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Abstract— Transglutaminase (TG) induces protein cross-linking by catalyzing the reaction of acyl transfer.
Mature sequence of TG is inactive when express without its pro-region. Since pro-region is critical for
inhibiting the TG’s action and for correctly folding it extracellularly, the production is either poor or forming
inclusion bodies without its pro-region. One of the fundamental steps for higher yield to date is to increase the
transcriptional level of the recombinant gene by generating multicopies that could only be accomplished by
cloning the concatemers. Here, co-expressing strain was successfully generated by incorporating pro-region
into ribosomal DNA (rDNA) sites to achieve different copies. The maximum enzyme activity was up to 3.9u/ml
compared to the wild type that was only 2.1u/ml in shake flasks being inducted for 96hrs.This research work
provides an important strategy for its pro-region to take advantage of the degree of transglutaminase folding.

Keywords— Pichia pastoris, protein folding, pro-peptide, transglutaminase.

l. INTRODUCTION

Transglutaminase (EC 2.3.2.13) also called protein-
glutamine-gammaglutamy|-transferase belonging to the class
of transferase that catalyzes acyl-transfer between residues
of glutamine and a wide range of primary amine residues®.
The reaction leads to stable, insoluble product complexes of
macromolecules?. The cross-link reaction leads to the
creation of an intra- and inter-molecular isopeptide bond that
leads to the polymerization of proteins®.

TGases, present in vertebrates, invertebrates, molluscs,
plants and microorganisms, are considered to be widely
distributed in nature*®. They have myriad functionalities and
involved in most of the physiological functions, such
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aswound healing, epidermal keratinization, blood clotting,
plant programmed cell death and photosynthetic complex
chloroplast stabilization. In addition, TGases are also widely
used in the food industry, biochemical and biomedical
research, tissue engineering, and in the development of
leather and textiles®%In early TG studies, calcium
dependent mammalian transglutaminases were used to assist
in protein polymerization but due to the high-cost, poor
reaction Kinetics and instability of animal origin TGases,
triggered the scientist to look for cheaper TG sources. TG
from streptomyces mobaraensis was first identified in 1989
by the researchers of Ajinomoto Co., Inc and currently,
majority of the industries used microbial
transglutaminase!12,
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Several proteins, proteases in particular, are expressed as
inactive precursors that are triggered by the removal of the
respective protein pro-region. It is understood that the pro-
region functions as a protein transporter and inhibitor of the
protein concerned®®*5, MTG produce extracellularly as
inactive zymogen and the N-terminal pro-region consisting
of 45 amino acids must be removed by exo- or endogenous
proteases for fully functional enzyme!. Producing
recombinant proteins in engineering strains is troublesome
for their activation and downstream processing. Keeping in
view the activation problem, pichia pastoris is a perfect host
with integrated kex2-endpeptipase and capable of separately
generating pro- and mature region without needing any in
vitro protease. MTG activity reached 1.83U/mL in flasks,
suggesting that mature enzymes could be promoted and
activated by the pro-peptide sequence'’. However, the
processing and manufacturing of MTG acquired so far is not
enoughto reach the industry demand.Therefore, to boost the
enzyme activity of MTG, a rising demand for MTG is
urgently required.

Pichia pastoris carries repeated ribosomal DNA (rDNA)
sequence separated by non-transcribed intergenic spacer
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recombinant host is problematic without its pro-region,
having dual role: assisting the folding of TGase into active
conformation and preventing its activation'#®. The higher-
yield pro-peptide strategy will be used in this research work,
providing the importance of the pro-region for TG.

In order to boost the expression and enzyme activity, the
genes for pro- and TG were optimized according to codon
bias of pichia pastoris in view of the stable mRNA secondary
structures and GC ratio. Two different sites at chromosome
were selected for pro- and TG gene insertion. The pro-region
inserted at ribosomal DNA repeated sites (rDNA)and TG at
the mutant histidinol dehydrogenase site (His4). Both of the
genes were regulated by AOX1 promoter. By optimization
of fermentation conditions, a high co-expression of pro-
peptide and MTG was obtained compare to wild type.

1. MATERIALS AND METHODS
2.1. General Strains and Vectors

Strains and vectors are described in Table.1 shown below.
The E. coli was cultured in Luria-Bertani (LB) medium at
37 °C, whereas the P. pastoris was cultured in buffered

(NTS)®. It could be used as the site of recombination to methanol-complex ~ medium  (BMMY) at different
increase the target genecopy number. TG expression in temperature and pH.
Table 1. Strains and plasmids used in this study
Strains Genotype References
E. Coli IM109 endAl, recAl, gyrA96, thi, hsdR17 (rk—, mk+), relAl, supE44, Invitrogen
A( lac-proAB), [F’ traD36, proAB, laglqgZAM15]
P. Pastoris GS115 his4, host strain Invitrogen
PPICOK Description Invitrogen
pET-22b(+) Description Invitrogen
pPIC9K-Pro pPICIK vector carrying 135bp of pro region, regulated under AOX1 This study
promoter
PPICOK-TG pPICI9K vector carrying 1135bp of mature TG, regulated under

AOX1 promoter

This study

Pro-region integrated at rDNA site of GS115

GS115-pro-rDNA

This Study

Mature sequence of TG integrated at HIS4 site and transferred to

GSLIS(PIDNAJTGhISA) o1 1e o DNA

This study

2.2. Construction of wild type Recombinant plasmid

The mtg gene was selected from the cDNA of S.
mobaraensis (accession no. Y18315). The PCR was
performed to amplify mTG by using primer TG-F (5°-
AGAGAGGCTGAAGCTGACAATGGCGCGGGGGAAG

ISSN: 2456-1878
https://dx.doi.orq/10.22161/ijeab.61.35

AG-3’) as a forward primer and primer TG-R (5’-
GAATTCTACGTAtcaGTGGTGGTGGTGGTGGTGCG-3’)
as a reverse primer from the plasmid pET-22b(+). The
resultant gene was then cloned into pPIC9K vector by one
step cloning. The recombinant vector was transformed into E.
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coli JM109, sequenced to ensure base sequence was nhot
mutated.

2.3. Media Preparation for Subsequent procedures

(@) YPD Media (g/L): Dissolved 20g peptone and
10g yeast extract in 900mL while 20g glucose in 100mL
separately. For solid media, 2% agar was added

(b) BMMY (g/L): 10g yeast extract, 20g peptone,
100mM potassium phosphate pH 6.0, 1.34% YNB, 4 x 10-5%
biotin, 0.5% methanol were prepared and sterilized.

(c) MD solid medium (g / L): 1.34% YNB, 4 x 10-
5 % and biotin 2% dextrose were the recipes used.

2.4. Pichia GS115 competent cell preparation

Pichia pastoris GS115 strain was streaked on YPD plate to
attain the colonies. After the colonies grew, a single colony
was picked and inoculated into 50mL YPD medium, and
cultured at 30°C for 24h. About 0.5 mL of the bacterial
solution was taken from the culture and inoculate it into
another 50mL of fresh YPD medium. The media was
cultured at OD600 1.3~1.5 at 30°C. The culture was
centrifuged at 1500xg and 4°C for 5min. The cells were
resuspended in 8mL YTB, 180ul DTT and kept it at room
temp for 30min. After, centrifuged it at 1500%g and 4°C for
5min. The cells were resuspended and washed in 50mL(1M
sorbitol) at 1500xg and 4°C for 5min. This step was repeated
three times. Finally, the cells were resuspended by adding
1.0mL of 1M sorbitol and aliquot of 100ul added in each
tube for subsequent transformation.

2.5. Construction of GS115-Pro-rDNA expression cassette

The pro-region sequence was copied with forward primer
(P1) and reverse primer (P2) and fused to the 3°’AOX1 end
of S. cerevisiae a-mating factor signal sequence. The rDNA
sequence was isolated from pichia genome with the forward
primer (P3) and reverse primer (P4). The rDNA sequence
fused to the 3’end of the 3’AOXI1 terminator.The earlier
prepared Pichia GS115 competent cells were taken out and
thaw them on ice. The recombinant plasmid GS115-Pro were
linearized by digesting with Spel restriction enzyme and
transformed into competent cell, kept it for 15min on ice.
The samples were then transformed to e-cups followed the
electro-transformation condition 2000Q, 25uF, 1500V.
Immediately added 1mL of 1M sorbitol solution after the
completion of the transformation and incubate it for 1~2hr at
30°C. Centrifuged the transformed culture at 5000rpm for
3min. The cells were resuspended and poured on YPD agar
plate and incubate it at 30°C for 2-3 days.

Table.2 PCR primers used in this study
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Primers Sequence direction (5> — 3°)
P1 gataacggtgctggtgaagaaacta

P2 tgctggtccatcttttagagctcca

P3 tagttaggttaccgtttttcctaatatttaagg
P4 gactggtggttgactgttggtggaag

2.6. Screening and ldentification of Positive recombinants

PCR was used to verify positive recombinants of
the engineered strain. Eight colonies from the YPD plate
were randomly picked, and 5A0X and 3A0X primers were
used for colony PCR. Agarose gel electrophoresis was used
to verify that the correct colony number was selected.

2.7. Construction of the co-expression cassette

The recombinant vector GS115-Pro successfully transformed
to pichia genome to form GS115-Pro-rDNA. The GS115-
Pro-rDNA strain was used as a host strain for the
recombinant vector GS115-TG. As mentioned earlier that the
TG gene was isolated from the cDNA of S. mobaraensis was
fused to the 3’AOX1 end of S. cerevisiac a-mating factor
signal sequence. The competent cells were made in the same
way from the host train GS115-Pro-rDNA. To linearize the
GS115-TG-his4 plasmid for transformation, the Sall
restriction enzyme was used. The co-expression strain
GS115(PrDNA/TGhIS4) was successfully engineered and
cultured on MD plate for 1~2 days at 30°C. Clones with
higher growth were selected on YPD with 1-1.5ug
concentration of G418. The successful clones from YPD
plate were cultured in YPD medium for 24hr at 30°C and
induce in BMMY media for expression. In the supernatant,
the TG was confirmed by colorimetric hydroxamate based
method that gives the color of burgundy by treatment with
substrates.

2.8. GS115(PrDNA/TGhIS4) engineered strain expression in
shake flask

The strain with higher activity was added into 50mL YPD
for overnight culture. The overnight culture was centrifuged
at 1500xg for 5min at 4°C when the OD reached 5~6. The
overnight culture was harvested in 50mL BMMY media with
different pH and temperature conditions. 0.5% methanol was
added routinely 24hr for about 96hr course of shake flask
fermentation. Samples were taken every 24hr for analysis
and enzyme activity was measured by colorimetric
hydroxamate method described below.
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2.9. Enzyme assays and definition of units

TGase activity was measured by the colorimetric
hydroxamate procedure. Enzyme solution (50ul) was mixed
with 500 ul of reagent A (50mM MES, 100mM NH20H,
10mM glutathione (reduced form), and 30mM Na-CBZ-
GLN-GLY, pH 6.0, and incubated at 37° C for 10 min. The
reaction was stopped by adding 500ul of reagent B(a,3N-
HCI; b, 12%TCA,; ¢, 5%FeCl3.6H20;a: b:c=1:1:1), and the
resulting red color was measured at 525 nm.

2.10. Data statistical analysis

Statistical data analyzing was performed with the aid of
IBM-SPSS-20 software (SPSS Inc., Chicago, USA). The
significant changes among the tested samples were estimated
with ANOVA by means of Duncan's test on a confidence
level of 95% (p < 0.05). All experiments were accomplished
in triplicate and the data were expressed as mean + standard
deviation.

. RESULTS AND DISCUSSION
3.1 Constructing the co-expressing strains for Pro- and TG

Two different vectors pPIC9K-Pro and pPIC9K-TG were
constructed for expression of Pro- and TG genes,
respectively (Fig.1). Both of the genes were inserted
separately into pPI1C9k vector, fused with the S. cerevisiae a-
mating factor signal sequence and regulated under AOX1
promoter. The pro and TG genes could be attached to rDNA
and HIS4 loci of GS115 when vectors successfully
transformed to the host strain.

In order to generate the co-expressing strain, the vector
pPIC9k-Pro were first transformed to GS115 to make
GS115-pro-rDNA host strain for TG.Successful clones of
GS115-pro-rDNA were selected on yeast dextrose peptone
(YPD) plate. The clone with pro-gene insertion were used as
a host strain for pPICIK-TG to form
GS115(PrDNA/TGhIS4) co-expressing strain. The co-
expressing strain GS115(PrDNA/TGhIS4) contains pro and
TG genes were analyzed through PCR to verify the insertion
(Fig.2a, and 2b).

Multi-copy integration is anticipated to occur by single
homologous recombination during integration, resulting in
tandem integrated copies of the vector?°. The copy number of
genes for TG expression is an important factor. In pichia
pastoris, TG with 3 copy numbers recorded the best activity
of 1.41U/ml? . Therefore, the co-expression strain was
selected on YPD with two concentration of G418 (contains
100 ug/ml, 150ug/ml) to ensure the successful transformant

ISSN: 2456-1878
https://dx.doi.orq/10.22161/ijeab.61.35

International Journal of Environment, Agriculture and Biotechnology, 6(1)-2021

and appropriate copy number selection for TG expression.
Strategy for multi-site integration of pro-region via rDNA
and selection of an appropriate copy of TG produced 3.9u/ml
in the shake flask, indicating the role of pro-region in proper
folding of more enzyme extracellularly (Fig 3a and 3b).

3.2. Effect of pH, Temp and different induction parameters
on the TG activity

The effects of three temperatures (20°C, 25°C and 30°C)and
four pH values (5.0, 6.0, 7.0 and 8.0) on TGproduction were
tested in shake flask experiments using a single copy of the
engineering strain GS115(PrDNA/TGhIS4). The clones were
inoculated in 50mL YPD for 24hr and the overnight cultures
were transferred to 50mL BMMY for 96hr induction. The
samples were collected every 24hr and activity was
measured by colorimetric hydroxamate-based method.

From the activity analysis, it appears that suitable
environment for transglutaminase production is low
temperature and alkaline environment from pH 6.5~7.5 as
shown in (Fig 4a, 4b and 4c). The production of
transglutaminases at a lower pH is difficult to enable
activation and requires regulation of activation enzymes such
as dispase | with exchange buffer.Lower temperatures are
ideal for foreign proteins to reduce degradation, given
theimportance of proteases. The finding in this research
work may be due to the poor activity at low temperatures of
extracellular protease enzymes.Higher temperatures are also
problematic for the successful folding of foreign proteins?.
Here, thesecretion of TG at temp 30°C is nearly the same as
25°C, given the role of pro-region to enhance folding of TG
amid higher temperature.

Three different induction parameters were chosen to see if
different methanol intensities affect the engineering strain
with pro-region higher integration at rDNA.In the shake
flasks experiment, three different concentration, 0.5%, 1%
and 1.5% of methanol were conducted. The product did not
affect with methanol concentration from 0.5% to 1% but
declined at higher concentration of 1.5%, suggesting the
accumulation of methanol which is toxic for the cells.

According to the data from shake flasks experiments, the
recombinant strain expressed at higher level with low
temperatures and higher pH values. However, the production
at high temperature was nearly the same as at lower
temperature compare to the wild type which showed little
activity. The optimum extracellular production conditions
for the engineering strain to produce the TG enzyme were
therefore calculated at 20°C and pH 7 at shake-flask level
with 0.5% methanol induction.
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Fig.1 Construction of recombinant plasmids for TG expression

— 15000
TN

200 -

(a) (b)

Fig. 2 Colony PCR from the host strain GS115-prorDNA showing pro region having 135bp (a). The TG gene having 1135bp
from co-expressing strain GS115(PrDNA/TGhIS4) (b).
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Fig. 3 The SDS analysis of wild type and co-expressing engineered strain. Both of the expression were treated with and without
dispase 1. (a) Wild type TG, lane 1 is treated with dispase showing 40kda while lane 2 is without any dispase addition shows
55kda. (b) Co-expressed GS115(PrDNA/TGhIS4) strain, lane 1 is treated with dispase showing 40kda while lane 2 is without any
dispase addition shows 55kda. Here, the engineered strain shows big bands suggesting more of the proteins secreted in the
extracellular matrix
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Fig. 4: Activity analysis of wild type TG and GS115(PrDNA/TGhIS4) engineered strain at three different temperatures (a)20°C,
(b)25°C, and (c) 30°Cand four different pH values.
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V. CONCLUSION

The co-expression strain GS115(PrDNA/TGhIS4) was
successfully engineered by integrating the pro-region at non-
transcribed ribosomal rDNA of pichia pastoris followed by
TG incorporation into his4 site. The expression of pro-region
with uncountable copies at rDNA sites secreted more folded
extracellular proteins. However, for industrial applications,
the output of this study work is minimal, and needs to be
improved.It offered an insight for potential pro-region
enhancement and secretion investigation.Co-expression of
pro-region and mTG is a challenging task. These findings
could be applied and expanded by harnessing the pro-region
role for the folding of "difficult-to-express"” recombinant co-
express pro-transglutaminase.
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