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Abstract

In the present study, green fluorescence protelPjGvas used as a candidate protein to test
and optimize a robust chemical transformation pdace inP. pastoris. Towards this, it was
adjudged that pretreatment Bf pastoris cells with lithium chloride (LiCl) and its optimal
concentration is critical for efficient transfornmat. Using three different methods (M1: 100
mM LIiCl, 10 min, M2: 1 M LIiCl, 10 min and M3: 1 MICl, 1 h), it was found that
concentration and incubation time for LiCl treatrmsignificantly affects the transformation
efficiency. The transformation efficiency (transfants/pig DNA) was observed to be 1.01 x
107, 5.07 x 16 and 6.52 x 1dusing methods M1, M2 and M3, respectively, indiwgthe
superiority of M3. Moreover, presence of the GFiRegen the positive transformants was
confirmed using a novel colony PCR method wherectilenies were treated with LiCl prior
to GFP specific amplification. Also, it was estahkd using fluorescence microscopy and
western blot analysis that increasing zeocin comagon as a post transformational vector
amplification (PTVA) strategy increased the flum®sce and gene expression, respectively.
Further, RT-qPCR revealed that the gene copy nunrieg methods M1, M2 and M3 were
2.9, 5.29 and 7.16, respectively, when 500 pg/ndoci@ was used for selection, thus
corroborating western blot results. In conclusiove demonstrate a cheap and robust
chemical method for achieving higher transformatdiiciency inP. pastoris and a simple

procedure for colony-PCR based- diagnosis allewgihe need for enzymatic treatment.

Keywords:. Pichia pastoris; LiCl; Transformation; Copy humber; RT-gPCR; Methods
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1. Introduction

Pichia pastoris, which has been reclassified emagataella pastoris, is a methylotrophic
yeast which is popularly used for the large-scatelpction of recombinant proteifi$]. Over

the yeard. pastoris has been successfully used as an expression sigstéime production of

a wide range of heterologous proteins of both exdtar and prokaryotic origin [1]. These
proteins are either secreted or present intraeeljuin the host cells [1]. The widespread
popularity of P. pastoris for recombinant protein synthesis is attributed it® tightly
regulated, strong methanol inducible promoters (AQXAOX2) that allows it to utilize
methanol as a sole carbon source when no otheortatpplements are available [2-6].
Although P. pastoris is widely used as the cell factory for protein eegsion studies using
commercial vectors such as pAO815, pGARPPICZk etc. the transformation is generally
carried according to the supplier's protocol whielquires standardization for a given case.
Moreover, there exists no generic transformatiostqmol which can be adapted to given
protein expression. As the transformation effickerscgoverned by several factors, there is a
need to optimize these conditions in order to aehieonsistent results. For the DNA
mediated transformation . pastoris, many methods are available which depend on severa
factors such as size of the DNA to be transforneedt, convenience etc. The most popular
methods used are electroporation, spheroplast-géoer LICI and PEG1000- based
transformations [7]. Since the transformation oéstecells by spheroplast preparation is a
tedious one and less effective, other alternative® sought after. Usage of alkali metal ions
and some detergents are widely used in order tpapgecompetenP. pastoris cells for
transformation [7]. It has been found that the lalkgetal ions such as lithium and sodium
were effective for rendering competent cells, wher¢he detergents could not attribute
competency [7]. The transformation efficiency, gsithese cations were very much

comparable to that obtained from the spheroplasthoae7]. Cregg & Barringer [8] were the
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first to use lithium chloride for the preparatioi competent cells ofP. pastoris for
transformation. Their study resulted in the disecgwd a novel method for making the whole
cells of theP. pastoris competent. They also established that the tramsfoon efficiency
was higher in linearized plasmid DNA in comparisionthe circular plasmid. The other
commonly used method f&. pastoris transformation is electroporation. In the studid®re
electroporation method was used, transformatioicieffcy was around £a.0*/pg of DNA
[9]. For increasing the transformation efficiencging electroporation method, Wu and
Letchworth [10], suggested pretreating thepastoris cells with lithium acetate and DTT.
They reported an increase in the transformatioitieffcy by 150 folds by using 100 mM
lithium acetate and 10 mM DTT. Moreover, it hasrbaéso reported that the electroporation
is highly efficient in comparison to the chemicattimod using lithium chloride [10].
Generating multi-copy strains is one of the methfedptimizing the protein expression in
P. pastoris. Designing an experiment leading to high transtdrom efficiency and high
throughput screening of robust positive clonesrduprotein expression iR. pastoris is a
crucial step. Although electroporation has beenl wstablished for high transformation
efficiency, it also requires optimization of thenditions and replacement of cuvettes after
each run. Moreover, the chemical methods for t@nshtion in yeast are always considered
to yield very low transformants in comparison teottoporation [11].

Here we report a modified chemical method usingidih chloride based competent cell
preparation, which is not only simple and cost @ffe® in comparison to electroporation-
based technique but also yields high transformagfiiciency. Also, a non-enzymatic
methodology for carrying colony PCR for positivartsformants has been standardized for
the first time. Furthermore, in this study, theeeff of increasing zeocin concentration

(selection marker) on the gene copy number as atmosformational vector amplification
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(PTVA) strategy has been investigated. All the @rotexpression were carried using

pPICZaA plasmid (Invitrogen Inc.) and green fluorescertein (GFP) as the candidate.

2. Materialsand Methods

2.1 Strains, vectors and media

For the transformation studies, GFP was used asefi@ter gene, and was isolated from
pPGREG599 (Euroscarf, SRD GmbH) which containedniingeotide sequence for GHE.
coli DH50 was used as the bacterial host for the librarpamaion, and th®. pastoris X-

33 strain was selected as the expression hosmPlgsPIC4A (Invitrogen, USA) was
used as the shuttle vector for carrying the ingerte into the host cell®. pastoris cells
were grown in YPD medium (1% yeast extract, 2% @eptand 2% dextrose), and the LB
medium (1% Tryptone, 0.5% Yeast Extract, 0.5% Na@dfs used forE. coli DH5a
cultivation. The media was supplemented with ZeBtifThermo Fisher Scientific, India).
In the case oE. coli selection, zeocin concentration was fixed at 2dnl,gvhereas in case

of P. pastoris selection, the concentrations varied in the ré&s@&00 pg/mil.

2.2 PCR amplification of GFP

Plasmid pGREG599 was isolated using GenElwR&asmid Miniprep Kit (Sigma-Aldrich,
USA); gene specific primers were designed withhtek of OligoAnalyzer v3.1. 100 ng of
this isolated plasmid served as a template forRG& amplification of GFP gene. Phire
polymerase (Thermo Fisher Scientific, USA) was usedPCR. Conditions for PCR are as
follows: initial denaturation at 98°C for 4 mingtedenaturation at 95°C for 30 s,
annealing at 55°C for 30 s extension at 72°C fonid, and a final extension at 72°C for 10
min. After the reaction, the end product was aralysusing 1% agarose gel

electrophoresis.
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2.3 Vector construction for GFP

Isolation of the plasmid pPIG2& was done using GenEIUté Plasmid Miniprep Kit (Sigma-
Aldrich, USA). The PCR amplified gene was purifigsing Column-Pure PCR Clean-Up Kit
(abm, Canada), and the purified gene and the vgdCZA were used for the double
digestion. Digestion was carried using the enzyKXiesl and Notl (NEB, USA) in a reaction
mixture of 50 pl and incubating at 8 for 1 h. The double digested gene and the vector
were purified using abff Column-Pure PCR Clean-up Kit. The purified gend aactor
were ligated using T4 DNA ligase (NEB, USA) for ainiing the final construct pPIGA-
GFP. The constructed plasmid containing both ingerte was transformed into freshly
prepared competent cells Bf coli DH50. using the heat shock method. 25 pg/ml zeocin was
used for the selection of the positive clones. Latkning was confirmed by colony PCR

using GFP specific primers and insert release usbray and Notl enzymes.

2.4 Transformation in P. pastoris

For transformation irP. pastoris, pPICZuA-GFP was isolated fronk. coli DH5a library
using GenElutB" Plasmid Miniprep Kit. The plasmid was then linead using Pmel (NEB,
USA) restriction enzyme, by carrying single digestin the AOX promoter region. The
linearized plasmid was later transformed iRtgastoris cells using the heat shock method. 1
M LiCl and 100 mM LiCl were used for the competeall preparation using following three
methods: (M1, Method-1)P. pastoris cells were grown in YPD broth medium overnight at
28°C and were later sub-cultured into 50 ml YPD medwith starting Olgy of 0.1. Cells
were grown to an OD in the range 0.8-1.0, latevdsted and washed thrice with 25 ml of
autoclaved distilled water. An aliquot of cells water transferred to 2.0 ml microcentrifuge

tube to wash again with 1 ml of distilled waterdated by 1 ml of 200 mM LICl. Cells were
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later kept in 100 mM LICl for 10 min at 30°C. Thisethod is according to the Invitrogen’s
pPICZo user manual. The remaining two methods are madiéins of method-1 and are
described briefly as follows: (M2, Method-2)- Inidhmethod, cells were washed with 1 M
LiCl followed by incubation in 1 M LiCl for 10 miat 30°C. (M3, Method-3)- In this method,
cells were washed with 1 M LiCl were incubated iMLiCl for 1 h at 30°C.

In all the three methods, after the LiCl incubatioalls were centrifuged and the pellet was
re-suspended in 400 pl of 200 mM LICl in the ca®& and 400 pl of 1 M LiCl in case of
M2 and M3. Later, 50 ul of the prepared competefisavere transferred into a 1.7 ml tube
and centrifuged. To the obtained pellet, 240 @¥ PEG, 36 pul of LiCl, 25 pl of 2 mg/ml
SS DNA and 1 pg of plasmid pPIGE DNA were added according to the Invitrogen manual
The mixture was incubated for 20-30 min at 30°Cqd &ater heat shock was provided by
keeping the tubes at 42°C for 20 min. The pellet wa@llected and re-suspended in 1 ml YPD
broth. It was allowed to grow for 2-4 h as desatibe Gietz and Woods [12]. After the brief
growth phase 50, 100 and 200 ul cell broth wereapionto YPDA plate having 50 pg/ml
zeocin from all the three methods of competentfelparations. The plates were incubated at
30°C for 2 to 4 days until colonies were formedansformation efficiency was then
calculated by counting the number of colonies pérand was expressed as a number of

transformants per microgram DNA.

2.5 Screening of transformants on zeocin selection pressure

Around 20-30 colonies were sub-cultured from papgdate (50 pg/ml zeocin) to YPD plates
with 100 pg/ml zeocin concentration and incubated 24 h at 30°C temperature. The
colonies that grew on 100 pg/ml were again sulbdoedt onto 250 pg/ml zeocin

concentration and finally at a concentration of %a§fml. For proteins expression studies,

colonies formed on the plate with 500 pg/ml ze@tncentrations were selected.
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2.6 Colony PCR of P. pastoris

To confirm integration of gene cassette, three e from 500 pg/l zeocin plate were
selected for the colony PCR from each method. Briafloop-full of colony was taken from
the plate and were resuspended in 200 pl of foligwhree solvents: (i) water (i) 200 mM
LiCl and (iii) 1 M LIiCl. Again, all three solventaere incubated for 10, 30 and 60 min prior
to colony PCR. After incubation, cells were wastigée times with sterile distilled water and
the pellet was re-suspended in 200 pl of distMeder. 5 pul of this cell mixture was used for
a colony PCR reaction. Tag DNA polymerase master abm, Canada) was used for
performing PCR. For all the selected colonies, ©plBCR was carried using GFP specific
primers as well as AOX specific primers. The prisier GFP are forward 5'-
GCGCGCGCGGCCGCATGTCTAAAGGTGAAGAATTATTCACTGGTGT-3' nd reverse
5-GCGCGCTCTAGACCTTTGTACAATTCATCCATACCATGGGT-3', anfor AOX are
forward 5'-GCCATCCGACATCCACAGG-3' and reverse 5'-
GCCCAATAACTGGGCTGGTT-3'. The amplification was canfed by running the product

in 1% gel electrophoresis.

2.7 Expression study of GFP using fluorescence microscopy

Single colonies from transformation plates using, M2 and M3 were grown in 25 ml of
BMGY medium and shaken (150 rpm) at 30 °C untilgg@f 5.0-6.0 was reached. The cells
were collected by centrifugation at 6000 rpm for 5 min at 4 °C; sufficient cells were
resuspended in 50 ml of BMMY to reach initial @p 1.0. To induce the expression,
methanol was added every 12 h to a final conceatraf 1.5% (v/v). After 72 h induction, 1

ml cells were collected by centrifugation, washad eesuspended in 1 ml distilled water. 50
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ul cells were taken on glass slide and examinedguluorescence microscopy (Olympus,

USA).

2.8 Western blot analysis

Protein was collected as supernatant from 96 h anelhinduced cultures and were
concentrated using vacuum dryer (Biotron, South elddr Sodium dodecyl sulphate-
polyacrylamide (gradient 4-20%) gel electrophorgSiI®S-PAGE) was performed using a
Mini-Protean Il unit (Bio-Rad, CA, USA). Westernoblwas carried out after protein was
transferred from SDS-PAGE gel onto a PVDF membraissng a Mini Trans-Blot
Electrophoretic Transfer Cell (BioRad, CA, USA)Iltmling manufacturer's instructions. As
the GFP expression was in-frame with 6X-his, itsedgon was carried out using his-tag
mouse mAb (Cell Signaling Technology, USA) with dution 1:1000. Anti-mouse 1gG
conjugate (HRP-linked Antibody (Cell Signaling Tedhogy, USA)) was used to a 1:3000
dilution as secondary antibody for GFP detectioretebtion was carried out using
chemiluminescent substrate SignalFire™ ECL Rea@€rtl Signaling Technology, USA)

and the signal was collected by a photographic. film

2.9 Genomic DNA extraction and RT-qPCR for copy number estimation

After the confirmation of gene insertion by coloRZR, the DNA was isolated using the
protocol given by Tomita et al. [13]. Briefly, omelony from the three methods growing on
different zeocin concentrations was selected. Hleeewild-type strain X-33 served as a
negative control. The purity of the extracted DNAswconfirmed by running on 0.8%
agarose gel electrophoresis and concentrationeoDtWA was determined by the Nanodrop
at 260 nm. Prior to RT-gPCR, isolated DNA was sciigie¢ to normal PCR using AOX

specific primers for the confirmation of insert genLater, RT PCR was carried using AOX
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specific  primers, forward (5-GCCATCCGACATCCACAGGE-3 and reverse
(GCCCAATAACTGGGCTGGTT) to determine the insert copymber present in the
genome. Six different concentrations of plasmigd 0125, 0.5, 0.75, 1, 1.25 and 1.5 ng/ul
served for calibration of standard. The reactiortune of 10 pl was prepared using these
different concentrations of plasmid, and SYBR greester mix (Bio-Rad, USA) was used
for RT-gPCR. Similarly, 20 ng of the isolated gemonbNA from different zeocin
concentrations were used for the reaction. Fordhalitative analysis of the amplified
products, gel electrophoresis was done using 1%osagaand the calculation of the insert

gene number was done according to Abad et al. [14].

3. Results

3.1 Transformation in P. pastoris

The plasmid pPICZA-GFP was constructed as described in the methodswas later
used for transformation i. pastoris. The schematic representation of work flow is
provided inFig. S1. The transformation & pastoris was carried out using the heat shock
method. Competent cells Bf pastoris were prepared using three different methods using
different concentrations of lithium chloride andfelient times of incubation in lithium
chloride. For each method, three different volumesansformation mixtures viz., 50 pl,
100 pl, and 200 pl were added to the YPD zeocinavoimg plates. Colonies were
observed after two days of incubation at 30°C. Bbiil concentration and time of
incubating competent cells were found to have aifsignt effect on transformation and
the transformation efficiency (cf. Fig. 1(A-C)).Was clearly visible that the transformed
colonies from M2 (Fig. 1B) and M3 (Fig. 1C) wergler in comparison to M1 (Fig. 1A),
indicating that higher concentration of LiCl impes/the transformation efficiency. The

transformation efficiency results are provided ig. RD&E. There is a net improvement of
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50.19- and 64.55- fold increase in the transforomatefficiency using M2 and M3,
respectively, when compared to M1. In the case 8ftM fold improvement over M2 was
found to be 1.28. These results suggest that iseck&iCl concentration and the time of
incubation positively affect transformation effioy. Overall, it was found that the
method M3 yielded the highest transformation effiy with optimal conditions of
washing the cells with 1 M LIiCl and later incubagifor 1 h in the same solution prior to
the actual transformation. Also, higher incubatiomes, viz., 2 h and 6 h were also tested,
however the number of transformant colonies obsktaebe lesser in comparison to 1 h

case (data not shown).

3.2 Screening for positive transfor mants using colony PCR

Colony PCR is a common strategy to diagnose theesscof the transformation. Unlike
bacterial cellsP. pastoris cells requires a pretreatment step to carry coPGR. Here, in
the present study, the colonies were treated agéaim 100 mM-1 M LIiCl similar to
competent cell preparation as a pretreatment ptweeidr colony PCR, thus alleviating
the usage of expensive enzymatic treatments ohlerat treatments. Total three different
pretreatments were carried for the cells beforeysay the colony PCR as described in
methods. Colony PCR result revealed that resuspgritie loop-full colony in 1 M LiCl
and incubating for 30 -60 min was highly effectfee the colony PCR screening (Fig. S2).
No amplification was observed in water and 100 miMILireated cells. Both AOX
specific primers and GFP specific primers were usedcolony PCR- based screening.
Initially, for colony PCR, five colonies were sefed from each transformation methods
(M1, M2 and M3) and AOX specific primers were uskdvas observed that all colonies
showed positive amplification (Fig. 2A). Subseqglientolony PCR was carried again for

the confirmation of the presence of GFP cassetim fthese positive colonies usi@FP

11
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specific primers. In method-1 (M1), out of five onles only three colonies were positive.
And in the other two methods all selected colonvese positive (Fig. 2B). It was found
that in the negative control no amplification wéserved (cf. Fig. 2B). According to these
results, it was clearly visible that transformatiefficiency was less in method M1,
whereas both M2 and M3 were highly effective far transformation of the linear plasmid

into P. pastoris.

3.3 Screening for multiple copy transfor mants

Increased resistance to the selection marker (@eoticase of present study) indicates the
enrichment of theP. pastoris population by multiple copies of the insert [1Blence, the
selection of the colonies growing in high dosagéghe antibiotic is a straightforward
strategy to screen colonies possessing multiple gesertions. Therefore, the motive here is
to scout for high copy insertion candidate whiclrasistant to high dosages of antibiotic.
However, it was observed that only 5% of such rolhugh antibiotic resistance colonies
contain multiple gene insertions [16]. Moreoverclsuscreening procedures are time
consuming and tedious. Sunga et al. [17] introducedvelin-vivo strategy termed as post-
transformational vector amplification (PTVA) whetiee antibiotic resistance is gradually
increased in linear/gradient fashion thus enrichivgstrain with increased number of vector
copies. Here too, we applied the same techniqtieettransformed colonies obtained from all
the three methods and understand the role of PTWV&BP expression.

Twenty to thirty colonies were randomly selecteahirfresh transformants grown on 50
pg/ml for each method and were subjected to PTVA ibgreasing the zeocin
concentrations every 24 h of incubation. The trams&nt colonies were first plated onto
YPD plates having 100 pg/ml zeocin. All the coleanstowed growth after 24 h and hence

were then sub-cultured onto YPD plates having zeconcentration of 250 pg/ml. The

12
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following day positive colonies were sub-culturedmfresh YPD plates having 500 pg/ml

of zeocin.

Post methanol induction as described in methBdgastoris X-33 cells across three different
zeocin concentrations (100, 250 and 500 pg/ml) exathods (M1, M2 and M3) were
examined using fluorescence microscopy (cf. Figlt3)an be observed that the fluorescence
intensity of GFP using M1 at 100 pg/ml zeocin isvést, and using M3 at 500 pg/ml is
highest (Fig. 3). It can be seen that the fluegase varied not only across the methods but
also with varying zeocin concentration. AlthougllMA has been proved to improve the
copy numbers of the expressed gene [16], it igaesteng to observe that the increased LiCl
(2 M) using method M3 also increased fluorescefd@e confirm these qualitative results,
western blot analysis was carried for protein s@spls described in methods and the results
are provided in Fig. 4A. It was observed that istBnof band was highest in lane 3 where
method-3 and 500 pg/ml zeocin were used for tramsfton and PTVA selection,
respectively. The intensity lowered at 250 pg/rahé 2) and was not observed at 100 pg/mi
(lane 1) for method-3 transformation procedure.sTdhows that gradual increase in zeocin
concentration during PTVA positively affects theotain expression (probably due to
increase in gene copies). Similarly, when westéohresults were compared across methods
M1, M2 and M3 at 500 pg/ml, no band was seen in(ldde 4), low intensity band was seen
in M2 (lane 5) and highest intensity in M3 (lane Bhese results indicates that there is
significant variation among the transformation noelth used. And method-3 transformation
procedure synergistically affects PTVA implemerdati Therefore, it is demonstrated that
both LiCl concentration and incubation time durimgpcessing of. pastoris cells affects

chemical transformation.
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In order to determine quantitatively whether inee@ zeocin selection pressure enriched
the P. pastoris cells by increasing insert copy number in the gemoRT-gPCR was
carried.

For the insert copy number determination, genomMADwas isolated from positive
transformant colonies from the three methods &t diht zeocin concentrations, whereas, the
wild type strainP. pastoris X-33 served as negative control. For the confiromabf the
presence of GFP in the isolated genomic DNA, norRfaR was done using GFP specific
primers. The amplified product was run in 1% gelkc#alophoresis and the band corresponded
to 717 bp, which confirmed the amplification (résuiot shown).

The analysis of RT-gPCR results was done as desthip Abad et al. [14]. For preparing the
calibration curve in order to quantify, the veatonstruct pPICzA-GFP was linearized with
Xbal enzyme. Different plasmid concentrations 0®5, 0.75, 1.0, 1.25, and 1.5 ng for 10
pl reaction were selected for the RT-qPCR react@opy number of the gene in ng plasmid
DNA was calculated using Avogadro’s number. Furtkar-gPCR, standard curve was made
by plotting the mean Cq value of the plasmid ddng with the log of plasmid copy number.
Using this standard curve (cf. Fig. 4B), the inseopy number in the samples was
determined.

The gene copy number of the control samples wasméeted by the equation below [14].

Gene copy number Target gene copy number after RT-P(

Control gene copy number after RT-P¢

The results from the RT-gPCR experiments are showiable 1. Gene copy number of 7.19,
which is highest amongst all the treatments wamiesl in the colonies growing on 500
pg/ml of zeocin using M3 procedure. In the caseMdf M2 and M3 methods the copy
number in 500 pg/ml zeocin plates increased by,33b and 2.19- folds over 100 pg/ml

zeocin plates, respectively. M2 based transformagivowed lower copy number than M3;

14
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and M1 vyielded least amongst three methods. Howewerall the three methods the

increasing zeocin concentration has resulted ireased copies of the gene.

4. Discussion

The transformation efficiency is usually in the ganof 16-10* transformants/ug DNA
when electroporation or spheroplast proceduresdopted in the case &f pastoris [10,
18]. Transformation efficiency ifP. pastoris using chemical method is lower when
compared to electroporation (Invitrogen manual)m8oimprovements were made by
combining both chemical treatment and electroponatThe results showed around 140-
fold increase in transformation efficiency in suciethods [10]. The present study is a
combination of chemical treatment and heat shodkaote Here the method-1 is according
to the conditions as described in the Invitrogemuad, however by modifying the LiCl
concentrations and incubation time we could achiavesignificant increase in the
transformation efficiency.

LiCl is a chaotropic ion (those ions which favobe ttransfer of polar groups to water)
which is well known to destroy plasma membrane grotand lipids [19-22]. LiCl
treatment releases the protein elements from ther @urface of the cell, and helps in
genetic transformation [19]. It was found that thability of the cell is altered if the LiCl
concentration increased from 0.1 M to 4 M and ti@msability was completely inhibited
at 2 M LiCl concentration. Increment in the LiClra@ntration destroyed the cell structure
and it was clearly observed that more than 1 M L#@ihcentration reduced the
transformability [19]. Therefore, in this studylM to 1 M LiCl was used for competent
cell preparation.

Earlier, Ito et al. [7] observed that intact yeastls when treated with alkali metal ions

such as Li, CS, Rb', K, and N4 induced competency to take up plasmid DNA thereby
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eliminating the tedious protoplast-based transfoionalt was also observed in this earlier
study that the salts of lithium yielded severaldfdligher transformation efficiencies in
comparison to other metal ions. However, uptakelaémid DNA using metal ions was
observed only in the presence of polyethylene dlyfo The Invitrogen protocol (protocol

available at http://www.invitrogen.com) stronglyoenmends to use LiCl and not LiAc for

transformation irPichia pastoris when the chemical method is adopted. Thompson. et al
[11] and Wu & Letchworth [10] have established tpagtreatment of competent yeast
cells prior to electroporation improves transfono@tefficiency by several folds. In the
present study, we too observed that pretreatmesp stith increasing the LiCl
concentration and incubation time has improvedtthesformation by several folds when
compared to Invitrogen protocol. The optimal coildis concluded in the present study
using GFP expression could also be valid for otheatein expression studies iR

pastoris.

Colony PCR is a high-throughput and rapid initiateening procedure to find positive
transformants. In brief, the colonies from the sidm plate are picked and the PCR is carried
using insert specific primers. However, in the cak®. pastoris colonies, unlike bacterial
cells, colony PCR requires pretreatment of colomiesrder to achieve reasonably positive
results. This is majorly due to the hindrance @f thugher cell wall [8]. Hence pretreatment
procedures such as usage of lytic enzymes (eg. lggs® Zymo Research) and heat
treatments such as boiling or microwave proceduree carried for thé. pastoris cells.
The other procedure for screening colonies coulélaborate genomic DNA isolation from
each colony and insert specific PCR, which cenaadnsumes more time. There is a need

for simple, robust and quick screening of positiransformants. The present study
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demonstrates that the treatment of positive cotomvgh LiCl could alleviate the costly

enzymatic and harsher heat treatments for effigeliny PCR.

Linearized DNA once transformed into competentscelin generate stable insertions in
Pichia pastoris using the homologous recombination strategy [Z8kre could one or more
copies of the integrated cassette based on how neaoynbinations it undergoes. However,
it was observed that such multiple recombinations laoth stochastic as well as low
occurrence events [24]. Moreover, head toitailitro preparation of the integration cassette
with multiple copies of the gene of interest in thackbone prior to transformation has
resulted in improved protein expression [1%he relationship between copy number and
protein expression is highly variable. In some sagéhas been reported that increasing copy
numbers increases the expression of proteins ssidEGk and human TNF [25]. In rather
rare scenarios this direct correlation between capyber and protein expression was proven
wrong [26]. There exists direct interconnectionvien the number of integrations and the
manifestation of antibiotic resistance (by antilwictelection marker). The results from RT-
gPCR (cf. Table 1) indicate that PTVA is an effidien-vivo strategy to increase the copy
number. Similar results were observed in Marx et[2F] where two different proteins,
human serum albumin (for secretory expression) lamchan superoxide dismutase (for
cytoplasmic accumulation) were studied for PTVAawtgy. Also, Soboleski et al. [28]
observed an increase in GFP fluorescence intemdiign the copy number of GFP was
increased. Moreover, the results from RT-gPCR heggoborated the transformation
efficiency results obtained from western blot asey

Some of the transformation procedure®impastoris using both electroporation and chemical
methods are summarized in Table 2. The modifieanated method proposed in the present
study is on par with the some of the electropomatibased methods with lesser standard

deviation in transformation efficiency. In orderdohieve optimal transformation efficiency
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using the proposed strategy, it is recommendedioptafollowing steps: (i) cells should be
harvested once the @ is in the range of 0.8-1.0, (ii) cells should basied thoroughly
using 1 M LiCl before incubating for 1 h in the samolution, (iii) PEG 3350 should be
preferred over others, (iii) initial selection sdmsformants should be at 50 pg/L of zeocin
concentration, and (iv) during PTVA procedure, £should be gradually subjected to higher

zeocin concentration in the range of 50-500 pg/ml.

In conclusion, we propose a simple modified chemmathod using LICl for efficient
transformation inP. pastoris. This strategy is cheap and highly reproducibiej & can be
easily adapted for all routine protein expressigpegiments usindg. pastoris cell factory. A
novel LiCl pretreatment for colony PCR- based gedacof positive transformants has been
established. Finally, the PTVA strategy has beeidat®d for the improvement of copy
numbers in thé. pastoris genome which also corroborated the enrichmentaoistormation

efficiency.
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Figure Captions

Fig. 1: Positive transformant colonies seen on YPD plategaining 50ug/ml zeocin using
different competent cell preparation methods (A) &M LiCl for 10 min, method 1 (B) 1 M
LiCl for 20 min, method 2, and (C) 1 M LiCl for 1 method 3. (D) Number of transformants
and (E) Transformation efficiency (transformapgsDNA) across these three methods. The
values on bars indicate the quantitative valueespective treatment. The columns labelled
with the same letter represent not-significantlyfedent means, according to Duncan’s

multiple range test (P<0.05), after ANOVA. Theued shown are mean = SD (n=4).

22



528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

Fig. 2. Colony PCR with (A) AOX specific primers and (BFP specific primers. PC
(Positive control X-33), X-33 wild strain 1A, 1BC]1 1D, and 1E colonies of method-1. 2A,

2B, 2C, 2D, and 2E colonies of Method-2. 3A, 3B, 3D and 3E colonies from Method-3

Fig. 3: Fluorescence microscopy Bf pastoris cells from 100 pug/ml zeocin (M1, M2 and
M3), 250 pg/ml zeocin (M1, M2 and M3) aid pastoris cells from 500 pg/ml zeocin (M1,

M2 and M3)

Fig. 4: (A) Cell-free supernatants from different zeofug/ml) treatments were analysed by
western blot analysis using His-Tag (27E8) Mousebn{arimary) and Anti-mouse 1gG,
HRP-linked Antibody (secondary). M represents markane 1: Method-3 using 1Qdy/ml;
lane 2: Method-3 using 25@®/ml; lane 3: Method-3 using 5Q@/ml; lane B: blank (buffer);
lane 4: Method-1 using 50Qg/ml; lane 5: Method-2 using 500g/ml; and lane 6:
untransformed X-33. (B) Standard graph of AOX garsng pPICazA vector for the
determination of copy number . pastoris GFP-Zeocin strain, SYBR Green detection in
RT-gPCR. Linear fit regression is Cqg value = [-&88log copy number] + 44.413 with

0.963 correlation coefficient @R
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Table 1 Relative copy number integrated gene for diffeteansformation strategies using
RT-PCR

Zeocin  Method Log copy Gene copy number Relative copy
(ng/mL) number (GCN) = 10"LCN number
(LCN) RCN=GCN/GCNc:
0 CS (X-33) 5.50 3.16E+05 -
M1 5.45 2.83E+05 0.89
100 M2 5.62 4.22E+05 1.33
M3 6.02 1.04E+06 3.28
M1 5.82 6.66E+05 2.10
250 M2 5.96 9.21E+05 291
M3 6.10 1.26E+06 3.99
M1 5.97 9.40E+05 2.97
500 M2 6.22 1.67E+06 5.26
M3 6.36 2.27E+06 7.19

CS (Control strairPichia pastoris X-33), GCN: and GCN are control and sample gene copy

numbers, respectively.



Table 2: Comparison of transformation efficiency using eifint transformation procedures

in P. pastoris
Method P. pastoris  Transformation Reference
strain efficiency
(transformants/ug
DNA)
LiAc GS115 2.00 x 10:1.02 x 10 [10]
Electroporation
Electroporation GS200, 1.30 x 16+1.23 x 16 [18]
GS115,
PPY12h
PPY12m
LiCl X-33 1.00 x 16 to 1.00 x 16 Invitrogen
TE-buffer PPF1 2.29 x16 [8]
LiCl
TE-buffer GS115 5.19 x10 [8]
LiCl
Electroporation 1.10 x 10 £ 2.07 x 16 [29]
Electroporation JC100 2.00 x 16 [30]
GS115

Modified LiCl X-33
method*

6.52x 16+ 1.05x 16

Present study

*Results are the mean and standard deviagian{D) of four experiments
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Highlights

Incubation time and LiCl concentration affects P. pastoris transformation efficiency
Establishment of colony-PCR method for diagnosis of successful transformants
PTVA coupled to proposed transformation strategy improves protein expression
PTVA coupled to proposed transformation strategy improves gene copies



