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Introduction: Lactoferrin is secreted in the apo-form from epithelial cells in most exocrine fluids, such as saliva,
bile, pancreatic and gastric fluids, tears and, particularly, in milk. Lactoferrin is the most dominant protein in milk
after casein. This protein plays a crucial role in many biological processes including the regulation of iron metabolism,
induction and modulation of the immune system, the primary defense against microorganisms, inhibiting lipid
peroxidation and presenting antimicrobial activity against various pathogens such as parasites, fungi, bacteria, and
viruses. The major antimicrobial effect of lactoferrin is related to its N-terminal tail where different peptides for
instance lactoferricin and lactoferrampin which are important for their antimicrobial abilities are present. cLF chimera
(CLF36 peptide ) was derived from camel lactoferrin (cLF) consisting of 42 amino acids and has primary sequence
of DLIWKLLVKAQEKFGRGKPSKRVKKMRRQWQACKSSHHHHHH. In addition, the results of previous study
showed that cLFchimera had anti-inflammatory and regulatory activity of the immune system. Nuclear factor kappa
B (NF-kB) transcription factors regulate several important physiological processes, including inflammation and
immune responses, cell growth, apoptosis, and the expression of certain viral genes. NF-kB dimers are located in the
cytoplasm in an inactive form through association with any of several IkB inhibitor proteins. The phosphorylation and
degradation of IkB have received great attention as key steps for the regulation of
Nuclear factor kappa B (NF-kB) complexes. Phosphorylation of the 1kB by IKK signals it for ubiquitination at specific
lysine residues. The aim of this study was to investigate the inhibitory effects of the recombinant camel
Lactoferrampin-Lactoferricin on nuclear factor kappa B (NF-kB) pathway.

Materials and Methods: CLF36 peptide was prepared through a previous study in Biotechnology Laboratory of
Animal Science Department, Faculty of Agriculture, Ferdowsi University of Mashhad (GenBank accession number:
MH327768.1). Protein data for inhibitory combinations of the Nuclear factor kappa B (NF-kB) pathway was collected
from the Protein Data Bank (PDB) And UniProt.Physico-chemical properties analysis (atomic state, isoelectric point,
half-life, hydrophobicity hydrophilicity , barometric and pH) was done using Expasy Prot Param online server. The
inhibitory effects of this peptide was assessed by Molecular Docking Simulation (In silico). the simulation of the
interaction (Docking) of CLF36 peptide with Nuclear factor kappa B (NF-kB) signaling pathway in upstream, pro-
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inflammatory cytokines (e.g., TNF-a and IL-6) and in downstream, cytoplasmic IKKB and NF-kBp65 was done using
ClusPro 2.0 software online.interaction diagram created by LigPlot+ showing the hydrogen bond network and the
hydrophobic interactions of CLF36 peptid with the upstream and downstream Nuclear factor kappa B (NF-kB)
pathways.

Results and Discussion: Bioinformatics analysis on The molecular interaction of this peptide with the active site
of NF-«xB proteins suggested that in may have role of the modulators and Anti-Inflammatory of immune processes by
inhibitory effect on the TNF-a and IL-6 cytokines in upstream and IKK-B and NF-xB-p65 in downstream of the NF-
kB signaling pathway. This results are similar to the inhibitory effects of Infliximab, Camelid Fab , NEMO and GILZ
on the Nuclear factor kappa B (NF-kB) signaling pathway. Infliximab (Remicade) is a chimeric mAband its use is not
very well tolerated in the majority of patients, infliximab therapy leads to the production of antibodies to infliximab
in a small subset of patients. the Camelid Fab antibody with the highest (femtomolar) potency, displays a very large
surface of interaction with IL-6. the regulatory role of NEMO in the IKK complex, since a number of genetic and
biochemical studies clearly demonstrate that proinflammatory IKK activation is absolutely dependent upon the
presence of functional NEMO. Glucocorticoid-induced leucine zipper (GILZ) is a glucocorticoid responsive protein
that links the nuclear factor-kappa B (NFxB) and the glucocorticoid signaling pathways. Functional and binding
studies suggest that the proline-rich region at the carboxy terminus of Glucocorticoid-induced leucine zipper (GILZ)
binds the p65 subunit of Nuclear factor kappa B (NF-kB) and suppresses the immunoinflammatory response.

Conclusion: The results of the interaction (Docking) of CLF36 peptide with Nuclear factor kappa B (NF-kB)
signaling pathway indicates that, in upstream, will be inhibitory effect of CLF36 peptide in active site of pro-
inflammatory cytokines (e.g., TNF-a and IL-6) and in downstream, cFL36 peptide will bind to protein receptors of
cytoplasmic IKKB and NF-kB p65. Therefore, these findings may provide a theoretical basis for therapeutic
mechanisms of CLF36 peptide.
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of GILZ peptide amino acids with Arg 294, Lys 293 and Thr 300, Lys 295 and Arg
296 of NLS P65

NEMO
(PDB: 3BRV)

GILZ
(PDB: 1DIP)

Rushe et al.,
2008

Srinivasan et
al., 2014



https://www.rcsb.org/structure/4ZS7

YAV b o ,8eaY 5l ouds o CLIF36 sty (55l 1 (o2 ey 508 9 (ol

NF-KB joune (5 loe Sl 5 tmas 3L =Y Jg>
Table 2- 3 D structure of inhibitory combinations of the NF-kB pathway

OS5 Somdw el
Combinations 3 D structure

ol danwl (I3
Amino acid sequence

TNFa

IL6

IKKp

NLS p65

Jlasl 655 L TNFa gl VoY @lbigls o Vo ops¥T ¥
Oladss gl wlw 1y di) .caw Tosis )3, (kcal/mol) -763.8
Soil Solks Sl g9y 2 VW Jlw 3 S en 5 SL
Olg e &B syl swme TNFa plSsuLw 4o Infliximab
Gl i 050 b e od VT Y o b g8
S 0565 15Led VWY 35, lwl aelaul Lo ¢ Infliximab
a9yl opl iled Cusl (S 45" Cunl 0359 INFliXimab (¢l
365 polaidl ok, 4 TNFa S gule Jlasl Jlbd oKl e
99 clal b yidgh ol s opicces (Liang etal., 2013)
S Olae Gl yp VAT p ohlSen
Sledpn 0 TNFa oLkl iy plSsule , Adalimumab Fab
VY 5555 OYA (i3] YV opsill YD lebigls Q- oyl
Adalimumab (¢4l b aslie TNFou plSg0le 518V elish 4
CLF36 wiy (s)ke @lyil ol (Hu et al., 2013) 1ib, . Fab

ol o 03l oL YA JS5 3 TNFo oplSguls b

2 CLF36 sy (6)loee 1 JoSd5e (il e coles
OlaSy plo b ol dulio 9 B LS atw s )96 olo yply s
o3lazwl b (GILZ s NEMO Camelid Fab dnfliximab) s,k
25 0B 9 pm0iSan S pate (Sl jgiilan sl idle s 5l
e el opl g cd)5 & je—o CIUSPr02.0 oMl ,l530s 3
28,5 )18 (w5 2390 NF-KB (Lo ply yos o (slaoosi S 5 b
Cwlod b 0oy (Lis & Jodo 0 ) dlasly wlwly ol oS
.(Kozakov et al., 2013; Kozakov et al., 2017)

E = 0.40E,¢, & 0.40Eay + 600Egjec + 1.00Epags 4k,
(4)

5 bl gulw b CLF36 sy Jlail cusdye (piomen
S5 53 NF-KB (o> (ol g (GodVl prae (g (sl S
ol 0ab 00l Lo

a3 85 S i e Aol gl el
Ko Cpditand YA 555,] ladiel sl Jlasl NF-kB Lo ,ply
IV Cpid O 55,] A XD i YR peliglS Y i o
YD Gleligls &+ i) AF @byl b s yay CLF36 s
el g5 SV el gl VFY 5655 YA (35,] OYY 55kl
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Table 3- 3 D structure of inhibitory combinations of the NF-kB pathway

Solee SluS 5
Combinations

UL YL WO WA WY
3 D structure

ol sl g5
Amino acid sequence

CLF36

Infliximab
(Remicade)

Camelid Fab
(68F2)

NEMO

GlLZ

» 503,5 Jae Camelid Fab gg)l> i 0 po0; Liiles KB
23S 4 IL6 (plgulw Jail Jld ool jlee G il
L CLF36 sy (sylee <l gl .ab aled ILIRI 265 (slaidl
ol 003 0303 Lz YB S5 0 IL6 S sl
23 o ol gl NF-KB jlu jple Cawd ol s p Ll
i 3 YA 938 355)] saisel aul (S en g (IKKP) jLs
53 9 IKKP a3 VEY g V¥ 0ol olS VFY )6 920 5 L CLF36
023 9TV ebgl FO (o R it (S oy ] LS
Slaligls YYD @b )bl VY'+ 00liglS b o pas CLF36 ity VY

Sl S oty NF-KB o wdVl e 3 S50 By

Ao SIYS e g YV P OBV s O 0l )bl (claail
NSO Cywg) A o ¥ e 55,1 claaieli ol b i 5 CLF36
LIL6 sl VOV g 5 5 FA 5 kol VFF s
o oplpls ol ouds asuiis (kcal/mol) -723.7 Jlasl 45!
o5 sl Hlee 13 CFL36 wip 3,Slos 45 sad o i
5 ©9iil @i b alie VY (pasl s eiomen 5 VA F
» Camelid Fab (go)l> (g)lee Sl (wypr 0 ¥V o)
J3.(Blanchetot et al., 2016) cwl o34 IL6 S gl (¢,
NF- loyply s sleo 5 CLF36 iy Ylais] o ¢S ol e



Yay

v G50 o P9aSY 3 ouds gidio CLF36 vy 65l 51 oy 2 eyl 502 g (ool

lbanel 1wl Hloe ;5 CLF36 1y 13 (Rushe et al., 2008)
S 5 L IKKB w23 VYR g VXY WY+ aligls WY 0T Jis
Ole 955 ol Olgicn sl > cplio NEMO jlee (onbo
AKKB w51 Jlab olRsls Jloen b s 3y90 iy Ylozsl oS 58
yonn (J580g0 jLisl g osds TkBa (g 4 Jlas] Canloe caw
S S wa ol a5 aalys alad NF-kB ol joly cuwd ol

Gl 03l L3 Y.C S5 53 e (ol

&3P L IKKB w3l 51 VEF 0¥ ois g WYY (peli 5 VYR
odd w3l oyl Jud olKols jloe cow (kcal/mol)-1152.9 JLas!
I3l gy p Vorh 3 hlSen g 4y (uyp b dols gl
)b cislas TKKB w3l Jié olSsls s ;5 NEMO ()0
Lulys > NEMO (glee o8 5 &5 am3 o LS gy 0l gl
Ot Sloatpel o | 4y el Cpo B 86 o sl )3 b
Vb s MY+ Lol VY ualiglS WFF (VT b Y
Jld oSyl 5IVYS 55555 5 VYR o VIV (aliolS V)Y leligls
39 oo NF-KB o )loo o g 00 Juato IKKP o 3]

Table 4-Comparison of physicochemical properties of CLF36 peptide and other compounds inhibiting the NF-xB

32U CLF36 Infliximab Camelid Fab NEMO GlLz
Analyze
Iy 05 5139.05 47752.13 46717.05 8520.70 8712.85
Weight molecular
SeySlgjl dloks 11.17 7.17 7.64 521 4.65
Isoelectric point
roE Ao

: 11 11 0.8 30 30
Half time (hours)
ite sladllos 2 39 30 15 16
(Asp + Glu)
oo sladllss 12 39 31 12 9
(Arg + Lys)
S b pasls 56.70 54.24 47.43 58.70 78.33
Instability index
Ssla] ol 55.71 66.84 69.41 76.71 87.40
Index aliphatic
S5 -1.367 -0.369 -0.282 -0.997 -0.717
GRAVY

NF-KB w3 (b g iwd Y (sl oo Sl olSols b CLF36 sty j2iS wh s sy Jlasl (6555 dunliie =0 Jga
Table 5- Comparison of binding energy for the interaction of CLF36 peptide with the active site of NF-xB pathway

CLF36 sy

Jlé oS5l CLF36 peptide
Active site (Jge 2 s E5kS) Jlail 5551

-AG (kcal/mol)
o e 5 3 258
Upstream pathway Center Lowest energy
TNFa -736.3 -763.8
I1L6 -642.8 -723.7
S Ol e
Downstream pathway
IKKp -1129.3 -1152.9
NF-xB (P65) -481.0 -534.5
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Figure 1- CFL36 peptide binding position with protein receptors of the NF-xB pathway

sl 0313 L VD S5 3 s (1] (gl LS iy
9 Iy 00d (gjlwdnd baseo )3 NF-KB e (slays
&S a8 oo 29)b OluS s ple (g)lee Sl L ol dwslie
s dYU yoms ;3 1L-6 TNF-00 sl i slaopanle Jké
Sbygicw) b lacplguls (ol Jlasl Jloe o B LI e 5956
NF-KB yie b ol ccalgs 5 5 00 G oo (sbié s
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bS5 51 S8 plgea |y di ool Gl oo 9 A5 anlgs oLl 5g5
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ol ol o> uLw) Y waa

Gk jl CLF36 a2y oS a > o ol gulis picmen
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053] sladisel sl b s 5 ¥ gl 8+ logn 5
¢ NF-kB(P65) p5gp NLS oSl 51 YAY 4 YAD oy FAF
4 Importin 03 siias Jas! gy Jhail jlhe cuw cuwl Son
Jed g JEsl 5l o les > g ea s NLS Jld oKl oyl
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S S wy (pyr 4 45 VNV Sl 3 (S 5 2518
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33 o | slaaialin |51 YAF 9 VA5 55,1 YAD 3 (slaaisl
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2 ke @l Slgs o yal ol a8 ¢(Florio et al., 2022) sloas
oba Selsle gl 3 NF-KB (gl pase s 5516 3 )Slos
b g opl 3o bo ol puiomad Wb b 4td 1 diw (9,0 olad!
Sl gy 2 VT Jlw 3 ohlSen o Llgs yl oo 2
b cdslls NF-kB(P65) &g NLS 5 GILZ sty (¢ o
L LS ey Goub 5l GILZ aomp oS o i b o] mlis

9 YAD i Fo v i YAV cpid YAF 55,] claaieliy ol
& ol Jlail 5l codlos s PB5 (559 NLS I YRS 35)]
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Figure 3- Molecular interactions of CFL36 peptide with the NF-kB proteins
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