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Figl. Schematic diagram of the bovine lactoferrin molecule. The N1 and N2 domains are colored in yellow and pink, respectively, while the
C1 and C2 domains are colored in green and blue, respectively. The interconnecting helix between the lobes is colored in orange. The two

iron atoms are shown as red spheres.

mh}i;u(@kgwc\.i:}so>s|$b4a-)>i‘f sles 5> 4l
Luria Broth <28 Lo 3 el ¥ Sote 4 01 51 e
S Wl s e 4Kl sl Sl a3 YV gbes s (LB)

sl sss _mh;t;;;u a3 YV o gles s cg:l:«m;:‘T

T IO < Bt (P IRPRPOVE{ e 1

PBI121 by deeusdly
ol i JIg sl &8 PGH S5 Hp8, Il o
E. coli  danes las SU 4 550 oo 3 5SY— el 5 Y

V> 5y sy 4i3s 1) Gl Spd dul s 3 b 5l DHSa

VAR Ll g 5l /) 0 )losls /ot 059 [ (Sanns § (oos| 9 Sl § (owidien



https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.1.8.1
http://gebsj.ir/article-1-346-fa.html

[ Downloaded from gebgj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.25885073.1399.9.1.8.1 ]

el 355 ity 50 ol b

Ohlen 5 g4y

03 4R35 0 ke 4 Ly 5 b S 3 5l Sl a5 YV gles
L2 GLSILB Lo 31 e\ G She 23 8 15
535l Sle a3 YA gles 3 Cole 53 Se ) b
Oyl esls IS @3 53 s 100 L s Sk LS
433 53 He3 Brrr Ce e Ladds Vr Ole w4 8L ol
Ver a6 Sh sy 5 Al wlh s as) mb S Sk Sl
S AT S Vem0r lasil i s S Jor 23S Lo 15 S
00) bbbl sl LB olr oS L 3 lags S
5 G e S 00) Ll (RS 3 p Sk
Cele A Ll els i8S (5o o S e Y) e loli
b 5 Ll b e (55, S 5 5,50 gl SIS (n
o 3 daanli ol el s a6 s e sbe

g5 5 o3zl PCR IS

055 oS Sl £ 55 4 pa Sy ST 5 S S

5SS S S 0558 4 e L ST L
Yoo sl ol Gl sl ol oy 8L STL (23S 0s
S A ey Sl i S ST O el s Sl A5 S
e85l le SISl 5 e 04« PBIL21
Juasl (mg/120) s ble 5 (MQ/50) sl 5 (MQ/150)
S ol Kl a3 YA gl o sl YE e 4 5 4l
53 433 V0 D 4y (680 O sl g S 03l 13 5L ST
=l (o) Rl a5 £ gles 3) A 5ty ol 95 00 s
b 51 ) e Yo 68U ldshe w0 5 s S Bl o)
Camd i Jolb rdll S Las 3 OS] s S
058 o il V505 s 100 5 LB e S 5 MS Lo
YA las 5o 5 (oo s aido ¥ e w0 g Jslee 5
x4 /0 slanSs [, Kos 5 3 A eals 5 sl Kl
il S lae 3 4iBs )t Do w055 S 3 el
5 it o3l JUES) s JEIS (53 1 Ly 3 ek o33 13
Sl S ey Laadpelisy SLLI 56U O il 5
Y S MS L) 2iSes s bidisain; 23S
ASBNAA = e, S de N GBA 5 e S e

a=>,3Y0 6LAJJJ&L§L_«N£AL5‘J_3‘9ML}£;@(L§§):{&T

Aol s U ke el 4 Caslie bl S 5
M13 sla S5l 5l eslizal L s PCR S48 S law s ol
LB S lass 2 e 0 53 e sba S5lS .23 S )00
s WV el mlbe » S5 S 00 sl
S 5 sl a4 SOl el V1T ode 4 sl sl
Plasmid ) NC DNA a5 gl Al S 5l eslial L pGH
Ls sl (O] «wg 3Us NC DNA isolation kit
(Pl 33 an s PCR 1ul b 3ok 5l b ol plonil Coms
L L5 el BamHI 5 Sacl sdiS s sdome sl vw'j 5 eslizal U
POH S 55 deadly 5 PBIL2L Sl doondly ey > o 5
YV sles 53 BAMHI 5 Sacl sdeS s sdowe slan 31 51 eslial U
S5 5 PBIL2L ot dendly Ldd a5l Ksle 4o
Lodoss V3BT U5 5l e 2 SV el 38N ol Lo
Sk (el sn ) Prep e J3 51 2l sl oS 51 oslizad
SEITADNA 5T S L G b N s Glodl Al 3
S Jeadl s Sl eslinad bl Kl as A gles
Silotingr Lskie 4 43S bl (S el (g0 5) oS o3l
@IS Oly 58U 4 PBII2L oS 5y deandly JUisl T3
SAL a ol Seb ol el bodedly g
aesLllS (g5l CiS Lae )3 5 Ad lime DH50 K 4lS
OF 51 e eals S sl Kl 4y YA gles 5 A
033 s 5 VU 53 8 5 5b0La PBII2L S 55 sladeady
=Yoo sl s Gl 680 4 JUsl gl 5 s S gl sl s
Ao ptd ol Kol s

Sy U ST sSL 4 PBI2L ey JU
LBA4404

4 s Agrobacterium tumefaciens (s SU 3 asdlas -l s
s osd ooy b oblS & Sl dendl Jlsl gl LBA4404
G 4 S S Dy JWE sl 4 eslinad slasl
S 55 Al 0 S5 S S Agrobacterium LBA4404
daie Sladsle mds S 00 (g5l A S« pBIL2L
a s blses Sl oSyl Sl ey 5 A BLS1 g 5l ST
Y QM@J}J&J&..’V@)b S Ny CRUTIRTE IR JURY

)baui:.éaoQuqoijl@)w@boj‘)ﬁ):@éa

VAR Ll g 5l /) 0 )losls /ot 059 [ (Sanns § (oos| 9 Sl S (oo


https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.1.8.1
http://gebsj.ir/article-1-346-fa.html

[ Downloaded from gebgj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.25885073.1399.9.1.8.1 ]

HlSen g g o

el B985l oo g (20

e 2l 55 08 Jen 00 i 2 s 0 8 e\
Oy Sl g s 0215 28 pali ) 2 03 8 Jus 00
5 S S e Sl J sl ODpoo=5.1 4 ciS lame clals
e Al Jaos 53 (2l L gy i e ZIGL 5
5 Ve ks ) MES. ¥, L\ MgCly 55L>)
> Fsls (o105 5 dd e (Ve Koo 100 080 s 52
VYo de a alool O senilin s o S (..Ja..g ODgoo=5.0
O sl g SN (6l SO BT slns ) aiss
S ool O3 5m BB S p 5 0555 S 5T ST
o 68 O gl g oS5 5L23 L (Sparkes et al. 2006)
JLES! 3 oy 55w 05 Ol BT 5 S 5580 S 0 il 03

A g ph ol 4 g S

Sy AS 3L Sl s gl sl TrissHCE iy,
Sl 53 055 Sl oS K sladisas 23 S I3 eslizad
flAmd b Al e L odols a0 3y b
Ve pH=8 L Tris-HCl [Ne o Voo clile U ol Jylos)
0+ JHblS e b Asys o PHEB L EDTA Ve Lo
L o3 S bglsee o (55 0t 55 (PMSF [N 5o S
Sl azs 8 gles 3 5 akds Yo e o Ve g0
e 53 okile SLAl s 50 s OB s LS s Sl
5438 i Ll Gl sbass s 1 S 00 gla
VYO oS 5 L ol slom) €50 3L s Sa 000 S g
1+ SDS ks ¥ Ve i 5 PHEA L Tris-HCI 2 s
WU el 2l S YOrdsmdS i de S oo
Yo b eas 38l (R oo 0 o 3 5k Boses 0 S e SO
53 S I3 i3 0 51 ey 5 edd STl a3 4o
SR g L e ,s o Sl s <Y sl s
5o 5) S D sl oS S S s n S gmlS A
S JSSan ol Ve oo YOu sl 5 (S
S35 sl S I el s 4 s S eslinad o5l
s Ol 5 e IS5 Ot & Ll BB o SO e
S8 Aty (S5l Al Sl e s S el b S sy

R e N TP BTST N R W RIS SRV Y
SO 02 s ST s S g 1S b
S ST 558 Gl el (SOU 3 3 5 el
b i b gad s (S on ol Sl ey 355 e ALS 2L
VS a3 e, ST MS lacs bl el
Yoo NAA = s o0 S o hon /) BAP = 53 p S s
S sl 53 p S e 00 5 oS sk 2 53 0 S s
o dels 3| s 503,55 o2 blE s S e e LllS
AL sl 5 glaelastls O3 5 gbdispin, on Joe
Growtlw +/0 550> 53) wlis o3l 4 &S oK 5 s S
b el b e sl Sl 8 WKL SO L L,
i e S A L A 1516 sl MS dams) i
A3 e S e 00 5 e SUsie 1) 3 0 S e Yo BT
Sl Jpb a8 olSn B esls JUisl (e labls
3BAP 15L) ly; sl lasee 4 cdesy el 0wy il 5
e L5 ey JUis (NAA 23 30 €L v/ ool
Jol OIS s iz OIS @ ol a5l 5 (glaazealS
S Sl 4 azasb) 0l sl a5 035 O00)) Y 5 gy
i S s 5 Ol i Sl S s e S L
ol sladlsd ) Slid (Sl 0l S daazalS
YL Ol o5 2El s Ao S50 aw dd 0l 15 azalS
35033 33,8 faas oLS W glas b, U s sl
Old cnle 5o Sl U s s (VL Ol 51 e UL
03503 S5 1 al b ol s Gl el 5k YL
o g OlalS Colg s sl e (Acclimatization)

Al JUas! SllS 4 Jl s sl 05551 w5 i

23 638 s 55N el 55V 0SS I 5 5 ge Ol

0FF
oo 30555 oS A Sl Oaeale il 5 o e ds
— Ol 25N S AS IS S Ol 6 e il S
s e A S eslitad 0555 olS 53 (S5 e 555N
A 2l S 5 Ay (g5l 1L ST 51 SIS S
) 53 05 e 00 5 LB s 5 el A oo 41

VAR Ll g 5l /) 0 )losls /ot 059 [ (Sanns § (oos| 9 Sl § (owidien



https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.1.8.1
http://gebsj.ir/article-1-346-fa.html

[ Downloaded from gebgj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.25885073.1399.9.1.8.1 ]

el 355 ity 50 ol b

Ohlen 5 g4y

Minimum Inhibitory ) Sus,ls5b0 cble Blas o

(Concentration

s S 53 (MIC) _Slssk clale Blam cond Jislesl
Microdilution ) -5 5lils s Ko Sl 2, by o xal 4l 47
YE S b S 5l ke ol (sly 0 sl (broth
S adlS &S aee) LI S /0 4y e A 4wl
53 bag SU 51 (Gl (6,86 1/0 X VoM gl Jae Jslae O
S A Sen Vee Slaie QLT oS 0) Sl Ostn Jse L
Al A1 Cll bl SO a4 edd 4l O spndlins s
S ads S Ve Jsl cis, Sabe sl a e ol @l
038 Sy DL ki Sl 5 3 S Lol (g ,mlS s
A3 G ) Salr Ul f et s e & e Sl
3y A e 3 A 3 S Sl e sl ble)
Dlps aciny o)) epled Sabe il LB Coml 4y VL
5 DMSO (225 Lms (5l Lo (e J,28) slas dals
SATE 03,5 S 01 53 (8L 5 2 ealinad 550 oS5
oy WY eled Salr opds b 5y e Jlaz
els il 0 51 B A el (e J 28) (6 581 sl Ol e
o Sl a8 sl Jol bl 6 8L db i al, 5 els
A5 6L s DMSO cels b (55l (650 puuS
D el o oy a5 ks S (s SL mil
e YA Gl s 05l sSSE csle YA B VT 5 e S
pde b 5508 D5l sSOl plasl 1 dey el 51 S sl
Gop ol s edalin el Do 4 Sl oS
55 (STAT FAX 2100) 1l s S 2l olfons oy
eSS SIMIC ns (gl A slilgt e il Y e Jsb
Wiegand ) i eslizul s 55 sdalin 5,508 of 3 a5 hle

(et al.2008

Minimum Bactericidal ) S8 c—hle Sl

(Concentration

sSals 51 (MBC) Swis cble Blu- s, Seslul ¢l

B j:‘J})—ic‘ A )U.E.A L;L)‘J‘jb. L};U'} Jtﬂ))‘ CJ)_}.,\S A58

(NA) 13 ST L (5, 2 5 A atilsy b zul Ll

(sbu‘ SDS-PAGE Jj X3 ol u.a.“;— Lf:::jﬂ ))jﬁ_}j&”
A

KoM O fws s 4 eSS 5 R o

2l oos soesls S J5 ekl a1y ks mo 8 s
o Slo LS sue Lo oemea dd sl DL O rag
Al oolaas 53 aal glaa¥ Lol a5 o33 3 5 el
it A d e y> WS st aids Vb Sl 4 Oyt
G'Jz.dl)a;js)'b. L Jl o sasie  Saadly e Sl
J:JbLgL.aéuiﬁgwweﬁ‘b)‘ﬁdid_})bouﬁ
Ales w3llS 0T s, 1) Jokesms L 5 asls 13 lo
9 eJlb )l_).; Jj‘}laﬂjj::.} .,\.9[5 ng) Léu.éLJ .,\.GLS J..; J;-l_).a
L“‘%‘y&ﬁ%’tf’dcﬁhw}w’“w‘gdiduﬁ@“‘
48 game Tolg 53 5 3 S Jeos en 4 slae S 5 Ad 4 S,
e;\;j}@ﬁ\{;}jzﬁﬁj&l}&b):L;\«Jﬁs«{am@j,\jb

A3 S s Sl Ver S Laids 4 Sl w50 S
b)jéaﬁ‘}‘;)lgcﬂﬂjﬁ:g;lsd.m}%

Sy o585 sy leslial L oy o e ale oo
oS N ST, S sl Jslos 4 (sl A5 plnil b oS
S orm 3 S Jo JSB1 e 00 53 Y00 Gl e S )
Ol 4 o 53 A0 S i el 1) s V0 (Bl IS 51 e
Yoo haide Of Sleslinul L O plg v 5 A2 6L
Sl o s a0 J s ol sl 3 s el 1) e
o ciisen (glaclale 5l eslinal (gl A eslizal Jhads
(LS ol egme 3) 35583 1 (5los S 51 (BSA) (558 (el
Ole 5 Ol slanlnilead 51 23y So Ve Ol e s S ealizedd
S Cul S rj}l A 6 Sesldsl e gl 040 js L
G & gas 03,5 LSl 4i33 0 L (o8 ol (5 Sl
et 5 35kl poie O plil 5555 ploil o J shome

J_,,..I:L;a

VAR Ll g 5l /) 0 )losls /ot 059 [ (Sanns § (oos| 9 Sl S (oo


https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.1.8.1
http://gebsj.ir/article-1-346-fa.html

[ Downloaded from gebgj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.25885073.1399.9.1.8.1 ]

HlSen g g o

el B985l oo g (20

S5 -'\:iU
Sl ST 4 Sy G

sl ol g o b 5l enS 55 pBI121 tedl
LBA 4404 « , .. Agrobacterium tumefaciens s :SU o553
CiS B Sl el 5 slad e dL sl A esls S
metBUS 5 ol (a5 s 5T 4 55l
M Mj;ﬂwf/a,\.: ke Sl s oled S el
Hd o glde sl ) 4 S p 835 53 Saslie O 3 9
Loaey 55 35 e NP 05 ovs 5 s LS 4y o i
iy ol s b o LBAGA0A a5 5 555 o sl PBIL2L
Cely S 5T A Sl pl g eslizal o polie (ool
Db e 5 edid a5 slad e S8 0TS 51 Oleab!
Pl s 1) an 38 5L sleis ool 5 glad fw
bp) Gus 0 sl deamedly sl sl b il
(D -7 JS_2) PCR 548 Lauw s asu )l 5 slacs SL s (061
oS sl JLEs! (sl e Lo S 31 S b
S eslaa

)l 5 OB ali5h 5 S e

L olS (S slacans 23S (b 51 olS O genls s sl 5
b S 50 LBA404 -,z A Tumefaciens o peslos s
VA 5 BAP 550 5l o S e oY Jold Spe 50 Jless
S Sas edaea A bl b pe L INAA 50550 0 S s
s glaolel s oliatls Lasws 4 bk e 5, Jliz!
oSl L3l g 4 bl ) as Al @saiss S5
e GBS s AL S Aol 4 aS Ls g sl IS
o Joe 03 el Olpse o i LA Sy s OF (655
(rimg 208 51 30) wisad ()55 o385 Jome 53 (e
Jesb bose a a5 glaasls (A -E SS) AS sl
5 B eals JUEEl liads ) lasws 4 e 5 LS JiTe S
L esls JUisl Y 5 ey sl 2OIUS & Ll s

(B -t JS2)

a3 YV by js azele YE O 5l OIS s S el &U2S
Ll SU 5l A s 44/8 andls oS 38, %S ol Ll
wﬁbﬂ&|f¢”‘l_§..}\.«i a3 S L 5 MBC ;)\};;4{‘.,\.&}&{
A3 S Sl 5 Sle &)y 4 B ESBEt

Cow g @L‘b’

LS s 0388 x5 s2e DNA - i in silico 5l wg
e L3 plsl GenSeript ST 11 e 5 5 eslinal L 05 5
Olse 4 Kozak JIy5 CLC WorkBench ;1531 o 5 51 eslinl b
JL.(.:M 6)\J\§454.5.]a.w_9 Lﬁ&ﬁ)[fﬁ).h @}jﬁ) JL.a.‘s“ JN
(Y JK2) s wlsl oo 4o L SEKDEL azy

;9’3 oylw ‘_;J'L»AJLM

05 Sl =S5 Sl sy ge 05 (s gean e 5 (b L
Silwailuen b g0 L DHSa 4 5 E.COlTE (6 SU 53 o gian
L PCR 5 1S 0gesl Lo g5 eyl 3l ploil Cms 5 3 S
(e SLad s s Aol ol sls ST 5l aslina
Okl b oS 55 POH (sladaradly 5 Ldd osls CiS 6 5b 53
SPCR SIS 0pasl o T3 ol a2l sl 5L
L ol 53 omn poman 5 ol sl ol 5l eslinad
s 4l BamHI 5 Sacl sl S s sdma lags 5T 1 eslinad
3 (G d 5SY— ol 5 2SN 03) 5L i VET Jsb 4 (glankas
(A Y 8) s ol Y KD Jsb 4 pGH e dadl
0 S 3 gdoms (Slagy 5l Lo 5 PBIL2L ey oy 5T 53 2n
05 Sl 5 (B -7 IS5) s plnil i 5o | BamHI s Sacl
a5 TA 5T 5leslinal L PBIL2L Ly 5585 055 s
SAL o S 55 sadaedly s S el e o 5k
Lo 3 68U Ly elel s KL e s iz DH50
el PCR 5 ls Aol 5 e LU S g 2T (g5l S
Cellw VNl e PBIL2T laieudl, L(C-Y JS2) s S
gl Al (mls LB iS o e 53 DHBO (slas SL oS
0 S 3 gdme slany Bl Lo s T3 ol plnil Lo 5 A
Aoy ) ST s b Ad ab el s an
VNI sb b e 358N — el 255N 05 5 s S0
Lol cslg 52 (D - JSi) wd edalidn 5L i

VAR Ll g 5l /) 0 )losls /ot 059 [ (Sanns § (oos| 9 Sl § (owidien



https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.1.8.1
http://gebsj.ir/article-1-346-fa.html

[ Downloaded from gebs.ir on 2026-06-25 ]

[ DOR: 20.1001.1.25885073.1399.9.1.8.1]

OSKar 5 G el B8 it 6,0l o g (Al

start codon
kozac lactofericin-lactofi pin chimer

Barmit

glgatccgccaccatgTTCAAATGCCGTCGATGGCAATGGCGTATGAAAAAGTTGGGAAAGCGGAGCA

lactofericin-lactoferampin chimer his tag

AAAATAAGGGTTTTAAGGAACAAGCTAAGTCTCTCCTCAAGTGGATTTTGGACcatcatcatcatca

1stop codon

his tag ==
Sac.

tcattaataaGAGC |
055 ol 53 s ol Ol Sl O3S 04d a5l g et 255V el 255 (5 08 o5l =Y IS
Fig2. Construct of chimeric lactoferrampine - lactoferricin after codon optimization for protein expression in tobacco

pGH 100 bp M Digested Undigested

35585, B BaMHI ,Sacl w51 53 Lo g5 ol (e 3 58V= al 355N 15 (55 o8 POH ey ou 51 53 man OV g 5,585 501 A Y 05
Jis PCR kS s D PBIL2 taudly (55- DH50 s L (55, PCR 54l s :C BamHI s Sacl (,J_J-;T 33 b5 PBI12L e au 5l 52 (s
M13 ol 3l eslaza b c Agrobacterium s SU « pBI121 sl

Fig3. A: Electrophoresis of pGH vector digestion products containing chimeric lactoferrampine-lactoferricin fragment with Sacl and BamHI
restriction enzymes. B: Electrophoresis of pBI121 vector digestion using Sacl and BamHI restriction enzymes. C: Colony-PCR results of
target gen of the pBI121 vector using specific primers. D: Colony-PCR test to confirm the transforming the pBI121 plasmid into
Agrobacterium using M13 primer.
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Fig4. A: The beginnings with callus-like texture which are visible on the first leaves. B: Desirable root formation.
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Fig5. A: Electrophoresis of purified protein on SDS-PAGE. The presence of only one band in the 5 kDa band indicates a good quality of
protein purification. B: Western blotting result of Lactoferrampin-Lactoferricin protein.
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Tablel. Minimum Inhibitory Concentration (MIC) of chimeric bovine lactoferrin in Inhibition of major food-borne pathogenic
microorganisms
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Table2. Minimum Bactericidal Concentration (MBC) of the chimeric bovine lactoferrin in inhibition of major food-borne pathogenic
microorganisms
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Table3. The average values of MIC and MBC for chimeric bovine lactoferrin in comparison with commercial antibiotics against five
pathogenic bacteria (CLSI).
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Abstract

Lactoferrin, which consists of lactoferampin and lactoferricin peptides, is one of the milk
glycoproteins with anti-microbial properties. Lactoferrin is known as a component of
intrinsic immunity which points to first barrier against microbes. The aim of this study was
the chimeric synthesis of this two peptides and also producing transgenic product. One of
the desired methods to produce recombinant peptides is by transferring their genes to plant
cells and producing hairy roots. In this study, the sequence of chimeric Lfampin-Lfcin was
codon optimized based on Tobacco expression system. The target sequence was artificially
synthesized in pGH vector and then sub-cloned into the pBI121 expression vector. The
expression vector was transferred to Agrobacterium rhizogenes through freez- defreezing
process. Then it was transferred to Tobacco plant using leaf disc method. Extraction of
recombinant protein was done using Tris-HCI method and purification process was
accomplished by chromatography Ni-agarose columns. Finally, the results showed that the
amount of recombinant protein was 1.52 mg/ml and its quality was also desirable. The
results also showed that chimeric composition has a good inhibitory effect on pathogenic
microorganisms.
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