[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

G50 - Jobw 5ol gm sl 05U alno
WAY 5ke o3,z ojlod ke 0590

NEME]

Research Article

RMBas Ao

o gl Ludiay pocko 30 (Sloyd S gl (sl (udigp wdgi (s (Jigy 0 (5590

' 65 L aabld o155 golo Gluwa! IF Jlol yaxa'* dudal deo e ! LIgbl dues

Ol e b« ol 5550555 ulw-’v,-fﬁ (@) w/w K psle aL?.;"J/.JL
bl s Ot « S Sslams e i S he s () A s (K pole oSl

oS>

asee ) oolil el 0 S (6ol oS g sl pain dwls gz Jlo Yo 5l i sl yate ol (6l pias Conibge
a3 Gl (b o)l Cato 0 oS g sle ey olo Sz Jske Glie Ko plsie & Pichia pastoris S yslie
YU Joko o515 olal (s 6, Ko 92 oblie 009 Llo b Pichia pastoris s Slo i ol ails 6,5 pix
S92y ez 5 5| gy Sl psd Jolo 00y g8 S 5 95 etg ol Sz Vb iy o9 Ll hlaibiny slo Jsho 4 o
SulB b Bae Gusign (o5 ez sl ()1 (b DNA Gldl 5 oS 5 98 eign 658> e Soa 698 slaiges
«Sy9r0 e (il 5l Bas Seal odgei @l 8 5yl g Sk (5 A )3 035S S Sz 1) Sty () ( Solger (55
IV (Ll Dllamdo 5 (s oot (S (gt (225 oS3 | PPASIONIS oo (i pes slo (S (o) 2

S (59,0, 8 90 S B g p 3990 Olo S A4S wSb oo

e B s oS g iy alg . Pichia pastoris :o'}‘g A.»JS

wile (olrend Slge 51 (0L (i a5 ez 1A+ + Lo Lyl
Oyge i 4 (F1) Joilbisr 5 ool 5 (FO) S s o]
Sl p 00isS adgi alie gl s Gl 5l 8 S
Sip el (g n adg Jds 4 (G50, g s oS g
Sy Ol 5 Gl (60 Wbl (S8 sl Ty kg &
03ld gz 5 (S3)5g e 4 Cennd il (590 40z 5
S5, 00 Gl s &5 Sl Jyo (Ve )og8e
i Oleo 50 el FLI S o8 sla (g i
@ Cod G Sl L e (G0 ) Bs Ol slo
ok @y 0y Jolis a5 il olo slo paces plo
Bix iS b o (0855 silele) 5l YL slaw o)y
Ol (g p o Wgd 4SS 5log 55l g CpnS gl
Ol o 215 gylem lads (Gl H5iSTy (ST (65,9 Lo
aile oz i 5l G Slps 0 g9 e 0 (g9 Wy
@Uls Caled 55 5 5 DDl (pediie (gl 35S
O S L 53 00l w8 3 Sleien 91 ez sl

Voo sl G gl (Y)abloe ol sledsho 4 o]

1dode
e GldsSge 5,51 (n o 5 (S Olge 4 lo 2o
o) Slagge (SIRLE 5 (SInlie pi )3« Suislsm
2l 680 @ oy (o0 &5 AS (oo Wl | pege 1
S Ny ook Sl aloz 1 Jobo moe slaval 6
(A7) o503 o,Lal (Jsho ool 5 (ool sl by Jobo
5 G59kiS (emyl plio ;0 Lktiyy 6l ol 059l
JB 0 S5 ot 9 (eBgn (s 2 4SS L s
gl (pl )0 0ad oy SV gamme 4S5 5k 4 Cunl (b ylS
VAYY Jlo ;0 0,80 5 0 ) malsz slajls 5l cage iso
OB g Banting lawgs (udgudl pU L (25,15 (0555 Gl
L oo 35805 0,90 o JUio 4 g (F) w8 ass
E9ro VAVY Jlo o Ls,aJ8 o Cetus Corporation  yuwls

il (o9 ssler bl (0 09,50 peds anl s g0 S

P e (@)l a4y (K pole ol ¢ Jstuwo odinsi uyo]
Ol s Ohed e el Sele S Clii

Email :amlatify@yahoo.com

VNV sallio cly o g b

WENY o g b


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

el oy aiBls p anSe bl S5

Protein Indication Reference
. . Antiangiogenic
Angiostatin factor [yYryvy ]
Elastase inhibitor Cystic fibrosis [yve]
. Antiangiogenic
Endostatin Factor [vv]
Epidermal growth
factor analog Diabetes [a)re]
(EGF)
Insulin-like growth ri)rizltl}il?e;gtlc():-l
factor-1 (IGF-1) growth AR
deficiency
Stabilizing blood
Human serum .
. volume in burns/ [\
albumin
shock
Kallikrein }nhlbltor Hereditary
ecallantide or angioderma [A]
kalbitor &
Human hepatocyte Mitogen for
growth factor hepatocytes [v¢]
(HGF) patocy
keratinocyte Vertebrate
growth factor-2 oroanogenesis [1v]
(KGF-2) ganog
Human
Granulocyte-colony Hematopoietic
stimulatory factor growth factor [£]
(HGF)
Human bone
morphogenetic Osteogenesis [rv]
protein-6 (BMP-6)
Antigen ligA and Leptospirosis
lipL32 of leptospira  vaccine candidate (el

roa 5o edd 0P oS g le Byl golas (Byme N Jgax

P99 Oy ) 9 08d SO S g (eSgn pb sl e P. pastoris

189 45 glucio pose S Pichia Pastoris

Hansenula, Jols e )

sl i o o Pichia 5 Candida, Trulopsis
4 st 5l os3 ok Slslie (slayens yo ] il
(FF) auS (oo oolitial L5 9j50 (505 ae S Olge
51 ooliil Sgtie ol Bg islite bayae pb b LT 5l a8
2 Bepkite slarede Sl Olo pelan Saa b Yyl
3] 3 Oliee 5 Sy J 7S 50 Wl (o0 o smisiy) la
S igosn (niusd S92y (FV) 098 &Bly oo oy slo
S S iy SG s e slo 0 )0 Gl oS J S

(§R9d C;Las o=

o $2a00 VYK jLgy mdaylgr o)losis )l 093 HeSTs0 - Holuw SedeisT g sLo 05U

& FDA sl 5 55 Cpols L iy b 5 s
(Sl gl ol o (] 51 (pan &5 055 (0wt
s 0xeé 5 VIIT ;52516 (HGH) (Sl wsy (150558 «(snse]
P Sy S P eon s anpe Ve ¥l o (Fe)ogd
Sl b as cel oogs Yo ek FY Jolo Sk slo)lib
ol 6 amim Spo pel Vo gl Ve JL YN Lo
S5 sl (e Mg 0jg el (AVIAS gg)ls SLS 5
Wile (gpetie o Sl s 10 (G (i G5k
Lol Al S 4y BB O,50 & P pastoris
OF9n Sl pie (2D 5 S5t 1 Do (2 Fagee
Sy Sy (b Jald . pastoris s S jg sla
ol o (gl 5SS ¢ consdly gl 4SS 45 (a9
o e 2l e a5 F5 0 iy JiSew
Py 5efsy od ) Sl (quaige S 55 (YA) 25
S s n 60 ,Sles 203L Ll & < pastoris
B9 (oo S Fy

2?29 S FP b paign wdg ¢ Azl
: Pichia pastoris

bwgi 00y whie jo phlabiny w85 sle esign
—p Ty Jskw z)B lae 4y 5 00 adgs P pastoris
S e N0 Ole Lol 1S 0550 (n S 05
OhlSes s Wang Lwg (sl sl o o 0y Cux
5o sl LT el 48,5 oee (110) 2001 L o
Tl 4 s J5Is oSl sl ey F el
(V0) sl eogell oo i yid 25 ¥ 5 eig o0
slo oegn « (VF) H9e9 59,50 956 5l il e S 7
(V2 F) 59005 59,55 595 B 51 id e S Ve 5 (VO) Slg e
Loy P pastoris ez ;5 (resdl oy 3gi wil oo
aib oo (id o p,S 2 N0 V) S cerevisiae i, Y
2SN 5l Liw Popastoris s oods o on3Y5 (A+)
oS col o1 51 Sl asled el oni (315 (1) o)
peS Y-V uilg o 55l Oyge a0 P pastoris
At 4 ) Jpaz 5 (VA) 035 Sl S g5 (s S5
oo bagi ool adg Sl (g 5l Koo golasi 9)9e 3

S59)SS g a0 |y soge LS 05,6l &S P2 pastoris


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

Ohlsas 9 pldabily sras . @a3)Lgy ojlasis .p)lgy )99 HosTown - Holaw Sfedoisisn slo o)L

U"‘ (?\) KHINW L?‘;la QS‘M 9 Ghliw.vl.n)] Cj.la.w 6‘1.'
e 5 aslsi oo 4 sk it Kby ighite Lo yashs
Sedg ighite (s poste S coliiul )8 A LS Gl
.la.:.?u ‘uL'-' ‘_gYL; C.L:.m A.LQD )‘ ‘5>LI|}.A 005.1 ‘)‘0 » °5>L°
355 lee GRal3H 5o st s 4 3l o ol S
5 I a5l (P30 @ g5 (o0 0l ]SSl
1) s (nl &5 0900 0)L81 (G925 g0 s (0 ) 4oz 5
Sy pazin S92, 0 w8 S sla betign YL A ol
8 o5 w8l Ppink slo a4 ples (YVV-OY) 55l (o
Sy w5l e sl ol plply witee sl saS
opdle (F)) ales 0y sl w3l Ly Bl slo S s
o8l Coge jette wl, plie ADE2 (5 olaad ool
SWsle o STy 1 s swasislSy slojle iy
rye sl S jpax o (5 Az 5 (Ve) 03,5 oo yethe
ol gl)ls yase gledales a5 ol I 4o ol il o S5,
@15 ‘Q:_So—l a8l b Jﬁ‘» sl s S9y oY ‘al.i;.&v O3
g o IS anslae SO o anled (e olbm] K5y diaw glo
g e g 0 g0l Cudbee auily Ppastoris
15 3525 ol b OVY-T) wled sbmyl S g5 sla
Ppastoris e Slo pwms Cosii g (ilydl Jewily
25 B Az 090 Soa

Pichia yozo )5 cuSyig (wiion ol i
Pastoris

S (e n Mg 50 (g Rl S plsre 4 SGS (et
w2l 31 Cans lalo sl sol lime cunl aiilyy oS g
(S35 9 S5 olgxe 4 Pichia pastoris s (YR) wles
o930 wiile Fa e e o e sLle 5l (gl
o LIS |y e 5 5l e Dl g 0 0eg  Sialob (g
E. oSk asle Solo 4y a5 coul Jo o ol o(F) wily
S5l (o0 8559 Sewd BB g mng Sl L g coli
5 gy LPichia pastoris e ol aiwes (VYY)
Slo s ;K00 4 o ooliinl sl 5 o)y 5 W]
g ol oo ol lasbiny c8L ciS L g baculovirus wile Lo

V0) wos (oo 05 551y s 31 55Vl s S s &

FB W Gyl 5 oS 59 Sl n e s sl )
s Ky lsie & (YFXF) cosl 03,5 wal 3 Joilin aulass
51 oslizl b (AOX1) 5ot US55 5l Jols liios
aS Cewl 00l AOXT  Jgegyp bl 4y poxie o Joilin pruo
S8 2 00 oial SloSigegn (0 5 658 5 (S Olyre
b Gy pgkie sloyesis ;o Joibio pudplio 095 (oo (52
aemalleyd a4 ol gl Gk 5103 ol pelas San
ol o1 IS 51 Laogs (H202) (535,00 a5
s ol 5l Sslr Jdo 4 (1S ol (YY) 0 i
plir (Jobo Slail S (39,9 «039y00 dmS 1y Lo 035
S 5T el e (Y¥)098 (oo plowl g (ST
S S o ey
o ol AOXT (5 Gl ez (nlple sl o5 Sl
Sl osliiul yshats 4y yase 15 Jskes mis ozl b ol (FF) s
Sty oS g slo gy Ol sl AOXT (5 Fgeg
S Fe sl Gean 3l @l oo S b (YY) st
2055 0 5l 5o sla 3,Skee 4o sigasy ol 3 eolinl
(VA yid 5 oS Yo=Y o B (V)] 5l sty ) 2
Sygo &y sdugy Sl 0 P pastoris s il oods oy
L ke ey Cudgdce Djge )3 g 3,18 3g2g wdghla
oS Ll 5l oss oo aglns Jobo JSA3 5 otz 2SS
K55 Sl S ol a8l (oo JBga 5550 & yake
a5y lp JeSe LS wieils s g S5 Cee
YL o515 50 ey (BY) il o ashas Jslo sl
Sl yosie 3,5 a8 ol LYo 51 ,Ses S o yese 0,
Sl 0ol il Jlws e (6 Adg> yo |, SUdg,igliie
Sl (68 Wigm b o uiig p wdgs K00 Byb S1(VYTY)
O 4blo  coad aly paud b aly ;eSS sla (natign b oL
e n oo o peeSlsl (et (el sletl 3 gt
2 597 S e 4 Jglme > 0 ol w5 g Bas
Cowl ool LS| Pichia Pastoris oS )y ,Soe gl
CATAY )

Pichia pastoris L «..lis o Pichia pink s
Ppastoris ;| sl ygwlige slo ase Ppink slo g

S5 s e n 3l @YU e oy Cp a5 wis


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

o $2a00 VYK jLgy mdaylgr o)losis )l 093 HeSTs0 - Holuw SedeisT g sLo 05U

Hist slo conjganilyy U awas o ojla] gy cpl 08,8
WSl o0 g GuT 3 @Y s 4 Coglie glyls oS
0l o 655 5l (sodnte slb aseas Lol 4 sus lse]
Sl lr,5iSs o S i sdas Sliogas | S (A0)
Sl Uit oS conl Slo cwlS S e Ppastoris s
2959y 43 (Jlg5 (AOXI fgogn boes) Fgegn Jg
multiple L single 4> Ll (o 9 (AOXT 1 ool §iiee)
ail Jlg wilee (2 05 S5 ln Cule SSslS
Jsdse Oseadiol (b Gk 51T 6 b 5o (i)
Gyt ole ald o a5 WS e paible | mRNA
shiie 4 Sl celS mlb (00) 5yl (ol ohy o
Cap-AOX1 5 UTR-ORF-3" ysis, Vgame sbx
& O3 JLmRNA sl LSes Bae L UTR-PolyA
a9k 4 wil S e, sl I sl sl a5 08
oz S oxe blul MRNA oy SUlg podee Jobo
e eaiS o g Sy 55,9 (AF) wsl ansls | LS
) 05 oo pll 55 E.cOli o Vgone Slu 9555 S5 4
« Ppastoris Sl sla,eSy asa cplpls (V)Y YA £Y
Sl oot b (E.coli/Ppastoris) ,g5s Jils &,se
i S gy pizper Wil Gl cls S0 SL
Sl e L slon (5551 dpemsdly Lk sl s 3Loiilen
sl ) 93 2 50 45555 (gemile gl 5 sl Sl
Sladys slace conS1s S sgiome b ysiSs oo (i 0
Foeon I bolyen wili oo a5 axile 37AOXT JIgs
VYY) 59 oolizal AOXT o5 3%l plxil sl AOXIT
A 9590 w5 S g n Ol S AOXI Sgegp S )0
aS ol oo 2yl aiels Ppastoris Sl sla,gSy o

_ Lol 00l by Joads 44 Y Jaaz (o

i

="

a-factor

Slpend Silo a5 P pastoris ;Lo 955 5 Soless IS5 ) g

.u\a;)ld' 640 A_E.LAJLA‘ S5

Wb b ool 39Sl ©jgo @ g n s Sl Glse @
Ol el 50 JSodo o lgie 4 a9 camlial (pud
s 350 dunlie SO0 (FAL) 09l o0 B oL SL
2B (S5 g Jsee (5, ws b P pastoris ez Slo
OV) 020 Guli8l g (g Sl jotee & Cad |
ole oS Oy90 @ P pastoris s i opl 5 adlsl
& ooy o Invitrogen oS ,0 5l Slados eolail (6l
A b gl oal bl Gldlae 4 azgs L .(0F) aib
#+)ecallantide sU b « P. pastoris laws oods ole Sleys
8,5 1800l 0,90 Yoo Jlo ;0 FDA Loy (] ool
Sleyd jekaie a0 (MA (g 105) Dyax o8 i Lawgi o (VYY)

(Sl ) g Gluogas g b (F591-0
s (B Ole Sux )b sleyeSy 5l ok sl
Bad 4 a5 b ojg el aS o s 59> P pastoris o >,
3l Mged SGY pgal (o all e ol b o A oyge
lo,555g 5l B aS Ll 5wl oo ools oylis Slo 4935
Al cawdVl jo (oed S jloasSas” Jlg G Jols
g sod (Multiple coloning site) ailSais Sdsls colu
Sged oolaiwl el Jolo Oloels 5 gl les o1y Lo )5S g oyl
Oy SadelS S wil oo SO BB asS ol adl (AY)
2 lg oo )5Sg 5 spole i UK L olen [l 50
S el 50 leysiSy il andls i Jshe 7)1 ol
alpha-mating factor aile JUSew Jlgi 5l cauiSas” Jlgs
ail oo Phosphatase (PHO1) i 5 JUSw g (a-MF)
sl s sl oo S5 0550 0F i o ol Az oS
(pPHIL-D2 or pPIC9 wiile) P. pastoris o Sls sl 55
0 &5 9Bl (oo (HISA) jU3g,mm0 (pasiana 1 Juld
R ISEN RIS I EEL T RO QR RPRRCE
chw a4 oliws jslate 4 (YY) 040 sl P pastoris
Hist sl Coopgindlys o 5 090 e85 5l ¥ ol
e aiz pleol b Sl i Slidss 5 Slislesl a4 5L

S8 oolatuwl 5,50 PPICIK ,5i5g adgi (gl Sgm asn‘j "


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

Ohlsas 9 pldabily sras . @a3)Lgy ojlasis .p)lgy )99 HosTown - Holaw Sfedoisisn slo o)L

JHo e 4 0sds cmgig) Hle o Joile S g
apog BB JgpadS (59, 2 0d) (Jgilie b gllas <l (6l
& JopalS o5 > 53 0y aLdl (FY AT YR) wsl s
ol sl omb zobe o Gle lp sl by Jole SO lgre
pyY Wl Cox Jolie jpa> § Cand 4oy LB AOXIT (5
sbwl o (5 4t 058 pladi s Joke jlanst JSUI (Lo

= (Methanol utilization slow) Mut® _.jsd ol S

Gledolo () 0sd o ooly isled Mut - & g0 4y a5 Al
Jguz) ail (003 05 Ol S Jgilie ooliiul 4y )00 jedee
i g5 4 o,lal Mut+ olas b b sl wonl s ogdle (Y
S e LS laie 4 Jsilie jlaS o )ls (6 pete sl aygm
0l Lfb))‘ L;LD ;))9 Y de.> (Y\ﬂc?/\) s & oolal
£9 Jsl G yo . Ppastoris )l Gl o595 s ol sl
Ol py o 5 AOX (5 cilize elsil oo (57 19 cisid
3 a8y eolatSl 5 pler g case 5o oaile Jb sl

ol 0as S8 Jgile 4355 5 31 giw jo g el

P. pastoris os cilize glo 490 Slasie Y Jgox

. Specific
Strain  AOX Residual growth Methanol
methanol .
type gene o rate feeding rate
(%) 1
(L)
AOX *
+ 1
Mut AOX.* <0.5 0.14 +++
AOX -
s 1 .2-0. . ++
Mut AOX.* 0.2-0.8 0.04
AOX
- 1 -
Mut AOX, 0.5 0

Sl fgegy wils ceslie AOXT Fgegp a5 (53)l9e
s o oolitsl YPT7 4 PEXS FLDI GAP ey Sy
05 31 a5 <5 Wb GAP Sgegp 9590 )3 (F . Jouz) (V1)
el 00 Fiie yedte U5g,0mms Olawd ¥ oosedl] wls
6La.” L.S‘)" J}'L..o as w‘ U"‘ )45./:5)4 U”‘ )‘ oolau! u.u]a
Sl 0 ()5 e SOl eolaul (gl g enss oY QT
9 dgmw .\.».u) su;‘).b 05){.9 (\\A) .\.wl) GAJ k.A.M.S)-M—” EY
Fyogp Sile (0§ peitae g 5 Gl 5 pgmpe ) 05 Olo
o J 3 aS 0gd o ool alies slos IS (sl GAP
Sgare odsi jshaie 4 (Jole SWI joa> pas Jddo @

u...f.vs).» GAP LS’L"‘ W )b .o)lo o)))lf @L.\.C é)L».aD )J

Ll (s ciogs g P pastoris ol 19555 18 09340 syl ¥ oo

S Chrog Coje
R Yo Wl Jgibes oyols o3l
. Veoe ~ bp anlsd S, O SR ] Iy 072 0
5 ‘AOX1 AOXI p o 54l g Pichia 5l V0 zglas 5o
TR S5 AOXT usSol 4y B s e,
&y oz o5 DNA Jlg ) )
: B Iy Son o lo oty
Sig Sen by Sl S < 511“6 o
Jiwes N e
MCS ool alfair cul ;935344;555)_};03&#15‘)’“
5 99y kel JuKew s ;
TT § ool b i R G‘E"ﬁgw uuf ¢l
(=260 bp) AOX1 _; MRNA opdlic
a-Mating _ )
Factor iy JESe S P oeen
Pichia .5 > ¢
HIS4 3U59,0000 Joauins gl Silwlaz sl y ns‘l""“ Solas S
aslizul L5 5 (kb Y,¥~) Pichia oS js sl 45
Pichia his4 slaslss sl
alols LAOXT (55 Jlss . L
3AOXL  TT g« ob; b I e el
(~650 bp)
- Lo
AMp o s calis o o
PB['{3'22 2 &l asilen g4, alais 2 cbli> g gilwaslen Jos
origin E. Coli s
bt plyie 4 fl 42l o i<
f1 origin 15 o jssilen a0 $lp ol e, SsDNA Liss
o <5, Ogelige el
Not I o
Bgl Il _ . " L
Sac 1 JﬁsaLablénglia )Qd-‘-ﬁh‘;"&?)rsﬁuv\“g]ﬂ’
Sal I 0aisS dgazme sl w31 sl Pichia p45
Stul

Pichia Sls sw,s5g yo 59,5 s ygegy Y-0

pastoris

S etig gy 0,5 o5 gz o 90 P pastoris yezs 4
O Jgaze 0,8 3929 AOX2 5 AOX1 slo ol L las]
syze Jol 53 ST JSU sl ol 551 6l AOXI
co B 4 AOXT 1) ol (TT) 0,8 oo 41,8 eolizl
o5 30 s all S gbo & 05k (on Sl 55 5 o
& Ol Jobe sea> 18 Jsho o Joloxe Sy n S
AOX1 L 797 sga> 10 AOX2 oS el Jl> jo cpl aigds

S e Joilie ypa 50 ol plo Lol wdly (o Solgen
AOXT (55 ol 8y50 55 (FA YY) a5l oo AOXT 15 oo

999y e 53 Of pelad 50 oS cl S8 LB S o
Hen 4zl Jols 8 el (gl aloa ¥ anlp S, anesls
35 GALL (5 asle) wil oo sl p3slse G g s5lola,
2 aBl al;y gleyede jo Gl (BN ) (Lo Sl
5 obe Goyb 5l polyA+ RNA 5170 sga ¢ Jgilio jgua>


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

o $2a00 VYK jLgy mdaylgr o)losis )l 093 HeSTs0 - Holuw SedeisT g sLo 05U

b 50 ey s 5l laedsl (gl asly gl co colatul
e ol gl S le 5l wgd se oolatuwl Jud gl &g,
S5l B g (F0) e & Cangliie slo 05 @ ol (o0
5 (F) Gemalog Son (BN Sl 57 Jolts b S
ol B9 59T bl (sla )5 Lo 0gad 0 )Ll (AA) (paussds
JuoS5 sl URA3 ¢ TRP1 « LYS2 (LEU2 HIS4 HIS3
& b Ol aige 1 P By ienST (lise S
4 Cwglie g HISA sla 5 Ppastoris jesxe (gl a5 aigds

(AN ) Qg oo oolain] Vaors (yrwss)

Pichia pastoris s 35 55,55 sl 5ses, 8. Jsdx

_Promoter  Regulation Reference
AOX1 Inducible (methanol) Y]
FLDI Inducible (methanol, methylamine) — [1V]

GAP Constitutive [aV]
PEXS8 Inducible (methanol, oleate) [7+]
YPT] Constitutive [42]

ity JUSw -0
haslys (oo aetn JWSew Gkl <S58 sla (s n
45 W e 5l day Dl lard 9 wiS jge (D e
Sldllas (AF) wil (6,500 g o, Slas 5l p Conl (Soe
B dllas el osls ol (V- +#) o), Sen 5 Plantz
355 P pastoris yesce Gl s 15 oS jg a8y
JUs Lo 55,0 4 Sy JUSas Jrasgi 45 (AR) Censl 00
4 Solgra Gleintisn Ol lp odes Cojegh (oe 00l
ol B pastoris ez 3 (i3 sl (niign olse
@ S o3 S e ) ol sl sl &5 Sl
Vg oo i P pastoris ez yo Solg e Gloitisy
LPichia Jolo> o, ciS lase 0 a5 Sl 5l (V0)
ghy & Sl Goe Gl cnl 018 S92y (e n 05 Ol
OeSsp IS5l st 4 o 8 o ST Jels Solg e (g
S BB e n cadsS 5o a8 sl plsre 4y 4T wll e
Il debw 7, Ol 5 ol pogdle (F) il oo
G (Jokor 3o slo (a9 0> 5l Gt 0o 59T 0
P. pastoris a5 Sl o)lge 5l (S 50 (FO) &S o
ad)s 18 oolanwl 0y50 pmy (Sl e SOl @
Sl Gesn waLlS @i Cuz s JiSew I o

(V) 098 (oo Gl Joko 0 b olyon 00l (5l5 Selg i
& RS g A1 sl gdid s 4 LS e
Olie & ol (5800 GAP 0l s (il 5 915 il
Sz o @ gk sla by S Gl 2y SB
9 oslital Selgyia sl (ngn 5l Sy el oy
Sldlae cge oo Jllad sl g ol sl (VYY)
a5 39 (oo o0liin] ST 1) a4 g <iS INMR
DLl Sy Sgagn (nl GAP Sgegn lo (S Jodo @
rde Slp Sl (Sen &5 oo 259y WE Gl oo
055885 a5l 5 FLDT jigegys (VV8) o diily oo
i Ppastoris ez 5l aumalle,d 5U59,0000 4 ausly
6l el g 518 e olgie 4 Jgilie hwg a5 cul st
358 oo Wl 03955 ate Dlyie 4 (el e il (LS
S YL sy Cillasil FLDL gigeg s ol plis (AY)
Sl 535 039555 e S oS el e b s Ol
15 (A0) YPTI 5 (5+) PEX8 (clo igagys a0 oo ol |
@ 030 B 4 Cl 5ls 0550 Jawgie Gl haw o5 (Blse
31y Jlogs (S9n oS ple (g n SO PEXS ()5 isd
alpd 0Bl (o pg) (onSTn JolSS (sl 5li 0590 45 05 (oo
Jsitee WILPEXS 5gosy 1 ol o 4 ol o1 ) (S
AOXT 5 FLDI sla sgagyn 5| 5 omb (o295 JB job 4
Iy i3, 5,0 GTPase G YPTL (5 a5 550 0 .ol
b ol 5l atwgm Lol Gl whaw S5 Fgagp (ol iS00 05
& kS Olye 4 Joisle b Joibie 5 6lS (sgiome a5
3 AOXT iS5 sigosy (A0) &S o palp YPTI oS
Olared olo sl 45 Sl Sgagn gl 5 Sos (So GAP
gl SRl Bayb 5l s 4l 35S S s sle et
Gl 5 glie (0VY) 5,65 oo &30 GAP jigegy ol
WS oo lll) (oote (LB AOXT 9090 Sl g GAP 5igeg
95 9dg 00 O B e 5515 052y pas Sjg0 p0 S
3l i GAP Jgegn 59 plp ¥ oliee 40 Ja5 3550 (25
Ogamileygiunsl i 9, (o )3 12 .abl (o AOXT 5iga
ayo sly bl psnd s o Glol bl o509 2501 5|
2oogde (100) o5 (oo ool (T o anie o 05>

o il ysinlys i3S g S &5 55 sl S o ol


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

Ohlsas 9 pldabily sras . @a3)Lgy ojlasis .p)lgy )99 HosTown - Holaw Sfedoisisn slo o)L

ax S1.aS =i (FY) P pastoris ez 5 KM71 a5
J&s lsie @ a-MF 5l oolazwl a5 wols olis aldlae
OFan 3l YL Hlade w5 4y e Wl (oo (S
390 (eBon (oo Sk JWSew jlesliial Lol gt oS 5o
Yo b5 L (e sy JUSw JIg5 sln g2 9 Sl
G0 Je SO glae a4 (YA) 09l a8 .5 onuol wls 50
099538 slagd ;o (PHAE) (risslSlensid JLS Jlgs
A Jlg ol a5 (A0 el oad olabis 5
e lSleasid wi 5 sl aMF JUSw Iy sl> @
oolatul 0)g0 juw ilwysld 159 9 snowdrop lectin
e 3 Seosia 5UT G L (A0 canl a3 513
cos P pastoris isg 450 o awgs ool mi 5 sla
e YV addllas ol )3 (OF) ol oads plowl Jsilin sl
J...J‘y & S el ooy U“’)‘; ‘59...._‘@ ‘59:..»): ML>L1
chF e oy Jiw 682 Gl 95 slusls
2l Popastoris o o5,

(P90 F-0

Oan Ol a0 Wlgs (o0 09dlly Hobo a4y Julge 5l golas
o dex 1 51 aS 0,3 56 P pastoris s Sglg e
C09S S P Jle plge ) wilS e Jlg elet 4 Gl
Sl e 4 Jlgv Glodl ogou (496 Lzl g AT (glgi=o
S Ll g Jeilie 5 oolitil eyl 0575 «ylsee (b dygus
oS el bl g e J ol LY RY) 58 oLl
Sgaze Jalo G oS S5 () a5 S e 5l eSgn Ol

oS el 00 lgiing 5y Oyl 5l Cal et g3 s oS
Cowd 4y Baa b Wl (oo oS Fg 0F add iz (ol 18
aiage 2 opdle () 955 plml (g 003l iSTam (30 ]
byl 5l (o o) o sl Selg e o5 9SSl
OeSon 0y 5 Ol ple jo Wbk aS 95) (oo led g
ety 0.5 18 b5l 5,00 Popastoris o oS jg
S omslE )l pgs U3l 4 ol cls slol P pastoris
O S LSS e a5 098 (o0 (B el s s,
WS ge B |y Sl ol Jlad a5l g ead Iyl
2z b S sl 45 sl WS g5 e gy ol 5l ool b
Sldllas (VY4 5,5 odsi |, wiea Slo cols 5 aseus

oy 2L &5 bl 5l ogd e 005 4 S i
S F sl Gegn ghy e wly e (b5 S
St G0y b S 4y o yiwd £ ol Dglae
iy JiSe oot lp s Sk 5l sl ok
lp asity JWKew 68b28 S g5 etign 0 50 A
Brockmeier .(FV) o5 plol wilg oo e )3 <8 )b 1 5YL
iy JUiSem oS o () Voo F Jlo o oS
00,5 At 8l aied ;08 10l G wilg se aST W35S ol

koo )5 (6L )0 S g g n b
90 @ ol oo ) GeFan JUH 9 S L baasty JLKw
o= 9 (Cotranslational) dez> 5 b ylojen Jolis 1300 atws
(3l 9,90 ;0 a5 o, o5 (Posttranslational) ae> 5 ;)
oyl a8 & a3 Joo b plojes nfon i
Ui Posttranslational [0 LI .(Y#Y) 098 o ools Jladl
JUT 51 3 poj9m 5 5l 9 99 (o0 i JolS yobo & (g
Jie plyie ar (V0) 955 (oo Ol cadlypuil a4,
Ji&s & olgie 4 (a-MF) a-Mating Factor Leader
gen 3 (AY) 098 oo (g 4l posttranslational o
Wy oo pedlgtew )3 (Bgn JolS Fie ez 55l
Al 4l ol jen 4 o> slo g olp |, SIS
L unfold |Lle &G [0 Wb ool aizle o)l sloacs b
oMyl A glad &b 5l JUl 5l L8 lgd gom b
o b FpaS o b ogzg Sl cpl Ll (AF) wigds Laa>
30 O Wb s> g dul x5 ouile misfold &0 4
ol 5 0,5 S50 355 855 ol Ll & eudlgies
e Bk 3 o sl 5 sty Jiem J5 ke
3l o,lge san o ax ST.(VA) 058 o0 SecHl lSe) il 3
P8 S lsre 4 gandlse (60 laail LSas 5 Sals
(0V) 093 o0l (25 o gy a0 caiiS dgue
a-Mating Factor Leader Jlgs a5 el 1 51 Sl olallas
ssb 4 P pastoris jexo Sl slo,5555 31 (8 ems 52
39 (oo odlitul Solgpia gla (g wd S slp 00 S
(PHO1) ;blaws sl JLZiws Jlg SO ol 5 0dle (YY)
Casl 0395 108 a5 (VV) oals oluliss P pastoris ez o

S laxe 4y |y HanTaan yugmg 31 G2 idbgy piigp


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

o $2a00 VYK jLgy mdaylgr o)losis )l 093 HeSTs0 - Holuw SedeisT g sLo 05U

S 50 L8 Shlosse Hemle s cis o

PO gl jg5lS 8-0

aon ;o Gl J po s Gy Ol el jsSlS
aS Canl S g (FU) sl 0ai) Slogzge slo alles (6
@ Jlail ool Gedstsn 4 Comlas (Sualsh (sl
55l Cow |y g in vivo Ll il o codled g e,
o ond by glaogy oy plo Luyi (MVOYE) sas 3
L 03emdlejsSelS 4S5 & aitn albjsSIS o 0y (S,
oga> (AY) ol Gglaie Jokw 9 Cll aisS £o8 4 Az
S5 b (g SIS ) Sloys slo (g sl a0 Ve
2L 3 o (g one oDl joSlS calpli dims
7 OsedjsSelS a5 1z all oo e b e
Gl So g 980 el |y Gatig pes derd Wlg (oo (Sl
2 F) aled slml ()l Sliaeg )5 4 Cond Sjgiey
Jud aly 5ol (g Jgane jsb 4 (g n S )lge (S
a5 (63,150 10 .(AY) il o LT 51 (S yg,8 il -y a5 ol
ol 139 coslis Kipalgh b 5 (5l (sl sedlssSelS
(Sl 95955 (S92555 5 Criuss i)l (e Olsre @)
P pastoris yezs basg 3ilsi (oo el (503 5585 Jos
Se5is 4yl JI5 9 Gsedl3sSS Jas (FF) 053 ol
0dl 7,3 aiSg g B o &, (Asn-X-Ser/Thr) colw o
3T b 5D a8 ¥y Jlasl 5y o 5 ol sl
o &b 395015 -D-glucosaminemolecules | 2ewN- a5 fato
ah3sSlS 95 et @ e 53 ()8 (sla T (P) g
s e L Slysings S Sligl alF s STuigh o
odalie (2B e n 50 G b a0 3975 H5eS]
@l 09y Geedlj S lS e Sg B 5o (AY) 950
Lol ol (oo @25 51 S g 4025 Joe 5l o b )50
oot Lol (glaaid g5 50 b g g oy oot (sl gl
P pastoris Jis slp 0,8 0959 oyeuwdlj35elS Jgb jo
O ahoee,S N g O jiou g0 2 0,5 alal 4 08
bl sldgho BN 5 (TA) Sl (2 5 sl (259
sl Sl 51 o Boee O Jlas! sloay ,SLusSIl a5
P pastoris ;s s ol j6SVE Ll N g 5oV
wils el sailadl 5l ks O Jlail slaay 5Ll

\#

(_gl.m FEw 65[} ‘_;LQ 449,....‘ ASW‘ U—‘ )l ‘;l} 0l ’alJo‘

oo 0,Lal Ll 5l s 40 0 Jgaz ,0 a5 (YEYVAY.) )l
S oliae s P pastoris jezee ol cusls )0 00l Gl slis0 Jgax

(P SR E5 8 0

No. copies
of the L
gene name . Explaination Reference
expression
cassette
Increase MPI
miniproinsulin production from

(MPI) 1 19 to 250 mg/L of Ml

secreted protein
human serum

albumin and the For low gene

ribosomal DNA ! copy numbers (W]
locus
L The highest PIP
porcine insulin 12 ield in culture
precursor (PIP) y (]
supernatants

ouo)iq‘dbgsfdslméf@lﬁdﬁwgslf)}bg
S poaxe slo aseus el il oo glo clS S 5l gl )3
S5 gl A S5 sle g 4 o | (2B (o
05 3 S s SG Ay o plply (0 L Jgom)ansS o
stz BB jlade adgi gz P pastoris agu ;o ki s 550
o o 8y o ol b (Saielser b 51 Jub e
5 son & B 95 0F Sl adead slaws 3l Cee ol
S5 sl Al Slaeds ilo e wal ) (glo g 5L
S99 Ppastoris jesw o oy S L Slo slo agw
«Jol G295 5 oS (o0 o)Ll (Lol (g, @ 0 50 a5 00
alo Sl Cls Gl pamps g8 sle (STL S5 S
St 959 Syl oolisal pilins pgd g, (TA) 395 (oo
o5 9 HISA 15 90 1o (sgime &S Sl P pastoris jeswe ,o
» °5>L° 45 u.\...ul_v < KanR ‘Sul_a)..Sla wLoLlS L WBLD.A
sh L)) INVeLY L}A:, )9.‘155 c_i’ )| oolaul P L)QB) (VVc\ ‘?)
Eelb DNA 21 a5 04,9 3o,k 5l sy (V2 #) o4l Jlds
05 e bng (pagdy 4 Caglie 358 (o0 (Joke Sy
ey ol S 5l 4 Jlasl b aS 0gd o ol shble

Db adg Cua g Wigd o (B35 by, E95 A (nl (gl


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

Ohlsas 9 pldabily sras . @a3)Lgy ojlasis .p)lgy )99 HosTown - Holaw Sfedoisisn slo o)L

Ll Sz jode (st sl Tl nl 358 (oo 4yl
e 4 e Sy (V) Ll and sz (y9edl 59515
Jd e LYY (V- %) o )Ken g Vervecken .05, oo
&ly yodte o aljsilesnls Jyius a5 OCHL (5 (40,8
N gl 3955 0,5 (Sl g 5lails Jajoile 7-1-01
0wl 0,50 muslS )l pl yo |, P pastoris cwssge Jos
S92 jlasseile Vol —0 o 3T S il pgo al> o yo 0l 1,8
Kire- oS yoalS 515l 3 35505 99 5 ooy gl oSl 5o
3L olpee 45 |y Kre2-B-1,4- 3,anil 5 Jy55:5YEs 2-GnT1
(Y- ¥) Gerngross lawgs 550 09,5 . (MF) wis 5 ol
0355 Sl sl P pastoris gla a5 qwsige )3 3850
oSS mh 5 4 ol b g (V) wl o (1255,
Al sl el (30l SO Ll 5 wingy les) Sl
Olye 405l (oo phlaibiny Jsho (Y 5o o (a9 oSS
3 J o Ses b oS 595 gl o eg)S nl i Jle
L aSosb 4y aisls J18 Sb3l 0550 9 odg g Dlalllas
O s Li gy b8 b (o550 0T (Sagsles Jlad S
3 Sl IgG odgs 00,8 a4y B (YY) Y-V Jlu o
s o ,Slas a5 Wog (guid ool cwaige P Pastoris
Gges (09 oy 50 0 (oo las ol (5T alanls L 1,
Sl paa SO 1y opl ol wdige P pastoris sla
Sibe (oo eSS sla (wBgn w5 9 WY Glr Sl
4 gmeo gl 595l (oL oS g sl (g SIS
o My P pastoris sz o5ill slo oo lld IS Los
ol o 1) Sleyd sl (e sl adgi ojlal ash Wi (o
23 (oo s

a3 (g5 oty

bossk oo Lo o (285 la (oo Sl eSS
Dylge (P 50 Soysb 4 el (65950 syl Jsho o515
@ S 033l s plp Ve 6 pSetiz GRIBIL Hemle 2 5o (e
csms s sanT 8 Slles slo el )l 05d o 00ud SIS
5 ol Oliee PH oo oS Lo oluS 5 alox |
CaiS g 0, Slee g aily oo adss la olwl g 2ols
slo g n adg 6l (00) 0N (plrw 4 36 Jgarme
seb 4 YU Jolo o515 L pess slaasli o oS Sy

Lo g Sy 55T a8 ol (FF) wigd o adlil g onds
S deSgme sleag S 90 1, O Jlail slany BlugSl
shlo Wlgs o3 P pastoris S e a8lol (s g piss 5
OS50 0l 9Dl 35S (gl 00 o0l gz 5 el
g5 P pastoris ez 0 oYU Jewils b al ;65005 slo
2 Sl leeinneSlS wdgs LAY wied o
@ Jate Oliaeme S g 0 Sslis LS 4 gl )
Cowl ooy Jire bl gy Bo S ) 4y G (g g
Qg e 5 Son sle Cdrin wezs cnl b (FY)
oolazwl b JolS Slusl N 50l 555005 L P pastoris
e G5l (5lo s | ogis o oMol
RS o &5 Sl A Sjg0 dngpe gyl
Sl g5 59le IS @ (050 g5 5l SIS
(\F) (Vo)) olKen 4 Callewaert(ANFFY ) g
a5 Trichoderma reesei ;| 3la;ele-D-LH\Y
ols a5 sSlS ¥ L ogy (condlygal s Ban 050
P93t 3l sl (il g I3YsRT g 3l i sl Lo
S N 56T 5l ol s i S ol o2 53955
sdls SO as ol flas eals alls s 90 2 40 940
59,05 352 j33ke Vo) LT Jlasl owslegsl slaws 8 ZAD YL
Ca ST Man(5)-GICNaC(2) sl g5 jsile oy 15 LusS!
y $l5 o0l qwaign jladlas (il ) bgyye IS -N
Sl slp (o935 ARS8 by, 50 ams (0SS5
ooliiul (oS3 Sjpo N Jlal b (sensdljsSlS (308
oSy sl gl P pastoris iy yawe (V) ol
S oAb pwdige (Se Sjge 4 (e el joSIS
iy s 5 il 3 SIS N eyl sl Sily
Sl 2 Heedl eSS Bde jlam aily e 5 Jle
P pastoris ;| 5,auil s Liele £9) - o5 Bis Lawgs
Jb gl &5 b asle oS 5 Sy Al puix
Sl = N Yg) Lo g slaujele ¥ o) -l e o o
iy a0 (GNT1) Ll T 5lasl s Jael 5S6l8
2 Sl KBS Gegn S S g Ol d 00 )lS 4
eSS o S 4 jae oad (pwiige g (1
OS5 N lsie 4 GIENAC-Man (5)-GIcNAC(2)


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

o $2a00 VYK jLgy mdaylgr o)losis )l 093 HeSTs0 - Holuw SedeisT g sLo 05U

e elas jslae 40 (AA) 098 (oo Jpae 65 SO &
@ oSt JESl 4 gy pe gl (olod (3emST 5l 5LS 0,90
D oo oolaiwl y5enST 5l oo S8 lgr g sy oo JBlas
-Y e sga> o P pastoris s slaan] il g lew (o
OYFAFAY N -V - 9) 058 o Lai Jals (ypanS] 7Y
a0 Yo sleo ,o P pastoris jese,s bosls 5l s e
ol yare 0y (gl wsllas a5 558 s plool oS il
Sl gile az o Ve o4 Ve 5l al, gl als L
sla ciS )0 (s R ols (6)9 0500 50 2R T RIF
5k mels L as e85 & yee P pastoris ;) chemostat
gl oo o e (g p v a5 TCA &2 2> 3,0
sl Gonlz 5l sk 5 omb sk 5 slalST il
01y oot s S asee PH L (YY) wel cewds  J5SUsg0
Cllad e Jsho wi) s ps )l onge @ e slaan
(o SeiS aze PH 4 il Sty w55 5 ]
V0 osgaze ;0 pH jlade a5 o oo olid oli)l55 .0l
Pl Mutt aygu oy &5 63y » o5 S 2l 0 0,0 5
s n 6 STas adgs glp (00) wil aisls pastoris
Olaie 4.(YD) 3,15 5925 salizeo aigy slo pH calites sl
> o YL P pastoris s sy o)) odes sl Jle
s > o Jold PH polais al> e g9 50 Jpamme 3y
5929 .0 = pH ;o Jolie QW51 50,0 = pH L Jg S
P ys S 5ig Gladl 0y (5092 0dgi gl s (00 )) o)l
e O = PH )5 Jyame adgi Cunsg 0 5V pastoris
(1Y) sk

B P PREECRE e

Sl 595 M Sy b pedee 5l il Slo sl e
o 33 Jedo 09,0l ol (oo eolittul o S g8
Ao Sgegn 39290 Sla)5iSy 55 (S et Sl digw (392
2 Semboysanily slo JsSgign «Sidg,s351 sla Sl
e 3579 «§peS o S L 55 STy S
5 SHlaSle 3l St Sojglam 9 (Sojlam slo
@1y b yosue ) oolitul ( Sledbl sleall (b s e
el 03ls Gl o g Lo adg> )0 605 iz sk
Jeily, sl)ls P pastoris jese oS sas o oylas Slalas

sl glo S 5l S cutS bame Syl 00,58
Olye 4 pasigel wnSg e (PTMI) Cbsy S Jolome
(PH L Cgz JranSgy000 09,5 (] 50 457) ()395%5 ae
S g Slors 4 &S b/ g pmelS sl apdas SlaS 5
Foogn Wz Joilio 098 (oo oolitial 0Bl (oo 6351 4
L gl oo oolaiwl Muts g MUTH sla a4y90 0 AOXI
4 580 Ole pltee 2D )0 Joilte bl s 3529 (]
Jobo o) d e 5 ¥ 5l VL cdale jo oS> 5)ls ol
Foo i Sz it sl sl (1) 958 o0 e
Jolre ol a7 0 ls 092y apdas wul 3 (b s Joilie clale
oige 313 ool e 55 (OYAQAN - F) el Cilisee
OS5 e 45T 09h (o0 SuiS (Jg pelS (S5l Lanome ;0 00
2 ipg Al )3 il @ead b Joho B iS00 e
JAS Al e 50 0uiiS gz e S o gl 4k g S
oIl o, e g |y Jobw 2 B 09l (oo 03 )5 @
$p dsbs a5 ol pl pgo al> o Slaal 5l Ko (S aee
Jle pges alye 10 aigh oslel (20,8 @l 51 S0 (S
oolaiul 0gl co adlal W 5B £g,.5 Cya eosd laowe 4
53 oslitul 990 sla o3l l (n 5 @l 51 (S Jg el
55 b ol b PYATAYR) sl pases i Ayl b
Foegn @95 ro b (Bl Jo S (S5 oo Sl (S
OYY) ol oads &8l)) (oS g putig el cg> AOXI
lsie a1y Jszasyms 51 ooliasl o alool Slalllas 31 (o lomns
[JgraddS 1 @35 31l 30 JoradS b (S0l S
ISl alalsl OYAFNF) wiS o sliiny Jsibe
Ol 5 sk 0092 0035 5 0y (55 T oS 5 45 sl ]
2 odle )i plimr U jeSe 3 Solgre gy
goz 3305 s EDTA L ool 5201557 ¢ pasee 0,las oy
LU Laome JooS5 09 (o0 (i yginly oo lawgs (a9
5 dpnslsial3S ZY L EDTA oS s mmo ¢, 3T JIM-f
Gial3dl s Y-8 Ly |, seFy odg BMMY glall Lo
2l (YY) s (69 ,Shas scFV 5125mg/l 4 g s2s o
Se ol 4wl B 4 Joilie (grlanaST )3 (5enST oS
e 5 SieeST JUESL 25 098 (oo sl (il STy

i &S Cewl 10595 0 (6l oy Sl 5l Jailie 51 eolazul


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

Ohlsas 9 pldabily sras . @a3)Lgy ojlasis .p)lgy )99 HosTown - Holaw Sfedoisisn slo o)L

@bl 5SS anie b eS8 sle (g Wy sl VU
sle,eS 50 50 00,5 )l Slllhe a5 wil oo piie
slo Joo ol (B8 4 9) 00l J5US s Sz (Sano
S5l e 2lulid Sz yese pundplie Sl orelr (2L,
oo slo Jsho 0 6955 gl e S plie (cwiiqe b
Bas 4y (S oolatl gl Jow £65 .(AD) ol ouls slgiicy
Col (J 0 ol o)ls se2 a0 sla oolo (yioren g aslllas
S. cerevisiae 4 (\++) P. pastoris sy ceg5 Jow 45
S e 535 s 5S)yn skt o el s 3 (FA)
gl g 5 (S 29000 Slge )3 B Cuz )3 (ot
biopharmaceutical Cuaio wlL o uen 5l YL
JsSdse o pgjom, 4o sk 4 Cwl (g Wi Ojpe @
(S035g < Sinsis (JUslS gige (slaasl (T ¢ utun]
Vb I3 b (600,28 g § (oS 5 (cord (omSrngl e
5 Sl (pwdige o Sloys ()5 (S5 gl (SSle ekl
o (Sisdom mhe oS5l 5o s Blews 51 (6 ks
Sy i bl Sz 50 ol pre DIl a5 s
i |y Saio g (b (S5l )B o ez g 0l ols (L
2 et sle i Wb ean] Jlo pais jo el ool
9 22 slog)lo oz W g eie > slo 5)len >
L Sy ma (FoglT Sl ali>de L5 il o STy
oy Sl S anugi 5 ¢ oS g sle 5,5 5l sl
azlse 1L 05T ol &8 @55 S J> sl oS g5

D58 D g ol


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

o $2a00 VYK jLgy mdaylgr o)losis )l 093 HeSTs0 - Holuw SedeisT g sLo 05U

: aolis

(1) Agheli Mansour A, Mousavi SL, Rasooli I, Nazarian S, Amani J, Farhadi N. Cloning, high level expression and
immunogenicity of 1163-1256 residues of C-terminal heavy chain of C. botulinum neurotoxin type E. Biologicals, 2010;
38(2):260-4.

(2) Amani J, Mousavi SL, Rafati S, Salmanian AH. In silico analysis of chimeric espA, eae and tir fragments of Escherichia
coli O157:H7 for oral immunogenic applications. Theor Biol Med Model, 2009;6(28):1-11.

(3) Amani J, Salmanian AH, Rafati S, Mousavi SL. Immunogenic properties of chimeric protein from espA,eae and tir
genes of E.coli O157:H7. Vaccine, 2010; 28(42):6923-29.

(4) Apte-Deshpande A, Somani S, Mandal G, Soorapaneni S, Padmanabhan S. Over expression and analysis of
O-glycosylated recombinant human granulocyte colony stimulating factor in Pichia pastoris using Agilent 2100
Bioanalyzer. J biotechnol, 2009; 143(1):44-50.

(5) Banting FG, Best CH, Collip JB, Macleod JJR. The preparation of pancreatic extracts containing insulin. Trans R Soc
Chem, 1922;16: 27-29.

(6) Barr KA, Hopkins SA, Sreekrishna K. Protocol for Efficient Secretion of HSA Developed from Pichia pastoris. Pharm
Eng, 1992; 12:48-51.

(7) Berndt U, Oellerer S, Zhang Y, Johnson AE, Rospert S. A signal-anchor sequence stimulates signal recognition
particle binding to ribosomes from inside the exit tunnel. Proc Natl Acad Sci U S A, 2009; 106:1398-403.
(8) Bobrowicz P, Davidson RC, Li H, Potgieter TI, Nett JH, Hamilton SR, et al. Engineering of an artificial glycosylation
pathway blocked in core oligosaccharide assembly in the yeast Pichia pastoris: production of complex humanized
glycoproteinswith terminal galactose.Glycobiology, 2004; 14:757-66.

(9) Brockmeier U, Caspers M, Freudl R, Jockwer A, Noll T, Eggert T. Systematic Screening of All Signal Peptides from
Bacillus subtilis: A Powerful Strategy in Optimizing Heterologous Protein Secretion in Gram-positive Bacteria. J Mole
Biol, 2006; 362:393-402.

(10) Brodsky JL. Translocation of proteins across the endoplasmic reticulum membrane. Int Rev Cytol, 1998; 178:277—
328.

(11) Buckholz RG, Gleeson MAG. Yeast Systems for the Commercial Production of Heterologous Protein. Biotechnology,
1991; 9:1067-72.

(12) Calik P, Bayraktar E, Inankur B, Soyaslan ES, Sahin M, Taspmar H, et al. Influence of pH on recombinant human
growth hormone production by Pichia pastoris. J Chem Technol Biot, 2010; 85:1628-35.

(13) Calik P, Inankur B, Soyaslan ES, Sahin M, Tagpinar H, Acik E, et al. Fermentation and oxygen transfer characteristics
in recombinant human growth hormone production by Pichia pastoris in sorbitol batch and methanol fed-batch operation.
J Chem Technol Biot, 2010; 85:226-33.

(14) Callewaert N, Laroy W, Cadirgi H, Geysens S, Saelens X, Min Jou W, et al. Use of HDELtagged Trichoderma
reesei mannosyl oligosaccharide 1, 2-alpha-D-mannosidase for Nglycan engineering in Pichia pastoris. FEBS Lett, 2001;
503:173-8.

(15) Celik E, Calik P. Production of recombinant proteins by yeast cells. Biotechnol Adv 2011; doi:10.1016/j.
biotechadv.2011.09.011.

(16) Celik E, Calik P, Oliver SG. Fed-batch methanol feeding strategy for recombinant protein production by Pichia
pastoris. Yeast, 2009; 26:474-84.

(17) Cereghino JL, Cregg JM. Heterologous protein expression in the methylotrophic yeast Pichia pastoris. FEMS
Microbiol Rev, 2000; 24:45-66.

(18) Chen H, Ren A, Hu S, Mo W, Xin X, Jia W. The significance of tumor necrosis factor-alpha in newly diagnosed type
2 diabetic patients by transient intensive insulin treatment. Diabetes Res Clin Pract, 2007; 75:327-32.

(19) Choi BK, Bobrowicz P, Davidson RC,Hamilton SR, KungDH, Li H, et al. Use of combinatorial genetic libraries to
humanize N-linked glycosylation in the yeast Pichia pastoris. Proc Natl Acad Sci U S A, 2003; 100:5022-7.

(20) Clare JJ, Romanos MA, Rayment FB, Rowedder JE, Smith MA, Payne MM, Sreekrishna K, Henwood CA.
Production of Epidermal Growth Factor in Yeast: High-level Secretion Using Pichia pastoris Strains Containing Multiple
Gene Copies. Gene, 1991; 105:205-12.

(21) Cos O, Ramon R, Montesinos JL, Valero F. Operational strategies, monitoring and control of heterologous protein
production in the methylotrophic yeast Pichia pastoris under different promoter: a review. Microb Cell Fact, 2006; 5:17—
38.

(22) Cos O, Resina D, Ferrer P, Montesinos JL, Valero F. Heterologous production of Rhizopus oryzae lipase in Pichia
pastoris using the alcohol oxidase and formaldehyde dehydrogenase promoters in batch and fed-batch cultures. Biochem
Eng J, 2005;26(2):86-94.

(23) Cregg JM, Madden KR, Barringer KJ, Thill G, Stillman CA. Functional Characterization of the Two Alcohol Oxidase
Genes from the Yeast, Pichia pastoris. Mol Cell Biol, 1989; 9:1316-1323.

(24) Cregg JM, Tolstorukov I, Kusari A, Sunga J, Madden K, Chappell T. Expression in the yeast Pichia pastoris. Guide
to protein purification. Second Edition, 2009; 463:169-89.

(25) Cregg JM, Vedvick TS, Raschke WC. Recent advances in the expression of foreign genes in Pichia pastoris.
Biotechnology, 1993; 11:905-10.

(26) Dale C, Allen A, Fogarty S. Pichia pastoris: a eukaryotic system for the large-scale production of biopharmaceuticals.
Biopharm, 1999; 12(11):36-42.

(27) Daly R, Hearn MT. Expression of heterologous proteins in Pichia pastoris: a useful experimental tool in protein
engineering and production. J Mol Recognit, 2005; 18:119-38.

(28) Damasceno LM, Huang CJ, Batt CA. Protein secretion in Pichia pastoris and advances in protein production. Appl
Microbiol Biotechnol, 2012; 93:31-9.

(29) Demain AL. The biopharmaceutical revolution. Chem Today (Chim Oggi), 2004; 22:11-2.

Y.


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

Ohlsas 9 pldabily sras . @a3)Lgy ojlasis .p)lgy )99 HosTown - Holaw Sfedoisisn slo o)L

(30) Demain AL, Vaishnav P. Production of recombinant proteins by microbes and higher organisms. Biotechnol Adv,
2009; 27:297-306.
(31) Dixon B. Enzyme expression. Glycosylation enhances stability. Biotechnology, 1991; 9:418.
(32) Dong M, Shuang Y, Fen H, Jie Z, Yuhuan Q, Jun D, Tianhui Z. Expression and Secretion of Human Bone Morphogetic
Protein-6 in Pichia pastoris [J]. Acta Scientiarum Naturalium Universitatis Nankaiensis, 2010; 1:008.
(33) Dragosits M, Stadlmann J, Albiol J, Baumann K, Maurer M, Gasser B, et al. The effect of temperature on the
proteome of recombinant Pichia pastoris. J Proteome Res, 2009; 8:1380-92.
(34) Ellis SB, Brust PF, Koutz PJ, Waters AF, Harpold MM, Gingeras TR. Isolation of alcohol oxidase and two other
methanol regulatable genes from the yeast Pichia pastoris. Mol Cell Biol, 1985; 5:1111-21.
(35) Fogel S, Welch JW. Tandem gene amplification mediates copper resistance in yeast. Proc Natl Acad Sci U S A, 1982;
79:5342-6.
(36) Gellissen G. Heterologous protein production in methylotrophic yeasts. Appl Microbiol Biotechnol, 2000; 54:741—
50.
(37) Gellisson G, Janowicz ZA, Weydemann U, Melber K, Strasser AWM, Hollenberg CP. High-level expression of
foreign genes in Hansenula polymorpha. Biotech Adv, 1992; 10:179-89.
(38) Gemmill TR, Trimble RB. Overview of N- and O-linked oligosaccharide structures found in various yeast species.
BBA-Gen Subjects, 1999; 1426:227-37.

(39) Gerngross TU. Advances in the production of human therapeutic proteins in yeasts and filamentous fungi. Nat
Biotechnol, 2004; 22:1409-14.
(40) Gritz L, Davies J. Plasmid-encoded hygromycin-b resistance the sequence of hygromycinb phosphotransferase gene
and its expression in Escherichia-coli and Saccharomycescerevisiae. Gene, 1983; 25:179-88.
(41) Grobben NG, Eggink G, Cuperus FP, Huizing HJ. Production of acetone, butanol and ethanol (ABE) from potato
wastes: fermentation with integrated membrane extraction. Appl Microbiol Biotechnol, 1993; 39(4-5):494-498.
(42) Ha SH, Park JJ, Kim JW, Jeong JW, Noh KS, Jeon YJ, Kin HS, Kim HB. Molecular cloning and high-level expression
of G2 protein of hantaan (HTN) virus 76118 strain in the yeast Pichia pastoris KM71. Virus Genes, 2001; 22:167-73.
(43) Hamilton SR, Bobrowicz P, Bobrowicz B, Davidson RC, Li H, Mitchell T, et al. Production of complex human
glycoproteins in yeast. Science, 2003; 301:1244-6.
(44) Hamilton SR, Davidson RC, Sethuraman N, Nett JH, JiangYW, Rios S, et al. Humanization of yeast to produce
complex terminally sialylated glycoproteins. Science, 2006; 313:1441-3.
(45) Hang YD, Luh BS, Woodams EE. Microbial production of citric acid by solid state fermentation of kiwi fruit peel. J
Food Sci, 1987; 52(1):226-227.
(46) Hartwig DD, Oliveira LT, Seixas KF, Forster MK, Rizzi C, Hartleben PC, McBride JAA, Odir DA. High yield
expression of leptospirosis vaccine candidates LigA and LipL32 in the methylotrophic yeast Pichia pastoris. Microbial
Cell Factories, 2010,9:98. doi: 10.1186/1475-2859-9-98.
(47) Helenius A, Aebi M. Intracellular functions of N-linked glycans. Science, 2001; 291:2364-9.
(48) Herrgard MJ, Swainston N, Dobson P, et al. A consensus yeast metabolic network reconstruction obtained from a
community approach to systems biology. Nat Biotechnol, 2008; 26:1155-60.
(49) Heydari A, Moosazadeh Moghaddam M, Aghamollaei H, Yakhchali M, Bambaee B, Latifi A, Heiat M. Cloning and
Expression of the Bacillus Pumilus F3 Lipase Gene into Bacillus Subtilis and Determining of Comparative Expression
Level Between Native and Recombinant Enzyme. New Cell Mol Biotechnol, 2013; 3: 67-73.
(50) Higgins DR, Cregg JM. (Eds.). (1998). Pichia protocols (Vol. 103). Springer.
(51) Hohenblum H, Gasser B, Maurer M, Borth N, Mattanovich D. Effects of gene dosage, promoters, and substrates on
unfolded protein stress of recombinant Pichia pastoris. Biotechnol Bioeng, 2004; 85:367-75.
(52) Horstkotte B, Arnau C, Francisco V, Elsholz O, Cerda V. Monitoring of sorbitol in Pichia pastoris cultivation applying
sequential injection analysis. Biochem Eng J, 2008; 42:77-83.
(53) Huang CJ, Damasceno LM, Anderson KA, Zhang S, Old LJ, Batt CA. A proteomic analysis of the Pichia pastoris
secretome in methanol-induced cultures. Appl Microbiol Biotechnol, 2011; 90:235-47.
(54) Idiris A, Tohda H, Kumagai H, Takegawa K. Engineering of protein secretion in yeast: strategies and impact on
protein production. Appl Microbiol Biotechnol, 2010; 86:403—17.
(55) Inan M, Chiruvolu V, Eskridge KM, Vlasuk GP, Dickerson K, Brown S, et al. Optimization of temperature—glycerol—
pH conditions for a fed-batch fermentation process for recombinant hookworm (Ancylostomacaninum) anticoagulant
peptide (AcAP-5) production by Pichia pastoris. Enzyme Microb Technol, 1999; 24:438-45.
(56) Invitrogen. Multi-copy Pichia Expression Kit, Version E. 1999,Carlsbad, CA.
(57) Jahic M, Rotticci-Mulder J, Martinelle M, Hult K, Enfors SO. Modeling of growth and energy metabolism of Pichia
pastoris producing a fusion protein. Bioprocess Biosyst Eng, 2002; 24(6):385-393.
(58) Jimenez A, Davies J. Expression of a transposable antibiotic-resistance element in Saccharomyces. Nature, 1980;
287:869-71.
(59) Johnston M. A Model Fungal Gene Regulatory Mechanism: the GAL Genes of Saccharomyces Cerevisiae. Microbiol
Rev, 1987; 51:458-76.
(60) Johnson MA, Waterham HR, Ksheminska GP, Fayura LR, Cereghino JL, Stasyk OV, et al. Positive selection of novel
peroxisome biogenesis-defective mutants of the yeast Pichia pastoris. Genetics, 1999; 151:1379-91.
(61) Jones EW, Fink GR. Regulation of amino acid and nucleotide biosynthesis in yeast, in The Molecular Biology of the
Yeast Saccharomyces: Metabolism and Gene Expression. (Cold Spring Harbor Laboratory Press, New York, Cold Spring
Harbor) 1982; 181-289.
(62) Jungo C, Marison IW, von Stockar U. Mixed feeds of glycerol and methanol can improve the performance of Pichia
pastoris cultures: a quantitative study based in concentration gradients in transient continuous cultures. J Biotechnol,
2007;128:824-37.
(63) Khalesi R, Nazarian S, Ehsaei Z, Mansouri M, Amani J, Moazzeni M, Salimian J. Cloning and Expression of
Enterotoxigenic Escherichia Coli Heat Labile Toxin B Subunit (LTB) as Vaccine Candidate. Kosar Medical Journal
(KMJ), 2009; 14(2):95-100.

AR


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

o $2a00 VYK jLgy mdaylgr o)losis )l 093 HeSTs0 - Holuw SedeisT g sLo 05U

(64) Kida Y, Morimoto F, Sakaguchi M. Signal anchor sequence provides motive force for polypeptide chain translocation
through the endoplasmic reticulum membrane. J Biol Chem, 2009; 284:2861-6.

(65) Kjeerulff S, JensenMR. Comparison of different signal peptides for secretion of heterologous proteins in fission yeast.
Biochem Biophys Res Commun, 2005; 336:974-82.

(66) Kobayashi K, Kuwae S, Ohya T, Ohda T, Ohyama M, Ohi H, Tomomitsu K, Ohmura T. High-level expression of
recombinant human serum albumin from the methylotrophic yeast Pichia pastoris with minimal protease production and
activation. J Biosci Bioeng, 2000; 89:55-61.

(67) Kottmeier K, Mueller C, Huber R, Buechs J. Increased product formation induced by a directed secondary substrate
limitation in a batch Hansenula polymorpha culture. Appl Microbiol Biotechnol, 2010; 86:93-101.

(68) Koutz PJ, Davis GR, Stillman C, Barringer K, Cregg JM, Thill G. Structural Comparison of the Pichia pastoris
Alcohol Oxidase Genes. Yeast, 1989; 5:167-77.

(69) Larkin A, Imperiali B. The expanding horizons of asparagine-linked glycosylation. Biochemistry, 2011; 50:4411-26.
(70) Li B, Cao Y, Zhoul L, Liang C, Sun F. A novel protein expression system-Pichia Pink™- and a protocol for fast and
efficient recombinant protein expression. Afr J Biotechnol, 2011; 83:19464-72.

(71) Li P, Anumanthan A, Gao XG, Ilangovan K, Suzara VV, Diizgiine N, Renugopalakrishnan V. Expression of
Recombinant Proteins in Pichia Pastoris. Appl Biochem Biotechnol, 2007; 142:105-124.

(72) Li ZJ, Zhao Q, Liang H, Jiang S, Chen T, Grella D, et al. Control of recombinant human endostatin production in
fed-batch cultures of Pichia pastoris using the methanol feeding rate. Biotechnol lett, 2002; 24(19):1631-5.

(73) Lin-Cereghino J, Wong WW, Giang W, Luong LT, Vu J, Johnson SD, Lin-Cereghino GP. Condensed protocol for
competent cell preparation and transformation of the methylotrophic yeast Pichia pastoris. Biotechniques, 2005;38(1):44.
(74) Liu ZM, Zhao HL, Xue C, Deng BB, Zhang W, Xiong XH, Yao XQ. Secretory expression and characterization
of a recombinant-deleted variant of human hepatocyte growth factor in Pichia pastoris. World J Gastroenterol, 2005;
11(45):7097.

(75) Macauly-Patrick S, Fazenda ML, McNeil B, Harvey LM. Heterologous protein production using the Pichia pastoris
expression system. Yeast, 2005; 22:249—70.

(76) Mansur M, Cabello C, Hernandez L, Pais J, Varas L, Valdes J, Terrero Y, Hidalgo A, Plana L, Besada V, Garcia L,
Lamazares E, Castellanos L, Martonez E. Multiple gene copy number enhances insulin precursor secretion in the yeast
Pichia pastoris. Biotechnol Lett, 2005; 27:339-45.

(77) Marx H, Mecklenbrauker A, Gasser B, Sauer M, Mattanovich D. Directed gene copy number amplification in Pichia
pastoris by vector integration into the ribosomal DNA locus. FEMS Yeast Res, 2009; 9:1260-70.

(78) Morrow KJ Jr. Improving protein production processes. Gen Eng News, 2007; 27(5):50—41.

(79) Mousavi ML, Amani J, Tavalai M, Kamali M. Cloning , expression and purification of the gene coding translocating
domain of Botulinum Neurotoxin type A. Modares Journal of Medical Sciences (MIMS), 2004; 7(2):81-92.

(80) Nevalainen KMH, Te’o VSJ, Bergquist PL. Heterologous protein expression in filamentous fungi. Trends Biotech,
2005; 23:468-74.

(81) Ng DT, Brown JD, Walter P. Signal sequences specify the targeting route to the endoplasmic reticulum membrane.
J Cell Biol, 1996; 134:269-78.

(82) Nunberg JH, Meade JH, Cole G, Lawyer FC, MacCabe P, Schweickart V, et al. Molecular cloning and characterization
of the glucoamylase gene of Aspergillus niger. Molec Cell Biol, 1984; 2:2306-15.

(83) Orman MA, Calik P, Ozdamar TH. The influence of carbon sources on recombinanthuman- growth-hormone
production by Pichia pastoris is dependent on phenotype: a comparison of MutS and Mut+. Biotechnol Appl Bioc, 2009;
52:245-55.

(84) Parekh R. Polypeptide glycosylation and biotechnology. Biotech Eur, 1989; 6(1):18-21.

(85) Papini M, Salazar M, Nielsen J. Systems biology of industrial microorganisms. In: Wittmann C, Krull WR, editors.
Biosystems engineering I: creating superior biocatalysts, 120. Adv Biochem Eng Biotechnol, 2010; 51-99.

(86) Patil C, Walter P. Intracellular signaling from the endoplasmic reticulum to the nucleus: the unfolded protein response
in yeast and mammals. Curr Opin Cell Biol, 2001; 13:349-55.

(87) Pavlou AK, Reichert JM. Recombinant protein therapeutics: success rates, market trends and values to 2010. Nat
Biotechnol, 2004; 22:1513-9.

(88) Pfeifer TA, Hegedus DD, Grigliatti TA, Theilmann DA. Baculovirus immediate-early promotermediatedexpressionof
the Zeocin(TM) resistance gene for use as a dominant selectable marker in Dipteran and Lepidopteran insect cell lines.
Gene, 1997; 188:183-90.

(89) Plantz BA, Sinha J, Villarete L, Nickerson KW, Schlegel VL. Pichia pastoris fermentation optimization: Energy state
and testing a growth-associated model. Appl Microbiol Biotechnol, 2006; 72:297-305.

(90) Raemaekers RJ, de Muro L, Gatehouse JA, Fordham-Skelton AP. Functional phytohemagglutinin (PHA) and Galanthus
nivalis agglutinin (GNA) expressed in Pichia pastoris correct Nterminal processing and secretion of heterologous proteins
expressed using the PHA-E signal peptide. Eur J Biochem, 1999; 265:394—403.

(91) Riedl M. Hereditary angioedema therapy: Kallikrein inhibition and bradykinin receptor antagonism. World Allergy
Organ J, 2010; 3(9):S34-S38.

(92) Rinderknecht E, O’Connor BH, Rodriguez H. Natural human interferon-y: complete amino acid sequencing and
determination of site of glycosylation. J Biol Chem, 1984; 259:6790-7.

(93) Romanos MA, Scorer CA, Clare JJ. Foreign gene expression in yeast: a review. Yeast, 1992; 8:423—88.

(94) Romanos MA, Scorer CA, Sreekrishna K, Clare JJ. The generation of multicopy recombinant strains. Methods Mol
Biol, 1998; 103:55-72.

(95) Sears IB, O’Connor J, Rossanese OW, Glick BS. A versatile set of vectors for constitutive and regulated gene
expression in Pichia pastoris. Yeast, 1998; 14:783-90.

(96) Sevastsyanovich Y, Alfasi S, Cole J. Recombinant protein production: a comparative view on host physiology. New
Biotechnol, 2009; 25(4):175-180.

(97) Shen S, Sulter G, Jeffries TW, Cregg JM. A strong nitrogen source regulated promoter for controlled expression of
foreign genes in the yeast Pichia pastoris. Gene, 1998; 216:93-102.

Yy


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

Ohlsas 9 pldabily sras . @a3)Lgy ojlasis .p)lgy )99 HosTown - Holaw Sfedoisisn slo o)L

(98) Sibirny AA, Ubiyvovk VM, Gonchar MV, Titorenko VI, Voronovsky AY, Kapultsevich YG, et al. Reaction of direct
formaldehyde oxidation to CO2 are not essential for energy supply of yeast methylotropic growth. Arch Microbiol, 1990;
154:566-75.

(99) Sinha J, Plantz BA, Inan M, Meagher MM. Causes of proteolytic degredation of secreted recombinant proteins
produced in methylotropic yeast Pichia pastoris: case study with recombinant ovine interferon-t. Biotechnol Bioeng,
2004; 89:102-12

(100) Sohn SB, Graf AB, Kim TY, et al. Genome-scale metabolic model of methylotrophic yeast Pichia pastoris and its
use for in silico analysis of heterologous protein production. Biotechnol J, 2010; 5:707—15.

(101) Soyaslan ES, Calik P. Enhanced recombinant human erythropoietin production by Pichia pastoris inmethanol fed-
batch/sorbitol batch fermentation through pH optimization. Biochem Eng J, 2011; 55:59-65.

(102) Sreekrishna K, Brankamp RG, Kropp KE, Blankenship DT, Tsay JT, Smith PL, Wierschke JD, Subramaniam A,
Birkenberger LA. Strategies for optimal synthesis and secretion of heterologous proteins in the methylotrophic yeast
Pichia pastoris. Gene, 1997; 190(1):55-62.

(103) Sreekrishana K, Nelles L, Potenz R, Cruze J, Mazzaferro P, et al. High level expression, purification, and
characterization of recombinant human tumor necrosis factor synthesized in the methylotrophic yeast Pichia pastoris.
Biochemistry, 1989; 28:4117-25.

(104) Stratton J, Chiruvolu V, Meagher M. High cell density fermentation. In: Higgins DR, Cregg JM, editors. Methods
in molecular biology: Pichia protocols. Totowa NJ: Humana press; 1998.

(105) Suga M, Hatakeyama T. High efficiency transformation of Schizosaccharomyces pombe pretreated with thiol
compounds by electroporation. Yeast, 2001; 18:1015-21.

(106) Sunga AJ, Cregg JM. The Pichia pastoris formaldehyde dehydrogenase gene (FLD1) as a marker for selection of
multicopy expression strains of Pichia pastoris. Gene, 2004; 330:39—47.

(107) Surribas A, Resina D, Ferrer P, Valero F. Rivoflavinmay interfere with on-linemonitoring of secreted green
fluorescence protein fusion proteins in Pichia pastoris. Microb Cell Fact, 2007; 18:6-15.

(108) Swanton E, Bulleid NJ. Protein folding and translocation across the endoplasmic reticulum membrane. Mol Membr
Biol, 2003; 20:99-104.

(109) Thorpe ED, d’Anjou MC, Daugulis AJ. Sorbitol as a non-repressing carbon source for fed batch fermentation of
recombinant Pichia pastoris. Biotechnol Lett, 1999; 21:669-72.

(110) Tschopp JF, Brust PF, Cregg JM, Stillman CA, Gingeras TR. Expression of the lacZ gene from two methanol-
regulated promoters in Pichia pastoris. Nucleic Acids Res, 1987; 15:3859-76.

(111) Valipoor E, Mousavi SL, Rasooli I, Nazarian S, Amani J, Farhadi N. Immunogenic potentials of binding domain
and its C-terminus part of Clostridium botulinum Type E Neurotoxin in comparison with its toxoid. Iranian J Biotech,
2011; 9(3):181-7.

(112) Vassileva A, Chugh DA, Swaminathan S, Khanna N. Effect of copy number on the expression levels of hepatitis B
surface antigen in the methylotrophic yeast Pichia pastoris. Protein Exp Purif, 2001; 21:71-80.

(113) Vassileva A, Chugh DA, Swaminathan S, Khanna N. Expression of hepatitis B surface antigen in the methylotrophic
yeast Pichia pastoris using the GAP promoter. J Biotechnol, 2001; 88:21-35

(114) Vervecken W, Kaigorodov V, Callewaert N, Geysens S, De Vusser K, Contreras R. In vivo synthesis of mammalian-
like, hybrid-type N-glycans in Pichia pastoris. Appl Environ Microbiol, 2004; 70:2639-46.

(115) Wang Y, Liang ZH, Zhang YS, Yao SY, Xu YG, et al. Human insulin from a precursor overexpressed in the
methylotrophic yeast Pichia pastoris and a simple procedure for purifying the expression product. Biotech Bioeng, 2001;
73:74-9.

(116) Wang Z, Wang Y, Zhang D, Li J, Hua Z, Guocheng D, et al. Enhancement of cell viability and alkaline
polygalacturonate lyase production by sorbitol co-feeding with methanol in Pichia pastoris fermentations. Biosource
Technol, 2010; 101:1318-23.

(117) Wang Y, Yuan S, Wang P, Liu X, Zhan D, Zhang Z. Expression, purification, and characterization of recombinant
human keratinocyte growth factor-2 in Pichia pastoris. J Biotechnol, 2007; 132(1):44.

(118) Waterham HR, Digan ME, Koutz PJ, Lair SV, Cregg JM. Isolation of the Pichia pastoris glyceraldehyde-3-phosphate
dehydrogenase gene and regulation and use of its promoter. Gene, 1997; 186:37-44.

(119) Werten MWT, van den Bosch TJ, Wind RD, Mooibroek H, De Wolf FA. High-yield secretion of recombinant
gelatins by Pichia pastoris. Yeast, 1999; 15:1087-96.

(120) Wu D, Ma D, Hao YY, Chu J, Wang YH, Zhuang YP, Zhang SL. Incomplete formation of intramolecular disulfide
bond triggers degradation and aggregation of human consensus interferon-alpha mutant by Pichia pastoris. Appl Microbiol
Biotechnol, 2010; 85:1759-67.

(121) WuJM, Lin JC, Chieng LL, Lee CK, Hsu TA. Combined used of GAP and AOX1 promoter to enhance the expression
of human granulocyte-macrophage colony-stimulating factor in Pichia pastoris. Enzyme Microb Tech, 2003; 33:453-9.
(122) Xie J, Zhang L, Ye Q, Zhou Q, Xin L, Du P, Gan R. Angiostatin production in cultivation of recombinant Pichia
pastoris fed with mixed carbon sources. Biotechnol Lett, 2003; 25(2):173-7.

(123) Xie J, Zhou Q, Du P, Gan R, Ye Q. Use of different carbon sources in cultivation of recombinant Pichia pastoris for
angiostatin production. Enzyme Microb Tech, 2005; 36:210-6.

(124) Yamaguchi K, Akai K, Kawanishi G, Ueda M, Masuda S. Effects of site-directed removal of N-glycosylation sites
in human erythropoietin on its production. J Biol Chem, 1991; 266:20434-9.

(125) Zani ML, Nobar SM, Lacour SA, Lemoine S, Boudier C, Bieth JG, Moreau T. Kinetics of the inhibition of
neutrophil proteinases by recombinant elafin and preelafin (trappin2) expressed in Pichia pastoris. Eur J Biochem, 2004;
271(12):2370-2378.

(126) Zhang AL, Luo JX, Zhang TY, Pan YW, Tan YH, Fu CY, Tu FZ. Recent advances on the GAP promoter derived
expression system of Pichia pastoris. Mol Biol Rep, 2009; 36(6):1611-1619.

(127) Zhang AL, Zhang TY, Luo JX, chen SC, Guan WJ, Fu CY, Peng SQ, Li HL. Constitutive expression of human
angiostatin in Pichia pastoris. J Ind Microbiol Biotechnol, 2007; 34:117-22.

(128) Zhang W, Bevins MA, Plantz BA, Smith LA. Modeling Pichia pastoris growth on methanol and optimizing the

Yy


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html

[ Downloaded from ncmbjpiau.ir on 2026-02-21 ]

[ DOR: 20.1001.1.22285458.1393.4.14.1.6 ]

o $2a00 VYK jLgy mdaylgr o)losis )l 093 HeSTs0 - Holuw SedeisT g sLo 05U

production of a recombinant protein, the heavy-chain fragment C of Botolinum neurotoxin, serotype A. Biotechnol
Bioeng, 2000; 70:1-8.

(129) Zhang WH, Potter KJ, Plantz BA, Schlegel VL, Smith LA, Meagher MM. Pichia pastoris fermentation with
mixed-feeds of glycerol and methanol: growth kinetics and production improvement. J Ind Microbiol Biotechnol, 2003;
30:210-5.

(130) Zhu T, Guo M, Tang Z, Zhang M, Zhuang Y, Chu J, Zhang S. Efficient generation of multi-copy strains for optimizing
secretory expression of porcine insulin precursor in yeast Pichia pastoris. J Appl Microbiol, 2009; 107:954—63.
(131) Zuraw B, Yasothan U, Kirkpatrick P. Ecallantide. Nat Rev Drug Discov, 2010; 9(3):189-190.


https://dor.isc.ac/dor/20.1001.1.22285458.1393.4.14.1.6
https://ncmbjpiau.ir/article-1-514-en.html
http://www.tcpdf.org

