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NGHIEN CU’U THU NHAN LACTOFERRIN TAI TO HOP TU
Escherichia coli VA KHAO SAT HOAT TiNH KHANG KHUAN
CUA LACTOFERRIN DANG THUY PHAN
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*Trung tdm Nghién ciu san xuét véc xin va sinh phdm vy té

TOM TAT

Lactoferrin (Lf) la mot loai glycoprotein cation da chirc ning gan st thuoc ho transferrin (TF) da dugc chimg
minh 1a ¢6 lién quan dén nhiéu tac dung sinh ly va bao vé bao gdm hoat dong khang khuan khéang vi-rut, tang
sinh va biét hoa té bao, diéu hoa cytokine, phan wng viém va hoat dong diéu hoa mién dich. Cac béo céo cho
rang cac peptide c6 ngudn gbc tir lactoferrin cho tac dung khéng khuan vuot tréi so vai lactoferrin dang nguyén.
Trong nghién cttu ndy, ching vi khuan E. coli tai t& hop mang cau tric pET28b::bLf di dugc sir dung dé tong
hop protein lactoferrin. Qué trinh sinh téng hop protein lactoferrin cua chung E.coli BL21(DE3)/pET28b::bLf sir
dung chat cam tmg IPTG dugc t6i vu hoa gdm: ndng do IPTG 0,01 mM, thoi gian cam ang 4 gid, nhiét do 37°C,
luong cap giéng theo OD600nm dat 0,25. Protein Lf dang thé vui duoc tinh sach theo quy trinh gdm 2 budc ria
bang cac dém 1X PBS chira 1% Triton X100 va 1X PBS chira 3 M urea. Dich thuy phan protein Lf thé hién hoat
tinh khang khuan tang 1én 30% so véi protein nguyén ven. Biéu kién thiy phan protein Lf dang thé vui téi wu 1a:
ty 1€ pepsin/protein Lf (0,0005 U/mg), thoi gian thuy phéan 60 phut.

Tur khéa: Dich thiry phan, Escherichia coli (E. coli), khdng khuan, lactoferrin, téi to hop.

MO DAU

Lactoferrin I& mét loai glycoprotein cation da chirc nang gan sat thudc ho transferrin (TF) (Elzoghby et al., 2020).
Lactoferrin c6 &i lwc cao vé&i cac ion sét, khoang 250-300, cao gap nhiéu 1an so véi TF. Hoat doéng nhw mét chét
didu hoa can bang ndi méi oxi hda khir sét (Fe-R-H), Lf, chelat st va trung hoa cac gbc tw do qua trung glan sét,
lam gidm stress oxy hda va cai thién kha nang phong vé cua vat chi bang cach t6i wu héa qua trinh chuyén héa
sat (Naidu et al., 2023).

O nguoi va déng vat, Lf chd yéu dwoc tim thay trong cac san phdm cla tuyén ngoai tiét ndm & clra ngd cla hé
thdng tiéu héa, ho hap va sinh san (Dierick et al., 2020). Didu nay cho thay Lf déng vai trd phong vé khéng dac
hiéu chéng lai cac madm bénh xam nhap va la tuyén phong tha dau tién chéng lai nhiém triing do vi khuén va virus
(Albar et al., 2014). Nam 1972, Bullen va ddng tac gia (1972) l4n dau tién cho rang Lf c6 tac dung khang khuan
phu thudc vao ndng do st (Bullen et al., 1972) St dung phwong phap mién dich huynh quang, Arnold va ddng
tac gia (1981) phat hién ra rang apo-Lf co thé lien két véi bé mét cda vi khuan va ngén cac chét dinh duéng di
vao t& bao vi khuan, khién vi khuén bi chét (Arnold et al., 1981).

Lactoferricin 1an dau tién dwoc thu nhan tr lactoferrin bo b&i Tomita va ddng tac gid (1991) (Tomita et al.,1991).
Sau qud trinh thdy phan lactoferrin b&i pepsin, dich thdly phan thu dwoc da (rc ché sy phat trién cta nhiéu vi
khuan gram dwong va gram am, bao gdm moét sb vi khuan khang lactoferrin. Cac nghién ctru ciing chi ra rang
hoat tinh khang khuén cta lactoferricin clia bo I6n hon so véi cac loai khac va vi khudn Gram dwong thwéng
nhay cam hon véi lactoferricin ctia bo so v&i vi khudn Gram am.

Khi mé ta dac diém cla cac peptide khac nhau dwoc tao ra béi qua trinh thdy phan Lf, ngwoi ta nhan thay ring
nhirng bién dbi téi thiéu trong trinh tw axit amin lam thay dbi hoat tinh khang khuan cta peptide. Vi du, LFampin
268-284 va LFampin 265-284, cac doan dwoc tdng hop héa hoc tr trinh tw diu N cta bLF, chi khac nhau & ba
axit amin (265Asp-Leu-267lle) nhung thé hién cuwdng dd khac nhau ctia hoat tinh khang khuan (Van Der Kraan et
al., 2006). Khi dwoc thu nhan t&r phan t& tw nhién, ddu N va C thé hién hoat déng sinh ly théng qua cac co ché
doc lap véi co ché co lap sat. Lactoferricin 1& 168i khang khuén cua lactoferrin, cé thé dwoc tao ra théng qua sw
phan cat dwoc xtc tac bdi pepsin. Thily N bao gdm cac mi&n hoat dong dé& thwe hién chirc nang diét khudn va
lién két heparin, trong khi thily C bao gém mét mién dé thuc hién cac chirc néng lién két va ndi ha té bao gan
(Jin et al., 2019).

Protein Lf tai t& hop da dwoc nghién ctru tbng hop trong cac vat chu khac nhau nhw Escherichia coli, n&dm men
Pichia pastoris. Protein lactoferrin va N-lobe lactoferrin tong hop tir E.coli déu ton tai & dang thé vui (Wang et al., 2010).
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Trong nghién ctru nay, protein Lf dwoc téng’hcyp trong E. coli BL21(DE3) ciing dwoc thu nhan & dang thé vui.
Hoat tinh khang khuan cta protein Lf dang thé vui va dich thdy phan da dwoc khao sat.

VAT LIEU VA PHUONG PHAP

vat liéu

Chiing vi khuan E. coli BL21(DE3) (Novagen, USA) dwoc lya chon lam dbi twong dé& biéu hién; plasmid
pET28b::bLf mang gen t&i wu ma héa Lactoferin (khoang 80 kDa) dwoc cung cdp bdi phong nhém nghién cu
cia chung tdi tai Pai hoc Bach khoa Ha Nai. Méi trwéng LB (Luria Bertani) st dung dé hoat héa va biéu hién: 1%
peptone; 0,5% yeast extract; 1% NaCl; bd sung 2% agar d6i véi méi trwdng déc. Méi trudng PYG sir dung trong
khao sat hoat tinh khang khuén dang thiy phan Lf: 1% peptone; 0,05% yeast extract; 1% glucose, pH 7 + 0,2.
Pepsin (SERVA, Burc) str dung dé thiy phan protein Lf thé vii. Mt don vi hoat d6 pepsin gidi phéng 0,001 don vi
A280 mdi pht & pH 2,0 nhiét d6 37°C dwéi dang san phadm thiy phan hoa tan trong axit tricloacetic (TCA) véi co
chét st dung la Hemoglobin. Cac hoéa chét dung cho dién di SDS-PAGE, dém 1X PBS, Urea, Triton X100 dwoc
mua cla hang Sigma (My), Merck (Btrc). Protein marker (PageRuler plus prestain protein ladder, 10-250 kDa)
dwoc mua cla hdng Thermo Scientific (My).

Phwong phap nghién ciru
Phwong phdp 1én men sinh téng hop lactoferrin

Chung vi khudn tai t& hop E.coli BL21(DE3)/pET28b::bLf dwgc hoat héa trong mdi trwdng LB cé bd sung
kanamycin ndng dé cudi 100 pg/mL, nudi & 37°C véi téc d6 lac 120 vong/phut, tir 16-18 tiéng. Canh trwdng sau
hoat héa dwoc cy chuy&n sang méi trwdng LB c6 khang sinh kanamycin dé biéu hién protein Lf véi mat dé ban
dau OD600 la 0,25. Sau 2 gi®, bd sung chat cam &ng IPTG 0,01 mM, nudi & 37°C véi tbe d6 lac 120 vong/pht,
trong 4 gid. Thu sinh khéi bang cach ly tam 6000 vong/phat, trong 5 phat.

Phwong phdp téi wu héa biéu hién protein tai té hop

Céc thi nghiém biéu hién protein Lf tai t6 hop dwoc thuc hién & cac didu kién khac nhau. Sau khi nuéi cdy trong
hai gi& & 37°C, protein tai t6 hop dwoc bidu hién & cac ndng dd IPTG khéc nhau trong dai 0 — 1 mM. Biéu hién
duwoc thwe hién & cac nhiét dd khac nhau 10°C, 25°C va 37°C va & céac thdi diém cam tng khac nhau 1a 4, 8, 20,
24 va 28 gio.

Phwong phdp tdch chiét protein tai té hop

Sinh khéi t& bao dwoc thu nhan bang cach ly tam, sau dé hoa tan lai bdng dém 1X PBS cha 1% Triton X100. Té
bao dwoc pha bang siéu am trong 3 phat, 5 gidy hoat dong, 5 gidy nghi, méc ndng lwong 27%. Sau d6, mau
dwoc tién hanh ly tam & 8000 vong/phut trong 20 phut. Phan cén tiép tuc dwoc rira 5 14n bang dém 1X PBS chiva
1% Triton X100 dé thu thé vui. Sau d6, thé vui duwoc hoa tan trong dém 1X PBS chiva 3M Urea va siéu am trong
3 phat, 5 gidy hoat dong, 5 giay nghi, m&c nang lwong 27%; ly tam 3000 vong/phdt, 4°C trong 2 phat, thu dich
ndi. Dich ndi dwoc ly tam 8000 vong/phut, 4°C trong 20 phat, thu thé vii protein Lf.

Phwong phap dién di SDS-PAGE
Céc mAu protein dwoc tién hanh dién di SDS-PAGE trén gel polyacrylamide 12% theo phuong phap Laemmli (1970).
Phwong phdp thay phan protein bang pepsin

Protein LF thé vui thu dwoc hoa trong dém 1X PBS, chinh pH 2 bang HCI, sau dé dwoc G véi pepsin & 37°C v6i
céc ty 1& pepsin : co chat khac nhau: 0,0005 — 0,01 U/mg va & cac gia tri thdi gian khac nhau la 10 phat, 30 phut,
1 gid va 2 gio.

Phwong phdp dénh gid hoat tinh khang khudn cda lactoferrin dang thay phan

Trong khuén khd nghién ctu nay, ching E.coli BL21(DE3) sé&n c6 dwoc st dung lam chang kiém dinh; sau khi
dwoc hoat hda 16 — 18 tiéng dwoc do soi kiém tra ty 1& sdng chét, dd thuan khiét. Sau dd, vi sinh vat dwgc cap
gibng vao méi trwong PYG c6 va khdng cé chira dich thily phan Lf voi ndng do gidng ban dau dat 10° cfu/ml.
Canh trwong dwoc G & 37°C trong 6 tiéng, téc dd 1ac 120 vong/phit. Do sinh trudng dwoc xac dinh bang phwong
phap do mat d6 quang & bwédc séng 600nm tai thei diém 6 tiéng sau khi cap gibng. Kha nang Grc ché cda dich
thdy phan Lf dén chiing vi sinh vat dwoc danh gia theo ty 1& phan trdm OD cla ching & mau cé xt ly vé&i dich
thdy phan Lf trén OD cia mau kiém chivng trong cuing didu kién thi nghiém.

Phwong phap phan tich hinh anh gel dién di: Cwdng d6 bang trén hinh anh gel dién di dwoc phan tich bdng phan
mém ImageQuant TL verion 10.2. Ty 1& cwdng do tin hiéu cta bang Lf = Cwong do tin hiéu bang Lf/Tédng cwéng
d6 tin hiéu cac bang trong dwong chay dién di * 100.
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KET QUA VA THAO LUAN
Nghién ctru biéu hién gen ma héa protein lactoferrin trong E. coli
Anh hwéng cda néng dé IPTG dén biéu hién protein lactoferrin

Trong cu tric vector biéu hién tai t6 hop pET28b::bLf thi gen dich ma hoa protein lactorerrin (Lf) dwoc diéu
khién phién m& b&i T7 promotor va chat cam ¢ng IPTG. Nhieu nghién ctru trwde day cho thay, nong do chat cam
trng ITPG anh hwédng dén mic do biéu hién cda protein dich (Ashayeri-Panah et al., 2017).
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Hinh 1. Anh hwéng ctia cac ndng dd IPTG khac nhau dén sy biéu hién protein Lf thé vui

Do do, trong nghién ctru nay mét dai ndng d6 IPTG 0 — 1 mM da dwoc khao séat. Két qué cho thdy ndng d6 IPTG
anh hwéng dén mc d6 biéu hién cla protein Lactoferrin tai td hop trong E. coli. & ndng d6 OmM khéng co sw
xuét hién cua protein lactoferrin trén phé dién di. Mirc d6 biéu hién protein tang 1&n khi ndng d6 IPTG tang 1&n
dén 0,01 mM va gi®® mic thay ddi khong nhidu dén ndng dd 0,1 mM, sau dé gidm dan khi tiép tuc téng ndng do
IPTG (Hinh 1). Biéu nay cé thé giai thich rdng & ndng dd IPTG cao c6 thé gay ddc cho s sinh trwéng cta té bao
(Malakar, Venkatesh, 2012) hodc do xut hién sy canh tranh vi tri bam trén protein Lac | dan dén giam mac 66
phién ma va téng hop protein dich. Dwa vao két qua thu dwgc, ndng do IPTG 0,01 mM dwoc chon dé tién hanh
céac nghién ctu tiép theo.

Anh hwéng cda thoi gian cdm g dén mare dé biéu hién protein lactoferrin

DPé Iya chon thdi gian cdm (ng thich hop, mec dé biéu hién protein Lf cta ching E. coli BL21(DE3) mang
PET28b::bLf dwoc danh gia & cac moc thoi gian khac nhau 0, 4, 8, 20, 24 va 28 gi¢. Két qua cho thay lvong
protein Lf thu dwoc sé khac nhau & cac thoi diém cam Gng khéc,nhau. Mtrc d0 biéu hién protein Lf la cao nhat
sau 4 gio cam (rng va giam dan khi tang thoi gian cam ¢ng Ién den 28 gio (Hinh 2). Hién twong gidam nay co thé
do su phan hly Lf b&i protease tao ra béi té bao E. coli nham phéan huy protein khéng binh thwong dwoc bieu
hién qua murc gay déc cho té bao. Thoi gian cam (ng 4 gio duoc Iva chon dé tién hanh cac thi nghiém nghién
clru tiep theo.
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Hinh 2. Anh hwéng ciia thei gian dén bidu hién protein Lf thé vui
Anh hwéng cda nhiét d6 dén biéu hién protein lactoferrin

Nhleu nghién ctru chi ra rang nhiét dd c6 anh hwdng dén toc do sinh tong hop protein cling nhw kha nang cudn
gép cla protein. Khi & nhiét do thap, toc do trao dbi chat & t& bao cham dan dén qua trinh sinh tdng hop protein
kéo dai hon khién ti 1& protein trong t& bao c6 nhiéu thdi gian d& cudn gap dung ciu tric sé tang l&n, khién cho
protein c6 kha nang tan cao hon gilp ngan ngtra viéc tich iy protein dwdi dang thé vii khi cadm Gng véi IPTG.
Trong nghlen ctu nay, sw bidu hién protein Lf trong E. coli BL21(DE3) mang PET28b::bLf dwoc thwe hién & 10°C,
25°C va 37°C. Két qua cho thay protein Lf dwoc bidu hién chd yéu & thé wii (protein khéng tan) va biéu hién
manh nhét & 37°C (Hinh 3).
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Hinh 3. Phé dién di anh hwéng chia nhiét do va th&i gian dén biéu hién protein Lf thé tan (A) va thé vui (B).
Ty |é cworng dé tin hiéu bang protein Lf thé vii theo thei gian va nhiét d biéu hién
Anh hwoéng cda lwrong cdp gidng dén biéu hién protein lactoferrin

Két qua dién di cho thay tin hiéu protein Lf dat téi da & mAu c6 lugng cép gibng OD600 dat 0,25 — 0,5 (Hinh 4).
Lwgng cap giong OD600 dat 0,25 dwoc chon la diéu kién phu hgp cho biéu hién protein Lf st¢ dung chat cam
wng IPTG.
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Hinh 4. Anh hwéng ctia lwong cap giéng dén biéu hién protein Lf
Khao sat diéu kién thu nhan lactoferrin dang thé vui

Nhuw két qua thu dwoc & trén cho thay protein Lf dwoc biéu hién & dang thé vui, do d6 viéc tinh sach protein Lf cé
thé& thwc hién théng qua viéc tinh sach thé vui. Huéng tiép can nay da duwoc thwe hién béi nhidu nghién ctru
trwdc day (Singh et al., 2015), tuy nhién diéu kién ti wu dé thu nhan dwoc t6i da thé vii dang tinh sach sé& can
dwoc nghién ctru cho tirng loai protein khac nhau. Trong nghién cu nay, thé vii dwoc rira 5 1an véi dém PBS
chtva 1% TritonX100 dé loai bd cac protein tan va sau dé hoa tan béng dém 1X PBS chiva urea & ndng dd khac
nhau. Cac ndng d6 urea dwoc khao sat 1a 1M, 2M, 3M, 4M véi muc tiéu hoa tan cac phirc protein cé trong lweng
twong hodc I&n hon thé vii nhwng khéng 1am tan thé vui. Két qua dién di cho thdy & ndng dd urea 3M, protein
tap trong thé vii dwoc hoa tan tét nhat ddng thoi chi hoa tan lwong nhd protein Lf (Hinh 5). Do d6, quy trinh tinh
sach thé vii gdm 02 bwéc riva: (1) ndm Ian véi dém PBS chira 1% Triton X100, (2) mét lan véi dém PBS chra
3 M urea.
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Hinh 5. Khao sat ndng dé Urea stp dung trong qua trinh ripa thé vii Lf
Khao sat cac diéu kién thay phan tao peptide c6 hoat tinh khang khuén tie Lf té&i t6 hop
Kiém tra hiéu sudt thdy phan thé vui Lf bang pepsin
Cac nghién ctu chi ra rang protein Lf thdy phan béi pepsin giai phong ra cac doan pepide thé hién hoat tinh
khang khuan manh mé hon so vé&i protein Lf ban dau (Ripolles et al., 2015). D€ kiém tra hiéu suat thdy phan cla

pepsin, protein Lf dang thé vui dwgc thay phan voi ty 1€ hoat do pepsin/protein la 0,0005 U/mg, 0,001 U/mg,
0,005 U/mg, 0,01 U/mg. San pham thdy phan dwoc dién di kiém tra trén gel SDS-PAGE.
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Hinh 6. Két qua dién di thé vui Lf sau thay phan véi cac ty 1é hoat do pepsin/protein Lf khac nhau

Két qua dién di cho thay tai cac ty I& phan (ng tlr 0,0005U/mg dén 0,01U/mg, protein Lf dwoc thdy phan hoan
toan thanh cac doan peptide ngén, khdng thé xac dinh trén gel 12% (Hinh 6). Cac nghién ctu trwdc day chi ra
rang hoat déng khang khudn manh mé sé boc 16 & cac peptide co kich thuwéc < 5 kDa (Dini et al., 2022). Hoat
tinh khang khuan cua dich thay phan thu dwoc dwoc danh gia trén ching E.coli BL21(DE3).

Kiém tra hoat tinh khang khudn cda djch thay phan lactoferrin

Céc doan peptide c6 hoat tinh khang khuan dwoc tao ra nhé qua trinh thiy phan sé (rc ché sy sinh trwéng cla
chang kiém dinh khién cho OD600 clia canh trwéng c6 chira dich thiy phan lactoferrin ¢é xu hwéng thp hon so
vé&i OD600 cla canh truc‘:mg khéng bd sung dich thay phan lactoferrin. Cac peptide c6 kich thuwéc khac nhau sé
c6 hoat tinh khang khuan khac nhau (Huan et al., 2020), theo nghién cru trwéc day peptide cé hoat tinh khang
khuén thwéng c6 kich thuwdc 10-25 amino acids, do do trong nghién ctru nay hoat tinh khang khuan ctia hén hop
peptide sinh ra sau thay phan Lf trong cac diéu kién khac nhau vé nong do pepsm da dwoc khao sat. Két qua cho
thay dich thdy c6 kha nang Grc ché khodng 50% sw sinh trwdng cla vi khuan E. coli va khdng c6 sw khac nhau
nhiéu gi*a cac ndng do enzyme dwoc st dung (Hinh 7).
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Hinh 7. Khao séat hoat tinh khang khuan cua dich thay phan Lf véi cac néng dd pepsin khac nhau
(0,0005; 0,001; 0,005; 0,01 U/mg)

Thei gian thiy phan khac nhau ciing sé tao ra hdn hop peptide véi kich thwéc khau nhau va c6 thé bac 16 hoat
tinh khang khuan khac nhau. Do d4, protein Lf da dwoc thdy phan & cac khoang thoi gian khac nhau: 10, 30, 60,
120 phat. Dich sau thiy phan duoc kiém tra khd ndng khang khuan va duoc thé hién trén Hinh 8. Két qua cho
thay hoat tinh khang khuan tang dan khi thoi gian thay phan téng tlr 10 phat dén 60 phut, sau dé hoat tinh khang
khuan giam khi tiép tuc tang thoi gian thiy phan 1én 120 phit (Hinh 8). Két qua thu dwoc c6 thé dwoc giai thich
nhw sau: Khi tang thoi gian thiy phéan tir 10 dén 60 phit sé tao ra nhiéu peptide c6 kich thwéc ngan hon va cac
peptide nay bdc 16 hoat tinh khang khuén; tuy nhién khi tdng théi gian thdy phan 1én 120 phat cé thé céac peptide
da bi cét nhd hon va khong con kha nang khang khuan. Két qua trong nghién ciru nay cling cho thay protein Lf
nguyén ven chi thé hién hoat tinh (rc ché vi khuan E. coli 1a 20%, khi dwoc thiy phan thanh cac peptide ngén thi
hoat tinh khang khuén da tang I&n dén 50% (Hinh 8).
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Hinh 8. Khao sat hoat tinh khang khuan cta dich thay phan Lf theo th&i gian khac nhau

KET LUAN

Didu kién t6i wu cho sw sinh tdng hop protein lactoferrin ctia chiing E.coli BL21(DE3)/pET28b::bLf str dung chéat
cdm (ng IPTG gdm: ndng d6 IPTG 0,01mM, th&i gian cdm (ng 4 gid, nhiét dd 37°C, lwong cap gidng theo
0OD600nm dat 0,25. Protein Lf dang thé vui dugc tinh sach theo quy trinh gdm 2 buwéc rira béng cac dém 1X PBS
chtva 1% Triton X100 va 1X PBS chiva 3 M urea. Dich thdly phan protein Lf thé hién hoat tinh khang khuan tang
Ién 30% so v&i protein nguyén ven. Didu kién thiy phan protein Lf dang thé vui téi wu la: ty 1& pepsin/protein Lf
(0,0005 U/mg), th&i gian thay phan 60 phat.
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STUDY ON THE PRODUCTION OF RECOMBINANT LACTOFERRIN
FROM Escherichia coli AND THE ANTIBACTERIAL ACTIVITY OF ITS
HYDROLYSATE
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!Institute of Health Science and Technology, Hanoi University of Science and Technology
?School of Chemistry and Life Sciences, Hanoi University of Science and Technology
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SUMMARY

Lactoferrin (Lf) is a multifunctional iron-binding cationic glycoprotein of the transferrin (TF) family that has
been shown to be involved in many physiological and protective effects, including antibacterial, antiviral, and
cell proliferation and differentiation, cytokine regulation, inflammatory response, and immunomodulatory
activity. Reports suggest that lactoferrin-derived peptides have superior antibacterial effects compared to intact
lactoferrin. In this study, the recombinant E. coli strain carrying the pET28b::bLf structure was used to
synthesize lactoferrin protein. Optimal conditions for the production of recombinant lactoferrin by E. coli
L21(DE3)/pET28b::bLf strain was investigated, including IPTG concentration of 0.01 mM, induction time of 4
hours, temperature of 37 °C, and seeding amount according to OD600nm reaching 0.25. The inclusion body of
Lf protein was purified following a two-step washing procedure with 1X PBS buffers containing 1% Triton
X100 and 1X PBS containing 3M urea. Lf protein hydrolyzate exhibited 30% increased antibacterial activity
compared to intact protein. Optimal conditions for hydrolysis of inclusion-type Lf protein are: pepsin/Lf protein
ratio (0.0005 U/mg), hydrolysis time of 60 minutes.

Keywords: Antibacteria, Escherichia coli (E. coli), hydrolysate, lactoferrin, recombinant.
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