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TOM TAT

Lactoferrin (LF) 1 mot protein lién két voi sat khong chira nhan hem, mot thanh phan trong ho protein trasferrin
v6i chirc ning chung 1a van chuyén sit. La mot protein da chirc nang sinh hoc, LF ¢6 kha ning diéu hoa héap thy
st trong rudt, dap umg mién dich, chng oxi hoa, chéng phong ngira ung thu, va chéng viém... Gen mi hoéa LF
¢6 ngudn gdc tir bo da duge biéu hién thanh cong trong chung P. pastoris KM71H-3 tai t6 hop trén modi truong
BMMY. Nghién ctru nay da khao sat 3 moi truong khoang thay thé méi truong BMMY 1a BMM, 2x-MMP, F22
va da lya chon dugc méi trudng 2x-MMP phu hop biéu hién LF & P. pastoris KM71H-3. Nghién ctru ciing dé
khao sat anh huéng ciia nguon nito vé co (NHs" tir 0,5 - 3,0%), ngudn nito hitu co 14 pepton (1,0%); cao nim
men (0,5%); cao ngd (0,25%) va ndng do chat cam tmg MeOH (0,5 - 2,0%) dén kha ning biéu hién LF trong
moi trudng 2x-MMP. Két qua cho théy moi truong 2x-MMP véi 1,5% NHs* va 0,25% cao ngd, cam ung 0,5%
methanol m&i 24 gid 1a moi truong phi hgp dé biéu hién LF. Thanh phan méi truong dugc lya chon 13 phu hop
dé co thé 1én men sinh tong hop lactoferrin & quy mé 16n.

Tir khéa: Cao ngd, lactoferrin, Pichia pastoris, tai to hop.

MO PAU

Lactoferrin (LF) l1a mét protein lién két véi st khdng chira nhan hem (Embleton et al., 2013), mot thanh phan
trong ho protein trasferrin véi chirc ndng chung 1a van chuyén sét trong mau (Gonzalez-Chavez et al., 2009). LF
l& mot thanh phan protein chiém ham lwong cao thir 2 trong sira sau casein (Nakamura et al., 2001). Ham lwong
LF ciing c6 sw thay dbi Ién, v&i ndng d6 cao nhét 1a 7 g/L siva non clia nguwdi, 1 g/L dbi véi siva ngwdi trong giai
doan tiét sira va 0,4 mg/L trong huyét thanh ctia ngudi binh thwdng va tang 1én 5000 1an khi cé sw nhiém khuan.
LF ¢6 ham lwgng cao trong stra cla dong vat cé vi nhw bo, lon, dé, lac da... (Chahardooli et al., 2016; Chen et
al., 2004). Ndng d6 LF co trong siva bo thay dbi iy theo giai doan tiét stva dao déng tlr 0,02 - 0,2 mg/mL ddi voi
stra trwdng thanh chiém khoang 2,4 mg/mL dbi v&i sira non ctia bd méi sinh (Sharma et al., 2015).

LF 1& mot protein da chirc nang. Chirc nang sinh hoc d4u tién ctia LF thé hién & kha nang két hop véi i lwc cao
véi sat va ton tai bén virng trong moét phé rong pH, tham chi ca & pH rat thap. LF lién quan dén nhiéu chivc ndng
sinh ly khac nhau nhw diéu hoa hap thu st trong rudt, tang cudng dap rng mién dich, khang khuan, chéng oxi
héa, chéng phong ngtra ung thw, va chdng viém (Adlerova et al., 2008); LF gitp bao vé dbi v&i sw nhiém khuan
va dac tinh nay dwoc nghién ctru nhidu nhat cho dén nay.

Do c6 nhigu d&c tinh bao vé tét déi véi co thé nén nhu ciu bd sung dwéi dang thudc hodc thyc pham chirc nang
ngay cang tang (Conesa et al., 2010). Huwéng san xuét LF bang con duo*ng tai t& hop dang dwgc quan tam do ¢
wu diém 13 chd ddng ngudn nguyén liéu so véi phwong phap tach chiét LF tiv siva dong vat c6 vu. Trong cac hé
bidu hién, P. pastoris thuwdng duwgc str dung hon do kha néng tdng hop protein tai td hop cao. Hé thdng bidu hién

P. pastoris da dwoc st dung d& bidu hién LF cho hiéu suét tdng hop dat 3,5 g/L (Iglesias-Figueroa et al., 2016).
Tuy nhién, dé& san xuét hiéu qua protein LF i chiing tai t6 hop can phai xac dinh dwoc diéu kién 1&n men thich
hop dé vira dam bao hiéu suat tdng hop cao nhét vira cé chi phi thap nhat. Muc tiéu cta nghlen cru nay nham
(i) Lwa chon méi truéng 1én men thich hop dé& phu hop san xuét LF quy mé I6n thay thé mai trwdng chudn
BMMY va (i) Nghién ctru anh huwéng ctia ngudn nito' vé co NH4* va nito' hivu co' dén kha nang biéu hién LF.
NGUYEN LIEU VA PHUONG PHAP

Chuing P. pastoris KM71H-3 tai t& hop mang gen ma hoa lactoferrin bo tir dé tai BT.01.18/CNSHCB.

Cac méi trwong

Méi trwwéng hoat hoéa:

YPD: 1,0% yest extract, 2,0% peptone, 2,0% glucose.
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Mbi tredrng biéu hién
BMMY: 1% methanol; 1,34% yeast nitrogen base w/o amino acid and ammonium sulfate (YNB), 1% yeast extract,
2% peptone, pha trong dém phosphate 0,1 M, pH 6,0.

BMM: 1% methanol; 1,34% yeast nitrogen base w/o amino acid and ammonium sulfate (YNB), pha trong dém
phosphate 0,1 M, pH 6,0.

2x-MMP: KH2PO4 1,7%; MgSQ04.7H20 0,2%; (NH4)2S04 1,5%; pha trong dém phosphat 0,1 M, pH 6,0.
FM22: KH2PO4 4,29%; (NH4)2S04 0,5%, CaSO04 1%; K2SO04 1,43%; MgS04.7H20 11,7%.

Dung dich khoang: PTM4: CuS04.5H20 0,2%; Nal 0,008%; MnSO4.H20 0,3%; (NH4)6M07024.4H20 0,0148%;
H3BOs 0,002%; CoCl20,05%; ZnCl2 0,7%; FeS04.7H20 2,2%; Biotin 0,02%; H2S04 0,1%.

Phwong phap 1én men sinh tédng hop lactoferrin trén cac méi treng khac nhau

Chang ndm men P. pastoris KM71H-3 dwoc nudi cdy biéu hién trén cac maéi trwong: BMM, 2x-MMP, FM22
va BMMY.

(a) Nudi kh&i dong: Nudi Iac mét khuan lac trong 2 mL YPD & 28°C trong 24 gid, téc d6 1&c 150 vong/phut.
(b) Nusi biéu hién:
Pha téng sinh khéi: Str dung cac méi trwéng khac nhau: BMM; 2x-MM-P; FM22 bd sung 0,5 % glycerol; mdi

truong BMMY duwoc ding lam dbi chirng. Chuyén 1 mL giéng khéi dong vao cac binh 19 mL méi treong sao cho
gia tri ODsoo ban dau la 0,5, nudi lac & 28°C trong 24 gi& v&i toc do lac 150 vong/phut.

Déi véi cac thi nghiém thay déi ndng dd NH4* (0,5%; 1,0%; 1,5%; 2,0%; 2,5%; 3,0%), bd sung ngudn nito hitu co
peptone (1,0%), cao nAm men (0,5%) va cao ngd (0,25%). Cac thanh phan bb sung dwgc dwa vao méi trwdng
2X-MMP @& chuén bi mdi trwéng 1én men. Déi véi thi nghiém khao sat ndng d6 chat cam &ng methanol, thay déi
n6ng dd cam (rng mébi 24 gior 1a 0,5%; 1,0%;1,5%; 2,0%.

Nu6i biéu hién: Bd sung méi truong tiép dwdng gom chat cam (rng methanol va cac chat khoang vi lugng (PTM
4) vao cac binh nudi cay. Mau sinh khoi nam men dwgc thu nhan theo thoi gian (moi 24 gid).

Tach chiét protein bang phwong phap siéu am

Sinh khéi té bao ndm men dwoc thu nhan bang ly tam va bd sung dém 50mM Tris-HCl; 2% SDS va dao tron déu.
Mau duoc tién hanh pha té bao bing phuong phap siéu am trong 2 phut véi mirc nang lwong 60%, 10 giay hoat
dong, 10 giay nghi. Sau d6, mau duoc tién hanh ly tam 9000 vong/phat & 4°C trong 20 phut dé loai bd can té
bao. Phan dich dwoc gitr lai dé tién hanh phan tich SDS-PAGE

Phwong phap dién di SDS - PAGE
Céc méu protein duoc tién hanh dién di SDS-PAGE trén gel polyacrylamide 12% theo phwong phép Laemmli (1970).
Phwong phap lai phan ttr Dot Blot

Dé danh gia sw c6 mét cia LF, mau protein dwgc chdm Ién mang nitrocellulose. Mang sau d6 dwoc khéa bang
stra gay 1% trong 1 gi¢. Sau 3 14n rira bang dém PBS, mau trén mang dwoc G véi khang thé bac 1 |a babbit Anti
Histag (1:5000) trong dém PBS 1X, sau d6 rira 3 1an bang dém PBS-T va G v&i khang thé bac 2 (Anti Rabbit IgG
+ AP) i & 1:30.000 va 0 trong 1,5 gi®. Tin hiéu dwoc phat hién béng cach 0 véi co chat NBT va BCIP trong dém
AP. Cuéng do tin hiéu thu dwoc dwoc phan tich bang phadn mém QuantityOne (Bio-rad, My).

KET QUA VA THAO LUAN
Lwa chon méi tredng 1én men thay thé méi trwdng chudn BMMY

Khi nuéi cdy sang loc dé xac dinh kha nang biéu hién cha protein tai t hop trén P. pastoris, hAu hét cac cong b
déu str dung mdi truong BMMY cua Invitrogen (Alamdari et al., 2016; Iglesias-Figueroa et al., 2016).Tuy nhién
day la moi trwdng tdng hop cé gia thanh cao, mat do té bao sau khi nudi cay thuwéng & mirc ODsoo 30 - 40.
Mét khac, khi 1én men & quy mo Ién, lwgng moi treong can nhiéu nén viéc tim moéi trwong thay thé ré tién la
can thiét. Pé thwc hién dwoc muc tiéu trén, chung téi tién hanh xac dinh mai trwong thay thé cho BMMY. Cac
méi trwdng thay thé cho méi trwung BMMY duwoc st dung 1a: BMM; 2x-MMP; FM22. Day 13 cac mdi trwéong
kha can dbi v& khoang chét cho viéc tao sinh khéi trén ngudn carbon 13 glycerol da duwgc st dung cho viéc biéu
hién protein tlr P. pastoris (Liu et al., 2016). Day |a cac méi trwdng khoang phu hop cho sw phat trién cla
P. pastoris.

Két qua nghién ctru cho thay P. pastoris KM71H-3 phat trién trong mdi treéng BMM manh hon trong FM22
va 2x-MMP (Hinh 1A). Tuy nhién, pH ctia méi trwéng 2x-MMP 6n dinh hon so véi hai mdi treéng con lai (pH
gidm tr 6,0 gidm xudng khoang 5,1 + 5,4, trong khi d6 maéi trwérng BMM c6 pH giam tir 6,0 xudng con 4,1 - 4,9 va
FM22 c6 pH giam tir 6,0 xubéng con 3,1+3,4 (Hinh 1B).
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Hinh 1. Déng hoc sinh trwéng (A) va sw thay déi pH canh trweng 1én men (B) chiing P. pastoris KM71H-3

tai td hop trén cac méi trwong khac nhau: BMM, 2x-MMP, FM22 va BMMY
DPé& xac dinh kha nadng bidu hién lactoferrin & cac méi trudng khao sat, dich chiét protein dwgc phan tich
bang dién di SDS-PAGE va dot blot. K&t qua cho thy & tAt cd cac méi trwdng déu xuét hién band protein
kich thwéc khodng 75 kDa twong ¢ng véi lactoferrin tai t& hop (Hinh 2A-D). Phan tich dot blot cho thay murc
do biéu hién protein lactoferrin cao nhat & méi trweng 2x-MMP (Hinh 2F) so véi hai méi trwérng BMM (Hinh
2E) va FM22 (Hinh 2G). Mirc d8 bidu hién trong méi trweng 2x-MMP 1a twong dwong so véi mai trwéng tiéu
chudn BMMY (Hinh 2H). Tir két qua thu dwoc, méi trueng 2x-MMP da duwoc lwa chon cho cac nghién ciu
tiép theo v& 1&n men sinh tdng hop lactoferrin.
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Hinh 2. Phé dién di proteln trén gel SDS-PAGE (A-D) va Dot blot (E-H) dich chiét protein tir chiing P. pastoris
KM71H-3 tai t& hop bidu hién trong cac méi trweng khac nhau: BMM, 2x-MMP, FM22 va BMMY, twong wng
KC-, dich chiét protein tw chung P. pastoris KM71H-3 doéi chirng; KC+, dich chiét protein Lactoferrin tai td hop;
M, thang protein chuén (iNtRON, Han Quéc). Protein lactoferrin téi t6 hop khodng 75 kDa. M&u 1-9, dich chiét protein tcr
ngay 1-9 sau cam trng methanol tuong (rng

Nghién cru anh hwéng ctia néng d6 NH4*

Khi st dung méi trweng 2x-MMP thay thé méi trwéng BMMY, thanh phan nito' trong méi treéng co su thay ddi tiv
YPD, Pepton sang NH4*. D& danh gia &nh hwéng ctia NHs* dén kha nang sinh trwdng, phat trién va téng hop
lactoferrin tai t& hop & P. pastoris, mot dai ndng 0,5%; 1,0%; 1,5%; 2,0%; 2,5%; 3,0% (w/v) NHs* da dwoc khao
sat. Két qua cho thay mat do sinh khdi va gia tri pH méi trwdng nudi khéng cé sw khac biét nhidu & cac ndng do
NH4* khac nhau. Gia tri ODeoo cao nhét dao déng tr 36 - 44 (Hinh 3A); gia tri pH giao déng trong khoang
5,5 - 5,7 (Hinh 3B). K&t qua dién di SDS-PAGE (hinh 3C) chi ra ring & méi trwérng c6 ndng d6 NH4* 1,5%, protein
muc tiéu & vi tri khoang 75 kDa la cao nhét. P& danh gia so sanh ham lwong LF trong dich chiét protein, dot blot
da duoc thwe hién va két qua phan tich cwéng dd mau Dot blot béng phén mém Quantity One ciing cho thay tai
ndng dd NHs* 1,5% thi cwong d6 mau trén mang nitrocellulose la cao nhét tu=0ng &ng v6&i lwong LF tai td hop thu
dwoc la nhidu nhat. Vi vay, ndng d6 NHa4* thich hgp nhat dwoc lwa chon dé 1én men P. pastoris KM71H-3 sinh
tbng hop LF trong méi trudng 2x-MMP 1a 1,5%.
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Hinh 3. Anh hwéng ctia ndng dé NH,* dén kha nang sinh trwéng (A), sy thay ddi pH méi trwéng 1én men (B),
mirc dd tébng hop protein lactoferrin (C-D) ctia chiing P. pastoris KM71H-3 trén méi trwéng 2x-MMP

Anh hwéng ciia nguén Nito' hivu co

Nito' 1a mét trong cac yéu t6 anh hwéng dén qua trinh tdng hop protein tai td hop. Chinh vi vay ngoai ngudn nito
la NH4*, chung téi khao sat bé sung thém ngudn nito hitu co 1a Pepton (1,0%); cao nAm men (0,5%); cao ngd
0,25% va danh gia anh hudng dén kha nang sinh trwéng va tdng hop lactoferrin tai t& hop. Sau 5 ngay cam tng,
két qua cho thay mai trwdng bé sung dich chiét cao ngd va dich chiét nAm men thi P. pastoris KM71H-3 phat trién
tbt hon so véi méi trwong ddi chirng (2x-MMP) trong khi méi trwdng bé sung pepton khong cé sw khac biét vé
mat dd sinh khéi (Hinh 4A). Sy thay déi pH & méi trwdng 2x-MMP cao ngd (2x-MMP-CS) 13 it bién ddng nhét so
v&i 2 moi trwdng con lai (Hinh 4B).

Két qua phan tich protein bang dién di SDS-PAGE cho thay béng protein & vi tri khodng 75 kDa rd nét nhat & madi
trweng 2x-MMP-CS bé sung cao ngd. Két qua phan tich protein dich lactoferrin béng dot blot ciing cho thay murc
do tdng hop protein lactoferrin ting 1&n khi b sung ngudn nito hitu co' va cao nhét dat dwoc trong mai trweng
2x-MMP bd sung cao ngd. Theo céng bé ciia Taiwo va ddng tac gid (2018) cho thay cao ngd 1a ngudn nito’ hiru
co phil hgp dé 1én men Saccharomyces cerevisiae type 1 va Anchor Instant Yeast thay thé dich chiét nAm men
trong méi trwdng cho hiéu qua twong duwong (Taiwo et al., 2018). Cao ngd & ngudn co chét ré tién hon so voi
cao ndm men do dé ngudn nito hitu co' bd sung nay sé cho hiéu qua kinh t& cao hon va phu hop hon khi st
dung & quy mé cong nghiép. Nhw vay méi trueng 2x-MMP b sung 0,25% cao ngd duoc lwa chon cho céc thi
nghiém tiép theo.
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Hinh 4. Anh hwéng cta nguén nito hiru co dén kha ning sinh trwdng (A), sw thay déi pH méi trwong 1én men
(B), mrc dd tébng hop protein lactoferrin (C-D) cua chung P. pastoris KM71H-3 trén méi trwéng 2x-MMP (1) b6 sung
nguon nito’ hiru co gom cao ngo (2-CS), cao nam men (3-YE), pepton (4-PEP)

Khao sat ndng d6 methanol cam trng

Trong méi trwérng 1én men, methanol vira 1a ngudn cacbon cung cap cho P. pastoris phat trién ddng thoi 1a chét
cdm rng tac déng 1én promoter AOX1 d& cdm tng bidu hién protein lactoferrin (Iglesias-Figueroa et al., 2016).
Chinh vi vay, viéc khdo sat néng dd methanol cdm (rng la mét trong nhitng thi nghiém gidp tim ra néng do
methanol thich hop cho viéc san xuét lactoferrin & P. pastoris KM71H-3. Dai ndng d6 methanol (v/v) tir 0,5%;
1,0%;1,5%; 2,0% dwoc bb sung vao cac binh 1én men mbi 24 gid. K&t qua cho thay trong 2 ngay dau mac do
sinh trwdng trong cac binh 1&én men kha ddng dé&u nhau, tdng tir 0,5 (ODeoo dat 0,5) Ién khoang 38. Trong cac
ngay tiép theo, & ndng dd methanol cam tng 0,5 va 1,0% gia tri OD tiép tuc ting trong khi & ndng d6 methanol
cdm (ng 1,5 va 2,0 gia tri ODeoo gidm. Gia tri ODeoo gidm manh nhét & ngay cdm trng thr 3, ndéng 2,0% chi con
28,6 (Hinh 5A). Bidu nay c6 thé 1a do mac du methanol 13 chat cam trng va ngudn cacbon cho ndm men phat
trién, tuy nhién & ndng dd methanol cao lai 1a chat doc véi té bao. Do d6, trong trwdng hop nay ndng d6 cadm (ng
trén 1,5% khong phu hop cho sy phat trién clia té bao P. pastoris KM71H-3. Gia tri pH méi trwdng dwoc theo ddi
trong qua trinh 18n men & ca 4 diéu kién d&u khong c6 sw thay ddi dang ké; gia tri pH dwoc duy tri & mic 5,5+5,8
trong sudt qua trinh 1én men (Hinh 5B). M&c dd bidu hién protein lactoferrin tai t& hop ciing da dwoc kiém tra
bang dién di SDS-PAGE va cho thay mirc d6 bidu hién lactoferrin cao nhat & 0,5% va gidm dan khi ting néng do
methanol dén 2,0% (Hinh 5). K&t qua nay ciing phi hop véi nhidu nghién cu vé biéu hién protein tai t& hop
trong ndm men P. pastoris (Chen et al., 2004).
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Hinh 5. Anh hwéng cia néng ddé methanol dén kha nang sinh trwéng (A), sw thay ddi pH mai trwong 1én men
(B), mirc dd téng hop protein lactoferrin (C) ctia chling P. pastoris KM71H-3
KET LUAN

Trong nghién clru nay, ching t6i da lwa chon dwgc méi trudng 2x-MMP thay thé méi trwéong BMMY dé biéu hién
lactoferrin & chiing P. pastoris KM71H-3. Két qua khao sat anh hwéng clia NH4* cho thdy ndng d6 NH4* 1,5% va
cao ngd 0,25% bbé sung vao méi trudng 2x-MMP [am tang mirc d6 d6 biéu hién lactoferrin tai t& hop. Néng do
chéat cdm trng MeOH 0,5% dwoc lwa chon d& cam (ng bidu hién lactoferrin tai t& hop. M6i trwdng dwoc nghién
ctu lwa chon la phu hop dé st dung |én men téng hop lactoferrin & quy mé Ion.

Loi cdm on: Cong trinh nghién cuu nay dwoc thuc hién voi sy hé tro kinh phi tir dé tai ma sé PT.01.18/CNSHCB cia
B¢ Cong thuong.
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STUDY ON SUITABLE CONDITIONS FOR LACTOFERRIN PRODUCTION
FROM RECOMBINANT PICHIA PASTORIS KM71H-3 STRAIN
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SUMMARY

Lactoferrin (LF) is a protein bound to iron that does not contain heme, and a part of the trasferrin protein family
whose general function is to transport iron. As a biological multi-function protein, LF is capable of regulating
iron absorption in the intestine, immune response, antioxidant, anti-cancer prevention, and anti-inflammatory ...
The gene encoding LF derived from bovine has been successfully expressed in recombinant P. pastoris KM71H-
3 strain on BMMY medium. This study investigated 3 mineral media replacing BMMY, namely BMM, 2x-
MMP, F22 and 2x-MMP medium suitable for LF expression in P. pastoris KM71H-3 was selected. The effect of
inorganic nitrogen sources (NH4" with concentrations of 0.5 to 3.0%), the organic nitrogen sources including
peptone (1.0%); yeast extract (0.5%); corn steep (0.25%) was investigated. Suitable concentration of methanol
for incducing expression of lactoferrin was 0.5% and selected for further experiments. The results showed that a
2x-MMP medium with 1.5% NH4" and 0.25% cornsteep was suitable for LF expression. The selected medium
components are suitable for large-scale lactoferrin production.

Keywords: Cornsteep liquor, lactoferrin, Pichia pastoris, recombinant.
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