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ABSTRACT: The active pH and temperature stability are important features of enzyme for application. In
this study, AcalPred and Tm prediction tools at TBI software were applied for prediction of active pH and
temperature stability of two sequences that mined from metagenomic DNA data, coding for endoglucanases
(EGC). The predicted results showed that both EGC1, EGC2 were acidic enzymes and Tm of EGC1 was 55-
65°C, of EGC2 was lower than 55°C. The EGC1 and EGC2 were expressed in E. coli under infusions form
(EGC1) and chimeric form (SUM OEGC?2). Both purified EGC1, SUM OEGC2 were active at acidic condition
with optimal pH of 6 and 4 respectively. Both enzymes were stable at the temperature lower than 50°C and
EGC1 was more stable than SUMOEGC?2. These results confirmed the feasibility of AcalPred and the Tm
prediction tool for estimating active pH and temper ature stability of enzymes based on the coding sequences.

Keywords. AcalPred, Tm prediction tool, E. coli, endoglucanase, goat rumen, metagenomic DNA data,
recombinant enzymes, termite gut.
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INTRODUCTION enzymes for hydrolysis process (Antonov et al., 2017;

Nowadays, the using of enzymes and proteins has
become increasingly popular for industrial application
such us food, agriculture, chemical, pharmacy by dint
of reducing processing time, energy, cost as well as
having low-environmental impact (Singh et al., 2016).
In particular, glycoside hydrolases are enzymes playing
an important role in converting lignocellulose biomass
into sugars for bioethanol production and other
biological polymers (Matsumoto et al., 2013; Zverlov
and Schwarz 2008). However, in order to degrade
lignocellulose consisting of complex components, it is
necessary to use a cocktail enzymes for effective
reaction (Percival-Zhang et al., 2006; Koeck et al.,
2014). The enzymes in the cocktail must be active in
the same condition, especially pH and temperature. At
the optimal pH and temperature, enzymes express the
highest activities leading to a decrease in the amount of

Khare et al., 2015; Klein-Marcuschamer et al., 2012).
Thus, the determination of active temperature and pH
ranges of each enzyme is needed for application in
biological process and for combination of many
different enzymes in a one-pot reaction to accomplish
the highest hydrolysis efficiency (Antonov et al., 2017;
Khare et al., 2015; Klein-Marcuschamer et al., 2012).
The significant portion of industrial enzymes is
produced by recombinant technology based on the
coding genes (Adrio and Demain 2010). Nowadays, the
rapid progress in next generation seguencing
technology and the simultaneous development of
bicinformatics tools have allowed to explore novel
genes coding for vauable enzymes/proteins
(Almaabadi et al., 2015; Kennedy et al., 2013; Rochat
et al., 2019).
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With purpose of mining lignocellulolytic genes, we
sequenced metagenomic DNA of bacteria freely living
in the gut of lower termite Coptotermes gestroi and in
rumen of Vietnamese goats and obtained thousands
lignocellulolytic genes (Do et al., 2014, 2018).
However, for producing recombinant enzymes to make
an effective enzyme cocktail, we have to screen from
thousands genes to select some candidates which can
act effectively in a required pH and temperature. To
choose tools for the prediction, in this study, we
examined feasibility of Tm prediction tool produced by
Taiwan Bioinformatics Institute and AcalPred tools for
active pH range prediction designed by Lin et al.,
(2013) in two genes candidates coding for
endoglucanase which  were mined from the
metagenomic data. The temperature stability and
optimal pH of the enzymes were confirmed by

experiment on the recombinant enzymes expressed in
Escherichia coli.

MATERIALSAND METHODS

A. Research conducted
Research conducted at Genetic Engineering Lab,
Ingtitute of Biotechnology, VAST, 18, Hoang Quoc
Viet, HaNoi, Vietnam.

B. Materials

The egcl gene of 1035 bps (NCBI code KP641169.1)
coding for mature endogulucanase GH8 was screened
from the metagenomic DNA data of Viethamese
termite's gut (Do et al., 2014) (Fig. 1) and a gen egc2
(GL13359) of 1545 bps coding for mature
endoglucanase GH5 was selected from metagenomic
DNA dataof goat rumen (Do et al., 2018) (Fig. 2).

Strains: E. coli DH10B -
BL21 (DE3) were used respectively for cloning and

t gt cgct ggccagcat gggat cagt t t aaaaaggact at at cagcgacggt gggcgegt cat t gaccccagt gacgcgcgcaaaat t acc
CRWPAWD O QQF K KDYIlI S DGGRVI DPSDARKI T
acct cagaagggcaaagct at gccat gt t ct t cgcget ggt ggcgaat gaccgt agegett tt gccacgt t gt at gact ggacacaagac
T S EGQSYAMFFALVANUDIRSAFATLYDWT QD
aatctcgcccagggtgatctgagcgcgaatctgcccgcctggctgtggggcaaaaacgaagataaatgggcgatacttgacagcaactcc
N L A Q D A NL P A WL WGIKNEUDIKMWAI L DS N S
gcctctgacgccgatctgtggatcgcctggtcgctgatggaagccgggcgcttatggaaggagccacgctacagcgacgccgggaaaggg
A S DADLWI AWSLMEAGRLWIKEWPIRY S DA AGTKG
ctgct gt cgcggat t gct aaagat gaagt ggt cact gt gccggggct t ggct cgat get gt t gccggggaaagt cggt t tt gt cgacgac
L L SRI AKDEVYVYTVPGLGSMLLWPSGIKVGF VDD
aaaagct ggcgt tt caaccccagcet atttcccgecgcaact gaccagttactttgeccgt ctt ggcgecgecgt ggagcacat t gcgggaa
K S WRFNWPSYFPPQQLTSYFARLGAPWSTL RE
actaacct gcgect gct gct ggaaact gcgccaaaaggt tttt cgccggact gggt gcget at gaaaaagacaaaggct ggcagt t aaag
T NLRLULULETAPIK GFSPDWVIRYEIKDI K GWOQL K
caggataagacgctggttggcagctatgacgcgattcgcgtctatctgtgggcgggcatgctgcacgacagcgatccgcaaaaagcgcgc
Q DK T L V Y DAI R VY H D S D P Q K A R
ctgctgaagcgctttaacccgatggcagtgcaaaccacccgtgaaggattgccgccggagaaagttgatatcgcgaccggcaaggtcacc
L L KRFNPMAYVQTTRE L PP EKVDI ATGIKVT
aataccggcccggtcgggttctcggcctcgctgctgcctttcttacaaaatcgcgatgcccaggctgttcagcgccagcgcgtggcggat
N TGPV GFSASLULWPFUL QNIRDAOQAYVYQRQRVATD
aacttccct ggcgcggacgect attttaact at gt gct aaccct gt t t ggacaaggct gggat caacaccgttttcgtttcaccgeccge
NF P GADAYJFNYVL TLZFGQGWDQHRFRFTAR
ggt gaat t act acct gact ggggccaggaat gcgcaagt t cacag
G E L L PDWGO QET CASSDOQ

Fig. 1. The egcl sequence coding for mature endoglucanase GH8 (EGC1) was mined in metegenomic DNA data

from bacteriafree-living in termite gut.
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expression of the genes.

B. Prediction of pH for enzyme activities

For prediction of acidic or alkaline enzymes we used a
sequence-based tool AcaPred (http:/Min-
group.cn/server/AcaPred) (Lin et al., 2013). A feature
selection technique was used to pick out a number of
informative features. On the basis of these features, the
support vector machine (SVM) was performed to
establish prediction model. The total score is one,
equivalent to acidic score added to alkaline score.

C. Prediction of thermal stability of enzymes
From the amino acid sequences, thermal stability of
enzymes was predicted based on the bonds between

2010). In this study, Tm prediction in TBI software
(http:/tm.life.nthu.edu.tw/) was used. The thermal
stability of an enzyme is demonstrated at three levels:
above 65°C, 55-65°C and below 55°C.

D. Genes expression and purification

The genes coding for mature enzymes (Fig. 1, Fig. 2)
were artifical synthezied in Genscript (HongKong). The
egcl gene was inserted into Ncol-Xhol sites in
PET22b(+) to generate pET22egcl. Because protein
EGC2 was predicted to be too akaline (pl of 9.64) to
be expressed in E. coli, thus the gene was fused with
SUMO gene for expression in E. coli.
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gcggtgccggttggtagcggtgacaacgcggtgattaacagcattaccgcggaggcggcgccgtgagcgttccgaaggtgaccggtctg

N vV I N S I T \% V T G L
aaaagccagaccctgggcaccgataaggttaaactgacctggaacaagattagcaacgcgaccggttaccaggtgttcatgcagaagaac
K S Q T L GT DI KV KLTWNIKI SNATU GYQVF MQKN
ggcgtttatacccgt ct gattagcat ct acagcaacaccaacagct at accgt gagcaacct gccggeggegegt at caccaacct gaaa
GVYTRLI SI YSNTNSYTVSNLWPAARI TNIWLK
gt gcgt gcgt ggcgt accgt t ggt ggcaaaaact act t t ggt ccget gagcgecggegegt accaccgecgaccaacccggcgaaggt t ace
VRAWRTVGGIKNYFGPL SAARTTATNWPAIKVT
aacat t cagagcaccgcgggcagcaccagcat caagt t t acct ggaacaaagt gaact gcagct act at cgt at t t acgt t aagcaagcg
N1l Q S TAGS ST SI KFTWNIKVNT CSYYIRI Y VKOQA
gacggcaagtggaaaggcctgaaaaacagcaccaccaacagcgtgaccgttaccggtctgaacgcgaacaccagctataccttttgcgtg
D G WK GL KNSTTNSVTVTGLNANTSYTFCYV
cgtgcgtggcaaaccgactggagcaagaaagatcacggcagcgttctgagcgataacgtgaccgttaagaccaaaaccgcggcgaccccg
R AWQTDWS KK KWDHGSVL SDNVTVI KT KTAATP
gt ggcggcgaacggt cgt ct gagcgt gaagggcgcgaacat cgt t aaccagagcggt caaat t t t caagat caagggt at gagcacccac
V AANGRL SV KGANI VNQSGQQI FKI KGMSTH
ggcat t at gt gggaggact t t cgt aacat cct gagct acaacagcct gaaggt t ct gcgt gacgat t ggaaat gcaacaccattcgtatc
G I MWEDU FIRNI L SYNJSULI KV L RDUIDWIKTZ CNTTI RI
gcgat gt at accgcggagt ggggt ggct acaccaccggt agcacct at gcggcgcaggcgaaggegcegt gt gaaagcgggt gt t gaaaac
A MY TAEWGGY TTGSTYAAQAKARYIKAGVEN
gcgaaaagcgcgggcatgtacgcgatcattgactggcacatcctgagcgacggtgatccgcgtacccaccagagccaagcggttgcgttc
A K A Y A1l I DWH I L S D D P RTHQSQAV AF
tttaaggaaatggcgaacacctacaagaactacgataacgtgatctacgaaatctgcaacgaaccgaacggtggcgttacctggaacggt
F K T Y KNYDNVI Y EI CNZEPN V T WN G
ggcattaagagctactgccaggcggtggttaacgcgatccgtcaatatgataaaaacgcgatcattatctgcggcaccggcacctggagc
GI K SYCQAVVYVNAI RQYDIKNAI 1 I CGTGT WS
caagacat cgat aaggt gct gggt aaccgt ct gagcgacaaaaact gcgt t t acgcgct gcact t ct at gcgaacacccacaccgat t gg
QDI DKVLGNRLSDI KNTCVYALUHFYANTMHTDW
ct gcgt agcegt ct gaagagct gct acaacagcggect gceggt gct ggt t agcgagt t cggecacct gcgat gcgageggt aacggt gge
L RSRLIKSCYNSGLWPVLVSEIFGTT CUDASUGNGG
ttt aacaagt accagacccaagaat ggct gaagct gt gcgat agcct gaaagt gggt t at at t aact ggagcgcggcgaacaaaagcgaa
FNKY QT QEWLI KL CDS SLIKVGY Il NWSAAN S E
accgcgagcgegt t t aagaccggcaccgacct gaaaagcat t accgcgggcaccagccagcet gaccgaaagcggcaaact ggt t cgt gat
T AS A F K TGTWDULIKSI TAGT S QL TESGI KLV RD

tggtatcgtgcgcac

W Y

A H

Fig. 2. The egc2 sequence coding for mature endoglucanase GH5 (EGC2) was mined in metegenomic DNA data
from bacteriain goats rumen.

Accordingly, the SUMO gene from pETSUMO3 was
amplified and inserted into Ndel-Ncol in pET22b(+) to
generate pET22SUMO. And then, the egc2 was
inserted into pPET22SUMO to generate
PET22SUMOegc2. The obtained vector pET22egcl,
PET22SUMOegc2 was transformed into E. coli
Rossetta for the genes expression.

The recombinant E. coli Rosetta harboring pET22egcl
or pET22SUMOegc2 were inoculated overnight in 5 ml
LB medium containing 100 pg/ml ampicilin (LBA) at
37°C, 200 rpm. The culture then was diluted into ODggy
of 0,1 in LBA medium and continued incubating in the
previous conditions until ODgy of 0.4 - 0.6 before
inducing with IPTG (up to 0,5 mM) and inoculating at
25°C, for 4 hours, 200 rpm. Afterward, the bacterial
cultures were centrifuged at 6000 rpm for 10 min and
the cells were diluted in PBS to ODgq, of 10. The cells
were disrupted by sonication at 20kHz (10 pulses, 30 s
each at 100 W with 20 s intermission). Soluble protein
was harvested by centrifugation and analized by SDS
PAGE (Laemmli, 1970).

For recombinant enzyme purification, the soluble
fraction was applied to a 5 ml column containing Ni-

NTA resin. Contaminant proteins in the column was
washed with 10 column volumes of 50 mM phosphate
buffer, pH 6.8 containing 0.1 M imidazole. The target
proteins were eluted in 50 mM phosphate buffer pH 6.8
containing 0.5 M imidazole. The elute fractions of 2 ml
were collected and were analyzed in polyacrylamide gel
12.6% by SDS-PAGE. The fina purified protein
solution was desalted using a PD-10 ultrafiltration
column (GE Headlthcare, Mississauga, ON, Canada) by
gravity flow according to the manufacturer's direction.
The desalted enzymes were used for determination of
endoglucanase activity.

E. Determination of endoglucanase activity
Endoglucanase activity was measured by incubating
0,075 ml of assay mixture containing 0.025 ml of 1%
(w/v) of carboxymethyl cellulose (CMC) in PBS pH6
(1 L of PBS contained 8 g NaCl; 0.2 g KCl; 0.24 g
KH,PO,4; 1.42 g Na;HPO,, adjusted to pH 6) and 0,045
ml of diluted enzyme in PBS for 60 min at 40°C.
Reducing sugar content released from the reaction was
measured by DNS method described by Miller (1959)
using glucose as standard sugar.
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Accordingly, the reaction was stoped by adding 0,075
ml of DNS reagen (1% DNS; 1% NaOH; 18,2% K-Na-
tartrate) and boiled 15 min. Afterward, 25 pl K-Na-
Tartrate 40% was added and kept for cool at room
temperature and measured at 540 nm by ELISA reader.
The enzyme activity (CMCase) is expressed as amount
of reducing sugar released equal to mM of glucose.

F. Effect of pH and temperature on endoglucanase
activity and stability

The effect of pH and temperature was evaluated in the
range of pH 2.0-9.0 (pH interval 1.0) and temperature
of 40-60°C (temperature interval 10°C) by performing
the CMCase activity assay. Buffer PBS was used for
pH profile determination using HCI or NaOH to adjust

to desired pH. Therma stabilities were determined by
pre-incubating the enzymes temperatures: 40°C, 50°C
and 60°C, at optimal pH for up to 90 min and the
CM Case activity was measured.

RESULTSAND DISCUSSION

A. Prediction of the Tm and pH for enzymes activity
Based on amino acid sequences, EGC1 was predicted to
be acidic enzyme and stable in temperature range of 55-
65°C (Table 1). The EGC2 aso was predicted to be
acidic enzyme and stable at the temperature lower than
55°C. After fusion with SUMO, temperature stability of
enzyme was not improved and still was acidic enzyme
(Table 1).

Table 1: Temperature stability and active pH of enzymes wer e predicted by AcalPred and Tm prediction

tools.

Protein pl Mw (kDa) Tm Acid Alkaline
EGC1 6.95 38.980 55-65°C 0.9700 0.0300
EGC2 9.58 56.525 <55°C 0.9238 0.0762

SUMOEGC2 9.37 69.478 <55°C 0.946119 0.053881

B. Expression and purification of recombinant
endoglucanasein E. coli

After 5 hours of culturing in LBA containing inducer
IPTG at 25°C, EGC1 of ~40 kDa and SUMOEGC2 of
69 kDa were expressed in E. coli BL21 (DE3) (Fig. 3).
However, a half of EGC1 was in soluble fraction and a
half was insoluble. Almost SUMOEGC2 was soluble
(Fig. 3). We had inserted egc2 directly into pET22b(+)

A
) M TT s 1 M P
kDa kDa
116.01 =
116.0—
66.2 =
1§
45.0 %
éS.O—-
o 25.0 —
oﬁ 18.4 0
14.4 - 4

18.4 - S

and express in E. coli BL21 (DE3), but EGC2 was not
expressed. Thus the fusion of egc2 with SUMO really
improved the expression ability of egc2 in E. coli.
EGC1 and SUMOEGC2 in soluble fractions were
purifed by His-tag affinity chromatography (Fig. 4).
These enzymes were desalted for enzyme activity
measurement.

-) M TT S | M P
kDa )
116.0-

66.2 —

45,0~
35.0—

25.0- -

18.4— -_——
14.4 — i

Fig. 3. SDS-PAGE analysis of proteins expressed in recombinant E. coli cells harboring pET22egcl (A),
PETSUMOegc2 (B) and purified EGC1, SUMOEGC2. (M: Protein marker (Thermo scientific); (-): total protein
from E. coli BL21(DE3) harboring pET22b(+); TT: Total protein; S: Soluble fraction; I: Insoluble fraction; P:
Purified EGC1 or SUMOEGC?2; arrows indicate the target proteins).
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C. The effect of temperature on enzyme activity

As the prediction results, Tm of EGC1 was 55-65°C
and SUMOEGC2 was lower than 55°C. Thus in this
experiment, the range of temperature between 30°C and
55°C were selected for enzymes activity. As a result,
both enzymes expressed CMCase in the range of
investigated temperatures. From 30°C to 40°C, the
activity of two endoglucanses increased to reach the
highest activities at 40°C then gradually decreased at 45,
50, 55°C. At 55°C, enzymes remained 50% activities.
Thus experimental result agreed with the predicted
result. Tm is melting temperature of enzymes, reflects
the stability of enzymes in temperature. In theory, the
active temperature and optimal temperature of enzymes
is lower than Tm. In this study, optimal temperatures of

predicted Tm. However, EGC1 was expected to have
optimal temperature higher than SUMOEGC2 because
the predicced Tm of EGC1 was higher than
SUMOEGC2 but they have the same optimal
temperature (Fig. 4). The result from experiment
checking the temperature stability of EGCL,
SUMOEGC?2 showed that EGC1 was more stable than
SUMOEGC2 (Fig. 5). This result agreed with the
predicted Tm of EGCl, SUMOEGC2 by the Tm
predion tool. EGC1 was stable at the temperature up to
50°C and reduced at 60°C. But SUMOEGC2 activity
reduced steadily at 50°C and rapidly at 60°C. In this
experiment we also found that temperature have ability
to activate EGCL, thus the incubation of enzyme at
50°C encreased enzyme activity.

EGC1 and SUMOEGC2 were 40°C, lower than
4.0
=EGC1
35
¥ SUMOEGC2
__ 30
S
E 25 1
2 2.0 -
(]
5 15 -
2
1.0
0.5 -
0.0 -
30 35 40 45 50 55
Temperature (°C)
Fig. 4. The effect of temperatue on enzymes activity.
%3-8 "EGCI
- 9'0 B SUMOEGC?
% 8.0
= 7.0
© 6.0
S 50
@ 4.0
o 3.0
— 20
1.0
0.0
0 min ‘30 min60 min90 mi‘n§0 min60 min90 m}n\SO min60 Min90 min |
Y Y
40°C 50°C 60°C
Tempurature and duration of incubation

Fig. 5. Temperature stability of enzymes.
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The activation of enzyme by temperature is also seen in
the StayBrite™ Highly Stable Luciferase (BioVision)
or in the experiment measuring optimal pH and
temperature of recombinant endoglucanase expressed in
Bacillus subtilis (Zafar et al., 2014).

C. The effect of pH on enzyme activity

In this study, eight pH values were selected from the
range of pH from 2.0 to 9.0 to investigate the active pH
vaues of EGCl1 and SUMOEGC2 protein. In
aggreement with the predicted results by AcalPred toal,
both EGC1 and SUMOEGC2 were acidic enzymes.
Optimal pH of EGC1 and SUMOEGC2 was 6 and 4
respectively. But active pH of EGC1 trended toward
neutral. EGC1 activity was impacted by at acidic
condition but lightly reduced from pH 6 to 9. Whereas,
active pH range of SUMOEGC?2 was large from 2-9 but
optimal pH was at acidic (Fig. 6).

The predicted results showed that the acidic scores of
EGC1, SUMOEGC2 were 0.97 and 0.94 respectively.
However, the experiment result showed that
SUMOEGC2 was more acidic than EGC1 and more
stable in large pH range than EGC1. This result maybe
explained that the difference in the scores is not large
enough to distinguish which enzyme is more acidic or
alkaline.

AcaPred program was developed for predicting pH
values that would be optimal for enzyme functioning
based on its sequence, but was successfully applied for
pH-sensitive receptors (Deyev et al., 2015). It have
limited researches investigating the feasibility of
application of AcalPred and Tm prediction tools for
estimating active pH and temperature for enzymes, thus
this study is vauable on the application of
bioinformatic tools on prediction of enzyme properties.

6.0

5.0 EEGC1
. B SUMOEGC2
=
£ 4.0
% 30
o
S
5} 2.0 -

1.0 -

0.0 -

2 3 4 6 7 8 9
pH
Fig. 6. The effect of pH on enzymes activity
CONCLUSION REFERENCES

In this study, the AcalPred and the Tm prediction tool
expressed to be the powerful tools for prediction of
active pH and temperature stability of endoglucanases
based on the sequences mined from metagenomic DNA
data. The results from bioinformatic prediction agreed
with experiment results.
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