[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

VPV NA:edl 5o & b O3 (Bgho Sl (S pale oIS Lhdgy (oode alo

VP XINY: o i b VP f Clio )l <90 o louds cdw 9 (w090

b ogogw by0,55,99BLFL (50T (G h0dl (o g
S w 09,0 )é PLGA D)é,ﬂb

' SBT ime s B3Lo 3918 M i s ! ptbaigS (S Ggeo

b 3l by (SBlasul (S1ys3 oly 5l g 009 Ll 15 mjeadishie silow Jele (Hogoge L0555 55| dnido
Beder SileinByn B Sl ol sladobe ;5«6 SL (ul BLFL (o595 098 oo Jite plusl @y Gy (51,5
slllas (pl 5l Ban 3)le 3 )5 (59 5 (2918 Slo J9Sdge Elgsl (S HL S vcn B S peudy lgie 4 PLGA
Ailise y5mbse 50 Ol lisied] (s 9 PLOA sorly 1o ol (6,351 s E coli lawgs BLFL (055 e

9l OOy S L S S8 (g 9 bl IPTG Gl alews a0 DIFL (5 ()L o Gigly (nl 5o oy (995
SN gy Sl 033315 (65 Sy 3 sl s (55, PLOA ymaly 9 (3057 sioaBng el 31 g ok
2 @l Gliee 0 By 3 (e sloeg)S 4 Zugi ez 5 99 ;0 PBS 5 PLGA 0,05 scilszol L ol o (g s
> SPSS version 16 ,1350s 5 51 aias il BLFL pas b o joge bL 40 o (5 uSoslail 1Y s lawgs Loyl o pun
s oolizasl (g ol 5JUT

Al 6 S shie SU) il 5 YL PDI 651l aiyeiis w36 Sl,3636 &) Carnd (5ag 1 g5l PLGA &l 35k e b
YO cbla> g 0,340 (gol> 09,5 10 bl (il cas gl 0g 120 sga> Sl 3l 0 g (6,180 ol
W3 oo Hlid |y Cilgzol ol oo 5us5g s (g9l 09,5

e ool ol gl 50,35 b olyen S g Hefign @b RS Olies 5 197 Sledo 4z g b g S Al
il Slaise G jgadshee 6hlen adde (puSTy WA Glgreds Wil o

STy QilS ¢ gy b y3lgm g1 ¢ mag0eSsle PLGA BLFL 1 guls’ slosly

Hlogogu 3395 591 BLFL (55T aalsihon! syt srime i (2Bl gl (Bolo cimm (5,50 e s baieS Sloo g2
AVYAFY () YY VP F 05 Bgno dagd (Sibiy pole olSails Ldagh sale alne .5 y9m g0 30 PLGA 0,346 b

.Q|):v.| ‘Q|).QJ' g(&)u._,m? flo| &ol; a8l 54;[{ .o,lr- 281> swl.ouw) 6},123 9 'olc )'S)o—l
VEOVIPEVY ) 2 st G93ine NONATNOSEIN@YMAIL.COM 1 ;Si9 53SUl Cmmny ¢+ AV PPAFAVAY 105805 €(U giammo 0 3iamns 95)%


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

U 4y 53,5 5k le 5l 9,00 3ke Cdled s
el Lol wiS o Jlad juf oz 5 £33 (slp |, MRNA
AOY) wes e 3 56 coo elF4A ) |, ATPase
arsgi | S (Sl SJsSIS- 55— S25Y L) § PLGA
3eil (VYY) canl pdyco 58 Can ) o jeudy o szl
Jido 4 PLGA o3l ailen pdycn 58 Sy s 0ndy
2ol guSly 6l g (Glujgylo diej y0 &5 ala STy
S 9«35l ol aisd o 00l e 5 b el Ko gl
asls Jobo olal jo glojlail 5 wies couls 08 (s5lula,
oty opdle Wyl (6,8 oy dn sl o ol b g
Slrae BB Sl g 03 (com it g Sl (93 )3 Laglogil
(o) s rb et S0y (g3 9,5 w ez
el Jo sl 5wt o Lds s 9,5 Jd 5 2loled!
Gl SS9 9 i (eBan (il sl

Sly o Sloygls s Glapiugw wie cwlo
590 Rl Lz 4 wiee gusr gl glael>
Ba gl L5 lidl g (bl (p)lse el (S rae
5 O L sl (nl $ln STy oS 4 4z g5 b9 00
5 9ol all @l la by, owyz 9 BLFL o5 e
ol ade STy wals Glgiee eol T s cvalin
3 oolaiwl uazs ol 5l Gus ((VVVF) o5 wdes 6,81
S BLFL 15 (T 6,386 <z PLGA (s parky 35l
W wged b oanglie o ol cblizy ali el sy

05 sl PET28 555 1S yigh (madian ol oo

@ s plal gl oKl wliiiew) 55,0 5l BLFL
o5 shls PET28(+) Slo slayysy .(00) wo S ays
Sxtee sladobe & (> Seb b9, L BLFL oS 5
L oS 5g sla dS.(V9) was esw,l 5 E.coli BI21DE3
302l 9,50 PCR L 5 000 5l (e LoblS” alsgay (6,800 5¢
S I5h 4y STy belue jolaie (ol ol (1) 285713

e ol Wl Glp 0,8 ags ool SS () Jguz) o

VP F Colguuo)l 90 0ylods e g (o 090

BLFL (55T 96 (salyses

e oS Jel SO Hlogos Lyulst s 558U

woobre S 0 Gl el a5 cwl s len
SFSL ! (V) dpdoe CBL e S Ao 5 S S
YU clos oyl PH aile awme aslasl Lyl 45 Wl oo
Lyls=s @ ySL (V) wiley o) (lie slse 05008
5 Ol Ol o Gate olem sl Cel Hlogoge
Obadl o Ggie Jole b ules (F) 35800 lalS pan
Salighe § (gomw ol ol 4 IS ©)50 4 Wilg e
Jolge 52 Vort Jlo 5o 658k cnl (V) 058 jalls Sinsy
s oy () el as S 13 Sjeden B oo,
seiie Jlo kg olo (paiz B 59) V-1 0902 50 (e jgadshes
3 Hogos LylsZ e 6756 ey SL s (F) cwl
Sliie 5l e, YoA) Jlo o aye,S Ll Yoo f L
5 Rice ) 05,5 s WIlSON ygudsg 09,5 lawss Mol s
S FSL 53 0ariS S gt HeS B (ndgl it ol
Ogn i Silu]lad b el &5 Hlogoge b)lex s
3 sl Ll (V) win,ST plolis 1) 0gd oo e o
oly 31 Sludl Cogae ace 098 ploxl Wiy o iz slaol,
O & sy AE b 3l (ST L g (Blad (ST
Ol Eapt g pllimsg) (aduis () d9d oo Jite Lo
Gl bty U o oo 4o ool pie b
o TN 050 e g S e )10 39z leys g anis
ps5sy 5T (O) ablge 1¥ 51 5VL g yme bl ;o Iy
Oan WV a8 090 patine (Hlogoge byWs= 50 ST
sl 5 (00 Wisdioo Gl ySL o pasiel o Sles L
oolil b 3Ll slayaiisn ool 5 o oy lalllan
oS o o 03,5 pladl S axdl S S )
o ol ety ol 5 ab BPSLIBAS sy, sl
BLFL & |, o] a5 il thosoges byss s 5,5
wobasl &yaoa BLFL xsgy (V) wols b s
Eukaryotic initiation elF4A ;I GIn339 jsclisls
ol V) aes e plil ol Sl 4 1) factor 4A

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

Ohes 9 (5 bt oo Goge -

PRV R 6‘)4 (\A) us)f )|)3 R S)90 /\Y PAGE

oolatwl ol cwlogS L ‘_g)’.:.n]u_i‘») 099y 3 g bl
QA a3

oolazwl Vee do V clale b IPTG oole 5 BLFL oS 5o
Al asSSl ol cole 4z 0 YV les jo cele ¥ oos 4 g
Lyls cos IPTG sl 5l am 5 L8 sladises .(V0,VV)

SDS- J5 95 oeB9n ole -OA) Kol 5,689 551 w0 y05lis

PCR LusSly S5 ) Jga

g S VY/O

FedgySoe )

Master Mix

Forward !

(PET) CATCATCACAGCAGCGGCC

Pl S

Reverse .,

(PET)GGATCTCAGTGGTGGTGGT

g See A0
FdgSen YO

sl (Zeta Potential) b sty cw)y p g 0ad adss &340
Blate HldSl jgaS csle Malvern Joo DLS olKiws
sy S b oolawl s oRils (g3lwg lo caSiidls 4
9y S9N @Sy Soe 5l gl 6,0l Clogas
cals Quanta FEI 200 Jus (FESEM) lase o
b oolizul FEI 8 4

9 bl gl «wlydeil wdei (Ji9 o3l (owyp
i ol (09 4 )33l wlasl cud b

ats 5l o D39l adsi (Gig o33k (o) p Hohiie &
AVV) o oolawl V' Jge,8 5 el 3450

g ey )l Gt (Sl GBS (nl 53 iz ed
b e g 0l oolain] pudias jé (g, 3l 13400 (0 0uls
utﬁj-lo 9 (/ LE) wL..o‘ ULA..\J‘) Y 9 Y Jﬁ.ﬁ)ﬁ 9o )l oolawl
S S5 Gesn sl S3sl e 9 BSA ol 35k

b pdy bl

VP F Colguuo)l 90 0ylods e g (o 090

b )b g0 O
STy S

SLosn wnl Gly S Fe (e n s 9wl

S Ssileg,S st 3l eolital b o,pibs Lyl cow o>
ol 5l e ad ilelae (NINTA) oS5 e
O ) 0l 5,08 xS TNY 5 sy p Riae sy
3l oolaiwl b9 0880l SuST L oS 59 il cdale
02w plosl o laslinl Glgie a5 (595 oy osd]) BSA
S g g ol PLGA (gponly oilydgil ans

Pl s alss Goedsel S35, 5l beueS ol ags 12
Mlii Lt °\>L~h’ UM}A‘ wg) dy? » wj) U')‘ W o\)LQ...MJ‘
(Water/Oil/Water w/o/lw) ol-éq ol gandgsl
6&5)‘\) 6)‘J§)b 6‘;’ Lbo‘) UJ)JWJLA.A )‘ (5&3‘ 9 Mbs‘o
5 Lol el Jols JT 5B @ o)l (6,80 Jobe (b,

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

BLFL (55T 96 (salyses

Dried nanoparticle weight

Partical Yield% =

100

X
Theoretical mass (Polymer + linker + protein)

S35l (i9 033k dmmloe Jga )8 1) Jge 2

Total amount of protein — Free protein

x 100

Loading Efficeincy% =

Total amount of protein

ol planily anlre J5o 87 Jge 8

Total amount of protein — Free protein

10

Loading Capacity% =

Dried nanoparticle weight

ol sl alons Jgo 8 0Y Jgo 8

J5 s95 » PCR @¥game 5,585 2801 .85 alnil PCR
() JS8) 4 ol 5,08

Al S L Jsbo 5 IPTG GG etigy ol o
FAY 555895800 J5 595 Jolo amet g 2855 el 0)56s
VY oogee BLFL (g JsSse (9 8 (owyn
(Y JS2) 090 gillasls

doo B ileg S 5l ool b utigy (aedss 1
SBl s by silele, 5 (NIENTA) (G oS 5
) 25 B (ool wad ads nign b Jyjlaes
(Y USS) s so yinles

OFgn Jpaze a0l jshiie & icuS g i n wml
S SESS cnl e ol eslanal LG ey B9, S S S
(F JS2) 00,5 oolicnl g0 JUslS s (o0l ]

(DLS) Lgy 395 ol y 31 ool b &y3436 031051 oy 32
L oo odg PLGA &ldgl iges (gjlweslel 51 mo
gy S35 ojlail s 5IBLFL (o595 g 5 90
o] ey gl S L sy 9y9e DLS olSis
9 ygil YNV ojlail glyls pigyn a8l cldgl o Jolds
YAP ool slls opaisn sl ool 5 PDI =</2f-
Wog (O JSi) PDI=+/AOY 5 gl

VP F Colguuo)l 90 0ylods e g (o 090

25950 ol BT A5 90 1 alSlejT Slilg (g3l gpon
olads DI oS b ol Sllgs b L5 pgas 5
lo VEVEN £y56 IR THU. REC. VF-)-- 210
Fa oS YO JITY 055 L oole (5550 slojbge sl oys S
5 oesn sl PLGA oldgil slag Sidalss (o5 O o5 5
Sl ol b ol e (g 5 90l (lsie 4 PBS oois n o
5 (PBS) valis 5 lszol (glaos,5 50 ldy )35 000l s
3285 plnll (Blao &jgoh 59,V Sloj alals b oy ¥
P9 Vo sl al> e (b ilszol bolyen oS5 525
o2 gm S0 30 5 0l oS 5 g8 JalS Cilgol b (3 ]
o s 4 6xpS s Lk el e S LSS Jes 0l
O0) o ool s puf gV S5 5l g0l BT s

bl Sl g 4 525

b Bl 5 5l eanl cawoas slaosls (Lol cwyp
« T-tes ANOVA (slaygo3! 5l qouiinns e (slp¥l Loy
il SPSS version 16 13316 5 5 eslawl L 3 Normality
oK

e 9 PCR alowgy cuSig o axkad jeb> ol

0l 0old S Lglms;.lf Aol Sz oS yigh i g p ol

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

Ohes 9 (5 bt (o Goge -

Slao JZls &5 Syso 4 1) 0,360 L olee BLFL
ol o BLFL (5 26T a5 Slajige g (A JS&) 955,52l o
Wdged il Slhe B a5 Oysea 1) Clgol b
&3bBT 5 ) 5l ol gl LT all e (1 JS)
g S Slaog S B 3 s e IV bawg saddys
4 .Cépdy Oy50 SPSS version 16 18ls 5 S 4 sl
B )i e alise glaog,S o bl 5T plnl g
OSS (y905] bawgs alie (slrog,S (p duglie (¥ Jgoz)
Syeo (PO.05) wop mo plbs zhuw o (F Jso>)
o 3 SIS Ggail byl Sy 1T il ly BT . dy
W (o Ol 1) oy S oy SIS 1 s>y 196 2
e sths gl o laggin 10 392g0 lo 09 )5 (T Jgoz)
(P<e10) s o xe B gy woyo

BLFL (i by obipyes] slagige (Mly @l
S om s it S O3l e Al o ey P
o drde oudial Slagise e o sobtl s ol
sloog,S 15 anls g s glabge dpV s, lawss BLFL
aols g cud sl ige 5l 0g)F 2 a4 g gy U ¥
@S 035 928 ()P Oypets e jl 0TS0 B0 e
Jol> 0,590 b ondipel slatge &5 Sg Sjge cnl &
oy (o9 b oadipeal slagtge 57 00 Cbla> (g
e JS5) aiS o ologl 1, 7 V0 Joud b5 clslis cilszsl

59 o sl PLOA wlydgil b)) Jowily (owyp
&5 a5 PLGA &l,3gb sladiges 51 5 90! onl BLFL
390 4285 I8 s 0y50 kB Ul 5o lapT Sl o5l
Eydgl b5 oty 45 555 ) odimo Lt mlts .l A
o.)s..\.‘?us ).) u...i’l.ue k&a—’ \_{.’ ‘_g‘)‘\) U"':"9)" ASlS PLGA
(F JS5) a5 s Lo PV Sl S s sl

Py S bawgi ©lydgil ol Cluogas (ow)y
S5 59y 2 D366 PLGA &1,356 adgs 51 e 1398l
Mo 5l (S5b aY bwg e 5 (% segeiedd] mhaw
099 5955 (S9N D98y S pslal ud ools by
L ange llpd 5o @lydgil ades wl)d 5l ol ol)8 e
(Y USKE) ol las allae

3 izl glouily «l)dgil wdgi (39 00l (owyy
-ty ol pliann i (g 4 )39l wlainl cud b
5 bl glesly G5y 033l sy ladserd 5l oul
AV J592) 0305 dslme peliinne b9

sobaie 4 touds ol saige e 50 190G pd (b5l
al> e 52 50 o ol dloe g ond adgs ol sl 2bj)
eSibes Hloged o eoliinl bt e IRV b 5l 2,5

Oissl &S alatse Jold al>pe o 0 sl ml s

PCR Lug BIfL )5 5L i $YF axkad 555 aoyo V5,81 5 5,599 55011 S

DNA walad ¥ (o, DNA J58050 Silis ) iy,

VP F Colguuo)l 90 0ylods e g (o 090

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

BLFL (55T 96 (salyses

JS) eauits <Ll wiges - 9 ¥ ygiw Ygo Lo V IPTG Loy ons sl aigei =V g2 VY SDS-PAGE 5 69, » g p ool 4zt ¥ IS5
o alsd aigei0 (gt ol L (s (JsSIse S5 -F (g (a0

SDS-PAGE 7Y Jj 5l eslicea b . S5 oy 5 BLFL (s syl ol 5,588 501 jsgemi ¥ S0

JEFRARNCINN SR P JNC N b ICTRF ENCIIRS |V | A R (SN DL P SENCO ORI F, JENCIMPRNCIN | [o11170 SENCIMIRRCIMEI I IR i [o LV IENCOW
MES b :A gm0 E250

29kDa

22kDa

Wb« J5 @) 5 o ks BLFL 5 5T a0 slate il Y Cins ) i (JoSg0 ,S0Las ) cyn, BLFL (5 6T 0l by yiwg 50T (65501 :F S
cshie aals olgre 4 BSA ¥ (s wsl o uigpn Joge ;S5LES5 (ygdlaslS YT odgame wilb b ,blie ¥ iy, y0 a8 5 K,

1P F Cligm o)l 90 o louds cdw g (w090 O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

OHed g (6 ebiaigS (SO Gugo

alculation Results Calculation Results
e 35 T e ©
(i) Bl 1 - Tom | T3
——= 1 T s ) | T T
Total 1. I oul | 1 T2 7am | 133nm | 21620m |
umulant Operations Cumulant Operations
Average 286.7 nm Z-Average i 217.7n0m
0882 L] : 0.940
z 100 r
i~ f -0 60~
fe 1
o0 i 3 0
0 il
i~ e s o |
201 ) * s Fy 1 |
I i |
1 | i3 = % 30+ 1
2/ | no B | i ! ‘
{ | » ¥} 1
3 { |
-2
10 t % Al ‘
~ \ “ . ,
o 1 y ek g e o1 v o g d b
or 100 10000 o1 1 10
Diameter (nm) Dameter (nm)

|

Banacvoras

DLS ofiws lawgs aige bl ;0 BLFL (1554, 086 PLGA @134l olail g9 o3k (g yloges .l 0SS

:alculation Results
s 5

5 oV v
ota Potential (Mean) : 33,6 mV

lectrophoretic Mobility Mean

: 0.000261 cm?/Vs.

alculation Results
sk No 5

£ —mV.
‘ota Potential (Mean
Hlectrophoretic Mobility Mean

D 313 mv
: -0.000243 cmiVs

15  -100  -50 0

Zeta Potential (mV)

150  -100
Zota Potential (mV)

DLS olfciws dawgs aige ol 0 BLFL 59, 08 PLGA &8558 b5 Juwily oy loges il # S

DLS olftws bwgs aige bl s 0 BLFL (555, sl)ls PLGA @l 356 sb5 Sy (cusy o 5l0905 10

SEM HV: 15.0 kV
SEM MAG: 35.0 kx
View field: 5.93 pm Date(midly): 01/28/23

VP F Colguuo)l 90 0ylods e g (o 090

WD: 11.58 mm
Det: SE

MIRAS TESCAN

RMRC FESEM

(25 s loppgas Ao b 20 (il

O3 (9ot (Sloyd = (Sl lods g (S pale oGS Ao

ot 5 48T 18 0T 65, eslaind plaws (g5, oniKis ol 35ik) BLFL ol PLGA o356 5| FESEM s iUl gSss S yygas Y S5



http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

BLFL (55T 96 (salyses

il cud)l g bt Gleadly (S35 005l oy slodge B s Y Jgo

f/a 80 Y BSA ssl> PLGA &l 34l
Uy FYIAY 0 BLF1 4l> PLGA =l 35k

PLGA & BLF1 G5
e PLGA 2815

— 5l 5 s

3
2.5
wn —— 52 5B g
o |2
g
b= »
g5{- —— s s S
1
05 \
0
1/100 1/200 1/400 1/800 1/1600 1/3200
Axis Title

yee ol b ui A lin g el sl Jog0 Py &iLM Jls & g0 P PLGA L oo g BLF1 ade ouls 0y ‘_;Jl;s..u]f.u A JSs
oo s | <) Jb e (B om0 9 FAO o Jsbo 50 (5)98 i is09ee

" wal g>01 of yods BLF1 33439 5
35 ——Js
3
/5 ——
a
2 —— 3.
=] /5 [
1
0/5 o _
0
1/100 1/200 1/400 1/800 1/1600 1/3200

Axis Title

Cd> (G508 yeome ol b QT aolin g el o yige gy o Blaw J55 ear a5 Cilgzol ol jen BLF1 ale o WY 6°l‘gs‘j):‘"’? A S
s ge plad ]y 8, Jlpw (Bl jeme 5 FAO e Jsb 10 5580

(Sl oy Sz il o 0g 5 Jgur

\ Slao J3s &g ilgzol b ol .on BLFL ij_'ui L oads les slo e
\ Slio U3 & yg0a PLGA 6,36 L ol jos BLFL 5 25T L oads Lo sl g
¥ PBS s, 5 wals
¥ PLGA 3,5 sals
VP F Colguuo)l 90 0ylods e g (o 090 O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

OHed g (6 ebiaigS (SO Gugo -

¥ R Y22
\ ¥
Y ¥
\ ¥
Sig. Voo

ARE

ST
YINeEFY
Voo Voo

e il 58 Akl b of o ikaden o e cpod! okt 0 oF Cobiliar duo g

S Lead gl glagiee AT L sd pal glagiae
533 oili sl maBLF1 5 g3l olmsBLFL 3
23 S e 4 PLGA P g dp iy b

73
70
60
50
50
40
30
20
10
0 0
o

PBS 31,5 wals PLGA: ;35 asls

Il s 5 wals b olpen Gilies 0uds Cyaul (slpog S cllix )+ IS

ElIF4A oS Sl a5 S i sleoass
(V) sg0 colwl by as Julse Glaie 4y lei oo |,
(elIFAA 558 suisS oo o lgie @) BLFL px5q
2 Hogogw by g 35 BIFL 5 55 1,8 oolawul
o s DIl 05 ol g 0glS Loojls (285 a6 lews
bl obsyl edle 4 g)ls Wil alize slahg,
Sl ol ade (Sly wals Gl e BLFL (o5
Wlgi oo BLFL (ol @ 4z b iz 5 9,5 oy
30 (V) wil gl sla ol oy o 3l saals
el 50 Ol,35L lapius Ll 4 axgi b G ()
i3l Jlezs] aizom g BLFL sy i) ol s
SimSly Hig sz Glapiams Slsie 4 o1 (25!
S 5 b Gyl Al sl 1ty
Gk 5l o> B PLGA oldgl (Ye) ol solaru!
abaly b gtmgail Gosb Sl Grizpe 5 @le 5B Smsig
PLGA ;| colaiwl .(VF) wisd oo 04lg Lo Jsbu jo oy i

VP F Colguuo)l 90 0ylods e g (o 090

28 wibes Galse n pSBls 1 (S Loy e

) ol oati ays o] sy iy gon il s
Coedl Gl sadishie ilon 51 (G300 e 5 S e Ol
2 Sls Glem S a4 AT g 9k el Jlo 55 5 (6 ke
3oL ol p pladse (YYL,YY) ool ons fawd oo >
O S e Jole SO plsie 4 odigzr ljee SO 45 aitn
obj slee (sl £055 (YV0) S oo Jos Sllgs g oLl
21 ol ol g lalel pasis JSie Gaasdshes
Sl 03,5 had plez b y0 0aisS GISS len S
(g il 3,b 5! ..\3‘93‘59 ouds Sl cigae (YF)
035l Garelil O 5o 05250 Lyalj55 0 oy b (Blaccal
olPl ey de (YY) 092 Jiis o p w0 sl oy a
Ml s)lge plod Loy i dlogogm bys,55 )0 @amy oSl
(TA) 28l oo s lom (o3 Bblie 4 i b Culil 4y Logy o
2 A i (oaSTy calie ulS S plulis ol
e (V) wslie L5 oyse BLEL (nnSss s,

O3 (9ot (Sloyd = (Sl lods g (S pale oGS Ao


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

a5 Woges yiw |, 58] gl PLGA &lidgl o b,
Olese D3gl 1o Uy Jedly Olpss cdnlice b ggoe
il Gliae jo glabamde BB Ol jusi a5 9505 bl
P R NN TP BT oG J WP Je] IR E I PR S
S8 ol eogazme jo BlLdgl il g0 oy 5 el
odn o 4 O3 LSas g ol)d Jlasl 5l mile aS als
U Joily o5 col comnl 3l> 55 @SS ol adl 05l oo
5 ldgl baw b pl g 0 ae PLGA )34

STy 51 oolil wad all Slallas gl Lulol
o3 ke P9y e omtiedshe Silew Sl 6Nt sl
S ol plas gy ol 5l ol @mls .l 65lew cal b
3l Blae U315 5925 b oud fol> STy 6l oewYge 8
PRl Gla (sl s Sy )0 5 Ul
L del> (29l ommse B Ol on aomis jo Sl 15555
ool Ol STy s S el Gl plsiea
4 S (Sl e S e g Blecen;
g Sleiin iy oy Suz (Jyere slailszol
4 288 Al plese ook oy s3b Kl Jle 4 4z L
ar gl b ge Gl el o pd g0l s (alEl L
Sl o BLFL iS55 utign el Cansts glia
Hlogoge bys= 50 6 5SL ade STy laasilS lgiea
g zylae
R
@ o plol gl olStils hgsy Cdslee 3 ot g
el w5l pasu pol dlie wiS o Sid ol
oaSiils ;o (JoSdge (Jobw (AalS ad)l (cwlid )5 aels L

sl 55 D plal gl olKsls sl pole

VP F Colguuo)l 90 0ylods e g (o 090

BLFL 5551 6 (o2fjisnt!
GreS b (Shpcan; glao )5 5 lag)ls Jgs sln
Silwygama oy (Y1) Sl o‘).o.m S Caomws
g il oo S5 Ol ojlul aSy) @ Az g Loy 00y
L N C‘L‘"" G u,...;bs‘ 9 6“’)‘5 o}‘..\j‘ u,...a:lf
Slwygame 200 (nlple w95 o0 gl G IS,L als
)‘ oolazwl lJ ‘) 5)10 )| &5&”53&)4[5 u‘)—a—ﬂ ..\)‘54‘5" 9 S| Yb
BRI WINIRE: KV-NRUN: PP VIDY-SONN TRpRUR Wt | PR Rrp SCON S KV
Obeansls Oles 5 GV Lawgi ol ploxl Godios
Slydgl yo (PPH) cpslsy, o (CPZ-HCD wl,lsy,000
GISL Pl s alfgs emdsel 3, L PLGA
3 CPZ-HCI 4> PLGA &l1,340 ojlail Kloe .o
Cowl oo oolaxwl <feY LoV S Los bl KOYe
aS b eolawl Y0 JSUl L g b 5l asdlas cpl jo (YY)
2 J sl Gl 8 CEF an i ol
O3l ple uals Jelge 51 (S 0s>  pol> axdllas
gy Sl esliinl b eSS Fg et n ol
03gate o dxdllas (pl o oud ader lH345L ojlail a5 ol
g dadlas ol bl anlie (YY) W )8 (5,155 yiegil VY-
ool ddgr Sldgl cawslie olasl sasmoylis o Sladlas
Geis onl 5o PLGA 0,556 (iuls, 4 azgi b wilos
b Gials )b 9o 4 ol el ol Gl Ol 55 slaas
a2 Shdglh olail g KA (pwyp ggeme y0 05
crl o (Las SEM (55 xSl 58y Soo Laws (o9 0
Bl it 231 S B gl IS8 S gy ol
Cewdds c)l:u OMSJ.JU SEM .Ia.w93 Q‘);Byla o)‘du| s
S3gil Jawsly oy DLS olftws ojlasl aujes 51 ool
2 elon Wb 5 gl 36l sl 5 i 58 PLGA
Sl 0 alie GYlRe ;o g —YY/F ¢ —VV/Y oogue

‘J)L‘> )..JL.J ﬂ\.alfjé uj.a.u.u‘aﬁ‘ Q’“Q) Lu AW ..\.JQJ PLGA

O3 (9ot (Sloyd = (Sl lods g S pele oGS alo


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

Ohes 9 (5 bt oo goge -

@)l 50 8 > 50 4S 009 4sbbl Jol> alis

S o B3lo dgls 358 GLBT 5 (aios Shb s g ol
3 il plyieas Slad g 5 Ko Gloin QBT e
S8l baosls Joloxi 5 5o 50 5 (oligles] IS plovl
i 2l 5 adsl Gialig (090 ;0 Gk dan g aLIl

plel gal> ol8zils Jbo colem b addllas ol i Jlo ol
el oo plool )45 Q>
3,10 0924 18l Ho P ylad

(O plol golz sBisls bawgi 5edo cnl Jlisgn
REC.YfeV--¥\0: ol 4 1 AS) el ouiis asls
(IRIHU

1-Moran CL, Debowski A, Vrielink A, Stubbs K,
Sarkar-Tyson M.  N-Acetyl-B-Hexosaminidase
Activity Is Important for Chitooligosaccharide
Metabolism and Biofilm Formation in Burkholderia
Pseudomallei. Environ Microbiol 2024; 26(1):
el6571.

2-Lee SH, Chong Ch, Lim BS, Chai SJ, Sam KK,
Mohamed R, et al. Burkholderia Pseudomallei
Animal and Human Isolates from Malaysia Exhibit
Different Phenotypic Characteristics. Diagnostic
Microbiology and Infectious Disease 2007; 58(3);
263-70.

3-Dejsirilert S. et al. Growth and Survival of
Pseudomonas Pseudomallei in Acidic Environments.
Jpn J Med Sci Biol 1991; 44(2): 63-74.

4-Nandi T, Ong C, Singh AP, Boddey J, Atkins T,
Sarkar-Tyson M, et al. A Genomic Survey of Positive
Selection in Burkholderia Pseudomallei Provides
Insights Into the Evolution of Accidental Virulence.
PLoS Pathogens 2010; 6(4): €1000845.

5-Coenye T, Vandamme P. Diversity and Significance
of Burkholderia Species Occupying Diverse
Ecological Niches. Environ Microbiol 2003; 5(9):
719-29.

VP F Colguuo)l 90 0ylods e g (o 090

6-Currie BJ, Ward L, Cheng AC. The Epidemiology
and Clinical Spectrum of Melioidosis: 540 Cases
from the 20 Year Darwin Prospective Study. PLoS
Negl Trop Dis 2010; 4(11): €900.

7-Cruz-Migoni A, Hautbergue GM, Artymiuk PJ, Baker
PJ, Bokori-Brown M, Chang CT, et al. A
Burkholderia Pseudomallei Toxin Inhibits Helicase
Activity of Translation Factor Eif4a. Science 2011;
334(6057): 821-4.

8-Kanaphun P, Thirawattanasuk N, Suputtamongkol Y,
Naigowit P, Dance DA, Smith MD, et al. Serology
and Carriage of Pseudomonas Pseudomallei: A
Prospective Study in 1000 Hospitalized Children in
Northeast Thailand. J Infect Dis 1993; 167(1): 30-3.

9-Wiersinga WJ, Virk HS, Torres AG, Currie BJ,
Peacock SJ, Dance DAB, et al. Melioidosis. Nat Rev
Dis Primers 2018; 4: 17107.

10-Wongtrakoongate P, Mongkoldhumrongkul N,
Chaijan S, Kamchonwongpaisan S, Tungpradabkul S.
Comparative Proteomic Profiles and the Potential
Markers Between Burkholderia Pseudomallei and
Burkholderia Thailandensis. Mol Cell Probes 2007;
21(2): 81-91.

O3 (9ot (Sloyd = (Sl lods g (S pale oGS Ao


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

11-Caruthers JM, Johnson ER, McKay DB. Crystal
Structure of Yeast Initiation Factor 4A, A DEAD-
Box RNA Helicase. Proc Natl Acad Sci USA 2000;
97(24): 13080-5.

12-Howe C, Sampath A, Spotnitz M. The Pseudomallei
Group: A Review. J Infect Dis 1971; 124(6): 598-606.

13-Marintchev A. Roles of Helicases in Translation
Initiation: A Mechanistic View. Biochim Biophys
Acta 2013; 1829(8): 799-8009.

14-Danhier F, Ansorena E, Silva JM, Coco R, Le Breton
A, Préat V. PLGA-Based Nanoparticles: An
Overview of Biomedical Applications. J Control
Release 2012; 161(2): 505-22.

15-Masoudi Kerahroudi M, Honari H, abdollahi M.
Expression of BIf1-Stx B Gene Cassette in E. Coli
and Investigation Antibody Titer in  Mice.
SSU_Journals 2017; 24(11): 876-86.

16-Russell DW, Sambrook J. Molecular Cloning: A
Laboratory Manual. 4th ed. Molecular Cloning, A
Laboratory Manual, 4th ed. Available at:
www.molecularcloning.org Cold Spring Harbor
Protocols, www.cshprotocols.org, 2001. Accessed
April 21, 2025.

17-Ahmadi AH, Honari H, Ebrahim Minaei M.
Cloning, Fusion, and Expression of Domain A-1
Protective Antigen (PA20) of Bacillus Anthracis and
N-Terminal Ipad Gene of Shigella in E. Coli. Qom
Univ Med Sci J 2015; 9(4): 20-9. [persian]

18-Tonello F, Pellizzari R, Pasqualato S, Grandi G,
Peggion E, Montecucco C. Recombinant and
Truncated Tetanus Neurotoxin Light Chain:
Cloning, Expression, Purification, and Proteolytic

Activity. Protein Expr Purif 1999; 15(2): 221-27.

\f.¥ %)ﬂ 9o o)lo.& dw g (oW 090

BLFL 05T 936 ol iones!

19-Bollag DM., Rozycki MD, Edelstein SJ. Protein
Methods, 1996. 2th ed, John Wiley & Sons, New
York; 1996.

20-Samiei A, Bianeh H, Nazarian S, Sadeghi D, Hojjati
Razgi AS, Zafarmand Samarin M. PLGA
Nanoparticles Containing Intimin-Flagellin Fusion
Protein for E. Coli O157:H7 Nano-Vaccine. Journal
of Immunological Methods 2023; 520 (113517): 1-8.

21-Tsolou A, Angelou E, Didaskalou S, Bikiaris D,
Avgoustakis K, Agianian B, et al. Folate and
Pegylated Aliphatic Polyester Nanoparticles for
Targeted Anticancer Drug Delivery. International
Journal of Nanomedicine 2020; 15: 4899-918.

22-Rotz LD, Khan AS, Lillibridge SR, Ostroff SM,
Hughes JM. Public Health Assessment of Potential
Biological Terrorism Agents. Emerg Infect Dis 2002;
8(2): 225-30.

23-Limmathurotsakul D, Wongratanacheewin S,
Teerawattanasook N, Wongsuvan G, Chaisuksant S,
Chetchotisakd P, et al. Increasing Incidence of
Human Melioidosis in Northeast Thailand. Am J
Trop Med Hyg 2010; 82(6): 1113-7.

24-Dance DA. Melioidosis as an Emerging Global
Problem. Acta tropica 2000; 74(2-3): 115-9.

25-Gassiep I, Armstrong M, Norton R. Human
Melioidosis. Clin Microbiol Rev 2020; 33(2):
e00006-19.

26-Currie BJ.  Melioidosis and  Burkholderia
Pseudomallei: Progress in Epidemiology, Diagnosis ,
Treatment and Vaccination. Curr Opin Infect Dis
2022; 35(6): 517-23.

27-Alhatmi H, Alharbi A, Bosaeed M, Aldosary O,

Aljohani S, Alalwan B, et al. Melioidosis: Case

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

Ohes 9 (5 bt oo Goge -

Reports of Confirmed Burkholderia Pseudomallei in Based Nanoparticles with Antimicrobial Properties
Saudi Arabia. J Infect Public Health 2020; 13(5): and their Application in Various Medical Conditions
824-6. or Infections. Polymers 2023; 15(17): 3597.
28-Dawson P, Duwell MM, Elrod MG, Thompson RJ, 31-Rezvantalab S, Mihandoost S, Rezaiee M. Machine
Crum DA, Jacobs RM, et al. Human Melioidosis Learning Assisted Exploration of the Influential
Caused by Novel Transmission of Burkholderia Parameters on the PLGA Nanoparticles. Sci Rep
Pseudomallei from Freshwater Home Aquarium, 2024; 14(1): 1114.
United States. Emerging Infectious Diseases 2021, 32-Nazarian S, Mousavi Gargari L. Immunogenicity
27(12): 3030. Evaluation of PLGA Nanoparticles Contains
29-Malina A, Cencic R, Pelletier J. Targeting Recombinant Cfab Protein from Enterotoxigenic
Translation Dependence in Cancer. Oncotarget Escherichia Coli. J Babol Univ Med Sci 2017; 19(9):
2011; 2(1-2): 76-88. 39-44.

30-Shakya AK, Al-Sulaibi M, Naik RR, Nsairat H,
Suboh S, Abulaila A. Review on PLGA Polymer

VP F Colguuo)l 90 0ylods e g (o 090 O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v33i2.18519
https://jssu.ssu.ac.ir/article-1-6295-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-05-11 ]

[ DOI: 10.18502/ssu.v33i2.18519 ]

Journal of Shahid Sadoughi University of Medical Sciences Received: 9 Oct 2024
Vol 33| NO 2 | Apr 2025 Accepted: 21 Jan 2025

Investigating the Immunogenicity of the BLF1 Antigen from
Burkhordria Pseudomallei with PLGA Nanoparticle in Mice

Mahdi Dehati', Hossein Honari', Davoud Sadeghi', Seyed Mojtaba Aghaie*

Introduction: The bacterium Burkhordria pseudomallei causes melioidosis in humans and can be
transmitted to the patients through oral ingestion, inhalation or skin scratches. The BLF1 protein from
this bacterium stops protein synthesis within host cells. PLGA serves as a biodegradable polymer for
incorporating various pharmaceutical and protein molecules. The aim of this study was to express the
BLF1 protein in E. coli and load it into PLGA polymer, and investigate its immunogenicity in
mice.Methods: In this research, the blfl gene expression was induced by IPTG, and the presence of
the recombinant protein was confirmed using the western blot technique. Antigen was loaded in
PLGA polymer. The size and zeta potential of nanoparticles containing protein were measured.
Protein with adjuvant; nanoparticles PLGA and PBS were administered to the groups of mice in two
and four doses. The level of antibody in their serum was measured using the ELISA test. Ultimately,
mice were exposed to BLF1 toxin. The data were analyzed utilizing SPSS 16 software.

Results: PLGA nanoparticles with protein exhibited a higher PDI size and a more negative zeta
potential compared to those without protein. The amount of protein loading in nanoparticles was
about 95%. The results of the challenge test indicated 50% protection of the group with nanoparticles
and 75% protection of the group with protein plus adjuvant.

Conclusion: According to the administration frequency and the antibody titer of the recombinant
protein with nanoparticles, along with the results obtained, this protein may be considered as a
potential vaccine candidate for melioidosis.

Keywords: BLF1, PLGA, myeloidosis, Borkhuadia pseudomallei, vaccine candidate.
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