[ Downloaded from ismj.bpums.ac.ir on 2025-11-18 ]

[ DOI: 10.61186/ismj.25.5.408 |

Iran South Med J 2022; 25(5): 408-421

/// 5 b asbialess

U"'Ju @l’ ‘é‘;‘ﬁ_&;ﬂw{J em‘gk
A Sl silig Obas 5 SKop f}‘b JEsls

OF) 55 5,30 AT dmis D o jled ooty 5 Sy S

YA i (il boghtly (g 399 oo dingt L1 () Siwi gl g (o150
900 93 i 38 T 9l (U35 g PCDNAS Sl 4959 49

cr(PhD) J_,.;:L.i.,é Wbl c*(PhD) ’-’3?'?’ rE.G‘ J(PhD) w.;.d Bt B o c*\(MSC) ’-"4("*” v.;,o
**Y(PhD) dbﬁué L}J

D})jls g‘;a)\...ﬂ :‘ji NESH N s&})}ls A=l gA.l\.; f}lﬁ 0SS s g&?ﬁj A}Jf‘
MW&}-@ f}lﬁ a@‘: gé.fa}; &.&}5 5\.&6}\9\.’3 0SS s ss‘;j\.} w.\.ﬁ.@a eJ;Y
;"J‘l‘ 4”.5}3 g;@_féﬁ ;;‘:'J.i f}\.ﬁ amb guwb’@l,' é.ﬁ); W) f}lﬁ 3@}}’ ‘w,b'@b' Jﬁ}dﬂﬁ#@@;ﬁ}f“

QNN /Y clia 3 pdy =)0V /F/YR e C3L,5)

e A~

g DAs b Lo yuSTy DNA Ll ol 3 . ilzils i sl lom 5 (oU mas S o Olsme L2815 5 5lge 53 Slodas L2 ba puSTy 14na )
s 63 Ol oS sl ol Olge & HPV) Ul slashal mg s Lol sboml (i (slagpSTy 51 (B0 O s als ,j,:
5 515 eslinal 3,90 STy DNA 35 5 sdly 5 slapmSTy sbml jgkiie 4 (L1 wgpg demesS (550 ly ol 53 ol 0 (2o
b e 3,8 e s 53 3T Ol s sHPV I8 gy L1 05 Sl olssle cilu 5 >lb o0 Siags opl 5l Bds .ol
35S ol pcDNA 3.1 hygro sl ;555 55 o 5 solwang 5 s HPV 18 g g L1 05 (g 20 andllae ol 55 tla g, 9 3l g0
o3lizul b HEK293 (glad shos 4 5l 5 555 S .ok plonl o pas S|y 5 colony PCR 003 31 eslial b Sd ks sl .ys S
«5Lw CDNA 5 o 7l el J 25 glad g 5 0 <SGl 5 glad g 51 JS RNA cosola VY 51y a2 plx! Turbofect Kzs1y 5l
43 plsil CDNA (55, » PCR plawl b d gl 53 MRNA ghaw 53 05 Oly (g 2 -

HPV 18- od up 05 K5l .l ol 31 Jlotsl o 53 FOP 5 CAI (sla e s (L1 05 JI5 (3letiopy Jliiky 45 5l 0L s (aaly
S5 ey S5 Kl gl 5 35 b CaBge b eu 5T ean 2815 5 PCR 308 0gajl 3l aslisul L PCDNAS il 5575 s L1
Al g )8 g e 53 L1 03 5ol go Oy sins 0L MRNA b 53 LL 55 0y ) laie .ol PCDNABL-LL

2555 ool e e DL 15 IN VRO Tl ps 53 L1 03 e Oly 53 ok sl Sl 5555 (2,8 (oo ol 51 Jolo gl 15 S aomst
b g 1ls 1, INVIVO dasl 53 el bl 45 STy DNA Ol gis 4 o3liiwl Skl Sls

5 6las Ol 09S (3lutngs (35 oS5 L1 05 (Sl slighal s s ts S U85

Olnl by gtz (Sis pshe ol&ls st (S o psle 80K 53 Bl Jie 5 (5 S b Sldios S 50 b ™
E.mail: taherkhanireza2005@yahoo.com
*ORCID: 0000-0002-4272-6198
**ORCID: 0000-0001-6499-0531


mailto:taherkhanireza2005@yahoo.com
http://dx.doi.org/10.61186/ismj.25.5.408
http://ismj.bpums.ac.ir/article-1-1657-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-18 ]

[ DOI: 10.61186/ismj.25.5.408 |

AER WAV *:5 L;‘l""';‘ \»}L::Li JIRS L1 o5 C)L;JC-@-?@B a)bj‘.w ¢~>L~‘9g;>|)b

UK IR

Ao L Ol sl 5 b IS5 i
Cogo b s e85 HPV wails glaolh o
Ol Jsbor 0355 J5ls 53 5 ot aSs sl
DNA 15 4 s s DNA 555 55 e plesl
S Ol s 2528 53 g 315, S Ol
055 0dd a8 o b 5l el el ol o 1L e
Cd Sl e O sl 8l e GlS1 E2 oL
Ol il 5 B2 05 e cuslr g,

A SV 35 o s SRS s RS
s HPV cojie 5l 6,80 55 e slagmsls
Chyiy a5 HPV L ks glagssles
Olalas 5 as Sl cpl a5l andls adae
Joli a5 (viral like particle-VLPS) . 5 4
Yo aose b ocl (HPV-LL) weS S5 055
SlairSly e Jod GlagSly () L3l o ol o
Sl 55 bty ol s oS, DNA L 5
3,50 05 Ol &8 &S Col Ghoady s G55
Sl L5 o 5 3500 15 0k glad e 215 55 s
SLossl I 0 Gl 2l 0o 2l
Jolse 0sls,l 5 Cida e 5 s s s ile Ciloses
5 O, Ogmen Jsie s baglen oo
Bl 3 So5i L b slagoben 5 pmsiless
sdalin e sladis 53 .(V0) sl axils 5,8
ol 3wl e DNA Wy 4 0 bS5 5 o
OV ol s yie Jalse 3l ol ade
Sl sty ple banslie o S5 slapmSls
WJyame 035 Foal Gosle W5 0 2l
DNA STy il o oLl (6,1 5 (g5l o503
@ OlS e s axdls (g5 aiews Sl (S5 Bl 4
ol 5 olal 0381w b SOl s

Olgee Jho 3 1, O 5L 5 Jste Jolso Cilisea

PRV

! L skat IR
LS byls (Human  papillomavirus-HPV)
Lol e Aver bl o il O« gor s o
Al e 20 5B 00 o3I L 5 slacs, 53 DNA 055
el 00 GLLE HPV (b5 Yo e 550 058G
Bk L e el HPV
5 XS o 03l oSy Seo Glags 5 Sl i
Sl pled Caxdy w4 s (s BSOS
e85 sl s sl () Wbl Olbge Jllyl
S Al o adol Sla s Ol b BLS S 5o s s
Obys dskw 53 DNA - o sis) 5 gsledslen 53
Ol sl gladshe pld b Olojen dzes Lo
L2 5 L1 aS slaptis g M5 5 b slads
I On s GBS gl o 5 a8l . Sl
(Y 5)) 558 e

30 o Jomiliy o a5 Loslaly 51 (2 4SGI L
53 b s bsloly slaca 35 51 o Lol iyl
ls s Sl 5 Ol > el Axe s
Jolo DLl 03 sy kol b ks e et
Wlas Jro Juls axb ble JLE ol O o (ki
5 0bas GOl s 5 daie ¢ Juls &I TP o
sl S Db (Y 5T LSl 0 e
Sl e AVl a8 L e Ol 0L s sl ol
S e S Jole 5 S e JBS 1, Sl B
L 03 m) o dalyd il e b YT
SOkt s V0 6 Sy Sl HPV (s s
HPV-18 4 HPV-16 o 55 5 ol oSt o
s s el 53 oy s Ol e 2o ST Jule
SEB slasy Sl aal y HPV (s 5 (7 50)

5 o5 kS O S e saSsn Jlee oL BY

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.61186/ismj.25.5.408
http://ismj.bpums.ac.ir/article-1-1657-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-18 ]

[ DOI: 10.61186/ismj.25.5.408 |

VEY s 5 3T /0 o sland /@26 5 Sy Il

o ZAAN

LIS 5lesleal b sl i« 45 DH5-Alpha
MJ}L....;‘JS g.Lt.Jﬁ Y5 SO PSS (JYJA '/\) (..:...15
%w”m 4oy giuil 3 éuéfspmm.,g;;
Sl sl (ke Lawl) LB-Agar
YV s Grlike 2 3 0 8550 Vo) g ol
RV R W PP TGO [ g WP
Ghls) edd asysansl 5 ECOll (g SL5l 04S
CiS e o Le 0 53 (HPV 18-L1 ad
5 S Sl STl s Gl S 4 ke ol
asl iy slas SU sl esls iS YV C gles
J?MW u":l’“” Sl esla L 44.l>-ja U'i‘ BE
Cgr b S o (o5 0 S Bioneer s ,x)
S A S ¥ oedd el dendly CudS s
VAT 5 YPr =50 b 3 o5 dar e b e
oo Sl andllas ol 53 .5 S (6, Sesll e il
)J:A.w}’\.g f}}jgﬂbw%%\)bfu

A3 S eslizel DNA cladas

PcDNA 3.1 Hygro jbs , 555 52 05 g5lwd gls
PUC-HPV 18 L1 cls doansdly 18 55 o 51 s
Nhel 5 Xhol st 57 pcDNA 3.1 Hygro
R I I S B o
4> 53 01 03505 0418 ol s pUC-HPV 18 L1
Al pla] PcDNA 3.1 Hygro sy d L
doss N 5T J5 s ey 2r g
5 Sl usSs askd paldsd ki 4l 5,58 S
DNA oo oS L 38T J5 Sl el Conmyls 05
eslizal s S 528wl BIONEER &S, J5 5

S bl 5 L1 05 o Jlal sl ke 4

Sl O w4 L LOVYYY) sl Ol
S OgelianSly Canl 5 sy Logloly Cisie
DNA (glapusly bl @ ary b5 Koy
L?’j e)lj)'l.w Sl B f\;la axllas u.:\ )\ [PREERVY

L s, g0l

So5lr dobw 5 b, 585 (2l SU slaa g

wye ECON o SU 31 oo asdls cpl s
e (K.l Novagen s .:) DH5-Alpha
sl L1 05 55l deendly 5 5 3la0lS
03 Ol (o o sbite &0 Gl (55 w3 S
oLl pwr adS” Jl on; 5l g5 s 55 L1
HEK 293(Human Embryonic Kidney 293)
oot oIS 5 5 ealind (051 J e SO
eSS, buwg HPV-18  s.s L1 05 eus
53 5 5 (Biomatik (Canada) 15U Sz sl
) Sl 558 5l s S 04l pUC w8,
dnvitrogen s & c==L.) cDNA 3.1 hygro
(o > 0l Ol LSy Olge a4 (S
Coslie il eslizel Kyl Clu g S S s
(Sl afw 25,9) bl & (S
el any 0l 5 oL SL lad sl bl ol
PCDNA (+) ;58 50310l .l 5555 0l sla S5
Loy o3Il AEL s 5L i 0FYV 3.1 hygro
¥ o Jsene psba 5 andls Cuenl U Slasl ol
28 3 g a0 b s sl e LS VY I

53 PUC-HPV-L1 4S5 O guls,sauil 5
E.coli slad g
5w E.coli ¢ 54 s HPV 18-L1 pUC el

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.61186/ismj.25.5.408
http://ismj.bpums.ac.ir/article-1-1657-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-18 ]

[ DOI: 10.61186/ismj.25.5.408 |

AN /\A%@u‘ Lﬂ_}lﬁ‘.gx uﬂ"ﬁ"l—l C)j C)L;JC-@-?@B a)bj‘.w ¢~>L~‘9&;>|)b

UK IR

OF 3l 00 3505 Jlazd il Aoy ot
S A deendly JWEE ey LI Ol 055
LSy 5l eslisad L HEK293  bad b «
ek S (KT i ge 5 oS 2) Turbofect
S8 el YF bl Wil e SssS
A 0 e 3 ke V00 Sliss iS5
L at, Ol VF cll Salr a3 G b
S sy U s bad sk dm 5as 53 crl b
Y i U S e )5 S Vv e s
DNA ¢ S5 5.s\ 5 Turbofect Sasly 2l S
S e okd Bl s S S 4 Sy
A esls 13 GBI sles 5s aids Yo JIN0 5 el
CARPINCREIS N PP ERE JERUNED
IV OC 5SSl w0 bdshe il osls S _al)T «
Sy50 ey ,S s i CO2 wwoys 0 (sl
(J28) sdis oSindls ladshe bl aallas
PCDNA 3.1 sy Lo oSl 5 slad sl
Lot oSauily sadse 5 (JzS) Hygro
pcDNA 3.1 Hygro-HPV18 .54 el
S 5l Sl ¥ sl 05 5 s gl S aib s L1

Al e S b sl p

oSl 3 ool U RNA mbaws 55 05 0l (g 5

RT-PCR
Sals o gladgho (2Sausl 55l e el VY
5 ookd Goslper 5wt Lael PBS L L
oadss s el CDNA el 5 ol ]
oS 5l eslizad L HEK293 claJ b 5 RNA
A el (0T 035LS) Qiagen RNeasy (¢l
Sl sl Sl eslizal b eds Ladss RNA ol
S okt 6 Ad s (K el e 5 25 ,2)
(Jste DNA L RNA S5 01 Jlax=l 035 oy

DNA .5l 5l was alls pcDNA 3.1 Hygro
@ Izl d e gls LSl s S eslinal T4 5K
PCDNA Lol 51 (p S50 ) 2y Sn ¥ o500
Y L1 055G 8 50 40) 15 e ¥/0 3.1 Hygro
Yoo (X)) chle Ve S L5 1 S
NEB s 5) T4 5K DNA 31 51 2y S
S TS S P
Sl ol e 6 Bolie S, | ek
6L eis s Eeoli 681 @ S 55 ety
Gilae (S am Sl ol ek s n aes il S
SO pluld e 4 A bl 5 A
3550 2 PCR S4S JiS1y oS 55 ey (51>
Aol Lo (g5 o3 S A, o IS ST ol
Coge 4 el Sosm sl s L
SIST U5 535 2 POR s 2l 5 i
S5 L als 5l s S 55505 5801 Ao
LoDy ot Cgr 5 A8 bl ez PCR
S ol s bl el wls oS
« s~ 3| 2a L PcDNA 3.1 Hygro-HPV18 L1
(S 1 NEB s ,2) Xhol 5 Nhel lan 51 L
Shadm WA o 8 055 b anksd 75 5 b e
V58T U5 Gas xSl dpame 5 LS plonl

O0) L5 3 5,555 80 Ao

-HPV 18 L pcDNA 3.1 slg o)ls3ke Js!

o5br glad s « Hygro
PCDNA 3.1 Hygro-HPV18 L1_.s ;& dasdl
5 S sty padss ol ST T
055 oS e Sl eslinad oSy Gadss Wy, s

L Ji)sﬂ}"" L OJ\'J’»;L:J.:‘J} W) Jv;wm L;Lol

rj.é )‘ oslaal oS ‘J’f .Ju')‘b ﬁ*—ljjj‘ c.,\.iLw 6)[«41.).;-

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.61186/ismj.25.5.408
http://ismj.bpums.ac.ir/article-1-1657-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-18 ]

[ DOI: 10.61186/ismj.25.5.408 |

VEY s 5 3T /0 o sland /@26 5 Sy Il

e Cb/FY

bl sy el i Sl YO STy sl
s 1 JSew YO e A0 °C aids 0 Juls PCR
s sl ¥ ey 4 °C (denaturation) i
bs 5 43U ¥ oue £+ °C (@nnealing) Jlas
d> s 5 4B Y Sues VY °C (extension) L.
54 sl 423y 0 (final elongation) L, Ll
S35 4o ol Y pams RT-PCR ool 51 n,
Jsb (19) 335 o 55585, Asys ¥ 5,81 U5

Lasl

L1 o5 silmwang:
oS sy QLS LY 05 eyl s silS s s e
»bgllss b B s s
o -+ <y (Rare or low-Usage Codon)
L das (RalS 1 s 5 o Bl il e oS AL
Sl n il SIMRNA O e s 2~
L1 05 5 50 bosdS lang b oS 38
U oS Ol 63,08 slaosaS ulul
0388 85l Laxls T was el i
o,43 «S (Codon Adaptation Index-CAl)
b das e 0L 1 05 S s el bl 0508
HPV-18 5.5 L103 JIs siluang 3l du s
VY 5PV s e GenSceript sl 5SS L
5> CAl jlais JIg gileang Sl b Sl 55

(O JSe) el il JTe] =

.= 5 &, 5o RNase Free DNase ('U'"T Ll
CSLE) ol oSl eslizad L CDNA =L
o a osle ol el (S al (b s 5
Vool A e 5l fol- RNA 51 2y S Ve
oSy s engssl Oligo dT sl 2l S
ol 5 o osls 13 Ve °C s 4ids 0 e
O LRT 5L 51 oy o ¥ el Jime 0 w0
cble LANTP 1 2l S Y 5 BX) ke ol
RNase s lee 51 s Ko /0 5 ;¥ 50 Lo Vo
S A S V0 5 25 See po Al Fr e
5 o355 w5 o RNase 51 gle Lzal O
i SOV OC glos s aids 0 des ST
oS s 505 P Gids S V) Al Yo
« (MMLV Reverse Transcriptase) . ;Sse
Y OC s coll Coday 5 o wilsl Sty
OC 5 4i3s 10 Sy (ST Solg L L 4SS
CDNA (5, » PCR _iSly .as Jué e 50
Sl 55 5 et il 5 slad gl 51 ol
S el o 5 o5l L Jd xS

Forward AAGGAGCACAAATCTGACCATCTG
Reverse TCTCCTTCAGGTCCACATTCCAG

oS 75 5IPCR 0 5a51 g 5L 3550 3150 1 plnl]
PCR L Jsls PCR il s g 005k
VO 4l MOCl2 Ol L (OX) clale 1 Y
A=15 ) S ANTP o 5l Y505 Koo Yoo Y50 Js
il o 5l N pes Sea /Y Gledy DNA 3
o S 0le CONA 1)y o) 5 iS5 sy

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.61186/ismj.25.5.408
http://ismj.bpums.ac.ir/article-1-1657-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-18 ]

[ DOI: 10.61186/ismj.25.5.408 |

\‘\Y‘/\/\%&u‘ \»}L::Li uﬂ"ﬁ"l—l C)j C)L;JC-@-?@B ‘J‘}J'L“' C~>L~3f|,b Qb&aﬁ_’)x > )

mIZation

After OptimumGene™ Opt

Codon Adaptation Index (CAl)

;a0
270
# a0
% 50
$an
A
‘; kRS ¥
wzobhe-bo--b
= ‘l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
) 200 400 E00 B0 1000 1200 1400 1600 o 200 00 B0 o0 1000 Lzon 1400 1600
Relative Position of codons Relative Position of codons
0.94 CA 0.67

Y & 2V 5ICAL O L1 05 s5leang 3 4x (Codon Adaptation Index (CAD) o5 Jis Jsb 55 65,008 058 Jlsl @is (0 S
3l a5l

Fig 1) Distribution of codon usage frequency in the gene se(éuence Codon Adaptation Index-CAl). After
optimizing L1 gene, CAl increased from 0.67 to 0.94.
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Fig 2) Percentage distribution of optimal codons (Freqfuency of Optimal Codons-FOP). After the optimization of the
L1 gene (green diagram), the FOP value with a ranﬁe of 91 th> 10(? increased from 28% of the optimal codon to 73% of
the optimal codon.
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Fig 3) Evaluation results of the GC content peak before (blue graph) and after (green graph) L1 gene sequence
optimization. The optimal percentage range of GC content is between 30% and 70%, and GC content peaks are
identified and removed in a bp60 window.

53815 5l e w2 pPcDNA 3.1 hygro b ;555
S Olabl e 4 s 8 s J5 5l 5 e ey
Ao 3V S padss a5l s e ¥ el S
2d LoDy ChlE oan (0 JSK2) A2 55 585 S
O axkd clald 5 il S o sl p S AL VY e

By s S o slil 4 e S50

05 Sss e Ll 0y Kuds ol
~=2» PCDNA3.1 hygr b 555 ,HPV 18-L1
PCDNA 5 pUC-HPV 18-L1 slasedly os 5]
L Nhel ; Xhol 6Lam~j 5 eslezad L 3.1 hygro
V5 ekt s slaysSs s el plndl Lodd e

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.61186/ismj.25.5.408
http://ismj.bpums.ac.ir/article-1-1657-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-18 ]

[ DOI: 10.61186/ism;j.25.5.408 ]

VO /A g{.j ‘,'L.JI Le_g.\..aqb‘ SRS L1 o5 QL_-»C-@’J} an}Lo sL."»ijbe b‘)m")xr—.")

Y Ot s odd oan iS5 Y Ot ol pdn 5355 ) Ogiw PUC-HPV 18-L1 |5 o 5T n A Ly 555 pos 5T oo plonil 4 (F IS0
ol ean S5 Y O 5 el pan 5585 Y Oy DNA S0 02 PCDNA 3L HYQIO |5 oo 51 o2 B DNA s L
Fig 4) Result of restriction enzyme digestion of vectors. A. Enzymatic digéestion of pUC-HPV 18-L1 vector. Column 1

undigested vector, column 2 digested vector, and column 3 DNA ladder. B. Enzymatic digestion of pcDNA 3.1 Hygro
vector. Column 1 DNA ladder, column 2 undigested vector, and column 3 digested vector.
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Fig 5) The electrophoresis result of Purified vector and gene fragment. Columns 1 and 2 purified pcDNA 3.1 Hygro
vector, columns 3 and 4 purified L1 gene fragment from pUC-HPV 18L1, and column 5 DNA ladder.
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Fig 6) The result of PCR colony reaction. The specific
band of 350 bp can be seen in columns 4 and 5. Column
1; DNA ladder and column 6; the negative control.
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Fig 8) The electrophoresis result of isolated total RNA.
Column 1; extracted RNA from transfected cells with re-
combinant plasmid and column 2;
extracted RNA from control cells.
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Fig 9) The electrophoresis results of RT-PCR
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Background: Vaccines have played a special role in controlling and reducing mortality from infectious
diseases. In this regard, DNA vaccines were developed to ease the production and reduce the risks of
traditional vaccines. Human papillomavirus (HPV) has been introduced as the causing agent of cervical
cancer. The capsid protein (L1) of HPV has been used to produce subunit and DNA vaccines. The aim of
this experimental research is to design and construct the L1 expression system of HPV 18 and to investigate
its expression in eukaryatic cells.

Method and Materials: In this experimental study, the L1 gene of HPV 18 was subcloned in the expression
vector pcDNA 3.1 Hygro after optimization and synthesis. Cloning was confirmed through colony PCR test
and enzyme digestion reaction. The expression vector was transfected into HEK293 cells using the Turbofect
reagent. After 72 hours, total RNA was extracted from transfected cells and control cells and cDNA was
synthesized. Gene expression was examined at the mRNA level in cells by performing PCR on cDNA.
Results: The results showed that following the optimization of the L1 gene sequence, the CAl and Fop indices
increased to an ideal level. The cloning of the optimized HPV 18-L1 gene in the pcDNA3 expression vector was
successfully confirmed by colony PCR test and enzyme digestion reaction, and the results indicate the production
of recombinant plasmid pCDNA3.1-L1. Finally, the evaluation of the L1 gene at the mRNA expression level
showed the successful expression of the L1 gene in the eukaryotic system.

Conclusion: The results of this research show the effectiveness of the constructed expression vector in the
effective expression of the L1 gene in vitro. This expression vector can be used as a DNA vaccine in future studies.
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