjekol A 713+
E2 Azdee EYEES Y4 AT = USS By
&t

YutH o 2 opY Y tfFF-2 37Tl A A xS | F2&
(glycolysis)o] ZX & o] B FEASE H8t= & =7} TCA
3 2of 9Ff o]F LWsh= SEHET Ta} QJo] uFE Ao
AR} o]= Al Uf of|EA RS EXAA Tk
OFA| E4lo] A E]o] FH|E|7] wjiol sj¥A el pH7} §7
5] "olXth(5, 8, 23]. oPY Y et Fe 37T vigH
A Abat o) v A oA T2 7 pH 47 gloich A
w37t Ddsts EYTEA PP aas FFALLY
UDP-Z 230 AE At EYTEZA Y S X%
Ao 2 ARH FEA|EL AT SEAE-3-4
FHE FTE T, tho]sto| EEA| A E ¢J4HDHAP) &2
A= o sfjF2-gof HYHATH25]. ELFEAE A5
= At = tolsto| EFA| oA E AHDHAP)S ¢
B7} 2= A (gluconeogenesis)S SAISHA|A EF|
TEA ALEEY SFA A8 UDP-2F2eA Aol
SR EE= A 2o o] 2 Q| of Y FFET HFEA A
Aol A1 FFH O R ofA|EAF A4 o] XA3hE|o] Hljek
Ho| pH FaFo] A2 Aoz FZHT it F9 &
A Zr} AAFF(specific productivity)S 27°Col A w3t 7
7} 37CAA B} 1.4 =], o= 27ColA TdEH
a0 ggo] 37T TEE AR £7] fgEQ AR
wotEth a2y 37T HjdelA B2 AlZFETF 27Tl A
2 ARt 198 =o} 37CoA T B2 EFTEATL A
At Ao 2 wE g
B dFo| AMgH HiAE 300 mM9] NaClZ E3sle 1
}d §Ao R thgadto] HEY 2EHLE FEAA EY
2 A SAIZ 4 QITH10]. 7] EFF 1] A] oF
3 tdatol A wiA oA oF 40 mg/lo] EFFRAE
At ith. whebA IPTGE H7FskA] -2 v ofoll A A4k
7t EHEEAE ARG A2 WA Y ARG 7<)
P Ao R webEn). Bk opy et ikt Tt ke Az
} S A 2}9] leaky expression® 2 Q13}0] otsBA 2 H £09|
2 AP EGTEEA YA 7|5t gs AR A
"ot Az A7 GAE pTre9dA HE 9 leaky
expression®] E =Fo A HUEGITH12, 28]. & AHE
Higto 2 mE vj9kS 370 oA IPTGZ induction 3}1 A
Assiet.

o oN

Al

oz M
o

Al

oz
=

£
IN e

¢

st}

http://dx.doi.org/10.4014/mbl.1606.06009

EFFZ A P4 F3HE $13 IPTG, T thuto] A Y NacCl
= A3}

IPTGE A Z2F #HAE inductionA] 7] 3 & thuto] Al
< Edgetol= &4 AsA|[20]0]% NaCl2 4FE s
A2A YAt EdEdas Yidoks S7H71Ed 719
3= HAJE A Eo|t}. wakA Box-Behnken design A 7|
AWg Argate] IPTG, Bt Al ¥ NaCl 558 27
o} 3t7] A% dde s Table 290 UEH )10,
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A1, 0, +D)oll A HIAEE S GTh F 1719 S
3 APE FPstge, ™A E 5309 HEAES &

S

g ﬂ,
.53_3]_0:1 /{E]a‘jg] xH:ﬂiAé% A]—’S}S&E}(Table 3).

Table 2. The levels of three independent variables for the
Box-Behnken design.

Levels
Variables
-1 0 +1
IPTG (mM) (X;) 0.1 0.55 1
Validamycin A (mM) (X3) 0.01 0.51 1
NaCl (mM) (X3) 50 250 450

Table 3. Box-Behnken design matrix with experimental and
predicted values of trehalose production.

Coded variable levels Trehalose (mg/I)

Run
X5 X X3 Experimental ?Predicted
1 +1 +1 0 170 216
2 +1 -1 0 188 216
3 -1 +1 0 293 283
4 -1 -1 0 276 283
5 +1 0 +1 126 84
6 +1 0 -1 115 104
7 -1 0 +1 224 221
8 -1 0 -1 73 100
9 0 +1 +1 113 153
10 0 +1 -1 79 102
11 0 -1 +1 111 153
12 0 -1 -1 105 102
13 0 0 0 229 250
14 0 0 0 264 250
15 0 0 0 262 250
16 0 0 0 254 250
17 0 0 0 239 250

®Predicted values were calculated using model equation
described in text, in which X, was not used.
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Table 4. Analysis of variance (ANOVA) for the quadratic
model.

Source SS:LT; r(e)z s'\c;ljzpe F-value  Prob >t
Model 8696729 9 9663.03 11.45 0.0020°
X3 893785 1 8937.85 1059 0.0140?
X2 7565 1 75.65 0.09 0.7747
X3 507025 1 5070.25 6.01 0.0441°
X;? 560 1 560 001 09374
X5? 4202.11 1 4202.11 4.98 0.0609
X32 6323322 1 6323322 7490 <0.001°
X1*Xz 30450 1 304.50 0.36 0.5671
X1*¥X3 493506 1 4935.06 5.85 0.0462
X2*X3 203.06 1 203.06 0.24 0.6388
Lack of fit 498642 3 1662.14 7.20 0.0433
Pure error 92355 4 230.89 - -
Cor Total 9287726 16 - - -

aSignificant (values of prob > F less than 0.1).
BVery significant (values of prob > F less than 0.05).
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Fig. 2. Contour plot showing the effect of NaCl and IPTG on
the production of trehalose.
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