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Abstract

Bacopa monnieri {brahmi) is considered as one of the semi-aquatic medicindl plants,
containing high bacoside saponins, and has been extensively used for centuries to enhance

human-memory ‘systems in Thailand. However, their biosynthesis were regulated by many

to optimize method for a beta-cryptogein preduction using expression systems in bacterium and
yeast. Moreover it was to evaluate the influence of beta-cryptogein application on resistance to
pathogen and expression of genes (BmAACT and BmOSC) associated with bacoside-saponin
biosynthesis of brahmi. The results revealed that the small scale of beta-cryptogein was the
Highest production under culture‘ condition either at 25°C with using 2% D-glucose or éooc with
0.5% methanol in Escherichia coli (strain BL21) and Pichio pastoris (strain Y11430), respectively.
Moreover, two novel fungi, isolated from disease in brahmi explants, were identified as Phoma
sp. and Colletotrichum sp., which caQSed both stem and leaf rot in brahmi seedlings. However,
the results also found that the beta-crytogein application by spraying b.rahmi seeding did not

affect to enhance resistance to pathogen and expression of both studied genes.

~enzymes-and-affected-by-many-elicitors and. phatogens. . Therefore, the aim.of this research was ... oo
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1.1 aruddguasisnvesdymiiiingside
. e ddoa X -
TUsfu cryptogein i fungal elicitor wilmwilainGnainiasn Phytophthora cryptogea Tnsil

mnaluanauszinu 10-kDa (Ussneuaaensmeziily 98 #1 waziminluanawiniu 10,329) (Huet et

"f'i‘iEf‘"1'989)"’C“ry“pjffjg’é’iﬁ"ﬁ'ﬁmﬂﬁﬁﬂ% diftydwiy niaﬁum‘stﬁtg WOTe Wasduanisdsing ﬁ'ﬂﬁﬁﬁﬁﬁ HETE

Tutie (Ghosh et al., 2006; Majumdar et al,, 2012) vinl#ilgarusadntasdaantaldaniviaion
(Amleot et al, 2011) usnamnidaiinnasnifduluiana signal transduction fdaensedunisdan 51w
WsAungu transcription factors (Guo et al,, 2004) wazoulaingu Mitogen-activated protein kinases

=Y

3 2 L2 A! 1 23 bl =y
(MAPKs) (Ren et al., 2006) %‘m’mmmLﬂucﬂ%amamuqnmmatﬂﬁzﬁmw;magmmwm’lumaéﬁﬁ
@Y e Y ) v o v o £ - ’ o
TaevhlUas msilddwiunseiuliivaeasaonguivsiinmitiselanimmsumd e
Vv oo o4 A i ¥ P W ¢ i . a
16 2 38 A (1) 9519078 crypt gene VENT LHelRun1TduATIEn bacoside-A saponin Tumsadl
(Bacopa monnieri) {Mathew et al,, 2010), Wag phenolic compounds 1uq’nﬁwau (Coleus blumei)
, = a oo , . y F fow o aada
(Vukovic et al,, 2013) w3alulauduine (Withania somnifera) (Sil et al, 2014) agralsAnyIaid
¥ o o = 2 f 27 (3 N ar at .
dodnfin Aenguinsveslssinalnadildayanlililsslosionfladandasiugnssu (genetically
. Pt | £ 2 . c! =, CY L4 4&1 ‘i
modified (GM) plants) wag (2) Fmslaarsaia beta-cryptosein finanann1swnzifoaganides e
[ = = o o o4 s . o
AIsAUNIILANtaRNYBtdUNaIgTUaviAIUALIaNTTEULATI8Y phenylpropanocid pathway 'lumq‘u il
& i o acda
wziassluvaeannase (Zhao et al, 2005) uas'luu.ﬂaeﬂgn (Amelot et al,, 2011) agdlsianuis i
¥ o ar E 3 o 3 ) . d e oy w a
fodrin e mawedsusadidesdadinaiuiy (6 5u) (Baldi et al, 2009) WsAuitudaldtiuium

EY) P w oo dar w ar o R
vy uayiimsaindiifuneuidudeou naensumsainlusiuuignilden (Farakya et al, 2005)

o U o4 o o v ¥ o ow & ot I oy v =
aalumimilstesduldlunisudtiymtedinuevvisdasdanarala Aeldinaluladl gene

'
o

. . o o = . e o
cloning 1ay expression system tviiiuUINIUN1THER beta-cryptogeln1ﬁ1ﬂﬂ‘i§ﬂmqﬂuﬂaaﬂwﬂam
o4 a e 1 H ] ] o o 2/ a . © o a
Famaiiadsnanituneuedisihedl (1) dududeyaveduitaula (favorite gene, FG), (2) thdduiud
a . . e g . 4 v v ;
U831 FG 4160 tag) six-histidine (6xHis) tNseransainuanldsiu (3) ud clone g expression

vector (1 pET151/D-TOPO; Invitrogen), (4) aantiudg vector 11g Escherichia coli (strain BL21
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Star™(DE3); Invitrogen), (5) wgiasawaduuaiisluamisiwaigns i zaudwmiunaeiaiule

2 Ld (=3 53 1 < < ar
waznssiuliiinandnlusiuinoimslaald 1PTG uag slucose, way (6) afnlusiuuiavssananiead

LY 7]
at

wuniide WethluliUsslonidmiunsuiuliiudaunnsiasmiog Sdumsidoniibjaduamenis
danssv bacoside-A saponin lunsuil (Bacopa monnieri) wilifosantiagiuusemelnylii
ayulvwawsuiinanndusdasmsiasainlugisuedandeu Wel#inulandalowes Uabundit et
al,, 2010; Kamkaew et al,, 2013) %'amnmmsnLﬁuﬂ'%mmmsﬁuﬂ FIkaYNISALaNd1s bacoside-A

. a & ) N ) o
saponin funvzdudsslenidelunisfanngnamnssumsninm

B
MFWATNRIAmEE (1) winuidnisean beta-cryptogein protein iU uMas

I'4
=

AMUUIgVEge Loaldswuu gene- cloning and expression systems  (2) Anwmavesnsld beta-
aryptogein protein damsiasyiuls way (3) dnvmauaanisly betacryptogein protein sianng
uAMEBNYBNEY oxidosqualene cyclase (OSC) Lay acetyl-coA C-acetyliransferase (AACT) Wagns
#aNY8a1s bacoside Tuvisuil

1.2 Jagussasdvaslasiniside

1) Yimun38nandn beta-cryptogein protein ﬁﬁﬂ%mmuasmmu%a;wéqq Inaldssuu gene-
cloning and expression systems

2) Anweaaninisld beta-cryptogein protein siannsiasadulntaznisduvinulsalunsud

3) Anwirausinsld beta-cryptogein protein dianisiantmanvasiy oxidosqualene cyclase

(OSC) way acetyl-coA C-acetyltransferase (AACT) uagn13eeai9a3615 bacoside-A saponin lunsuil

1.3 vauLvaraslaTmisive
v ow oo & P 1 @ ¢
1) Anwwanrududuimanzanues gucose Tuomnsiaswmuaiilie sensduasied beta-
cryptogein protein
2) ANYIHATRIRTILLLTNYSIET beta-cryptogein protein samaasapfivle uazarsdumiy
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3) Anvnavesans beta-cryptogein  protein  flanTstanseonyastiy Bacopa monnieti
oxidosqualene cyclase (BmOSC) waz acetyl-coA C-acetyltransferase (BmAACTY ludumn 16 uay

Tureaisud lagldinaiin quantitative real-time PCR

1.4 vipefuazauyigruvedlasntsivy

£ . ! =i . ot o a
fingawinans elicitor (ulysfy beta-cryptogein gndunTwian crypt gene) fudnamde

31 Phytophthora cryptogea (Huet et al, 1989) finaiaud@iidn Tydmiunszdumsadgidvinuas

dudiunmsduasyiarmAugfluiyld (Majumdar et at, 2012) adhdlsfinnlusssundlusiy beta-
. a o 4 R R x| o EYNS s | 7] )
cryptogein gnudnludSiamdwazgnadalvuiguivildonn iesernildadaiaedesuinine wy
o ¢ & a’rty X 2 = v o ot
AU azEETUGIeIReT) griasnilimsiass Lasdnwiindeuivizdy daiunalulald
:} cl a7 ar 3 o = 5
vilanansauntavndsnanlagannsondaldsdulaludBnaminuagsinG fa mstdnmaluladl eene
cloning uag expression system Ingai e gene construct ves 77 lac promoter i crypt gene v 77
terminator Ty expression veclor tax lacUV5 promoter = 77 RNA polymerase sene T Escherichia
\ IS & < o = o a 4 v ow oaf
coli MuiMIsLIzaegaduuATisEluaMITIvaY LB Wi IPTG uay/vie glucose AMMINTUN
o . = aF = q‘ o a3 c:l
wanga Aaansesdalusiy beta-cryptogein Taluuiunanin 519157 tasainlusiuuTanvinlade 3
o 1 o i/ o 24 o B i A o
Hansvaapsiang 1w/ lddwmiundalusiy elicitor duq naensuaaihlulssgadldlussuy

msndadsanaivnssy W bioreactor naldlusuian
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WeEan beta-cryptogein Usuaminiaziiasa lnads cloning Uag expression system %2
o w 9] T v & et &2 . .
AuaTITayalanansideTitiades Inandailevuilu 2 wade Ae beta-cryptogein protein wag
cloning uaz expression system Aslisaazidendall

2.1 beta-cryptogein protein
2.1.1 Buauaun1iduasis beta-cryptogein protein
mnﬁ'lusuaz;ga NCBI el sy beta -Cryptogein fium 10-kDa Ui“ﬂaumaﬂiﬂavzﬂu 98

rR) uazumwunimanamfmu 10,329) Usznaumiswuss disulfide 3 s (Ricd et al, 1989) 1ny
beta-cryptogein gndaasiesi 19niu crypt gene (accession number X83001.1) Aiitdrdutuavosdiu
Fan 329bp (Figure 2.1) Feszasudae diuwed intron (sl 1-15), d1uaae exon (@umiledl
16-312bp) ¥mihiltwuneanglvawdnsvesnsnesily 98 @ (Figure 2.2)

GTAGCGGCCGCAACCGCTTGCACT GCTACTCAGCAGACTGCTGCTTACAAGACTTTGGTTTCTATCT
TGTCTGACGCGTCTTTCAACCAGTGCTCTACTGACTCTGGTTACTCTATG TTGACTGCCAAGGCCTTGCC
AACTACTGCTCAGTACAAGT TGATGTGCGCTTCTACTGCATGCAACACTATGATCAAGAAGATCGTTACT
'ITGAACCCACCAAACTGCGAC'[TGACCGTTCCAACIT CCGGATTGGTTTTGAACGTTTACTCTTACGCTA
ACGGATTCTCTAACAAGTGCTCTT CC AGATAGCTGCAGGTG

Figure 2.1: complete nucleotide sequences of crypt gene

Legend: Transcription start site (17 amino acid) shows in green-highlight, transcriptions stop site

shows in red-highlight, and the tast amino acid shows in pink-highlight.

i

v iACTATQQ’!‘N—“\YKI'LVSILSDASFNQCSTDSGYS:'v'lLTAKALP'fT/l’\Q‘t’KU\.r‘lC/ﬂ\.STf'i\CNTMlK!r(]\fFLI\IPPI\!C DLTV

2]

PTSGLVLNVYSYANGFSNKCSS,

Figure 2.2: complete amino acid sequences of cryptogein protein

Legend: An each capital letter indicates specific amino acid; the ‘M’ letter represents the first
amino acid (named methionine), shown in green-highlight, and the ‘I’ letter represents the first
amino acid (named leucine), shown in pink-highlight.

2.1.2 auauUfvaslusfiy beta-cryptogein
/sy beta-cryptogein ﬁmémmm%asqmmmkﬂﬁﬁi Phytophthora cryptogea (Huet et al,
1989 was O’Donchue et al., 1995) uﬂmanumﬁu extracellular elicitor Iﬂ&fmmmﬂaﬂﬂaamma
\waauld mnuu‘lﬁsmuumimaauaw%'lanaaawu\'flﬂaanmaawquﬂamuwwﬁamﬂaﬁvmmqﬁaa’u'eN
v (apoplastic transport) (van’t Slot et al., 2002) W& 1Li13uAU sterol molecules dntluaiUsznau
\Batiauues dehydroergosterol (DHE) wazdsauisasauiulumanavasaiseiiunis lisand Tuwadiia
(Boissy et al,, 1999) Lﬁanszﬁ’fuﬂw*m%mu@uim (Majumdar et al, 2012) kaznssAuizuunistesiu



fMLesLasTIUUNITRBUaUDINBAN1IBATUATesTiY (Osman et al, 2001; Amleot et al, 2011) It
dudSumsdunssivazavanansviogiluittld (Ghosh et al, 2006) vanvniliusiu cryplogein &4l
Aauauifitiuans signal transduction ﬁ*&wmsﬁumﬁamiwﬁ transcription factor (Guo et al, 2004)
uas Mitogen-activated protein kinases (MAPK) (Ren et al., 2006) Lﬁaﬁmﬁﬁ@um’%mﬁaﬂwqu 13
inuiddudmiumsduansimmionivesvinlugadiie lnsnszdfumsiantvenvasdunany
szsﬁﬂﬁmugn%ﬁmsé’émsqsﬁ phenylpropanoid pathway Wag lignin @208131gu ﬁﬁ'\:mnﬁmaémqmﬁ
1#5uas cryptogien utu 3-8 Falus wuhilinisuanssenvesnguiuil PAL, CaH, 4CL, HCT, C3H, COMT,
CCoAOMT, F5H, CCR wag CAD (Amelot et al, 2011) uasilstenuin cryptogein Mndoudeunasay
ludues plasma membrane a1usonszdu Ca® influx uasdaaiuianssuveoula protein
kinases Ua¥ nicotinamide adenine dinucleotide phosphate oxidase (NADPH oxidase) wazns ::cﬁ: u

risHEn Reactive oxyaen species (ROS) wds nitric oxide (Tecourietx et 3l 2000) tigasity vialvn
amsdshudaaiiiedesiunszuiuntsnevauasasidludnmuia Sonvasials (Ashtamker et al,
2007)

Beta-cryptogein

The beta-cryptogein which is a sterol scavenging protein produced from the
phytopathogenic pseudo-fungus P. cryptogea (Ricci et al,, 1989; Mikes et al,, 1997). The beta-
cryptogein gene (with accession number X83001.1) encodes a 297 bp nucleotide sequence as
presented in the report of (O'Donohue et al,, 1995). This gene transtates 98 amino acids which
are 10kDa hydrophilic protein containing a hydrophobic pocket with three disulfide bridges
{Amelot et al,, 2011). Some elicitors such as beta-cryptogein are able to improve the immunes
system in tobacco plants (Dokladal et al, 2012). One of the tobacco deferce reactions elicitor is
a beta-cryptogein protein known as a protein elicitor (Bourgue et al,, 1999). It is fungal antagonism,
the strain of P. parasitica (Lascombe et al,, 2002; O'Donohue et al. (1996) worked on tobacco
plant leaves and infiltrated the protein in it then the protein exhibited defence response and join
the necrotic activity.

P. cryptogea is a one of the most resistance opposing tobacco pathogens and exhibited
leaf necrosis in tobacco plant (Edreva et al,, 2002). Its protein functions are likely a sterol transfer
action or a carrier protein using the fluorescent sterol, dihydro ergosterol (Mikes et al., 1997). As
shown in Figure 2.3, this protein has one binding site with strong bond for dihydro ergosteral,
additional phospholipidic artificial membranes transfer sterols among protein catalyses, and a
molecular activity of beta-cryptogein and for the existence of an extracellular sterol (Amelot et
al,, 2011).
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Figure 2.3 Structure of beta-cryptogein
Source: European Bioinformatics Institute UK

2.1.3 aslaussTevidan Tusfiu beta-cryptogein

losnTusiiu beta-cryptogein S (10kDa) wazgnmaunLieiufssduisiifiaun
n (297bp)¥inlitdnedanisaialusiuuagined ontsdoiu uenainil drenuauiivesiusiu beta-
cryptogein flamnsansefunsdunsiziansyiogiluite vliindlhmlsivimar ol selowd
u 2 glwvuds

1) msae crypt gene gty Lﬁatﬁuﬂ%mmmsﬁqmﬂsw‘aﬁnﬁanuﬁ‘l.uﬁﬁ Insiidnegnanuide
St

Chaudburi et al (2009) s1emname crypt gene L1 Convolvulus arvensis udnhesnign
Tusnmsssuei dedundrilony 3 dou vamsinneians calystegine nanmaaawmudy Fufllddu
nstedullnazauvosas calystegine lusinuazdidugeninduilildsunisd et ity 35 uas
42% fWaduy

Majumdar et al (2012) 89umiag crypt gene (nelinisaaurives CaMV355 promoter)
L%’ngLﬁaLﬁa%‘ﬁuﬁ neld Agrobacterium tumefaciens transformation technique 3 ntuniwifeide
wwﬁlﬂtgﬂwummiqm Murashige and Skoog medium (MS) (Murashige and Skoog 1962) uu 12
Faw inisliasieians Bacoside A3 Buanisunasswuidunsifildsumsaeiuamnsadun s
a3 Bacoside A3 gendwuitlalléfumsdedu 4-6 wh

Sil et al (2014)¥im5a1e crypt gene wWhglauduiile (Withania somnifera) TS
wnzdsaiadediusn Tuawnsman Ms (Murashige and Skoog 1962) uu 21 Ju Tavinsmsiaia
pyruvate kinase activity uas PAL WU "|Laulsaﬁﬁenéﬂﬁﬂ%mmﬁmqﬁ’u 3 91 (Wauiudisiaediai
Lildfunisdnety) dwanmmnsesddliheaiurldlumsduasedas phenylpropanoid Wiy
yenInifawu U phenolic content uag guaiacol peroxidase activity fudu 2 wh Snieiin
frranamnsotesfuiissnnsdvihawme dsauasaannadonldatu



2) Mfuans cryptogein flataaamswnzdsdonaduiiv TN WvaBIVAABAL NN
wlasgn Tnefidhegaenidedd

Edreva et al {2004) mmwmaaq treat #15 cryptogein maammumm'lwaamﬁu (Nicotiana
tabacum) ‘wuma 40-50 Hu iy 3-10 T wumeulwmnawamuni mumsﬂaanumtawm
97U 19U peroxidase, beta-1,3-glucanase uas acidic PR-proteins wmaa*uuamamn ilviggy
fﬂ'mﬂ’mﬁam‘iﬁj’WT'I@’IEI‘UENL%E]H’Im{ﬂziﬂ Botrytis cinerea; Sclerofinia sclerotiorum;, Rhizoctonia
solani way Erysiphe cichoracearum &

Amelot et al (2011) WuI&aa7n treat #13 cryptogein Ty tobacco BY-2 cells umy 3 F4lua
wrinadenguiimsilumsuanseenveduiwnunilfiestestunsruumsdannsiamiond wu
phenylalanine ammonia-lyase (PAL), cinnamate 4-hydroxylase (C4H), 4-coumarate-CoA ligase

“4Ct); p-coumarate T 3-hydroxylase " (C3H), hydroxycinnamoyl  CoAiquinate/shikimate
hydroxycinnamoyltransferase (HCT), caffeoyl-CoA 3-O-methyliransferase (CCoAOMT), caffeic
acid/5-hydroxyferulic acid O-methyltransferase (COMT), ferulate 5-hydroxylase (F5H), cinnamoyl
CoA reductase (CCR), cinnamyl alcohol dehydrogenase (CAD), reduced epidermal fluorescencel
(REF1) Taenaving CCOAOMT uax F5H fimsuanseanifiusinia 200 wh (fsufunguaauaslshiyens
cryptogein)

Vukovic et al (2013) viimsnaaes 2 35 fls (1) Heauaii3edli] expression vector vee crypt
gene luswinswen WeliiuafiSerdn cryptogein udahluduluamisuds Ms ﬁiﬁﬁlﬁsmﬂﬂaqmﬁ
wettl (Coleus blumei) w&wniiy 14 $u Sauiinda phenolic content luiiletfasinuas (2) de crypt
gene mé!.uat,amjaaqwmau Wf’é}ﬁ‘i‘l\l’fﬂfﬂﬂLL‘lJa\WiUﬁﬂi‘ill Iﬂﬂwnst,aaqmataaiﬂﬂqwuﬁu‘lumm'i
a2 MS 91niuLANETT ethanol Lwaniumummamaan‘uaa crypt gene (gnA2uANA18TA alcohol-
inducible promoter; alcA promoter) éx‘iﬂﬁﬁﬂdﬁlﬁﬂﬂi%ﬂaé}ﬁ‘ljd%‘ﬂ cryptogein Sumumlumsiinnts
uasretarsusenauiluea ngu rosmarinic acid (RA) uag caffeic acid (CAP) Tuiiladosanvasgdudy

2.2 ssuunslaguiiaznisiandeanvastuluwuaiite (cloning and expression system)
namasftoylddmiunaalusiuildasms  (favourte protein, FP) TsildUSinaman ud
Expression vector Wi [xpresso system vectors (Lucigen} uag pET TOPQ® expression vectors
(Invitrogen) mmmﬂaamiamamiﬂimu‘l,ﬂﬂimzumn'luiuammauﬂmm wagdwdmiun1sAIuRLnTg
Laamaaanmmaummaqmi (favourite gene, FG) dmiundnn13ues cloning and expression system i}
il (1) huideams (FG) dwiundalusfuiidens (FP) svintsdauwadsiiowgdnmes genetic
coding (w38 exon) winiy wavildmes start codon umy 5-DNA (e N-terminal end vadlusiy)
lLag stop codon flua1e 3-DNA (W3s C-terminal end gaalUsAw) (2) vin1s clone FG \ihg expression
vector fishumiiats 3' ves strong promoter ﬂunﬁmuuaﬂ‘d lambda bacteriophage 77 promoter)
Fanalutszneudadumibe dbosome binding site (RBS) (Purves et al, 2001) v3aEanTwiiviia
Shine-Dalgano sequence dm¥ull 16sRNA (luaadussnauusa 305 ribosome) Wume Waduaduly
Ranszuintdaaseilusiuiineanis (FP) (invitrogen, 2010) (3) dennneiinatng Escherichia
coli (4) wnmé?awzjaéuwﬁL‘%‘ﬂiua'mﬁmmamsﬁmmuauﬁ'm%’vmfsw’%zmﬁuim uaz nivmuiwumsmam
Tsduiidamslagld IPTG was elucose waz (5) anmiﬂimummaam'iaam'mwammﬂmia



FwFumideiidenty pET TOPO® expression vectors (invitrogen) (Figure 2.4) T
ESCherIChIG coli (strain BL21 Star™{(DE3); Invitrogen) %qmwaa»zaﬂmaqnalnnﬁﬂ'mﬂummamaan
gesth dail

2.2,1 pET TOPO® expressuon vectors (Inwtrogen) uﬂum’mﬂunﬁuamaaﬂ‘uaa FG mu

1) lacl gene viwmihidsa e lac repressor protein wawminmmvﬂ‘umtmm lac operator
Iiiletasiulalli 77 RNA polymerase Wimsdudaumia 77 promoter vililsiBanssununisasnssia
(block transcription)

2) 77 promoter umisiiiausimzdmiunmadunizes 77 RNA polymerase Wity
(Lm bacterial RNA polymerase hignansadimzuasyiimsasnsiald) waviiussdvSnmgadmiums
L“v'mm?ttﬁﬂ\ﬂé]ﬂﬂ"ll@\‘l FG luwaauuaiise lnediuves 77 promoter Usgnausiag ribosome binding site

= (RBSY W30 Shine-Dalgans sequence (SDS) WMl fe /ot T6:RNA RitupwTssRsUTe T lsr
PreduauUszdnsnvinsdanmgilusiu

3) lac operator (lacO) Wunhpilddmiuaruaumsiaues 77 promoter Inafidaumisi
st umas (downstream) 984 77 promoter taziflushumisani1vas lac repressor protein

@) iwmdainlUAaiugaGusuusnia (ATG start site) Tnssiwnislans 5' ONA wie N-terminal
protein Ussnaussiulasaineiil T7 promoter—ATG—6xHis—V5—TEV—favourite gene (FG) —
T7 terminator

e 6xHis tag REL 139iUane Nterminal FP iftedaniants purified FP snlusiudue Andn
luwaduuaiize Tna 6xHis Ltag d@nsaiduniziu ProBond™ wia Ni-NTA column wiaumsiu Anti-
HisG Antibodies

iile V5 epitope 8 antigen molecule dunsmduaEiy Anti-Vs Antibodies vivlidetuns
as1adeuliinmes FP fludnld

\dla TEV protease cleavage site gn tag Pidslddmiunasedn 6xHis—V5 epitope @8nan FP

5) T7 wanscription termination region usiuwisduganssuaunisaensie iwnen
bacteriophage T7

6) Ampicilin resistance sene (beta-lactamase) uiuiilidmsunsdmdan expression
vector lused E. coli Taamsuanseanvasduilagniglinsmunumes bla promoter

7) pBR322 origin of replication (ori) iWuiumibsaunubiiinisdeasinesvemames fagly
\Wad £. coli

8) rop WudnluAw pBR322 origin fimsTassaameslusysus "’aag"iumaé E. coli



} PET151/D-TOPO®
5760 bp

Figure 2.4 : Map and features of the pET151/D-TOPO® System Vectors

2.2.2 host cell (Escherichia coli, strain BL21 Star™; DE3) (Invitrogen)

atialsfinnu expression vector ﬁaﬂ%a&s‘tﬁamwné’aﬂﬁW'Tﬁiﬁu Fe 16 iflesannlall 77 RNA
polymerase (wign transcription and translation Tu host cell) Fadndudaninisdonmnes
sana Wl host cell (£ coli, strain BL21 Star™, DE3) @dlu genomic DNA Usznausiaedu (elements)
gy (Figure 2.4) ¢iail

1) T7 RNA polymerase gene M3utdndaana aﬁuz‘}ﬂm‘uaaj g lacUV5 promoter Wag lac
operator

2) lacUVs promoter Wishiwldmsunsdineues £ coli RNA polymerase (ftoiudy
NSYUIMITUAREDNYDIE T7 RNA polymerase gene yhlidnwoulasl 77 RNA polymerase iel4lu
nsuandeanyad FG (1 pET-expression vector

3) lac operator 8¢jd1un&eas lacUV5 promoter #mifia1uaun 13¥191uYes lacUvs
promoter Tnandudwisandivaalusiu lac repressor i1 lac repressor n#iU lac operator #iU7
Lifimswansoenues 77 RNA polymerase gene (luanmiilalfl inducer)

4) lac/ gene Foviwhiduased lac repressor Lﬁamugumﬁﬁmuﬂla& lac operator
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Figure 2.4 : Control elements of host cell (BL21-Star™(DE3)-One-Shot®-competent E. coli)
containing the pET vector

2,2.3 S3UUNITAIUANNTIUANIBBNYDIEY

FUUMIAIUALNTIUANEBATEY T7 RNA polymerase gene 1l$dlisTumaditiiussaninm
gwinliianisuinunis  transcription 16 mRNA 993 FG adesimSalazannng  wasdsialiin
transtation wgn FP Ladwuiuundas Tngnalnnisiansesnvas FG 1u pET expression vector Aeldnig
ATUASIYBA T7 RNA polymerase Tu host cell udssanidu 2 ssuufie

1) n9eAun13d0ATIER T7 RNA polymerase Tu host cell

nalnmanuRuMIdaATIA T7 RNA polymerase Tu host cell i 2 dn1is fie

1.1) Tugnnazun@itliil inducer

Tuannsnii lac repressor (agfludnav active form) @unsaiuniziudumia lac operator
viilwoulwl £ coli RNA polymerase lidasnsaidingil lacuvs promoter vililidipamsdunsiey
woulwsl 77 RNA polymerase

Fhunsditvuintidug Aodudmiumseiyiuisaunsauansmentdnulnd Hilduuaiite
amsasgritlala wldnmsdaased FG

1.2) Tuan1aeiisl inducer

inducer m%'ﬁ'm%'uﬂssrﬁ'l:ummﬂmqaan‘um 77 RNA polymerase gene Ao isopropyl P-D-
thiogalactoside (IPTG) diawfiy inducer (IPTG) adluamsilisewuaiiie wui IPTG Wi fiTeniu
tac repressor WimduasUszneuiBediou (agluaniw inactive form) vililigunsadumzfudumis
lac operator I dswavinliievlasl £ coli ANA polymerase awrsadinned lacUVs promoter w&atAn
nsdunseitaulad 77 RNA polymerase Feagninluldlunisuansennyas FG Tu peT dely
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2) NFAANATUHABNVBY FG U pET expression vector

fuiidesnts (FG) Tu pET expression vector aunsauanssentd Tnededl (1) 77 RNA
polymerase #u8029n host cell Tugn1siil IPTG way (2) dumiaves lac operator (luduves
T7 promoter = FG) fauBudaszann (ac repressor protein ¥l 77 RNA polymerase @nansaiti
i waUiANIEUAUNIT transcription was transtation 16 %aﬂa‘lnmiﬂmﬁmmmm lac operator
§i 2 dnve Ae

2.1) Tuan1aeill inducer

nsaliliin inducer (PTG) asluswnsildeawuailde wuin PTG WwWihU§A3eU lac repressor
WadumsuszneuBsdou (egluanw inactive form) vilililanunsodunziusws lac operator
g dwavinleulesi 77 RNA polymerase aunsevdnnziu 77 promoter Lmeﬂmiﬁmsww FG

2.2y WiamAsURRRT Tndtcer = s
luanmwundi (ac repressor (agflugnam active form) ansaidimeiudumi lac operator
waeﬂ.u 77 promoter m’lwlnmml,amaanwmau FG

2.3 Transformation of a plasmid into yeast

There are a lot of Transformation method by which the DNA is transformed into a cell.
Transformation systems in the eukaryotic cell, like that in yeast, have two commonty main
methods chemical and electroporation (Figure 2.5). In the chemical method, the competent cells
are prepared by using calcium chioride (CaCly) whose ions have two main functions for generating
temporary pores at the membrane and binding foreign DNA which is able to transfer into the
competent cell (Oswald, 2007). However, the disadvantage of the method is that its process
requires a high amount of plasmid DNA, it’s time-consuming and has low transformation efficiency
(DePalma, 2014). On the other hand, Electroporation has been used widely to transfer DNA into
yeast, mammalian, and bacteria in culture for the previous 30 years. Transformation efficiency
using the electroporation method relies on electric pulses, which have high potential to create
many temporary pores in the cell membrane, resulting in that the foreign DNA is easily transferred
into the cellWu & Letchworth (2004), it was reported that electric pulses 1.5 KV and 2.0 KV
transformation efficiency in yeast.
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4 cnemical transformation
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Figure 2.5 Transformation systems using chermical and electroporation methods
Source: Bacterial transformation Workflow (Thermo Fisher Scientific, America).

2.3.1 Plasmid for the expression system _

Plasmids are a small DNA molecule in a cell, which is physically separated from a
chromosomal DNA and it can replicate itself freely. Mostly they are in small circular form, double-
stranded DNA molecule and they are present in bacteria and in other oreanisms. There are two
most popular form of plasmid forms {circular and linear) which are mostly using for plasmid in an
expression system, and these were affected in transformation efficiency. The linearized pPICZ QA-~
crypt plasmid was prepared by using Sacl and other restriction enzymes according to
manufacturer’s instruction (Invitrogen, Germany) as reflected in the research works of {Calmels et
al,, 1991; Ahmad et al,, 2014) stating that using a linearized plasmid in eene transformation highty
increased its efficiency up to 2-3 folds as compared to the circular plasmid.

2.3.2 pPICZOA Expression system

The pPICZOA vectors were designed for simple cloning and selection because of their
ability of high-level expression, and rapid detection and purification of the recombinant protein.
Increasing the number of copies of the gene of interest in a Pichia pastoris strain can result in
higher expression levels (Weidner et al,, 2010).

The pPICZOA contains the AOXi promoter for tightly regulated and its site allows over-
expression of the recombinant gene when placed behind the alcohol oxidase gene promoter
(Higgins, & Cregg, 1998). This plasmid confers Zeocin™ resistance as a selective marker and a adds
N-terminal alpha-factor signal sequence and C-terminal myc epitope and a potyhistidine (6xHis)
tag for detection and purification of a recombinant protein inserted into multi cloning site (MCS),
many identical copies pPICZOA vector were inserted into yeast genome (Amau et al., 2006). The

PPICZOA vector was used for inducible protein exprassion in the yeast P. pastoris. For smoother



13

downstream production it is important that the proteins produced should be secreted in the
culture medium. When proteins are secreted naturally in the extracellular space no modifications
are required because it is released naturally by the natural signal. In contrast, those proteins
which are produced in the intercellular space require modification. Two most common signals
are used for the secretion of proteins in P. pastoris expression system. S. cerevisiae and alpha
mating factor (Macauley-Patrick et al., 2005). This factor is proven to be so fruitful that sometimes
it produces more heterologous proteins than the natural system (Cregg et al., 2000). The last few
years have been productive, due to designing of P. pastoris as host for protein expression. This
report refers to well-established tools by P. pastoris for high-level of expression vector design,
screening commercial applications and engineering host strain of P. pastors denved proteins

“discussed alongside for numerous protein expression of the membrane (Ahmad et'al, 2014)."

2.3.3 Preparation of recombinant plasmid

The sequence of beta-cryptogein was predicted from NCBI gene bank. The nucleotides of
beta-cryptogein gene sequence are modified and after confirmation, it was inserted into pPICZQA
through cloning with 6 nucleotide sequences recognizing the size of £coRI and Xbal added at the
5"and 3'end of the gene, respectively. As the wobble hypothesis that the standard base pairs
(between codon of mRNA and anticodon of tRNA) may be rather strict in the first and the second
than the third positions of the triptet mRNA codon (Crick, 1966). This was called degenerated
codons meaning some tRNA molecules can recognize more than one codon with different
nucleotides at the third position of mRNA codon, and it can be encoded the same protein (Alberts
et al,, 2008). The degenerated codons were preferred for different expression in each organism
(Fath et al, 2011). In the present study, the triplet mRNA codons of the original crypt-gene
(297bp) was modified bases at the third position of each codon by using GeneArt™ and Gene
Optimizer™ software to maximize expression of synthetic genes in P. pastoris system (developed
by Invitrogen, Thermo Fisher Scientific, 2009). Nucleotide sequences belween modified and
original sequence of the cnpl-gene were compared by using the CLUSTAL online program
(European Molecular Biology Laboratory (EMBL UK). In this case, this software enabled to optirmize
and modify codons for maximum gene expression, and it was able to deal with a large number
of sequence-related multi parameters involved in different aspects of protein expression in yeast
cell such as codon usage, ribosomal entry sites, RNA instability motifs, secondary structure
formations (Raab et al., 2010; Fath et al,, 2011).

2.3.4 Protein expression in yeast

The increasing demands of plants defense systern against pesticides have put scientists
and researchers to explore the methods and mechanism to improve plants immune system
(Blein, 2002). In yeast, the protein expression is familiar and has a different role in eukaryotic.
There are a lot of yeast species and one of them is P. pastoris which has the probability to create
a high number of recombinant protein in a fast and easy to use expression method (Weidner et
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al, 2010). Previous research have established tools for £. pastoris in high-level of expression
vector design, and host strain engineering. Screening commercial applications of P. pastors
derived proteins have been used alongside for numerous protein expression of the membrane
(Ahmad et al, 2014). Yeast has the capability to produce higher protein production in
heterologous expression system (Lin-Cereghino and Cregg, 2000). The heterologous proteins
produced by the P. pastors show hormology between the artificial and genomic DNA. [t removes
the issue of plasmid stability and increases the genetic stability of the desired heterologous genes
(Romanos, 1995). At the early time for the production of heterologous proteins, £. coli was used
as it has the most suitability and also the genome of this bacteria species was well characterized.
However, at the same time, it also has limitations such that the prokaryotic cell of E .coli does

“not "Have membrane-botnded  Grganelles which “alse include "those “oreanelles which are

responsible for the production of required proteins after the required modifications (O'Donohue
etal, 1995). Cregg et al. (1993) defined and gave some suggestions for selecting good production
of foreign proteins hosted in methylotrophic yeast £. pastoris and has two main advantages over
5. cerevisie. The first advantage is that the promoter used for lranscribing the foreign protein is
extracted from. P. pastoris the AOX| gene which is used for the purpose of foreign protein
expression (Vries et al,, 1997). The second advantage is that S. cerevisiae is a strong fermenter but
in the case of P. pastorss, it is not a strong fermenter, so during the yeast fermentation process,
ethanol is produced in a large amount which goes up to a high toxic level resulting in lower
production of desired proteins (Siegel, & Brierley, 1989).

Many publications have successfully used this technique. For medical and industrial
purpose, yeast are broadly used for the production of recombinant proteins (Celik, & Calik, 2012).
Heterologous protein production using host organism’s expression system heterologous proteins
are produced. Normally for the production of heterologous proteins the species of fungi,
mammalian cells and bacteria are used. At a larger scale, they are produced from the species of
vertebrates, viruses, fungi, bacteria and plants. There are a lot of yeast expression benefits also
tight regulated and efficient promoter (James et al., 2009). The alcohol oxidasel (AOXD) is a
promoter gene of £. pastoris, commonly used for the expression of foreign genes (Higgins, & Cregg,
1998). Moreover, this is rapid growth on inexpensive minimal medium and its ability to secrete
the target protein which simplifies purification (Celik, & Calik, 2012).
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3.1 Chemicals and Research instruments
Among the instruments used in performing all experiments in this study include incubator,
autoclave, water bath, vortex, shaker machine, electroporation, micro pulser cuvettes (0.2 cm)
and PCR machine and reaction tubes, gel documentation system (gel tank, casting tray, UV trans-
illuminator and viewing monitor), sterile glasswares, pasteur pipettes, micro and big,
centrifugation machine, microplate reader, Plates, 250 ml flask, baffled flask, autoclaved, 200 mi
beaker. PCR reaction tubes, sterile glass and Pasteur pipette,

Chernicals used were yeast extract, peptone powder, dextrose, agar for solid medium, 1

M sorbitol, YPD plates containing Zeocin™ | Luria -Bertani broth powder, primers AOX! and crypt,
ampicillin, ethidium bromide, TAE buffer, Acetone, acetic acid, methanol, ethanol and isopropyl
alcohol restrication enzyme Sacl ans Xbal, and Agar, agarose, elycerol, yeast extract, 100 bp DNA
ladder, 1 kb DNA ladder, Xbal, Sacl, PCR Master Mix. Zeocin™ and YNB were purchased from
Invitrogen.

3,2 Beta-cryptogein gene transformation in bacterium

3.2.1 N eniy (crypt sene) dwmiunislaautiy

1) vinsduAudeyavesiu (crypt gene) 9ngaudeya NCBI {ieviliing 1y sene accession

number fis X83001.1

2) MintnThanessidduva Wessnuuliimeidmiuiiudud e aypt gene wauile
asIvdeunsileguos cypt gene

3) @¥1 construct (Figure 13.1) YasBuiiels clone wing expression vector

4) clone 8191d expression vector %ila pET TOPO® expression vectors (Invitrogen) Tagld
Wrmugilemsldnuyeauidy

Figure 13.1 : Map of favourite gene construction for cloning into expression
vector

Legend: T7 indicates bacteriophage T7 promoter.

{acO indicates lac operator.

RBS indicates ribosome binding site.

ATC indicates first start codon.

6xHis indicates six histidines tag.
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V5 epitope indicates a antigen molecute is bound to an anti-V5-antibody.

TEV indicates a protease cleavage site.

TOPO indicates a recognition site of topoisomersase |, where is the insertion site
of FG.

FG indicates a favorite gene.

Sacl indicates a recognition site of restriction enzyme.

T7-term indicates bacteriophage T7 terminator.

3.2.2 Transforming the recombinant vector in to Escherichia coli (strain BL21
Star™(DE3) (Invitrogen)

- S o el Y e L -
sy TecoOmbinant Vector ENBLE Escherichia coli (Straim BL21 Star™(DE3) sduvumateyy ™

1.1) agany One Shot® TOP10 competent cells vuihudia mn‘tfu@m 100-200ul ldasluvasn
naaasuim 1.5 ml

1.2) i TOPO® cloning reaction (7131 recombinant vector) Usuns 3t wainhlutsluuds

U 5-30 W19

1.3} 1 heat-shock Tlgamafl 42°C wu 30 Tundt (@) udnitudatuchude wm 5 wdl

1.4) 1§in Super optimal broth with catabolite repression (SOC) medium U3ums 250 il
amumgiivies

1.5) Ynrlwaanlviaim wdanblimnsdesilgamngil 37°C wiauwdaiianidasey 200 rpm w1
flus _

1.6) i spread plate laggnansagans 100, 150 w3a 200 pl 910 SOC medium Tduuamsuds
Luria Broth (LB) medium itz 50-100 pe/mi ampicillin w39 50-100 pg/ml kanamycin (R25 warm
figamafi 37°C wiuedsiias 30 wii) ntuvinm spread Tnalduviuih

1.7) vllwnsidiesiiguugh 37°C i 12 falus @)

2) analysis transformant cells

2.1) Amden 5 colonies udhuvneEsUUaMTIMaT LB medium fLfis 50-100 pe/ml
ampicittin 38 50-100 pg/rmi kanarmnycin (UaisifsaiunIsvin master plate)

2.2) Whluwnedssiaamail 37°C wiautnriiniigisey 200 rpm wu 12 $alia

2.3) afaugn plasmid DNA Ingldyaaria PureLinkT™ HQ Mini Plasmid Purification Kit (catalog
no. K2100-01) (Invitrogen)

2.4) n57388Y crypt gene lavldwnaiia restriction enzyme analysis, cotony PCR %38 DNA
sequencing
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3.2.3 Optimization of culture media on bacteria growth

1) wi3eu first (1) culture Tneth selective colony nndadluawnsmad 10 ml LB medium i
50-100 pg/mt ampicillin %38 50-100 pg/ml kanamycin

) thivsnedeslgamgll 37°C wienwehitaudaseu 200 rpm w12 dalus (overnight

culture)

3) n3uy secondary (2™ culture mnﬂg‘u@,m 500-1000 pl 20 1 culture ’léaﬂuﬁaamﬁ’mﬁ; 10
ml LB medium (fifiar 50-100 pg/ml ampiciltin %3 50-100 pg/ml kanamycin) uagld glucose A
gy 0, 1, was 2% lasnwrunmInaAasIuy completely randomized design (CRD) inisvaagd 5
2

4) ﬁﬂﬂwnstgasﬁqmmﬁ 37°C wiowwdhilnmndaseu 200 rpm um 12 $alw

NSV OO " NS [ I -
By AR TS AN I IAATINE 600 A (ODgo)~ 0508 (rmidloy phase)”
6) tudinanisviaans Lavinsgidayalaalisinaudisagunaaiiiaziinseiautandsves
1 A = . < o o
AadulagdB Duncan’s New Multiple Range Test (DMRT) Aszsiunnaileniu 95%

3.2.4 Optimization of glucose concentration

1) w3ey 1™ cutture Wuwdgaiuisntsvaaasde (3)

2) w3 2™ culture Tnggm 500-1000 pl 1* cutture ’Lﬁaa’iwaaﬂﬁmm 10 mi LB medium (7
W3 50-100 pg/ml ampicillin %38 50-100 pg/ml kanamycm ) tazld glucose ﬂ';mmmwwmwaﬂ 9290

FFnrvaaasde (3) u'flﬂmmaamamwnu 37°C wianwdhiinaundaseu 200 rpm w12 Fal

3) 1ﬂﬂ'}m‘mmﬂauuaaﬂmmmaﬂauuaa 600nm (ODsoo) 0.5-0.8 {midlog phase)

4) utls 5ml w3 2™ cutture Tdviaenlny wdaudiy 1PTG 4 final concentration wnnu 0, uaz 0.5
mM Iaganaumunsvaasaluy completely randomlzed deSIgn (CRD) vinsunand 3 m

5) g 1000u vawdas 3" culture (1 3 4 smiudumiesiaansaseu 12000 rpm WY 30-
60 Tunit iiumgneuvagad -20 (dmiy zero time point samples)

6) thvaemfiwdalugdasiigamgf 37°C wiosad finanudaseu 200rpm vnthuiudredng
N 4, 6 uae 8 Falua Ltgﬂfﬂﬁ1ﬂﬂi@,ﬂﬂ§uuaﬁﬁ ODggo MRUNTRRFBILUY completely randomized
design (CRD) ¥innsvaaas 3 4

7) iirathsliiumiosiinianiasey 12000mm wiu 30-60 Gunil Hunsnouwadi -20

8) Yuiinuanisvinaes Lariiassideyalaalusunsudiiagunadfuesiinseinmsansiiees
Anadtlng3s Duncan’s New Multiple Range Test (DMRT) fisssiumanndashy 95%
ASnSaY Lysis buffer

d5ail

Tris HCL 10 mi
iM EDTA 50 mi
NaCl 116 ¢
Anasindey

reuE1Tazany Tris HCL 10 mi, 1M EDTA 50 ml uag NaCl 1.16 ¢ U¥uusmnsTale 1 ans tluside
s = - =
s autoctave figamgd 121°C iWuvi 15 widl
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3.2.5 Optimization of culture media on bacteria growth

1) e first (1) cutture Tnendr colony widssluemns LB medium wiad 10 fadans Ay
ampicillin 100 lulasniu/Nadans

2) iluwneidesitgamai 37 ssaadua wauudilaruiisey 200 sausiewnil v 12
Fals dodwdu

3) wd secondary (2™ culture 9 nifugn 1000 lulasans 910 1% cutture Tdadlumaanams
Wi LB medium 10 iadans Mfiu ampicilin 100 Lilasn$u/fiadans

4) luwnsdosilgamgil 37 swwaidea weuadiiinruiiiseu 200 seusewndl

5) ’i’ﬂﬂ"]msq}ﬂnﬁuuaqﬁmmmmé‘uum 600 nm (ODeoo) ~ 0.5-0.8 (midlog phase) 109 3 Falaa
80,3 ,6,9, 12,15, 18, 21 uaz 24 Filus

— f)\){l)i‘!ﬁ ST A ST TS r%@:éa R

3.2,6 A151A383 Cryptogein protein a1n E coli
o r ]
1) vindanunaiids £ coli 91l Crypt Gene 910 Stock -80 earitwaides 117 Steak Plate ULEWNS
. CJ T ot 1 o aoc £ 3 é’ A oy
1B Medium viglgii Ampicillin 100 lhilasnSuraiiading udriuden godna 37 s NTaRE w12
Il
g AERA .
2) U Sediasalde First Culture Tnanismionenwnswan LB Broth ldvasanaasas 5
a aa LA o ol 2 w é’ d a4 oy aod a o
fiafidns vindwdenlalaiiiolnin (o 1) dedeamasavnaasinionld Yufigamall 37 swiwadod
o 1w o ' - y & W o
WIDNLEINIE8AI1L5I30U 200 sausiauy w12 dalusiFednndn
é’ 1 i
3) imTenLaes Secondary Culture LaanisinTouai1visinas LB Broth Tdeaajuauy (Flask)
o a oo ) 3 a - aa 1 i) W
U3wies 100 faddns ntiugaansazaederin (e 2) Uiuns 1 Taaansldadunngeugiodonts
vod a o ' : o
Uniigamgil 37 ssigadud wiemadiiem ey 120 seusawii w4 Falus
4) ynthafiens Isopropyl B-0D-1-thiogalactopyranoside (IPTG) arundudu 0 wag 0.5 fiadlua
d 173 Q ar 2 1 cl =y g
(adnmhmyahilusiu) winvangamail 18 ssiwadea wiu 14 Falug
& e " 2 5 = = A -
5) 9anthainide £ coli :anda 3 urthuwdasdhaiag centrifuge fin1ui5a5au 12000 S9Usta
o o | & 4 g e s ) ¢ o v P
il u 1 il walaia (iaiiudenadeudeld dnmsnsuwadansainulinigamagil -20 sewn
watByaaundtagldls
6) NI Lysis Buffer U3snas 100 Hadans aslungneuwaa (5) waahly Sonication lnesaan
<o o ' o &
woa§h 30% w15 il (WaliwadunnuazanUdeslusiussnun) suatsasaeiidnuasSuladu
& Y
wasduilodeniu
5 e y 4 o | o
7) inuuthlulumisd 4 ssrwafed Welanssnauigadlasdsasats WHensivds
Aanmtassuulusiiugae 35 SDS-PAGE sistu
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3.2,7 38n15wa3eu SDS-PAGE

1) thngsandmiuii SDS-PAGE sviamuasetnuasda vl a1nduthnssanisaosusiun
Usznuiilaeihnssanisiudy (Short Plate) 219uunssanushilug) (Spacer Plate) thusiunseanits 21
7adly Casting Frame Tnannawsiudy (Short Plate) 1iiuwih

2) Casting Frame TWuasusunszanaonaeiuiiedssfumsds mnunadan (75
sylnszanarsuanannsdsznulidngla

3) 11 gel cassette assembly fiussnaulu casting frame 319UU casting stand ﬁﬁgray casting
stand gasket seegidudailetostunshosnuenudunsyan

4) wisuasazaeiitavih polyacrylamide gel wail

138U Separating gel 12% USuns 10 Tafdns

T T A3 aaaws T

- 30% Acrylamide 4.0  iladans

- Tris-CL (1.5 M pH 8.8) 2.5  laddns

- SDS (10%) 0.1 Haddns

- 10% APS (Ammonium Per sulfate) 0.1 iiadaas

-TEMED 0.004 fiadtng (mstﬁuwﬁaamstftmaﬁssu‘ﬁéﬁuﬁ)
w3y Stacking gel 5% USuns 5 fadansg

- H:0 3.4  iaddns

- 30% Acrylamide 083  fiaBans

- Tris-CL (1.0 M pH 6.8) 0.63 iladdni

- SDS (109%) 0.05 Jladdns

- 10% APS {Ammonium Per sulfate) 0.05 Jiadans

- TEMED 0.005 dadans (naadfiuvasEnisgieassudaiui)

. ! 1 A e o \
6) anasaany dautes Separating gel adlutawastdunsyaniiniallilaaiussasvnein
o 2 N eatifd [ - ' Ny A w or
gpuuudssutn 2 wufiwas uddmiindulidudaeuitiunazan (GuihndudislfnaBautazignda)
S Suv q o ) I ] J =

Tnagsald 3045 uvl uwaend wanmhnaufieglunszanesn sxiuiwaivigueeEeu

7) geensazany druves Stacking gel adludasvaaiunszantngalivu Separating gel Lfis
FUAIBULHUNTZIN INDUEWT (comb) 1MUEalYne srluinessnia ssialiouealtands
Ussaey 3045 i

o & @ = 15 o .

8) mamauﬁqmum%aﬂmmﬂa‘[mﬂmaanm‘] 11 Gel Cassette Assemblies aanan

Casting Stand Wadmihlusstdiu Electrode Assembly Tnawusunssanusludu (Short Plate) 2849 Gel
. [T V) & 25 .
Cassette Sandwich whoulu uandeulddluly clamping frame
. v H d o o

9) el electrode assembly aslu clamping frame wisuvanadens 8 cam levers iiie
Ussasulludiu inner chamber winiwdntuddludiu Mini Tank

10) i running buffer aslu mini tank Tnaiiuduuanlweguinaianatsnazan douduly
sEhaudunszan Wusudy uirduanda in13saues running buffer wislil

C=3 o H cl {1 U 1 Y 1 ar = =
11) wigudaedwinzveday Tudnaidiu Med: loading dye Wity 5:1 (UsumasUiung)
L o i A oy <l

L 1Umumqmmy 100 serngatded uiy 15 Ui
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3.3 Beta-cryptogein gene transformation in Yeast
3.3.1 Preparation of £, coli competent cell
A single colony of E. coli strain DH5QL was inoculated into 5 ml of LB broth without
antibiotic (Pronadisa, Spain). Bacterial cells were cultured at 37°C for 10 hours at 250 rpm. One -
miltiliter of the cell culture was then transferred into 50 ml fresh LB broth and incubated at 37°C
for 3 hours at 250 rpm. The Optical Density {OD) was checked at 600nm using a UV visible
spectrophotometer (DRO4000, Milton Roy Company) and was found to be in the range 0.3-04.
The culture was then transferred into pre-autoclaved centrifuges tube and placed on ice for 10
minutes and then was spanned at 4000 rpm for 10 minutes and discarded the supernatant,
Pellets were washed with 10 ml (chilled) of 0.1 M calcium chloride was added in the centrifuged

“ixture and incubated in ice for 10 minutes and was then centrifuged at 4000 rpm at 4°C for 10
minutes and the supernatant was thrown away and onty the pallet was lefl behind. The pellets
were then re-suspended using 2 mi of 0.1M CaCly and sterile glycerol was added in the mixture
of 30 % glycerol and was then incubated for 15 minutes on the ice after mixing it gently. Finally,
the solution was transferred in 1.5 ml microcentrifuge 200 1l each and was stored at -80°C until
further used.

3.3.2 Beta-cryptogein transformation in E. coli

Tubes containing 100 L of competent cells were thawed on ice. In determining the
transformation efficiency, 5 [l of beta-cryptogein was transferred into 100 [Al of competent cells
tube, was mixed gently and incubated in ice for 15 minutes. After incubation, heat shock was
applied to the cells for 45 seconds at 42°C in a water bath without shaking and was then
immediately incubated on ice for 2 minutes, One millititer of LB medium was added to the
transformed cell mixture and was spread in different volumes (10 pl, 70 Wi, and 100 p\,
respectively) on LB media with 100 pg/ml Zeocin™. Finally, the plates were incubated at 37°C
for 14 -16 hours.

3.3.3 Selection of positive single colonies and colony PCR

Colony PCR was done taking single colony from the transformants as DNA templates. PCR
products were loaded in 1 % agarose gel and run through electrophoresis at 100 V for 40 minutes
to detect the positive colonies carrying the inserted beta-cryptogein gene.

3.3.4 Ptasmid extraction
A single colony was prepared and cultured {(in culture tube) by inoculating 5 ml of Luria-
broth medium containing Zeocin™ into the medium at 37°C white shaking at 200 rpm ovemnight.
The next day, the culture was transferred to a 1.5 ml microcentrifuge tube and centrifuged at
14000 x g for 1 minutes. The supernatant was discarded and the pellet was re-suspended in 200
pl of buffer S1 (RNA added). Afterwards, 200 ul of buffer S2 was added to the mixture and mixed
thoroughly by inverting the tube 10 times and left it for some time so that the lysate becomes
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homolagous. After that, 300 it of C3 buffer was added and mixed immediately by inverting the
tube 10 times and then centrifuged at 16000 x ¢ for 10 minutes. The mixture was placed in PM
fitter column kit and the supernatant obtained from the previous centrifugation was added into
the PM column using a pipette and centrifuged again at 14000 x ¢ for 30 seconds. The liquid flow
was discarded from the collection tube and was put back to the colurmn. After that, 400 pl of Wi
buffer was added to PM column and centrifuged again at 14000 x ¢ for 30 seconds and the flow-
through was discarded. W2 buffer (ethanol added} at 600 ul was added into the PM column and
centrifuged at 14000 x g for 30 seconds. The supernatant was discarded and the collection tube
was placed back to the column. This step was repeated to remove the residual W2 buffer. For
DNA elution, the column was placed in a clean 1.5 ml micro-centrifuge tube and 25 pt of buffer

“=Ewasaddedrinto the Tiiddle of sach PV column and incubated Tor 5 minute. Centrifagation at =

14000 x g for 2 minutes was done after to elute the DNA and the resulting DNA solution from 4
tubes was mixed in one tube. Isopropanol (300 ul) was added to the DNA solution and stored
overnight at -20°C. Afterwards, the mixture was centrifuged at 16000 x ¢ for 20 minutes and
washed with 400 1l of 70% ethanol. It was placed in the fume hood for 20 minutes afterward to
dry the pallet cells completely and then 10 pl of TE was added and mixed using a pipette.

3.3.5 Preparation of competent yeast cells for electroporation

P. pastoris strain was grown on YPD agar medium and incubated at 28°C for.3 days (Figure
3). Its colony was cultured (in culture tube) by inoculating 5 ml of YPD broth into the medium at
30°C while shaking at 200 rpm for overnight. The 1 ml of the cultured P. pastoris strain was added
into 100 ml fresh YPD-broth medium in a 250 ml conical flask and was grown at 30°C for overnight
until the formation of pellet cells. The shaking rate was kept 200 rpm during the culture growth
to achieve OD 1.3-1.5 at 600nm. The culture was centrifuged at a speed of 1500 x g at 4°C for 5
minutes (Invitrogen, 2009} The pellet cells were then re-suspended in 20 mi ice cold sterile water.
The pellet cells were centrifuged at 1500 rpm for 5 minutes at 4°C. The pellet was then re-
suspended again in 10 ml of cold sorbitol following the same condition as the previous. The same
process was repeated using 1 ml of cold 1 M sorbitol. The cell solution was stored in 1.5 mi
microtube on ice for one hour and was used for further processing.
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Figure 3 The strain Y11430 of P. pastoris used for electroporation on YPD plates

3.3.6 Preparation of pPICZAOA-crypt plasmid for transformation

The linearized pPICZ0A-crypt plasmid was prepared by using Sacl Figure 10 according to
manufacturer’s instruction {invitrogen, Germany). The reaction mixture contained 7.5 pl of
pPPICZOA-crypt plasmid, 3.0 ptof 10X buffer-L, 1.5 pl of Sacl, and 18.0 pl sterilized distilled water
making the 30 ul total mixture. The mixture was incubated at 37°C for 16 hours, and at 65°C for
20 minutes for the enzyme activity. Finally, the solution was stored at -20°C until further use
(Weidner et al., 2010),

On the other hand, the circular pPICZOA-crypt plasmid was prepared as follows: 7.5 il of
circular pPICZOA crypt plasmid and 22.5 ul sterilized distilted water following a 30 ul total mixture
and was stored at -20°C until further use.

Both circutar and linearized plasmids were confirmed on through agarose gel (19%)
electrophoresis.

3.3.7 Transformation into Pichia pastoris by electroporation screening the yeast cell
containing the recombinant vector

The combination between plasmid forms (circular or linear) and electric pulses {1.5 or 2.0
KV} was set up for this experiment to compare transformation efficiency. The experiment was
classified into four groups namely linearized plasmid+electric pulse 1.5 KV(M1), circular
plasmid+electric pulse 1.5 KV(M2), linearized plasmid+electric pulse 2.0 KV(M3) and circular
plasmid+electric pulse 2.0 KV(M4). Yeast competent cells (80 ), prepared as described above,
were mixed with 10 ut of linearized- or circular-plasmid transferred to 0.2 cm micropulser cuvette
(Gene Pulser® Cuvette, Bio-Rad, USA} and incubated on ice for 5 minutes. These mixtures were
electroporated with two different electric pulses (1.5 or 20 KV) by using etectroporation
(Micropulser™ Bio-Rad, USA). After transformation, cool One milliliter of sorbitol (1 M) was
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immediately added to the cuvette. The mixture was transferred into a 1.5 ml sterilized
rmicrocentrifuge tube and incubated at 30°C without shaking for 2 hours to recover the cells. The
transformants (360 pt) were spread on fresh YPD agar plate, containing 100 pg/ml Zeocin™,
incubated at 30°C for 3 days until colony formation. Twelve single colonies, resistant to Zeocin™,
were selected from individual plate of different transformation methods. Selected colonies were
streaked on a fresh master YPD agar plate containing 100 pg/ml Zeocin™ for further confirming
successful transformation efficiency. Stuccessful single colonies were selected for PCR and gel
electrophoresis was done to confirm the success of the transformation.

3.3.8 Extraction of genomic DNA of yeast

“"Asingle colony was picked and cuttured (in"cllture tube) by inoculating it in 2 mlof

YPD medium containing Zeocin™ into the medium at 30°C while shaking at 200 rpm for overnight.
The next day, the culture was transferred into a 1.5 mit microcentrifuge tube and centrifugation
was done at 5000 rpm for 5 minutes. The supernatant was discarded and 100 upl of (OAc+SDS
was added. The mixture was incubated at 70°C for 10 minutes (Looke et al., 2011) afterwards, 300
Hl of absolute ethanol was added to the mixture and was mixed by vortexing. Centrifugation at
15000 x ¢ for 3 minutes was done and the supernatant was discarded. The mixture was washed
with 300 pl of 70% ethanol by tipping and the liquid was completely removed by inverting the
tube upside down onto a piece of paper for a few seconds and incubated in the fume hood for
30 minutes to dry the pellet cells completely. A total of 100 ul TE was added to the final volume
of the mixture, was mixed by vortexing and centrifuged at 15000 x g for 30 seconds.

3.3.9 Screening of single colonies of Pichia pastoris by PCR
The single colony after the transformation was confirmed by PCR using specific primers.

Primers used and their details were presented in Table 3.1.

Table 3.1 Specific primers used in this study

Name of the Gene Nucleotide Sequence (5'-3')
size (bp)
Beta-cryptogein 309 TCTAGATTACAAGGATGAGCACTTGT
GAATTCATGGCTTGTACTGCTAC
AOX] primers: 803 GCAAATGGCATTCTGACATCC
CGAGTGGTTCCAATTGACAAGC

The single colonies were extracted through the LiIOAc DNA extraction method. The
inserted gene of interest was confirmed by PCR. For PCR reactions, the One PCR mix protocol
(Gene Direx, USA) was used following the set conditions for 35 cycles in (Table 3.2). The PCR
reaction contained 10 pl RNase-free water, 11 (il one PCR, 1 pl forward and reverse primer, and
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2 ul of template DNA making 25 pl total reaction. PCR products were run on 1 % agarose gel
stained with EtBr through electrophoresis and DNA bands were observed in UV gel doc system.

Table 3.2 PCR steps used in the modiification of 5" and 3' ends of beta-cryptogein

Step Temperature (°C) Time Number of Cycles
initial Denaturation 94 5 minutes 1
Denaturation 94 30 seconds
Annealing 59 30 seconds 35
Elongation 72 1 minute
Final Elongation 72 5 minutes 1

3.3.10 Small-scale production of beta-cryptogein

A single colony of transformants (as done and presented in Figure 10) was inoculated in
5 ml BMGY broth medium (1 M potassium phosphate buffer, pH 6.0, 10X YNB stock, 500 X B)
containing 100 pg/ml Zeocin™ in a glass tube. Cell culture was erown at 30°C in a shaking at 200
rpm for 24 hours in an incubator (BIOER TECHNOLOGY Model 51-23MC). The cell pellets from 1
mt cutture were harvested by centrifuging the mixture at 5000 rpm for 5 minutes at room
temperature. The pellets were resuspended in 1 ml sterile water and centrifuged at 5000 rpm for
5 minutes at room temperature. The cell pellets were collected and re-suspended with 5 ml
BMGY with 100 pg/mt Zeocin™ and incubated in 30°C with shaking at 200 rpm for 7 days.
Methanol was added every 24 hours into the BMGY medium for the next 7 days 1o maintain the
concentration of 0.5%. At certain time after the start of the expression, 1 ml of the culture will
be transferred to a 1.5 ml microcentrifuge tube, which will be centrifuged at 1300 x ¢ for 2.5
minutes at room temperature. Supernatant and cell pellets will be transferred to a separate 1.5
mt microcentriifuge tube and stored at -20°C for further use. The samples from different time
points (24, 48, 72, 96, 120, 144 and 168 hours) were analyzed Lo establish the optimal time period
for protein expression after induction. At differently expressed proteins, the quality and quantity
of target protein as the beta-cryptogein are determined by SDS-PAGE.



3.3.11 Sodium Dodecyt Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

The casting frames were set (by clamping two glass plates in the casting frames}
casting stands. The separating gel solution (12% and 5 %, respectively) was prepared as described -
in Appendix page. Ten milliliters of the 12% separating gel solution was filled into the gap
between the glass plates first using a pipette. After the gel became hard, the 5% stacking gel
solution was filled next into the gap between the e¢las$ casting frames until it became hard.
The well-forming comb was inserted without trapping air under the teeth, The get was completely
polymerized within 30-40 minutes. After the complete gelation of the stacking gel, the comb was
taken out. The casting frame was taken out and was set in the cell buffer dam. The running buffer
was poured {electrophoresis buffer) into the inner chamber continuously until it reached the

=iirface Vel Fequired i the slter ehamber The Smples ware Trixed [Gading Buffer and ware ™™

heated in boiling water for 5-10 minutes. Prepared samples were loaded into the wells without
any overflow and the protein marker were loaded in the first lane. After covering the top, anodes
was connected. The electiophoresis was established at 120 volts for 80 minutes and the SDS-
PAGE run was stopped when the protein marker almost reached the bottom line of the glass
plate. And the gel was putted blue staining for overnight on the platform rocker STR6 and then
destained for overnight and changed the solution in water till the required band appeared on gel.

3.3.12 Statistical analysis

The data were analyzed by using the Analysis of Variance (ANOVA) method, and mean
comparison among treatments (electroporated transformation methods) were calculated by
Tukey HSD test at a p-value less than 0.01 as statistical significance using SPSS statistics 17.0
software. All values were expressed as the mean + standard error (SE).
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ssupnarsdaviuitety 48 dalus dwmivduradinuasdaiui yinsaasduiumsteumagnide

alraweuuvsalug ivssesna 10



27

3.6 Anwmavainsld beta-cryptogein u3a/uaz capsicien protein dan13ugnsoanaseiii
oxidosqualene cyclase (OSC) uas acetyl-coA C-acetyltransferase (AACT) Tuwsudl Tnewaiia
quantitative real time PCR (qrt-PCR)

1) A15dAR RNA (total RNA isolation)

o L a o = | @ ny a i i o ot
- thdundmsuiininseanidnaveasdd 2 widauandudi Tu ddu wazsn udwhnisann
total RNA Ingldynarin TRIzol® Reagen (Life Technologies) nwitassusun
w1 - <
- ATINEDURAMNTNTBY total RNA IﬂEl'zﬂmmi@mnﬁuuammmmaﬂau 260 nm wag 280 nm

frelAtes UV-Visible spectrophotometer (NanaDrop2000, Thermo Scientific) (#aaufjifin1sva

* Austvd swiveRonss)

- AFIREBUADIATHUDY tolal RNA 1au35 gel electrophoresis 149 total RNA (1.5pg) nsavday
AMAMUY agarose gel (1.5%) uag TAE buffer (1X) (Maslfufnisvasanzineiemans uwivenas
WIATT)

- Wiufeesansazany total RNA Tlgamal -80 ssriwaldua lelilumsmaaswiely

2) duas1zyi First-Strand cDNA (first stranded cDNA synthesis)

- Fupsisvianauanua cONA Tnenfia total RNA (1pg) aslugadunsisvidna first strand cONA
synthesis IngldyaReverse Transcription for Real-Time PCR (Life Technologies)

3) fsvdauntslanssantaddy laeld Quantitative Real-time PCR (Detection of gene
expression using qRT-PCR}

- thasazats cONAs (1) uag gene specific primers dwiudu BmOSC 19glwdaes qOSC-F
(5-GCATGTGGAATGCACTGCTTCIGT-3) b & 8  qOSC-R (5-TGCCTTCGCCACGGAGATTTCTAT-3)
(Vishwakarma et al, 2013a) uasd1ufudu BmaACT Tdalwdtued gpACTF (5-
GACTACGGCATGGGAGTTTG-3)uas gAACT-R (5-ATTCCACGCTCAAAACTTTGG-3) (Vishwakarma et
al, 2013b) way normalization laeld 185 rRNA sauginilied 185-F (5-GCACGCGCGCTACACCGAAG-
3) uay 185-R 5-GTCTGTACAAAGGGCAGGGACG-3) (Vishwakarma et al., 2013a,b)

- 1§t ¢cDNA uag primers aslugn SYBR Green Mastermixes (Life Technologies)
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- A3 qRT-PCR reactions 14 conditions &4t 1 cycle 981 10 min at 94 °C, followed by
40 cycles of 30 s at 94 °C, 30 s at 55 °C, 30 s at72 °C (ynufiiSe1¥i 3 1) lagldiades Real-Time
PCR Instruments {Life Technologies)

- Jsinisianseenuesiiy BmOSC wag BmAAC Tuduwas a1y Tunassinuewsud Tasld

38 comparative Ct method f28 RealTime StatMiner® Software (Life Technologies)

3.7 Statistical analysis

* The data were analyied by using the Analysis of Variance {ANOVA) method, and mean
comparison among (reatments {electroporated transformation methods) were calcutated by
Tukey HSD test at a p-value less than 0.01 as statistical sienificance using SPSS statistics 17.0

software. All values were expressed as the mean + standard error (SE).

o o
3.8 anuiivinriviaasdAnudaya
1 TasFaudgniivnaas uasvfordfUfinns nalenivendmansmsinuns Annemsmaasa
UWVINYIRULTATS

2) HaslfiRns arrdutainen angineidians uuTIngdemsdos
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NANISNAADY waziansal

4.1 Production of cryptogein in Escherichia coli strain BL21 Star™{(DE3)

Wn1suneas 6 n1svaaes dail
4.1.1 Transformation into Escherichia coli strain BL21 Star™(DE3)

yimsaneiey recombinant vector Whg Escherichia coli strain BL21 Star™(DE3) 1ne38 heat-
shock transformation \agniTransformant Escherichia coli strain BL21 Lgﬂﬂuua’mﬁlﬁd Luria Broth
(LB) medium 7ifias 100 pe/ml ampicillin Lté’m'nmgm’luﬁﬁuwmt%a (incubator) ﬁqmwgﬁ 37 237

(walgod 187 12 911N HANTNAABIWUIA Transformants 718101501950 UIALA UUB NS LB-
. d . ‘ .
ampicillin WuwuadiSefiussg pET TOPO® expression vectors @il beta-cryptogein (Figure 4.1)

Figure 4.1: Ialail Escherichia coli strain BL21 Star™(DE3) et insnes transformant cells
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4.1.2 glavaslFura Recombinant Vector dausz8nSnnmnns transformation
NNTINARBINTIVN Transforming The Recombinant Vector Into Escherichia Coli Tagns
wiwnuddunes Recombinant Vector (RV) Wiu 2, 4, 6, 8, uar 10 wilun3u Tud3ums 50, 100, waz
o . -il e id =
150 lalasdns ves baterial competent cells any1gsvanINng Transformed Competent Cell
&t 1 r ] . 24 ¥ CI t 2 3 d 1 al _/ =%
wawIAn1Y vector ¥ing £. coli wirn wudn dlawisuisuarmududures RY vy wwiidanmsiia
o o --li', 4 a o [ . S % LA ! =] 3 S w
TalatfududiafindSinsventaa £ coli hazemindende widiawIsuitauuSuiesimaduluaiy
Y oW e a g o 4 e o Y] o o
Wuduwed RV feiy dnsmaiiafasifindududy Ing RV Aszaudiunwm 4, 6, way 8 urlundu Tu
=y =, N U =, t:l 4 r
Y3inas 150 Tulasdns ves baterial competent cells fidasmsiinlalailivunvaudign (Figure 4.2)
du RV Udinm 10 uilundu Tunnd3unes d8asnsiialatatidesnds (Figure 4.2)
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RV 2 wnlunsu/100 lulasdng

RV 4 wlun$u/so lulasins

RV 2 wnlundu/150 lulasdas

RV 4 unlun3u/100 tulasang

RV 4 wlunsu/150 lslasansy

RV 6 wilun3n/so lalasans

RV 8 wilundu/s0 lulasins

RV 10 unluniu/s0 lulnsdng

RV 6 wluniu/100 lulasans

RV 6 wilunsu/150 lulasans

RV 8 wilundu/100 lalasdng

RV 10 wlun$u/100 lulasaas

RV 10 ulun3u/150 Lilasdns

c‘ o L U ak
Figure 4.2 wanalalatluas Transformed Competent Cell Ainuiduduvasasazatadiaiu
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4.1.3 p15inTzsiiraduuafiiedll pET-crypt Tae8 single colony PCR

Amdenlalaihilen (single colony) miradeu crypt cene Tawdd colony PCR (AasviiaTeang
wiadydnualvewdazialailifierde) TagldliSuitunsilalailiior dluviwgaser PCR Tndldtns
wad 3 ¢ (Table 4.1) nan1swaaoawydl PCR product 37nnnsld ‘Lvmua‘s'@:ﬁ 1,2 wag 3 flvun
sz 109, 112 uag 198 bp ARy (Figure 4.3 uag Figure 4.3) 39Ust91 Tlallues Escherichia
colf strain BL21 ‘VN 3 clones nwmﬁuﬂ%wiiﬁlﬂu crypt aEJ (pET—crypf gene)

yinthniilalatifndraunsi master plate wag stock el 30% glycerol ludhsdau 1:1 v
flgnimii -80 asrwaiiva dwmuldouely

U

Table 4.1 : lwswed 3 4 Aflarwdwwiziuswuaues cypt gene

“Name™ “Length™ ™ ““Sequénce 5=3" T product
Fl-cryptioe 20 bp TTGATGTGCGCTTCTACTGC 109 bp
Ri-cryptioo 20 bp ABACGTTCAAAACCAATCCG
F2-cryptise 20 bp TGTCTGACGCGTCTTTCAAC 112 bp
R2-cryptisz 20 bp CATGCAGTAGAAGCGCACAT
Fo-crypties 20 bp TGTCTGACGCGTCTTTCAAC 198 bp
Rl-cryptioe 20 bp AAACGTTCAAACCAATCCG
M 71 we A3 /4 - B8 I\ 8 -~ 9 10 11 12

Figure 4.3 : a529daV crypt gene 1nlalaiAndenilagldvswesfiiamswasiu eene sy
3 gt

Note: Lane M A® Marker 100bp Ptus DNA Ladder; Lane (-) Ao negative control; Lane 1-4 fa A8 Ei’]\iﬁ 1-4
AE16U 1Y primer F1cryptios 488 Ri-ryptuos; Lane 58 A8 2881997 14 9uidadu 14 primer F2-
cryptise W88 R2-cryptiay; Lane 9-12 fia daateil 1-4 arudiu I primer F2-cryptisz Wae R1-cryptios
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4.1.4 N15VAABINANDI D-glucose donmasqdulavas Escherichia coli strain BL21 Star™(DE3)
ilalafifidaidonan stock Wa uwwzissuuemiswan Luria Broth (LB) medium i 100
pg/ml ampicilin AfiU3ums 5 ml iluwisdesilgamgl 37 eweadoa wiemediiirauida 200
saustawnt e 12 Hlug a1n§uqmﬁwasmaﬁ1ﬁﬂ%mm 1 ml adluemsiman Luria Broth (LB)
medium iy 100 pg/ml ampicillin fiiu3ums 100 mi ﬁ'fL‘lJn'nngmﬁqmuQﬁ 37 oA ngalded
vioughitrondy 200 seudeund Wuaan 2 Flus 45 Wil 61 3 Wnsvaaes nweaesEs 3 99)
%mﬁwmi@,ﬂﬂ%uuaqﬁﬂ'nmanﬂﬁuum 600nm {OD600) ~ 0.5-0.8 (midlog phase) udfu D-glucose
Iﬂﬂiﬁ’sqmm'mmamﬁ 1, 2 Wae 3 Saudududiu 0%, 19 way 2% awdwy intuihlumiedo et
gamqil 18 swugadua wianwdwimmds 200 seudeudt Wunan 12 dalus hmstumdsadtedu
neneuadfignual ¢ swiwaldud a11ads 13,000 seudewil Wutaen 5 wiit vl gamgi -20
af:’fﬁffctﬂat‘%Ef’f%—f—ttéf’f:ﬁ"i?ira'auwa'ﬂ’}Wﬁ"a'aa‘i‘fﬁ‘&fﬁ'ﬁ"‘*"’fSTEﬁ"'c"iiUﬁ‘f“Effjaétytf’?titféf@‘fpé'tya'é'rytam:de"ge'(i e
electrophoresis (SDS-PAGE)

KANTAGY WU Tirududu D-slucose 2% Tmsngauaon sy iulaves Fscherichia
coli strain BL21 Star™ (Figure 4.4) Waz aqmgil 25°C dumunzaudansgiivinves Escherichia coli
strain BL21 Star™ (Figure 4.5) lapviud3inn beta-cryptosein ludgraawmeznoy wnnivdnildyeans
wosdsasaduvriany

HaN1SNAABIUSTa Escherichia colf strain BL21 Star™ anansonanlusi beta-cryptogein
agldszuu gene-cloning wag expression system a11udiudu D-glucose 2% ﬁ'qmwgﬁ 25°C 'Lé’ﬁﬁegﬁ

Figure 4.4: uaasiauns D-elucose nan swsaliulavad Fscherichia coli strain BL21 Star™: @1sasate
wad (A), nznauwaa (B)

Note: M fia BLUelf Prestained Protein Ladder (Tris-Glycine 4~2096); lane 1, 2, 3 fis bete-cryptogein protein iy
D-glucose 0%%; lane 4, 5, 6 Aip bete-cryptogein protein 1fiy D-glucose 195; lane 7, 8, 9 fia bete-cryptogein protein
VY D-glucose 2%

Figure 4.5 : uanwaesqumginensidaiulaues Lscherichia coli strain BL21 Star™

Note: M Aa BLUelf Prestained Protein Ladder (Tris-Glycine 4~20%); lane 1, 2 i beta-cryptogein protein il
aamnil 18°C lane 3, 4 fig beta-cryptogein protein figaumali 25°C; lane 5, 6 #n beta-cryptogein protein ﬁqmwgﬁ
37°C
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4.1.5 Optimization of culture media on bacteria growth
4 & v 2 a
WeAnwssgsamRwsiemvandmiunisigduleves wuafide kan1s veaes
o i P 1 = A& t
WU 92580897 3-6 il Ansgandusaneiniuedenindy dewaludrideuuafiGouds

1 [
=t 2} t 1

@ =4 <z’ 4 E:l d”

detrnadiludnacil (Log Phase) asfindusasasiiludisssosinamils udminiudiaseeiaan
v 1 ' E| & o o o o = =1

18-21 F1la4 Anrgandutasazanased1aning Wesn@suuafiduasiiSarnrsmafiiunniu

(Table 4.2 uag Figure 4.6)

Table 4.2: ugnsAnigandunasiandenuaitide (€ Coli (Strain BL21 Star™DE3)

dilug An1sganauue (OD= 600 nm)

0 0.450 B
o 3 0.458

6 3.024

9 3.716

12 4.275

15 6.398

18 10.301

21 3.644

24 4.158

Growth Cruve

12 k. 10,301 W,
10 P P Y S .. —S—_ /f\ — )N &
o R L N | AR . - """”"*"777639{8{"*"”7‘«%”'
8 6 AWET \OA AV 4.
3_6724.18’1@%&5; _,}3{) 44158

4 fnﬁ'“““ — - T 5
2 - ‘0;450~0_4§f T e
0 v o

0 3 3 9 12 15 18 21 24

Hours

Figure 4.6 uanansquivlnues £ coli BL21 STAR
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4.1.6 Optimization of electrical voltage on protein seperation on SDS-PAGE

WAABUTEAU voltage (V) munzandm¥untsuanvunalusiy vuus SDS-PAGE Tneviaass 3
n3siE Ao nssudEN 1 mdstvin 150 Taad vuusiy Polyacrylamide gel iWhuianuy 2 #3lus (Figure
4.7); 333387 2 el 120 Toasl vuusiy Polyacrytamide gel a1 93l 30 it (Figure
4.8), n33u3591 3 hdsliivh 120 Taadf vuusiu Polyacrylamide gel Wunamnu 1 $alue 20 Wit (Figure
4.9) §uqmmswmaaw‘hmss’iamwiuané’amﬁé’audau separating gel Zaudniudden Coomassie blue
R250 unswAn weuwdwly gel sawinwi dmeTenvgnans Mntudredfioudas Destaining
reagent SUNTERAULULTEY protein Saaunasiiundslsifndfou ssuiu wuy Y8e Marker wasiuutes
Tusiiudimay Tae Cryptogein protein asiivuis 10 KDa

HAPTBINTINIRA 1 wudr nsudatuih 150 Toad uuuey Polyacrylamide gel lu

T2 AT Cptosein Pellet WUSIFNG 376 ae 12 Gilasans svivdiunesidsing
yunaladifeatu  Marker (Protein ladder 10 kba) Fadlullsiumnmssuisuiiou Tuagidesild
Cryptogein Supernatant USuns 3 6 uag 12 lulasdng liwuswaveddsiuithihminlndifwun 10
kDa (Figure 4.7)

nesuARA 2 wudn nasswideliii 120 Taad vy Potyacrylamide gel iWhuaam 1
alus 30 Wil dauwas Cryptogein Pellet MU5uRs 1.5 way 3 lulasang wzwvdwedusauitioun
1WiAu 10 kDa agadaiay WaluFeulilouiu Marker (Protein tadder 10 kDa) %.fluwimummﬁm
Wisuiteu luaneidesiild £ coliwith Crypt Gene and non-sonication teg Control (£ coli } win
Usuns ldwumnavedusiuiihihminladidssiu Marker (Protein ladder 10 kDa) (Figure 4.8)

o a’ 1 1 o af 1 a
AT5UAEA 3 wudn msdhuddsividh 120 Thad vusly Polyacrylamide gel wWuaaruu 1
o h o e “a 1 o
L4 20 il drurag Cryptogein Pellet 9iU5u105 1 waz 3 Talasdng sznudiuradlysfuiiiivuna
1w T at | ar P
wirdu 10 kDa a8 dniau iew3auiitauiu Marker (Protein ladder 10 kDa) #ufulusAumnsgm
=l = - a4 1 1 1 .
wWiguiiigy wanTeuiiisudiuansvas Cryptogein Pellet ildlunsdazdasnuin Cryptogein Pellet
o a o [y < 1
Yiunes 3 lulasdas uannuveddsiuiining 10 kDa lddnnusasinnuunndsusmuinuazain
¥ 1 E P : .
wamesuauTusfuuuuey Polyacrylamide gel Tuauefideild Cryptogein supernatant wag Control
, o 1 da ¥ ) v e R .
(€ coli ) imJTunms LiviunnatedlusiuninimininglAzsfiu Marker (Protein ladder 10 kDa) (Figure
4.9)
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Figure 4.7: protein profile separated on SDS-PAGE as method 1

Note: Lane 1 : Marker (Protein ladder 10 kDa}
Lane 2 : Control (F. coli )

Lane 3 : Control (€. coli )

Lane 4: Cryptogein Pellet

Lane 5 : Cryptogein Pellet

Lane 6 : Gryptogein Peliet

lLane 7 : Cryptogein Supernatant

Lane 8 : Oyptogein Supernatant

Lane 9 : Cryptogein Supermatant

Lane 10 : Marker (Protein ladder 10 kDa)
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Figure 4.8: protein profile separated on SDS-PAGE as method 2

Note: Lane 1 : Marker (Protein ladder 10 kDa)

Lane 2 : Cryptogein Pellet

Lane 3 : £ coli with Crypt Gene and non-sonication
Lane 4 : Control (£ coli )

Lane 5: -

Lane 6 : Marker (Protein ladder 10 kDa)

Lane 7 : Cryptogein Pellet

Lane 8 : £. coli with Crypt Gene and non-sonication
Lane 9 : Control (. coli)

tane 10 : -
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Figure 4.9: protein profile separated on SDS-PAGE as method 3

Note: Lane 1 : Marker (Protein ladder 10 kDa)
Lane 2 : Gyptogein Pellet

Lane 3 : Cryptogein supernatant

Lane 4 : Control (€. coli )

Lane 5: -

Lane 6 : Marker (Protein ladder 10 kDa)
Lane 7 : Cryptoeein Pellet

Lane 8 : Cryptogein Supernatant

Lane 9: Control (£ coli )

Lane 10 : -
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time:1.20 hr




(S8
O

4.2 Production of the beta-cryptogein gene for Pichia pastoris (yeast)
4,2.1 Original gene sequence

The beta-cryptogein which is a sterol scavenging protein produced from the
phytopathogenic pseudo-fungus P. cryptogea (Boissy et al., 1996; Ricci et al,, 1989 ; Mikes et al,,
1997) The gene (accession number X83001.1) encodes a 297 bp nuclectide sequence (Figure
4,10) as presented in the report of (ODonohue., 1995). This gene encoded codon that was able
to translate 98 amino acids (Figure 4.11) with molecular weight 10 kDa and formed to protein
containing a hydrophobic pocket with three disulfide bridges (Amelot et al., 2011)

>X83001.1 Artificial sequence gene of beta-cryptogein

GG TAGCGGCCGCAACCATGGCTTGCACTGCTACTCAGCAGACTGCTGCTTACAAGACTTTGGTTTCTAT

Bl

CTTGTCTGACGCGTCT T TCAACCAGTGCTCTACTGACTCTGG TTACTCTATG TTGACTGCCAAGGCCTTGCCA

ACTACTGCTCAGTACAAGTTGATGTGCGUTTCTACTGCATGCAACACTATCGATCAAGAAGATCGTTATTTGAA
CCCACCAAACTGUGACT TGACCGTTCCAACTTCCOGGATTGG T TTTGAACGTT TACTCTTACGCTAACGGATTC
TCTAACAAGTGCTCTTCCTTGTAGCTAGATAGCTGCAGGTGTAG

Figure 4.10 The 297 nucleotide sequence of the beta-cryptogein gene {X83001:1)
Note: Sequence was taken from NCBI (O'Donohue et al, 1995). The start codon was highlighted
in green, and stop codon in red.

MACTATOQTAAYKTLVSILSDASFNQCSTOSGY SMLTAKALPTTAQYKLMCASTACNTMIKKIVTLNPPNCODLTV
PTSGLVLNVYSYANGFSNKCSSL

Figure 4.11 The 98 amino acid sequences of the beta-cryptogein gene as taken from NCBI
(O'Donohue et al,, 1995)
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4.2.2 Modifled sequence of the pPICZOA carrying beta-cryptogein

The sequence of beta-cryptogein was predicted frorn NCBI gene bank. The nucleotides of
beta-cryptogein gene sequence are modified and after confirmation, it was inserted into pPICZ OlA
(Figure 4.12) through cloning with 6 nucleotide sequences recognizing the size of EcoRl and Xbal
added at the 5'and 3'end of the gene, respectively.

5% CATGGCTTGTACTGCTACTCAGCAGACTGCTGCTTACAAGACCTTGGTTTCTATCTTGTCCGACGC
CTCCTTCAACCAGTGTTCTACTGATTCTGGTTACTCCATGTTGACCGCTAAGGC TTTGCCAACTACTGCCCAG
TACAAGTTGATGTGTGCTTCCACTGC TTGCAACACCATGATCAAGAAGATCGTCACTCTGAACCCACCAAAC
.. TGCGACTIGACTGTTCCAACTTCCGGTTIGGTICTIGAACGTTTACTCCTACGCTAACGGTTTCTCCAACAAGT

GCTCATCCTTGTAA]

Figure 4.12 Modified sequence of the beta-cryptogein gene from NCBI (O'Donohue et al.,, 1995)
with 6 nucleotide of £coRl and Xbal which were highlighted in red, added at the 5" and

3"end of the gene, respectively.

As the wobble hypothesis that the standard base pairs (between codon of mBNA and
anticodon of tRNA) may be rather strict in the first and the second than the third positions of the
triplet MRNA codon (Crick, & Francis, 1966). This was catled degenerated codons meaning some
tRNA molecules can recognize mare than one codon with different nucleotides at the third
position of mRNA codon, and it can be encoded the same protein (Alberts et al, 2008). The
degenerated codons were preferred for different expression in each organism (Fath et at., 2011).
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In present study, the triplet mRNA codons of the original crypt-gene (297bp) was modified
bases at the third position of each codon by using GeneArt™ and Gene Optimizer™ software to
maximize expression of synthetic genes in P. pastoris system (developed by Invitrogen, Thermo
Fisher Scientific, 2009). Nucleotide sequences between modified and original sequence of the
crypt-gene were compared by using the CLUSTAL online program (European Molecular Biology
Laboratory (EMBL), UK). As shown in Figure 4.13, the result revealed that some codons were
modified base types, which were base substation at the third position of mRNA codon of the
crypt gene. In this case, this software enabled to optimize and modify codons for maximum gene
expression, and it was able to deal with a large number of sequence-related multi parameters
involved in different aspects of protein expression in yeast cell such as codon usage, ribosomal

“entiy sites, RNAInstabitity mictifs, Secondary structire formations (Higgins, & Crege, 1998 Fath et
al,, 2011).

CLUSTAL 0(1.2.4) aultiple sequence alignment

original = ------ ATGOCTTOUACTGCTACTCAGCAGACTGC TGC T TACAAGACTTTGATTECTATC 54

Hodified GAATTCATGGC TTGTACTGL TACTCAGCAGACTGL TGCTTACAAGACCTTGGTTTLTATC 50
FEFEEEER EAFFFFEEARENLIREARRRILIINER KN FFUGHNETIRL L

Original TTGTCTRACGCOTCT Y TCAACCAGTGCTCTACTGACTCTGOT TACTCTATGT TOACTGLC 114

Hodified TTGTCCRACGLCTCCTTCAACCAGTGTTC TACTGATTC TGGT TACTCCATGTTRACCGLT 120

WREZE IERIZ AE GATEEEERLEE RRERFARE EFEFIFRESEE RARIESLE %A

Original AAGGCCTTGCCAACTACTGE TCAGTACAAGT TGATGTGCGLT TCTACTGCATGCAACACT 174
Modified PAGGCTTTGCCAACTACTGCCCAGTACAAGT YOAT GTGTGCT TCCACTGCTTGCAACACC 180
FEEFE SIREIEFAIENEES TEIINSSAAIAFRERRE FEeER SAPKA EERELRRL
Originsl ATGATCAAGANGATCGTTACTE TGAACCCACCAAACTGCGAL TTGACCGT TCCAACTTCC 234
Hodified ATGATCAAGAAGATCGTCACTCTGARCC CACCAAACTGLGALTTGAC TGTTCCAACTTCC 240
4R EFRELERFHEARS S5 28I BAET SRR IR AR IR0 E S SEAANEEARRLE
original GGATTGGT ¥ FTCARCGTTTACTCTTACGC TAACGGATTCTCTAM AAGYGETCTTCCTTG 294
Hodified GOV TGOTCT TEAACOTTTACTCCTACGC TAACGOT T TETCLAACAAGEGCTLATLCTIG 309
P BREEF FRETFERIGERFLE LAV LRTEEXT PR BET RUNREFIECIE FREEAY
Original TAG=~=-== 297
Modified TAARTCTAGA 309
*x

Figure 4.13 Comparison of original and modified nucleotide sequences of beta-cryptogein using
multiple sequence alignment (CLUSTAL)

Note: The sequence reads and were compare the original gene with modified gene sequence by

using the CLUSTAL online program (European Molecular Biology Laboratory (EMBL UK). The start

(*) indicates nucleotide similarity.
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Original amino-acdid sequences of beta-cryptogein were compared with modified
sequences using muttiple sequence alignment of (CLUSTAL). The results of the analysis showed
that in Figure 4.14 all amino acid sequences of modified nucleotide within crypt gene were 100%

homologs original crypt gene sequence.

CLUSTAL 0{1.2.4) multiple sequence alignment

Original HACTATOQQTAAYKTLYSILSDASFHQLS TDSGYSHLTARALP TTAQYKLICASTACHTHI 50
Hedified PACTATOQTAAYKTLVSTLSDASFNQUSTDSGY SHLTARALPTTAQYKLHCASTACHTII 60

FEERASFF LRSI ARG BAAIRES RSB RXLR ISR FRRRIA SRR RERN AL E AR Y

“HOpiginal T KKV TURPPHCOLTVRTSOLVLIVY SYANGFSHRCSSE 885
Madified KKIVTLHPPHCDLTYPTSGLVLEVYSYANGFSHKCSSL 98

FEESEREA LR F R SR RN R AT R R AR FEIBRH S EY

Figure 4.14 Comparison of 98 original and maodified amino acids of beta-cryptogein using multiple
sequence alignment (CLUSTAL)

Note: The sequence reads and were compared the original and modified amino acid sequences
by using the CLUSTAL online program (European Molecular Biology Laboratory (EMBL
UK). The start (*) indicates nuclectide similarity.
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4.2.3 Construction of pPICZ0OA vector

The synthetic gene beta-cryptogein was assembled from synthetic oliconucleotides and
the fragment was inserted into pPICZQA (Figure 4.15; Figure 4.16). The pPICZOA contains the
AOX promoter for tightly regulated and its site allows over-expression of the recombinant gene
when placed behind the alcohol oxidase gene promoter with (Higgins, & Cregg, 1998). This plasmid
confers Zeodin™ resistance as a selective marker and a c-terminal peptide containing the ¢-myc
epitope and a polyhistidine {6xHis) tag for detection and purification of a recombinant protein
inserted into MCS (Arnau et al,, 2006). The pPICZOA vector was used for inducible protein

expression in the yeast P. pastoris.

Baki{?)
~5ael{709)
/AOX! prometer

pUC origin

-Hindll(873)

16ACV3SP_BetaCryp_pPICZaiphaA™

EenRV{ZB42) — 3933 bp a'pha-factor signal
poptde
Xhol(1185)
Zeo(R) - _ ORI 289

FO-Meol{2402) .

— Cc-myc epltope
GxHis

TEF 1 promoter —
BomHI{ 1018}

Figure 4.15 The map of a pPICZOA vector carrying beta-cryptogein gene
Note: A picture of the pPICZOA plasmid showing its important features including, the Q-factor
signal sequence for exiracellular expression, 5A0Xi promote methanol induced high level

expression of recombinant protein, and the gene that confers Zeocin™ resistance.

nlic r,rlﬂin

/7ﬂnn|nﬂ

Figure 4.16 Physicat map of the linearized pPICZOA-crypt plasmid (3833bp)

Note: AOXI promoter region (position at 1-803); beta-cryptogein (position at 941-1270); c-myc
epitope {position at 1270-1299); 6xHis {position at 1299-1316}; EM7 promoter (position at 2074-
2241); Zeocin® {position at 2241-2619); and pUC origin (position at 3160-3833).
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4.2.4 Evaluation of plasmid forms by gel electrophoresis before transformation

Migration of {inearized and circular pPICZOA-crypt plasmids in 1% agarose gel after
electrophoresis is presented in (Figure 4.17). Results showed that both plasmid forms migrated
differently on the gel indicating that the circular plasmid (corresponding to 3833bp) appeared to
be slightly faster than the linearized plasmid indicating that even the same amount of nucleotides
was inserted into the same plasmid DNA but in different forms, variation in sizes can be observed.
This conforms to the findings of (Ang et al., 2016), stating that the circular pBR322 plasmid was
found to have lower molecular weight compared to the linearized pBR322 plasmid after digestion
by hydrogen peroxide. The DNA plasmid conformation with the same molecule weight is
influenced on its electrophoretic mobility in the agarose gel. Since the circular plasmid form was

Trreduced the sizé With less spacé by compacting which ¢atse to be less frictional resistancé from ™™

the gel, resulting in the migration of this plasmid conformation was able to be faster than other

conforrmations (Cebrian et al,, 2015).

6kb
5kb pibp
4kb

3kb

Figure 4.17 Migration of linearized (S1) and circular (52) pPICZOA-crypt plasmid (corresponding to
3833bp) on 1% agarose gel electrophoresis assay
Note: Lane M represents 1kb DNA RTU Ladder (GeneDireX, USA).

4.2,5 Comparison of transformation methods

Transformation efficiency of four different transformation methods (M) indicating the
combination of two plasmid forms (linearized and circular) of pPICZOIA-crypt and two electric
pulses (1.5 and 2.0 KV) is presented in (Figure 4.18; Figure 4.19). Results revealed that linearized
plasmid digested with Sacl gave the higher number of transformed colonies with an average of
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29.25 and 30.00 colonies/plate by 1.5 and 2.0 KV, respectively compared to the circutar plasmid
which yield an average of 8.13 and 7. 63 colonies/plate when treated with 1.5 KV and 2.0 KV,
respectively, thus indicating that linearized plasmid is more efficient in transformation than circular
plasmid by either of the two electric pulses. Statistical analysis also showed significant differences
in the transformation efficiency produced by the two forms of plasmid but showed no significant
differences in the treatment of electric pulses at p-value 0.01 (Table 4.3). These results suggest
that linearized plasmid could strongly enhance transformation efficiency in yeast by
approximately 3.7 folds compared to the circular plasmid.

These findings conform to previous reports like the one with which revealed that the
linearized pUT37 plasmid was found to have highly increased transformation frequency up to 2-

“3folds as compared 1o its associated circular plasmid: Similar findings - were found- i inearized™

pPDHG25 plasmid digested with BamH1 which generated hisher transformed colonies than its
circular plasmid (Bessa et al,, 2012) also reported that the linearized plasmid p416-GPD digested
by EcoRl was found to increase the stability of transformation efficiencies in S. cerevisiae as
compared to its related circular plasmid. Furthermore Schifferdecker et al. (2016), reported that
the linearized p892 plasmid with Hindlll yielded higher average number of transformants as
compared with the circular p892 plasmid which did not yield any transformants.

Method | Method 2

Mecthod 3 Method 4

Figure 4.18 Comparison of successfully transformed colonies of P. pastoris among four different
electroporated transformation methods

Note: After transformation, transformed yeast cells were cultured on selective YPD medium
supplemented with Zeocin™ at 30°C for three days. Each method has been done with eight
biological replications, and only one representative per method has been depicted in this Figure.
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35.00
2000 29.25 30,00
25.00
20.00 |
15.00 |
10.00

5.00

Trrasformation efficency (colonics)

0.00

M2 M3

“T'ransfonmation methods

Figure 4.19 Transformation efficiency of P. pastoris in four different electroporated
transformation methods
Note: After transformation, the transformed yeast cells were cultured on selective YPD
medium supplemented with Zeocin™ at 30°C for three days. Transformation efficiency

was determined by the average number of single colonies in the plate. M1, M2, M3,
and M4 represent Method 1 (Linearized + 1.5 KV), Method 2 (Circular + 1.5 KV, Method
3 (Linearized + 2.0 KV) and Method 4 (Circular + 2.0 KV), respectively. Data presented
are means of 8 replicates. Error bars represent standard error.
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Table 4.3 Statiscal analysis on the transformation efficiency of P, pastoris in four different
electroporated transformation methods

Transformation method Transformation efficiency

Linearized + 1.5 KV (M1) 29.25+ 2.11a
Circutar + 1.5 KV (M2} 7.63 £ 0.80b

Linearized + 2.0 KV (M3) 30.00 + 2.05a
Circular + 2.0 KV (M4) 8.13 + 0.85b

Note: Means with the same letters are not significantly different. Data shown is analyzed using
Tukey HSD test relative to P-value < 0.01.

4.2.6 Confirmation of successfully transformed colony using PCR

Twelve single-yeast colonies was randomly selected YPD plate frormn master plates (Figure
4.20) and was subjected for DNA extraction using the LiOAC DNA extraction method (Looke et
al, 2011). DNAs were used as templates for PCR to confirm the success of transformation method.
Results showed that all selected yeast transformants from linearized plasmid as treated with
either of the two electric pulses positively camied the crypt-gene. Meanwhile, only 10 out of the
12 transformants from the circular plasmid either of the two electric pulses carried the inserted
crypt-gene (Figure 4.21). In this case, the linearized pPICZ QA-crypt plasmid with Sacl (located at
the unique 5A0XI region) have increased transformation efficiency because it might directly
transfer into yeast competent cell and its homologous sites (5'A0X1 region), linked to Sacl cleave
site, were able to enhance opportunity of synmapsis and recombination with the yeast
chromosome.



M3 M4

Figure 4.20 Picture of transformed P. pastoris with pPICZOA-crvpt plasmid picked up on master
YPD plates with Zeocin™

Note: M1, M2, M3, and M4 represent Method 1{Linearized + 1.5 KV}, Method 2 (Circular + 1.5 KV,
Method 3 (Linearized + 2.0 KV) and Method 4 (Circular + 2.0 KV (M3), respectively.

M1 \ M1

Crypt primer AOXI primer

Figure 4.21 Confirmation of successfully transformed colony using PCR and detected through gel
electrophoresis

Note: Migration of PCR products on 1% agarose gel electrophoresis stained with ethidium brornide.

DNA templates for PCR amplification were randomly selected from 12 transformed single colonies

to confirm the success of gene insertion. Primers used were crypt gene specific primer,

corresponding to 309 bp (A} and AOX! primer corresponding to 803 bp (B).
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4.2, 7 Small scale of beta- crypt in Pichia pastoris

After successful transformation, single colonies were selected for test inductions of
positive beta-crypt through PCR. Cultured cells were inoculated in BMGY to generate biomass for
induction. The cells from the BMGY culture were then transferred into BMMY media for induction
with methanol. Samples were collected after 24 hours and 0.5% methanol was added to the
culture every 24 hours for 7 days post induction as it is an established fact that in the presence
of methanol media the AOXI production increases three to five percent. However, the addition
of methanol did not produced any good results it was probably due to unchecked free methanol
and oxygen concentration whose levels could only be checked in a fermenter. Cultured cells

sHwereTeollected at T different ™ times post Tinduction and “béta-cryptogein protein expression is ™

analyzed by SDS PAGE in each time post. Results showed no detection of beta-crypt protein
expression (corresponding to the size of approximately 10kDa) in all the test samples (Figure
4.22).

The presence of beta-cryptogein was checked in both supernatant and pellet but was not
detected probably due o very low concentration levels or it could also be due to the reason
that we don't have a eood sophisticated technique for the determining the protein. Moreover, in
P. pastoris the protein expression is a complex process due to the fact that P pastoris is a
eukaryotic organism which makes the protein expression more difficult as compared with £, coli.
Even for those proteins that are produced at a level of >1¢/lin P. pastoris the starting shake flask
levels are poorty low ie. <1 m¢/l (Fernandez, & Hoeffler, 1998). However, various optimal
conditions such as culture temperature, air circulation, methanol-inducer concentration and
methanol-feeding strategy for recombinant protein technology should also be considered for
further experiments to gain higher expression level of beta-cryptogein protein in P. pastoris.
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Figure 4.22 SDS-PAGE analysis of supernatant culture from P. pastoris fermentation during the
growth time in the absence or presence of beta-cryptogein
Note: Lane 1 and 6 represents Spectra Multicolor Broad Range Protein ladder (Thermo Fisher,
Lithuania); lane 2, and represent the samples of pellet culture of transformed
‘ yeast; and lane 3, 4, 8, and 9 represent the samples of supernatant culture of
transformed yeast.
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4.5 Effect of cryptogein elicitation on expression pattern of BmAACT and BmOSC genes

The previous section (4.4) shown that treated elicitor concentration (500ppm) stronely
affected on severe acute phathogen on brahmi seedling. In this section, the expression pattem
of BmAACT and BmOSC genes, involved in the early and later phase of triterpenoid saponin
biosynthesis respectively in brahmi, was further investigated at 8 time points within a 3 day
periods after 500ppm elicitor treated one-month-old seedling of brahmi, compare to a mock
solution used as a control. At all-time points, whole plant was sampled from three biological

replicates, and 100mg of individual plant was randomty sampled for total RNA extraction. The

_result found that both BmAACT and BmOSC gene was not significantly up-regulated at all time
points of post elicitor-treated brahmi (Table 4.4). This indicated that the beta-crytogen elicitor
might be not affected on change of both BmAACT and BmOSC gene of post elicitor-treated

brahmi.

Table 4.4 : Expression of genes (ATTCT and OSC ATTCT) of post elicitor-treated brahmi at
different time course

Time course (hours) | Untreated MelA Gene expression (fold) compared to
untreated MelJA
AACT OSC

0 1 1.21+0.40™ 1.1540.23"™
1 1 1.81+042" 1.10£0.24™
4 1 1.5240.08™ 1.91+0.17™
8 i 1.57+0.14™ 1.11+0.349™
12 1 1.03+0.184™ 1.96+0.42"™
24 1 1.13+0.215™ 1.90£0.39™
48 i 1.20+0.14™ 1.24+0.25™
72 i 1.27+0.15™ 1.9120.17™

Note:  Values from qRT-PCR are expressed as means + standard error of triplicate experiments.
Mean values with different letters (in same the gene) are significantly different at p < 0.01, analyzed
by one-way ANOVA with Tukey's HSD (honestly significant difference) test using SPSS version 17.0
software program.
The gene expression levels of BmAACT and BmOSC in mock solution treatment were set to 1, and
their BmAACT and BmOSC at different time points were accordingly calculated and presented as the
relative fold changes, respectively.
All the reactions were normalized using 8m18s-1BNA gene
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Conclusions and Recommendation

CONCILUSIONS
1. anmefingauiansudn beta-cryptogein T Escherichia coli strain BL21 Star™ fis m3

J -=J oy 2 £=Y
wieuaisen guuall 25°Cuasldarinsedu D-glucose Arudiudu 2% laavuu3un beta-

. [ [ X
_cryptoeein ludnvemsnay wnnninduldveinsvngihsasaduyasy

2. Linearized plasmid is more efficient in producing successful pPICZOA-crypt
transormants than circular plasmids.

3. Either electric pulses either 1.5 KV or 2.0 KV can vyield good results for transformation
efficiency in P. pastoris.

4. The small scale of beta-cryptoeein protein was examined by SDS PAGE assay, and it
showed that both supernatant and pellet of yeast culture could not delecled presence of this
target protein.

5. wuddesaialmliviliAalsalunsudl 2 Wa Ao das Phoma spahliAnenmsluslitddu
apswsudl Wag o Colletotrichum sp. iliiAnamsuraily Tneusaiidinadudeiuazaudauis
f8)

6. maiiawua1s beta-cryptogein protein ¥ldfundmesuiifiauseuedemad i veade
Colletotrichum sp. Warfinuquualsannaninsaigiieudisudavinh

7. that the beta-crytogen elicitor might be not affected on change of both BmAACT and

BmOSC gene of post elicitor-treated brahmi.



RECOMMENDATION
For this result, the further experiments should be recommended that:

1. various optimal conditions such as culture temperature, air, methanol-inducer
concentration and methanol-feeding strategy for recombinant protein technology should also be
considered for further experiments to gain higher expression level of beta-cryptogein protein in

both E. coli and P. pastoris.

2. the novel fungal species, Phoma sp. and Colletotrichum sp., should be identified further

by using SEM and molecular techniques.
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Abstract

The electroporation systems was widely used for fransforming eukaryotic gene. The purpose of this research was
to compare effects of plasmid forms and electric pulses on transformation efficiency in yeast using various
electroporation approaches. The pPICZai-crypt plasmid, containing the beta-cryptogein gene, was digested and
undigested by Sacl to produce linearized- and ecircular-plasmid, respectively. Both plasmid forms were
transformed into competent cells of Pichia pastoris (Y11430) using either electric pulseof 1.5 or 2.0 XV. The
single colony was selected and cultured in YPD medium, containing 100 pg/ml zeoein™, and successful
transformants were confirmed by using PCR-amplification. The result showed that the linearized plasmid in both
electric pulses significantly generated higher transformants (average 29.25-30.00 colonies/plate) than the
circular plasmid (7.63-8.13 colonies/plate). Twelve putative transformants in each transfermation system were
assessed suecessful transformation efficiency through PCR with present of the inserted crypt gene and AQXT,
The result showed that transformation efficiency of the linearized plasmid (12 of 12 transformants) was
significantly higher (p=o.01) than the circular plasmid (10 of 12 transformants) in both eleetric pulses. This
study indicated that the linearized ptasmid might be used for increasing electroporated transformation efficiency

in P. pastoris.
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Introduction

The cryptogein,belongs to the peptide beta-elieitin, is
a low molecular weight protein (10 kDa) containing
98 amino acids and produced by psendo-fungi
(Phytophthora cryptogea). The protein is regulated
by the beta-cryptogein (cryptf; accession number
X83001.1) and encoded 297 nuclectide sequences
(Gousseau et al., 1995).It has been previously proved
to enhance the defensive properties in piants such as
tobacco(Amelot et al., 2011).1t also provides a binding
site to the fatty acids and phospholipids in

using calcium chloride {CaCl.), whose ions have two

main funetions for generating temporary pores at the
membrane and binding foreign DNA which is able to
transfer into the competent cell (Oswald, 2007).
However, the disadvantage of this method is that its
process requires a high amount of plasmid DNA,
time-consuming (Version and Carlshad, 1999) and
compared to

low transformation efficiency,

electroporation method (Oswald, 2007).
using  the

The  transformation  efficiency

electroporation method relies on_ tric _pulses,

_plants(Dobes et al., 2004).Because it is a nonspecific

carrier of sterol protein which enables the fatty acids
and sterols to bind with it. Generally, the cryplogein
protein was produced by using the in vitro approach.
In brief, the P. crypiogea was eultured in a medium,
supplemented asparagine and nitrogen, and grown
under a dark condition at 26°C for 28 days(Tercé-
Laforgue ef al.,,1992). However, the limitation of this
approach was time-consuming, laborious, and
difficult to grow in culture conditicns and less
amount of this protein production. Nowadays,
recombinant proteins are widely produced by using
commercial expression systems in bacteria and yeast.
Since this system is simple, able to highly produce
proteins and also easy to purify them (Weidner et al,,
2010). However, the genes encoded eukaryotic
proteins were expressed at the low level in bacterial
system. For example, the beta-cryptogein protein
production in Escherichia coli is low vield with
sotuble protein. The reason is that protein is refolded
itself, and it is an indigenous property. For this
limitation, another alternative protein production
system was to express in a eukaryoticeell such asP.
pastoris reported by (O'Donchue et al., 1996). It was
first reported that expression vector (pTRCoggA),
carrying crypt gene, was able to produce soluble
protein secreted into culture medium in P. pastoris.
Because of this reason, its expression systems may
trend to give a significant advantage for the
production of many heterologous eukaryotic proteins.
Transformation systems in the eukaryotic cell, such as
yeast, have two commonly main methods namely
chemical and electroporation methods. For chemical

method, the competent cells are mostly prepared by

which are high potential to create mémy temporary
pores in the cellmembrane. Resulting that the foreign
DNA is easily transferred into the cell. As supported
byWuet al(2004), reporied that the electric pulse at
1.5 KV revealed higher transformation efficiency in
yeast than 2.0 KV. Furthermore, the plasmid forms,
such as linearized and circular, also played an
important role in transformation efficiency. It was
supported by Calmels ef al (1001) and Wang ef al
(2011),reported  that linearized plasmid highly
increased transformation efficieney as 2-3 folds
compared to the circular plasmid.

Therefore, the aim of this study was to compare the
transformation efficiency in yeast (P. pastoris, strain
Y11430) competent cell using different
electroporation methods, under the combinations

between different plasmid forms and electric pulses.

Materials and methods

Construct of pPICZuA plasmid

The nucleotide sequences of beta-cryptogein (erypf)
gene (registration number X83001.1 329 bp) from
NCBI1, were modified by adding with recognized
nucleotide sequences of EcoRI (5'-GAATTC-3") and
Xbal (5-TCTAGA-3") at the 5 and 3 end,
respectively. The crypt was inserted into the
expression plasmid; pPICZaA (approximately 3.8 kb)
(Invitrogen, Germany}, and this recombinant plasmid
(pPICZaA-crypf) was transformed into E.coli, strain
DHia using heat shock technique (Lauand Fong,
2008). After that, it was grown on LB agar medium

containing 100 pg/ml ampicillin and ineubated at
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Abstract

The electroporation systems was widely used for transforming eukaryotic gene. The purpose of this research was
to compare effects of plasmid forms and electric pulses on transformation efficiency in yeast using various
electroporation approaches. The pPICZaA-crypt plasmid, containing the beta-cryptogein gene, was digested and
undigested by Sacl to produce linearized- and circular-plasmid, respectively, Both plasmid forms were
transformed into competent cells of Pichia pastoris (Y11430) using either electric pulsecf 1.5 or 2.0 KV. The
single colony was sclected and cultured in YPD medium, containing 100 pg/ml zeocin™, and successful
transformants were confirmed by using PCR-amplification. The result showed that the linearized plasmid in both
electric pulses significantly generated higher transformants (average 29.25-30.00 colonies/plate) than the
circular plasmid (7.63-8.13 colonies/plate). Twelve putative transformants in each Lransformation sysiem were
assessed successful transformation efficiency through PCR with present of the inserted erypt gene and AOXI.
The resuit showed that transformation efficiency of the linearized plasmid (12 of 12 transformants) was
significantly higher (p=0.01) than the circular plasmid (10 of 12 transformants) in both electric pulses. This
study indicated that the linearized plasmid might be used for increasing electroporated transformation efficiency

in P. pastaris.
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37°C for 14-16 hours. The positive recombinant clones
were selected and eonfirmed by using colony PCR
with erypt and AOXT (alcohol oxidase) primers,
which were expected sizes to 329 and 803 bp long
respectively, The selected plasmid was extracted by
using the kit (Pure Direx plasmid mini PREP kit,
Taiwan). The purified plasmid was quantified by
using UV-spectrophotometry (Bic Tek®, USA). Iis
concentration was adjusted to 300 ng/ml with
sterilized distilled water, and stored at -20°C until

further use in next step.

pellets were dissolved in 1 ml of 1 M cool sorbito! and

immediately used for transformation.
Transformation of pPICZaA-crypt plasmids into
yeast cells by electroporation

The eombination between plasmid forms (eirenlar or
linear) and electric pulse (1.5 or 2.0 KV) was set up
for this experiment to compare transformation
efficiency. The experiment was classified into four
gronps; linearized plasmid+electric pulse 15
KV(named as M1),eircular plasmid+electric pulse 1.5

KV(named as Mz2),linearized plasmid+electric pulse

Preparation of pPICZaA-crypt  plasmid  for

transformation

. The linearized pPICZaA-crypt plasmid (Error!
Reférence source not found..}) was prepared by
using Sacl as according to the manufacturer
Briefly, the
reaction mixture (30 pl) contained circular pPICZaA-

instruction  (Invitrogen, Germany).
erypt plasmid 7.5 pl, 10X buffer-L 3.0 pl, Sacl 1.5 pl,
sterilized distilled water 18,0 yl. The mixture was
incubated at 37°C for 16 hours, and the enzyme
activity in the mixture was stopped at 65°C for 20
minutes. Finaly, the solution was stored at -2z0°C

before further use.

Meanwhile, the circularpPICZaA-crypt plasmid (30
ul) was prepared as follows: circular pPICZaA-erypt
plasmid 7.5 pl and sterilized distilled water 22,5 l,
finally the mixture was stored at -20°C for further

use.

Both linearized and circular plasmids were confirmed

on 1% agarose gel electrophovesis.

Preparation of P. pastoris competent cells

The yeast (P. pastoris, strain Y11430) competent cell
was prepared according to manufacturer instruction
of Easy select™ Pichin Expression Kit (Invitrogen,
Germany). Briefly, the yeast was cultured in 5 ml of
YPD broth (1% veast extract, 2% peptone, and 2%
dextrose) and incubated at 30°C with shaking at 200
rpm  overnight. The cells were collected by

centrifugation at 2000 g for 5 minutes at 4°C. The

pulse 2.0 KV(named as M4). Yeast competent cells
(8o pl), prepared as described above, were mixed
with 10 pl of linearized- or ecircular-plasmid,
transferred to 0.2 cm micropulser cuvette (Gene
Pulser® Cuvette, Bio-Rad, USA) and incubated on ice
for 5 minutes. These mixtures were electroporated
with two different electric pulses (1.5 or 2.0 KV) by
using electroporation  (MicropulserTM  Bio-Rad,
USA). After transformation, eool sorbitol (1 M) 1 ml
was immediately added to the cuvette. The mixture
was transferred into a 15 ml sterilized
microcentrifuge tube and incubated at 30°C without
shalking for 2 heurs to recover the cells. The
transformants (360 pl) were spread on fresh YPD
agar plate, containing 100 pg/ml zeoein™, incubated
at 30°C for 3 days until colony formation. Twelve
single colonies, resistant to zeocin™, were selected
from individual plate of different transformation
methods. Selected colonies were streaked on a fresh
YPD agar plate containing 100 pg/ml zeocin™t for
further

effictency.

confirming  successful  transformation

Confirmation of successful transformation using
PCR

A selected transformants colony was cultured in YPD
broth medium, containing zeoein™, and its genomic
DNA  was extracted LiOAe-8DS
method(Ldoke et al., 2011). The inserted crypt gene

using the

was confirmed by using PCR amplification with gene-
specific (crypt-reverse 5~
TCTAGATTACAAGGATGAGCACTTGT-3" and crypt-
forward 5°-GAATTCATGGCTTGTACTGCTAC-3") or

primers
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plasmid-specific (AOXT-reverse 5°-
GCAAATGGCATTCTGACATCC-3" and ACXI-forward
5 -CGAGTGGTTCCAATTGACAAGC-37). The PCR
condition was performed by an initial denaturation at

primers

04°C for 5 minutes, followed by 35 eyeles of 94°C for
30 seconds, 59°C for 30 seconds, and 72°C for 1
minute, and a final extension at 72°C for 5 minutes.
The PCR product was separated to detect the
expected sizes on 1% agarose gel electrophoresis. The
expected sizes of PCR product amplified by gene-
plasmid-specific

specific  and primers  were

corresponded to 329 and 803 bp, respectively.

among treatments (electroporated transformation

methods) were caleulated by Tukey HSD test at a p-
value less than 0.01 as statistical significance using

SPSS statistics 17.0 software.

All values were expressed as the mean * standard
error (SE).

Results and discussion

Preparation of plasmid for transformation

The pPICZaA plasmid carrying the beta-erypiogein
gene (p,PICZqA—crypt) in_E.coll s,trainWD:I:I,sa was

Statistical analysis
The data were analyzed by using the Analysis of

Variance (ANOVA) method, and mean comparison

C=pye epitop
beta-crypt g

T
'é“‘z_!;t 2
£

extracted by using the kit {Pure Direxplasmid mini
PREP kit, Taiwan).

plUc origin

Fig, 1.Physical map of the linearized pPICZaA crypt plasmid (3833bp).

Note: AOXT promater region (position at 1-803); beta- cryptogein (position at 941-1270); c-myc epitope (position
at 1270-1299); 6xHis (position at 1299-1316); EM7 promoter (position al 2074-2241); Zeocin® (position at 2241-

2619); and pUC origin (position at 3160-3833).

The undigested-circular-plasmid form and the
linearized-plasmid form digested by Sacl were used
for further transformation into P. pastoris competent
cell, sirain Yii43o. After treatment with Sacl, the
undigested or digested-product was determined by
1% agarose gel electrophoresis. As shown in (Fig..) the
result found that both pPICZaA-crypt plasmid forms
were different migrations, which the circolar plasmid
(correspanded to 3833bp) moved slightly faster than
the linearized plasmid on 1% agarose gel
electrophoresis. This indicated that the same number
of base pairs in plasmid DNA had different migration
as previously reported that the circular pBRazz
plasmid was expected to lower molecular weight on

agarose gel, compared to linearized pBR322 plasmid

with digested by hydrogen peroxide (Ping et al,
2016).

The DNA plasmid conformation with the same
molecule weight is influenced on its electrophoretic
mobility in the agarose gel. Since the circular-plasmid
formm was reduced the size with less space by
compacting which cause to be less frictional
resistance from the gel, resulting in the migration of
this plasmid conformation was able to be faster than

other conformations(Cebridn et al., 2015).

Comparison of transformation methods
Four different transformation methods (M) by
combining two plasmid forms (linearized and

circular) of pPICZaA-crypt and two electric pulses(i.5
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and 2.0 KV) were compared the transformation
efficiency. Mi and M3 represented linearized
plasmids of pPICZaA-crypt combined with electric
pulses of 1.5 and 2.0 KV respectively, and M2 and M4
represented circular plasmids of pPICZaA-crypt
combined with electric pulses of 1.5 and 2.0 KV

respectively,

example, linearized pUT37 plasmid was highly
increased transformation frequency as 2-3 times
compared to its eircular plasmid (Calmels et al,
1991).The linearized pDHG25 plasmid with BamHI
generated higher iransformant colonies than its
circular plasmid{Sanchez and Aguirre,1096),This also
agreed to(Bessa et al,2012), who teported that the
linearized plasmid p416-GPD digested by EcoRI was

shown to significantly increase the stable
transformation  efficiencies in  Saccharomyces
cerevisice, compared to its circular plasmid.

Futhermore, (Schifferdecker et al.,, 2016), reported

Fig.z.Migration of linearized (51} and cireular (S2)
PPICZaA-crypt plasmid (corresponding to 3833bp)
on 1% agarose gel electrophoresis assay.

Note: lane M represents 1Xb DNA RTU Ladder
{GeneDireX, USA).

The result revealed the linearized plasmid (M1 and
M3) with Sacl gave higher transiormed colonies than
circular plasmid (M2 and M4) (Fig..). The statistical
analysis showed that the linearized plasmid in M1
(29.25 + 2.11 colonies a plate) and M3 (30.00 + 2.05
colonfes a plate) showed  higher average
transformation efficiency with highly significant
difference at p-value 0.01 than circular plasmid in M2
{8.13 * 0.85 colonies a plate) and M4 (7.63 + 0.80
colonies a plate) {Error! Reference source not
found..). Moreover, the result demonstrated that
transformation efficiency in difference electric pulses
among 1.5 and 2,0 KV was not significant different at
p-value 0.01 (Error! Reference source mnot
found..}. This indicated that the linearized plasmid
could strongly enhance transformation efficiency in
yeast competent cells approximately 3.7 folds when
comparing to the circular plasmid. This was

supported by some previous publications. For

that the linearized p8g2 plasmid with HindIll ﬁelded

average 68 transformants, but circular p8g2 plasmid

. did not give any transformants.

transformed
different

successfully

Fig.3.Comparison of

colonies of P.pastoris among four

electroporated transformation methods.

Note:M1, M2, M3, and M4

transformation method of linearized plasmid+electric

represented

pulse 1.5 KV, circular plasmid+electrie pulse 1.5 KV,
linearized plasmid+electric pulse 2.0 KV, and circular
plasmid-+electric pulse 2.0 KV respectively, After
transformation, the transformed yeast cells were
cultured on selective YPD medium supplemented

with zeocin™! at 30°C for three days.

Each method has been done with eight biological
replications, and only one representative per method

has been depicted in this figure.
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Confirmation of successfully transformed colony
using PCR

Twelve putative single-yeast colonies of each

transformation method, collected from selective YPD
medium plates, were eultured in YPD bhroth medium
supplemented zeocin™ at 30°C with shaking 200

rpm for 12 hours.
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Fig.4.Transformation efficiency of P. pastorisfrom four different electroporated transformation methads.

Note: After transformation, the transformed yeast cells were cultured on selective YPD medium supplemented

with zeocin™ at 30°C for three days. The transformation efficiency was caleulated by counting 2 number of single
colonies, and bars represented SE (A). Each method has been done with eight biological replications. Values were

represented in mean + SE (B). Different lower case letters (in the same column) corresponded to significant

differences at p < 0.01, caleulated by Tukey HSD test.

The yeast DNA was extracted by LiOAe-SDS methad
(Lgoke et al, 2011}, Tis DNA was used to confirm
successful transformation using PCR with crypf-gene
specific primers and ACXI primers. The PCR product
was separated and visualized by gel electrophoresis.

from M1 and

insert, which

primers

3 4 F 6 F B % IF I1I i

b

A0OXT primer

The result found that all selected yeast transformants

M3 were presented the crypé-gene of the
gave the PCR product expected to 329

and 803 bp amplified by crypr-gene and AOXI

(Fig..} respectively.

Fig. 5.Confirmation of suecessfully transformed colony using PCR and visualization by gel electrophoresis.

Note: PCR products were detected target sizes on 1% agarose gel electrophoresis stained with ethidium bromide.

DNA templates for PCR amplification was randomly selected from 12 transformed single colonies to confirm the

success of gene insertion. Specific primers were used, namely crypt primers corresponding to 32¢9bp and AQXI

primer corresponding to 8a3bp (Fig..).
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Fig.4.Transformation efficiency of P. pastorisirom four different electroporated transformation methods.

Note: After transformation, the transformed yeast cells were cultured on selective YPD medium supplemented
with zeoein™ at 30°C for three days. The transformation efficiency was calculated by counting 2 number of single
colonies, and bars represented SE (A). Fach method has been done with eight biological replications. Values were
represented in mean + SE (B). Different lower case letters (in the same column} corresponded to significant
differences at p < 0.01, caleulated by Tukey HSD test.

The yeast DNA was extracted by LiGAc-SDS method The result found that all selected veast transformants
(Looke et al, 2011). Its DNA was used to confirm from M1 and M3 were presented the erypt-gene of the
successful transformation using PCR with crypf-gene insert, which gave the PCR product expected to 329
specific primers and AOXI primers. The PCR product and 803 bp amplified by erypt-gene and AQXIT
was separated and visualized by gel electrophoresis, primers (Fig..) respectively,

4051 primer

Fig. 5.Confirmation of successfully transformed cony using PCR and visualization by gel elctrophois.

Note: PCR products were detected target sizes on 1% agarose gel electrophoresis stained with ethidium bromide.
DNA templates for PCR amplification was randomly selected from 12 transformed single colonies to confirm the
success of gene insertion. Specific primers were used, namely crypt primers corresponding to 329bp and AOXI
primer corresponding to 8ogbp (Fig..),
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From 12 selected yeast transformants, only ten
transformants (from M2 and M4) were presented the
crypt-gene of the insert. In this ease, this indicated
that the linearized pPICZaA-crypt plasmid with Sael
(located at the unigue 5'AOXI region) increased
greater transformation efficlency than circular
plasmid. The reason of this was that the linearized
plasmid might directly transfer into yeast competent
cell and it increase long homologous sites were able to
enhance opportunity of synapsis and integration with

the yeast chromosome (David and Siewers, 2015).

Pichiapastoris. Electronic Journal of Biotechnology

19(3), 9-17.
http://dx.doi.org/10.1016/j.eibt.2016.01.007.

Bessa D}, Pereira F, MoreiraR, Johansson B,
Queirds 0. 2012, Improved gap repair cloning in
yeast: treatment of the gapped vector with Taq DNA
polymerase avoids vector self-ligation. Yeast2g(10),
419-423.

http://dx.doi.org/10.1002/vea. 29.19.

Calmels T, Pavriche M, Durand H, Tiraby G.

Conclusion

In conclusion, this study demonsirated that the
linearized plasmid had significantly higher yeast
transformation efficiency than the circwlar plasmid in
both electrie pulses (1.5 or 2.0 KV}. However, optimal
conditions {such as culture temperature, methanol-
inducer concentration and  methanol-feeding
strategy) should also be considered for the further
experiment to gain the high expression level of beta-

cryptogein protein in P, pasforis.
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