Biocatalysis and Agricultural Biotechnology 20 (2019) 101180

Contents lists available at ScienceDirect

iocatalysis and
Agricultural.,
Biotechnology

Biocatalysis and Agricultural Biotechnology Bz
th, ok g

Biocatalysis aRdAgricultural
Bm(egﬁqfology 1SBAB)

journal homepage: www.elsevier.com/locate/bab

Check for
updates

Enhanced recombinant insulin production in transgenic Escherichia coli that
heterologously expresses carrot heat shock protein 70

Bomin Jang, Yeh-Jin Ahn"

Department of Biotechnology, Sangmyung University, 20 Hongjimun 2-gil, Jongno-gu, Seoul, 03016, South Korea

ARTICLE INFO ABSTRACT

Keywords:

Escherichia coli

Heat shock protein
Homologous recombination
Insulin

Molecular chaperone
Recombinant protein

Recombinant insulin production was enhanced in transgenic Escherichia coli (E. coli BL21, DE3) that hetero-
logously expressed carrot (Daucus carota L.) heat shock protein 70 (DcHsp70). The gene encoding DcHsp70 with
the constitutive bacterial lipoprotein promoter was inserted into the E. coli genome using lambda Red-mediated
homologous recombination. Nucleotide sequences for the human proinsulin, insulin B and insulin A chains were
separately cloned into the pVFT 2S expression vector containing a 6xhistidine and glutathione S-transferase
(GST) tag. When induced by isopropyl B-p-1-thiogalactopyranoside treatment, the expression levels of the
proinsulin and insulin A and B chain fusion proteins were higher in the transgenic cell lines that heterologously
expressed DcHsp70 than in the control cell line. The 6xHis-GST tag was removed from the three versions of the
fusion proteins by tobacco etch virus protease. As an active molecular chaperone, DcHsp70 could increase re-
combinant insulin production when heterologously expressed in E. coli. Our results suggest a possible use of

plant Hsps as effective molecular chaperones to increase recombinant protein production in E. coli.

1. Introduction

Escherichia coli (E. coli) is one of the most widely used micro-
organisms for recombinant protein production. It produces approxi-
mately 30% of approved therapeutic proteins, such as insulin, inter-
feron, and hormones (Baeshen et al., 2015). E. coli grows rapidly in a
well-defined medium. The genetic information of E. coli is well under-
stood, and foreign gene insertion is relatively easy using episomal
vectors. However, in some cases, E. coli accumulates recombinant
proteins in inclusion bodies as insoluble aggregates, which requires
further renaturation and refolding (Schumann and Ferreira, 2004).
Approximately 30% of recombinant proteins are expressed as insoluble
aggregates in E. coli (Leibly et al., 2012).

To increase the amount and solubility of recombinant proteins
produced in E. coli, a number of parameters, such as medium compo-
sition, host cell lines, expression vectors, fusion tags, and protein in-
duction conditions (induction timing, temperature, duration, and in-
ducer concentration), have been carefully optimized (Papaneophytou
and Kontopidis, 2014). Furthermore, E. coli can be genetically modified
to inhibit genes encoding proteases and/or to introduce genes encoding
molecular chaperones, which prevent denaturation of proteins and/or
assist correct protein folding (Castifeiras et al., 2018).

Heat shock proteins (Hsps) are a major class of molecular
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chaperones that are ubiquitously expressed in all living organisms
under stressful conditions by the heat shock response (Richter et al.,
2010). Hsps protect proteins from harmful damage caused by en-
vironmental stressors. They are classified into five groups based on
molecular weight (Hsp100, Hsp90, Hsp70, Hsp60, small Hsp; Vierling,
1991). Each group has unique structural characteristics and functional
mechanisms. Bacterial Hsps, such as GroEL/GroES (Hsp60/Hspl0),
DnaK/DnaJ/GrpE (Hsp70/Hsp40/cochaperone), ClpB (chaperone), and
IbpA/IbpB (small Hsps), were overexpressed in E. coli and greatly in-
creased the solubility of recombinant proteins (De Marco et al., 2007).

We developed transgenic E. coli cell lines that heterologously ex-
press an Hsp from plants. Plants produce the most abundant and diverse
Hsps among all organisms (Al-Whaibi, 2011). For example, rice (Oryza
sativa) has 32 different Hsp70 genes (Sarkar et al., 2013). Considering
the sessile nature of plants, abundant and diverse Hsps may confer
advanced protection to the organisms under stressful growth condi-
tions.

In this study, we examined whether transgenic E. coli cell lines that
heterologously express Hsp70 from carrot (Daucus carota; DcHsp70)
could increase the amount and/or solubility of recombinant human
insulin. Hsp70 is one of the most highly conserved molecular chaper-
ones (Richter et al., 2010). It folds and assembles newly synthesized
proteins in physiological states. It also plays an important role in
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restoring the folding of denatured proteins under stress conditions
(Ghazaei, 2017). Structurally, Hsp70s are characterized by an N-term-
inal region with an ATPase domain (44 kDa) and a C-terminal region
with a peptide binding domain (25 kDa; Bukau and Horwich, 1998).
ATP binding to the ATPase domain triggers conformational changes in
the C-terminal region opening up the peptide-binding domain (Zhu
et al., 1996; Sung et al., 2001). ATP hydrolysis provides energy for
substrate refolding. The second round of ATP binding opens up the
peptide binding domain, releasing the refolded substrate. By repeating
these steps, Hsp70 acts as an efficient ‘folding machine’ to reactivate
denatured proteins.

Insulin produced in the endoplasmic reticulum of pancreas f3-cells
plays an important role in carbohydrate metabolism by promoting
glucose uptake into cells (Choi et al., 2013). Proinsulin is transferred to
the Golgi apparatus. The C peptide (31 a.a.) in the middle of the
proinsulin is then cleaved, resulting in insulin A and B chains (21 and
30 a.a., respectively), followed by disulfide bond formation (Qiao et al.,
2003; Dunn, 2005). Human insulin, the first recombinant protein used
therapeutically, was produced by Eli Lilly using E. coli in 1982. Due to
the increase in the number of diabetic patients, the world market for
insulin is expected to increase by over 5% annually (Choi et al., 2013).
Successful enhancement of recombinant human insulin production will
be valuable in the treatment of diabetes mellitus.

2. Materials and methods
2.1. DNA construct to insert the DcHsp70 gene into the E. coli genome

We inserted the DcHsp70 gene into the E. coli genome via homo-
logous recombination using the Quick & Easy E. coli gene Deletion Kit
(Gene bridges, Heidelberg, Germany). A DNA construct, lipoprotein
(Lpp) promoter— DcHsp70 gene - Flippase recombination target (FRT)
cassette, which facilitates homologous recombination, was generated
by overlap PCR. First, each DNA fragment was generated by regular
PCR: the Lpp promoter (GenBank accession no. NC_000913.2) was
amplified from E. coli K-12 (MG1655) under the PCR conditions of 1
cycle at 98 °C for 30 s, followed by 35 cycles of 98 °C for 105, 55 °C for
30s, and 72 °C for 30 s using Lpp promoter F and R primers (Table 1).
DcHsp70 gene (Suppl. Fig. 1) was amplified under the PCR conditions
of 1 cycle at 94 °C for 4 min, followed by 35 cycles of 94 °C for 1 min,
56.5°C for 1 min, 72°C for 4 min, 1 cycle at 72 °C for 10 min, and 1
cycle at 4 °C for 10 min using DcHsp70F and R primers (Table 1). The
FRT cassette containing the kanamycin resistance gene was amplified
under the PCR conditions of 1 cycle at 98 °C for 30s, followed by 35
cycles of 98 °C for 10s, 55 °C for 30s, 72 °C for 1 min 30s, 1 cycle at
72 °C for 10 min, and 1 cycle at 4 °C for 10 min using FRT cassette F and
R primers (Table 1).

The Lpp promoter and DcHsp70 gene were joined by overlap PCR
without primers (1 cycle at 96 °C for 3 min, followed by 35 cycles of

Table 1
Primers used in this study.
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96 °C for 30s and 72°C for 2min 10s). The FRT cassette was further
joined under the PCR conditions of 1 cycle at 96 °C for 3 min, followed
by 35 cycles of 96 °C for 30s, 72°C for 4min, 1 cycle at 72°C for
10 min, and 1 cycle at 4 °C for 10 min.

2.2. Insertion of the DNA construct into the E. coli genome using
homologous recombination

To facilitate the homologous recombination of the DNA construct
containing the DcHsp70 gene, the Red/ET plasmid was first inserted
into E. coli BL21 (DE3) and expressed according to the protocol pro-
vided by the kit manufacturer (Gene bridges).

The DNA construct, Lpp promoter - DcHsp70 gene - FRT cassette,
was mixed with competent E. coli cells (BL21, DE3; 100 ul) containing
the Red/ET plasmid. After stabilization on ice for 30 min, the cells were
electroshocked (1800 V, 25 pF, 200 2) using Gene Pulser X cells (Bio-
Rad, Hercules, US). Super optimal SOC broth (1 ml) was then added,
and the cells were incubated at 37 °C with agitation at 225 rpm for 3 h,
followed by spreading on solid Luria-Bertani (LB) medium containing
15 pug/ml kanamycin. After overnight incubation at 37 °C, colony PCR
was performed on surviving colonies using a specific primer set to
amplify the DcHsp70 gene (DcHsp70F and R; Table 1). The DNA se-
quences were also confirmed (Macrogen, Seoul, Korea).

2.3. Immunoblot analysis to detect DcHsp70 in transgenic E. coli

Wild type (E. coli BL21, DE3) and transformed cell lines were cul-
tured in LB broth containing 15 ug/ml kanamycin at 37 °C at 130 rpm
overnight. Samples were diluted 1:1000 with fresh LB broth containing
15 pg/ml kanamycin, followed by incubation at 37 °C with agitation at
225 rpm until the O.D.ggo reached 0.6. Samples were then centrifuged
at 4 °C and 1360 x g for 20 min, and the supernatant was removed. The
resulting pellet was dissolved in protein extraction buffer (3 ml; 25 mM
Tris-HCI pH 7.5, 300 mM NaCl, and 3 mM [3-mercaptoethanol) and ul-
trasonicated (5 cycles of 420 W and 20 kHz for 10s and 30s pause),
followed by centrifugation at 20,900 x g for 30 min. The protein con-
centration in the supernatant was quantified by Bradford assay (1976).

Proteins (25 pg) were resolved on a 17% SDS-PAGE gel (Laemmli,
1970). The separated proteins were transferred to polyvinylidene di-
fluoride membranes (GE Healthcare Life Science, Buckinghamshire,
UK) at 180 mA overnight. The membrane was incubated in phosphate-
buffered saline (PBS)-T buffer (containing 0.1% Tween 20) containing
5% skim milk for 1 h for blocking. The membrane was then incubated
with the primary antibody (anti-Hsp70 monoclonal antibody, Abcam,
Cambridge, UK; diluted 1:2000 in PBS-T buffer) for 1 h and with the
secondary antibody (HRP-conjugated anti-mouse, Amersham Bios-
ciences, Pittsburgh, US; diluted 1:30000 in PBS-T buffer) for 1 h. The
detection of DcHsp70 was performed using the ECL Prime System (GE
Healthcare Life Science). Chemiluminescent signals were captured by

Sets DNA targets Direction Primers (5’-3") Product size (bp)

1 Lpp promoter F CCGGATCTTCCACAATACCAATCGCAGGCGAGAACATGCGACCCTGTAATATTGCTTT 316
R ACCTTTGCTAGCCATTATTAATACCCTCTA

2 DcHsp70 F TAGAGGGTATTAATAATGTCGATCATTCCA 1959
R GAGAATAGGAACTTCTTAACCAGAAATATC

3 FRT cassette F GAGGAAGTTGACTAAGAAGTTCCTATTCTC 1637
R GGTACGCCGGGCTTTGAACTGCCGCTGGAGGGTGAAGTACGCGCGAAGTTCCTATACTTTC

4 Proinsulin F GGGGGGGGATCCATGTTTGTGAACCAACACCTGTGC 258
R GGGGGGGAATTCTTAGTTGCAGTAGTTCTCCAGCTG

5 Insulin B chain F GGGGGGGGATCCATGTTTGTGAACCAACACCTGTGC 90
R GGGGGGGAATTCTTAGGTCTTGGGTGTGTAGAAGAAGC

6 Insulin A chain F GGGGGGGGATCCATGGGCATTGTGGAACAATGCTGTACC 63
R GGGGGGGAATTCTTAGTTGCAGTAGTTCTCCAGCTG

Notes: Lpp: Lipoprotein gene (NC_000913.2); DcHsp70, Daucus carota Hsp70 (Suppl. Fig. 1); FRT, Flippase recombinant target; Insulin (NM_000207.2).


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NC_000913.2

B. Jang and Y.-J. Ahn

a

s Lo promoter

DcHsp70 gene

(bp)
10000

6000
4000
3000
2000

1500

1000
750

500

250

KD
2 (Da) b (1"?3 —
170 b —
72 a— 2 .
43 43—
34 ;‘;
26
= 17
0 10
WT C TC
258 195 90 0

A chain (2.4 kDa) C peptide B chain (3.4 kDa)

Proinsulin (9.4 kDa)

EcoR BamH

TEV recognition site

pVFT2S

Kanamycin

6041 bp

' “'Luc I

Fig. 3. Cloning of the human insulin gene. cDNAs for human proinsulin and
insulin B and A chains were independently inserted into a pVFT2S expression
vector containing a 6xHistidine (His)-glutathione S-transferase (GST) tag. A
tobacco etch virus protease cleavage site is present to remove the tag after
purification. Lacl: Lactose inhibitor; Ori: Origin of replication; F1 ori: Ori from
F1 phage.
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Fig. 1. DNA construct generation for homologous
recombination of the DcHsp70 gene. (a) The overall
diagram of the DNA construct is shown. The Lpp
promoter, DcHsp70 gene, and FRT cassette for
homologous recombination were generated by reg-
ular PCR and joined stepwise by overlap PCR. (b)
The Lpp promoter — DcHsp70 gene (2,275 bp) and (c)
Lpp promoter — DcHsp70 gene — FRT cassette (3,912
bp) were successfully amplified from transformed E.
coli. IS: insertion sequences in the E. coli genome
(yddE pseudogene sequences; GenBank accession no.
NC_012971.2); Lpp: Lipoprotein; DcHsp70: Daucus
carota heat shock protein 70; FRT: Flippase re-
combination target.

Fig. 2. Heterologous expression of DcHsp70 in
transgenic E. coli. Proteins were extracted from un-
modified E. coli BL21, DE3 (WT), E. coli containing
Red/ET plasmid (C), and transgenic E. coli con-
taining the DcHsp70 gene in its genome (TC) and
resolved on an SDS-PAGE gel. (a) Immunoblot ana-
lysis was performed using an anti-Hsp70 monoclonal
antibody. (b) Proteins were visualized using
Coomassie blue dye. (For interpretation of the re-
ferences to colour in this figure legend, the reader is
referred to the Web version of this article.)
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using a ChemiDoc MP Imaging System (Bio-Rad).

2.4. Human insulin gene cloning

Nucleotide sequences for human proinsulin cDNA (GenBank acces-
sion no. NM_000207.2; Sino Biological, Chesterbrook, US), insulin B
and A chains were amplified by PCR using a set of primers containing
restriction enzyme digestion sites, BamHI and EcoRI, at both ends
(Table 1; 1 cycle at 96 °C for 1 min, followed by 35 cycles of 96 °C for
20s, 52°C for 30s, 72°C for 30s, 1 cycle at 72°C for 10 min, and 1
cycle at 4°C for 10 min), followed by double-digestion with the two
DNA restriction enzymes. Each DNA fragment was inserted into the
expression vector pVFT2S containing a 6xHistidine - GST dual tag and a
tobacco etch virus (TEV) protease cleavage site.

Each insert, double-digested proinsulin, and insulin B and A chains
was ligated into the pVFT2S expression vector using T4 ligase
(Enzynomics, Daejeon, Korea) at 16 °C overnight. The ligation mixture
(5ml) was added to 100 pl of E. coli (DH5a) competent cells, followed
by incubation on ice for 30 min. The cells were heat-shocked (42 °C) for
2 min to introduce the ligated plasmids and incubated on ice for 10 min.
After adding fresh LB medium (1 ml), the cells were cultured at 37 °C
for 1 hat 350 rpm and spread on solid LB medium containing 30 pg/ml
kanamycin, followed by overnight incubation at 37 °C. Colony PCR was
performed on surviving colonies using three sets of primers used in the
amplification of proinsulin and insulin B and A chains (Table 1). Each
colony was developed into independent cell lines. The DNA sequences
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Fig. 4. Expression of recombinant human proinsulin in E. coli. Human proinsulin cDNA was inserted into the pVFT2S expression vector and induced by isopropyl 3-p-
1-thiogalactopyranoside. After protein extraction from E. coli cell lines, 6xHis-GST-proinsulin was purified using Ni-NTA His-Bind resin and subjected to (a) SDS-
PAGE and (b) immunoblot analysis using an anti-insulin B chain monoclonal antibody. Chemiluminescent signals were quantified, and relative amounts of protein
were calculated. Purified 6xHis-GST-proinsulin was centrifuged to separate (c) soluble and (d) insoluble forms. C: E. coli BL21, DE3 containing recombinant pVFT2S-
proinsulin plasmid; TC: transgenic E. coli cell lines that heterologously express DcHsp70 and contain the recombinant pVFT2S-proinsulin plasmid.

were also confirmed (Macrogen).

2.5. Expression of recombinant human insulin

Each recombinant plasmid, pVFT2S-proinsulin, pVFT2S-insulin B
chain, and pVFT2S-insulin A chain was purified from overnight cultures
of transformed E. coli DH5a using the DNA-spin Plasmid DNA
Purification Kit Protocol (iNtRON biotechnology, Seongnam, Korea)
and inserted into E. coli BL21, DE3 (unmodified wild type and trans-
genic cell lines that heterologously express DcHsp70).

Transformed cell lines were cultured in LB medium containing
30 pg/ml kanamycin at 37 °C overnight, diluted 1:1000 with fresh LB
medium, and continuously cultured until the O.D.goo reached 0.6. The
cells were then treated with isopropyl p-p-1-thiogalactopyranoside
(IPTG, 0.1 mM at 16 °C for 20 h) to induce the recombinant proinsulin,
and insulin B and A chains, followed by centrifugation at 1360 x g at
4 °C for 20 min. The resulting pellet was dissolved in protein extraction
buffer, and proteins were extracted using ultrasonication as described
above.

2.6. Purification of recombinant human insulin

To purify 6xHis-GST-proinsulin, 6xHis-GST-insulin B chain, and
6xHis-GST-insulin A chain, extracted proteins were incubated with Ni-
NTA His-Bind resin (Novagen, Temecula, US) for 1h. The resin was
washed with washing buffer 1 (25 mM Tris-HCI pH 7.5, 200 mM KCl,
10 mM imidazole, 10% glycerol, and 3 mM [-mercaptoethanol) and
washing buffer 2 (25 mM Tris-HCl pH 7.5, 500 mM KCl, 50 mM imi-
dazole, 10% glycerol, and 3 mM [-mercaptoethanol) to remove non-
specific proteins. Elution buffer (25 mM Tris-HCl pH 7.5, 200 mM KCl,
250 mM imidazole, 10% glycerol, and 3 mM B-mercaptoethanol) was

then added to collect purified recombinant proteins.

The purified proteins were further separated by centrifugation at
20,900 x g at 4°C for 1h to separate soluble fractions. The insoluble
pellet was dissolved in elution buffer. Soluble and insoluble proteins
(20 pl each) were separated on a 17% SDS-PAGE gel and stained with
Coomassie Brilliant Blue R-250 (Bio-Rad).

2.7. Immunoblot analysis of recombinant human proinsulin and insulin B
chain

Purified proteins were subjected to 17% SDS PAGE and immunoblot
analysis using anti-insulin B chain monoclonal antibody (Santa Cruz
Biotechnology, Dallas, US) as described above. Chemiluminescent sig-
nals were captured and quantified by using a ChemiDoc MP Imaging
System (Bio-Rad).

2.8. Removal of 6xHis-GST-tag

The 6xHis-GST tag was cleaved from the fusion proteins using TEV
protease in the reaction buffer (25 mM Tris-HCl pH 8.0, 150 mM Nacl,
and 14 mM (-mercaptoethanol) at 22 °C for 20 h. SDS-PAGE and im-
munoblot analysis using anti-insulin B chain monoclonal antibody was
performed as described above.

3. Results and discussion
3.1. Heterologous expression of DcHsp70 in E. coli
To develop transgenic E. coli cell lines that heterologously express

DcHsp70, the Lpp promoter — DcHsp70 gene — FRT cassette was in-
serted into the E. coli genome by homologous recombination (Fig. 1a).
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Fig. 5. Expression of recombinant human insulin B chain in E. coli. Human insulin B chain cDNA was inserted into the pVFT2S expression vector and induced by
isopropyl p-p-1-thiogalactopyranoside. After protein extraction from E. coli cell lines, the 6xHis-GST-insulin B chain was purified using Ni-NTA His-Bind resin and
subjected to (a) SDS-PAGE and (b) immunoblot analysis using an anti-insulin B chain monoclonal antibody. Chemiluminescent signals were quantified, and relative
amounts of protein were calculated. The purified 6xHis-GST-insulin B chain was centrifuged to separate (c) soluble and (d) insoluble forms. C: E. coli BL21, DE3
containing recombinant pVFT2S-insulin B chain plasmid; TC: transgenic E. coli cell lines that heterologously express DcHsp70 and contain recombinant pVFT2S-

insulin B chain plasmid.

The successful insertion of the DNA construct was confirmed by PCR.
Two DNA fragments, the Lpp promoter - DcHsp70 gene (2,275 bp) and
the Lpp promoter — DcHsp70 gene — FRT cassette (3,912 bp), were
successfully amplified from the genomic DNA of the transformed cells
(Fig. 1b and c, respectively). The sequences of the DNA construct, in-
cluding the insertion site of the E. coli genome (yddE pseudogene,
GenBank accession no. NC_012971.2), were also confirmed (data not
shown).

To examine whether DcHsp70 was successfully expressed in trans-
genic E. coli, proteins were extracted from unmodified E. coli BL21, DE3
(WT), E. coli containing the RedE/T plasmid (C) and transformed E. coli
cell lines containing the Lpp promoter — DcHsp70 gene — FRT cassette
construct in the genome (TC). Heterologous expression of DcHsp70 was
observed in the transformed E. coli by immunoblot analysis using an
anti-DcHsp70 monoclonal antibody (Fig. 2a). Control cell lines, WT and
C, did not show any signals, suggesting that the protein band observed
in the transgenic cell line indicates the presence of DcHsp70 and not the
endogenous bacterial Hsp70.

Our results suggest that the bacterial Lpp promoter successfully
expressed the heterologous DcHsp70 gene inserted in the yddE pseu-
dogene site in the bacterial genome. This system can be used to insert
and express heterologous genes and/or extra copies of endogenous
bacterial genes. When inserting a foreign gene, genomic insertion by
homologous recombination has a number of advantages over using
episomal expression vectors, such as avoiding cumbersome DNA re-
striction enzyme digestion and ligation steps for inserts and vectors.
Furthermore, considering the possible instability of plasmids, such as
plasmid loss and conformational changes causing truncated forms of the
plasmid, genomic insertion appears to be a promising alternative to
episomal vectors for recombinant gene expression (Castifieiras et al.,
2018).

Transgenic cell lines that heterologously expressed DcHsp70
showed different total protein profiles compared to control cell lines
(Fig. 2b). The major protein bands shown in the SDS-PAGE analysis
were changed in all the molecular weight ranges. These results suggest
that DcHsp70 directly and/or indirectly affected bacterial protein pro-
duction. Heterologous protein expression can alter gene expression and
biochemical mechanisms of the host organism. Valdez-Cruz et al.
(2011) reported that the expression of a foreign protein can alter the
levels of various transcripts in E. coli. Altered transcript and protein
profiles caused by heterologous expression of DcHsp70 in E. coli remain
to be examined.

3.2. Enhanced expression of recombinant human insulin in transgenic E.
coli cell lines

Each c¢DNA sequence for human proinsulin and insulin B and A
chains was amplified by PCR and inserted into a pVFT2S expression
vector containing a dual 6xHis-GST tag for purification (Fig. 3). The
three recombinant plasmids were independently inserted into E. coli
BL21, DE3 and the transgenic E. coli cell lines expressing DcHsp70.
Expression of recombinant proinsulin and the two insulin chains was
induced by IPTG treatment, and recombinant proteins were purified
using Ni resin. Recombinant proinsulin and insulin B chain were further
detected using an anti-insulin B chain monoclonal antibody.

The purified 6xHis-GST-proinsulin (expected size of 34.4 kDa) was
detected by SDS-PAGE (Fig. 4a). Immunoblot analysis showed that re-
combinant proinsulin was present in all E. coli cell lines examined.
Compared to the proinsulin level in E. coli BL21, DE3 ©, four out of five
transgenic E. coli cell lines expressing DcHsp70 (TC) showed higher
levels of recombinant proinsulin (Fig. 4b). Among them, TC9 showed
the highest (5-fold) increase compared to the control. The recombinant


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NC_012971.2

B. Jang and Y.-J. Ahn

(kDa)
a 170 B
- P pp—
e
34| -
2 w —
17 -
10
C TC9 TCI12 TC14 TCI15 TCl6
b (Da)
T .
551 -

1Y
L
I

._
<2
'

C TC9 TCI12 TC14 TC15 TCl16

C 170

Biocatalysis and Agricultural Biotechnology 20 (2019) 101180

(kDa)

55

34
26

v

C TC9 TC12 TC14 TC15 TCl16

Fig. 6. Expression of recombinant human insulin A chain in E. coli. Human insulin A chain cDNA was inserted into the pVFT2S expression vector and induced by
isopropyl B-p-1-thiogalactopyranoside. After protein extraction from E. coli cell lines, the 6xHis-GST-insulin A chain was purified using Ni-NTA His-Bind resin and
subjected to (a) SDS-PAGE. The purified 6xHis-GST-insulin A chain was centrifuged to separate (b) soluble and (c) insoluble forms. C: E. coli BL21, DE3 containing
recombinant pVFT2S-insulin A chain plasmid; TC: transgenic E. coli cell lines that heterologously express DcHsp70 and contain recombinant pVFT2S-insulin A chain

plasmid.

6xHis-GST-proinsulin was mostly present in insoluble forms (soluble
and insoluble forms: Fig. 4c and d, respectively).

The recombinant 6xHis-GST-insulin B chain (expected size of
28.4kDa) was purified from the control and transgenic cell lines
(Fig. 5a). Immunoblot analysis showed that the fusion protein was
detected only in the transgenic cell lines expressing DcHsp70 but was
absent in the control (Fig. 5b). Among the five transgenic cell lines
examined, TC15 showed the highest level of accumulation. The 6xHis-
GST-insulin B chain was also present in insoluble forms (soluble and
insoluble forms: Fig. 5¢ and d, respectively), similar to the recombinant
6xHis-GST-proinsulin.

The recombinant 6xHis-GST-insulin A chain (expected size of
27.4kDa) was also purified using Ni-resin (Fig. 6a). Unlike the re-
combinant proinsulin and insulin B chain, which were insoluble after
purification, the recombinant insulin A chain was mostly present in
soluble forms (soluble and insoluble forms: Fig. 6b and c, respectively).
The transgenic cell line TC9 showed the highest level of recombinant
insulin A chain among all the E. coli cell lines examined.

Our results showed that heterologously expressed DcHsp70 in-
creased the amount of the recombinant proinsulin and insulin B and A
chains. However, it did not increase the solubility of the recombinant
proinsulin and insulin B chain. It has been previously known that re-
combinant insulin expressed in E. coli tends to form inclusion bodies,
insoluble protein aggregates, which should be refolded to regain bio-
logical activity (Hwang et al., 2016).

Molecular chaperones were employed to enhance recombinant in-
sulin production. A Hsp from Caenorhabditis elegans, CeHspl7, pre-
vented the aggregation of misfolded substrates, such as chemically
denatured insulin (Zhang et al., 2015). More recently, fusion with the
molecular chaperone aB-crystallin increased the expression and proper
folding of human insulin (Akbarian and Yousefi, 2018). The results
from the present and previous studies suggest that molecular chaper-
ones, such as Hsps, can enhance the amount, folding, and solubility of

recombinant human insulin.

3.3. Removal of the 6xHis-GST dual tag from recombinant insulin

The 6xHis-GST purification tag was removed from human proin-
sulin (Fig. 7a), insulin B chain (Fig. 7b) and insulin A chain (Fig. 7c) by
using the TEV protease (27 kDa), which appeared in all three SDS-PAGE
analyses. Immunoblot analysis showed that transgenic E. coli cell lines
produced higher levels of purified recombinant human proinsulin and
insulin B chain (Fig. 7d and e, respectively). There was no other protein
bands detected by the anti-insulin B chain monoclonal antibody in all
the molecular weight ranges, including those of the fusion proteins
(34.4 kDa for 6xHis-GST-proinsulin and 28.4 kDa for 6xHis-GST-insulin
B chain), suggesting a successful removal of the 6xHis-GST tag. Com-
pared to the levels expressed in the control, transgenic cell lines pro-
duced up to 4.5-fold and 9-fold higher levels of proinsulin and insulin B
chain, respectively.

Purification tags are essential for recombinant protein production.
They often affect the amount and/or solubility of the recombinant fu-
sion protein. GST, a 26 kDa protein from parasitic Schistosoma japo-
nicum, has been reported to protect recombinant proteins from de-
gradation and stabilize proteins (Young et al., 2012). When human
proinsulin and insulin B and A chain genes were fused to a 6xHis tag,
without a GST tag, we did not observe the corresponding recombinant
protein expression in SDS-PAGE and immunoblot analyses (data not
shown).

4. Conclusions

We showed that Hsp70 from carrot (Daucus carota L.) hetero-
logously expressed in E. coli could increase recombinant human insulin
production. Our results suggest that Hsps from plants can be used to
enhance recombinant protein production in E. coli crossing species
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Fig. 7. Tag removal from recombinant proinsulin, insulin B and A chains. The 6xHis-GST tag was cleaved from the fusion proteins using tobacco etch virus protease.
(a) Recombinant human proinsulin (9.4 kDa), (b) insulin B chain (3.4kDa), and (c) insulin A chain (2.4 kDa) are shown by SDS-PAGE. Immunoblot analysis was
performed on (d) recombinant proinsulin and (e) insulin B chain using an anti-insulin B chain monoclonal antibody. Chemiluminescent signals were quantified, and
relative amounts of protein were calculated. C: E. coli BL21, DE3 containing (a) recombinant pVFT2S-proinsulin plasmid, (b) recombinant pVFT2S-insulin B chain
plasmid, and (c) recombinant pVFT2S-insulin A chain plasmid; TC: transgenic E. coli cell lines that heterologously express DcHsp70 and contain (a) recombinant
pVFT2S-proinsulin plasmid, (b) recombinant pVFT2S-insulin B chain plasmid, and (c) recombinant pVFT2S-insulin A chain plasmid.

lines. In the future, it will be useful to select effective molecular cha-
perones, possibly from plants, that can increase recombinant insulin
production in cell factories.
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