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' Codon Adaptation Index (CAl)

After OptimumGene™ Optimization
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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.

Sl Jwe g8 Slls o SYL sdasOlis S 08 cbesls 3 L S
ATl 8l ol Ol G s alind s~ lkemura L. s « (Codon Usage Index)
WLOsS 5l doys YA Ol L1 05 Iy (sileang s oS Sl NI
03 g Yer B AY 5l glawls L FOP value i)l .| (frequency of optimal codon usage-Fop)
Ao WG Ji5 Silwag §ldn S Sose W) 550 ol 5505 Ol prhawe 0 Sty (sl oS
Voo B AY 5l glawls L FOP value lyls laysas JS 3l serme 4 dgr Ll IS sl s (VA

(Y JK8) sl Voo sde il e FOp KL Cosl e (sla0s0S

Frequency of Optimal Codons (FOP)

rcentage of Codens
Percentage of Codens

Pe

-1 11-20 21-30 31-40 41-50 51-60 61-70 71-80 §1-90 S1-100 0-10  11-20 21-30 31-40 41-%0 S1-60 A1-70 F1-80 B1-50 §1-100

lis G la5es) L1 05 JI55 (o5l 51 an (Frequency of Optimal Codons (FOP)) «g (sbaosi8 @5 s (Y IS
b il 3l ang 05U VY @ aing 055 AYA 31V es B4 1 glawls L FOP value

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 ranﬁ]e of 91 th> 105) increased from 28% of the optimal codon to 73% of
the optimal codon.

http://bpums.ac.ir


http://bpums.ac.ir/

VEY s 5 3T /0 o sland /020 5 Sy Il

o g g:.b/’f\’f

POlYyA(AATAAA)  Splice  (GGTGAT)
4 Destabilizing(ATTTA) PolyAATTAAA)
<.g J s | Antiviral Motifs s PolyT (TTTTTT)
sBii e B jole Al el i L1 0F el
sk s e s sy e 53 05 Ol & Lz

(Y’Ji..»),\,.s&(...l@w

Ao den OAS Vb ol g e
25 Glal Cleens 5 oglasl s, MRNA
Bl glaokatle 5 L S wup AT L GC b gims
AMRNA Il 5 p o550, Jal 5, S il
Wi b e Sad wlSs oS e
Joli CIS-Acting Elements osle  (s3luaang

GC Content Adjustment

After Co mGene’
B T 10
LT I T T T =
A R e R a0
B ey et 70
> 2 o
fe \l,#- ------ = an
S O N W g G 3
c c O
T 3 i
g g
R B 2
Pl R R R R g o
LT B e 10
] EIE 52 S FITETI FR) 400 Leod
Relallve Position of cndnnu
5742 Average GC content

" Optimization

X 7 X T 14
Relative Position of codons

41.08

BT 0lbe GC (g yme woslan do s aials L1 05 I (s3letinge 51 Gow Jla303) dns 5 (ol Jls5ed) U3 GC Sl Sy s @ (7 S

J}.&JA xJ.X;—ju_lL.aL.Jai'bp o o g,<.:_):GC Sy ‘_gl.&gi.:.‘v}.,\.ébb;a\/'/

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.
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odh an g5V D 5 0di pan 5355 Y 0w DNA S5le) 052 PCDNA 3.1 HYGro ;55 w5l o2e B DNA 5L
Fig 4) Result of restriction enzyme digestion of vectors. A. Enzymatic digestion 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
products. Column 1; non-transfected cells (control),
column 2; DNA ladder, column 3; transfected cells

with pcDNA 3.1 plasmid (control) and column 4;
transfected cells with pcDNA 3.1 H(P/gro-HPV18 L1
recombinant plasmid.
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Fig 7) Confirmation of cloning using restriction
enzyme digestion method. Column 1; digested vector,
column 2; digested vector and column 3; DNA ladder.

HEK293 (slad s tL1 05 Ol ) 5 Sl 5
Ve >)J\>-{,S|J345v_3b;jul.ﬂ YY 5l g odd S
PCDNA 3-L1 sy dwnd b il doy
lad ko (piSKandl 55l ey Gl VY as oSGl 5
o Sy JaS gladshe 5 oedd Sall
chle s el RNA sl 5 oad LsuT@}.
IS 5 odd oSl 5 sladshe 5l ods = S RNA
YOr 5 ads S a bl p S A A sl e
S A S Al S s Gl e g S
Aoy3) 5505 S5 53 0l ol Sl RNA G 565 S
156 28SIRNA 5 185 TRNA [ aseie il s oalie

A IS8 a3l o RNA [ 2)ss Coes oS

http://bpums.ac.ir


http://bpums.ac.ir/

\ANAYS ‘-3""‘-: ‘;?L.‘J \.a‘,l:a_\.; SRS L1 o5 «)L_-»C.-de U‘JJ'L‘-" C}L«}fbb

:)‘)m‘})};- )

SHPV b sl gl ade oS’ (5,80 slagSls
Lok g5 nl Yl st 5 e A 5P gl dax
L e Do 4 ey Al ok a- B
N G R T ST I NS S-S GNP P P
sems ol b obleds S5 add Jb g b oedd
oans N BB plie 4 wey o S lag)lshs
535 3l s ol s Jale S s Loshls
BAE s 3 e S S ezl ol s LS
G odd Col sl ol 0L @ sy L0
B a5 5,0 HPV (6l s sus 55 (sla ST s sl

(V) 5,8
oo 5 HPV 35 g o sl 280 g1 o S|
CaieSly ag oo Ly el i L1 aes
5o sk Dlalllas yy ol asls HPV ale g1y 55
s34 by L1 05 Ll DNA sls sl i
o 5 Sy STs (SIS Ol oo (558 Lo sl
A o s B Slos oSl LS Ol
Gl 0l Lol isucils) w5 ol a S
b 53 L1 j5 Ol &ose 53 uamen (YY)
DS S ISE 5 s Gl gl SO iy
ad D3 s oy VIP wpguge sy 4
Ol a5 by o slo 5 oYU (o5 sl ) s
wwny opl 53 (YF) Wla 3 eslinal 3550 Sy
P8 plie Ol sl S5 Sl Glagitonm plulis
Oy el Ll ool Cuenl I LY s
SUE S, sl 53 oS 55 slaos
S S8 il 4 a5V a3k
Sy sl glaess o35, AL e 3150 5 03
My e Gl e S 5 i el Ol w
5 kel Cuge Lledd el LS5y Y g

sl B Oy Sl St S

Sl ol ol 5 (Hb 2 asn ol 0
Gl 30T 0l ) » sHPVI8 s 5 L1 055
R S S (S s S el S8
G058 silutg DNA L oo Sty oo
Spla cpmmen (Yo 5 VQ) Wil e Cida O3
5 eslinad Oley Jsls OLaS OLKea 5 (Simabuco)
U avglie 53 ol agr sla05 Jol= DNA (sla,ss
FP P 5 dlpesr Sl mol g b Glal)
Siloangs J o= e 53 (Y1) 235 e sl
S U HPV-18 5., L1 03 5 Jis
il JTe a3 CA jlaz. GenScript i s3le 5
L FOP value lyls apsaS 3l dwys VY 5 sl
Srobe s laciise pioman LA Ve BA) 5l (glaals
e osba b aem Sy sy e 52 05 O &S
LAE Gl el g 0F JI5 S S e odas
Ok o Sl o s e Jelse o) (S3lotig:
53 OA 3 WV) sesinvivo 5 invitro ;s L1 o3
52 HPV 18-L1 05 Kl Clo gl ol s,
PCR s 5L pCDNA 3.1 hygr Jb 5455
5 Xhol 6Lam~ﬂ Sheslizad b au 3 an Sy
JUES] 5 il 3 5l g o Sl 2o 50 LN
Gadske & PCDNAZ-LL 55 tandl
05 Okt o sstae 4 RT-PCR 2y, JHEK293
AL sdalie oS W5 S eslitdl MRNA s
5> L1035 53 ge 0l oS a3l Oga3l ) s ol

Sy edd Sl g slad she
HPV) Ll sbosaly b b (Sl
A e Olgr 53 (i i Jie (ol (Sl
S35 oS Dl 4 Sl o DL pieas
sul ol edd OU et 4 58 HPV .

http://bpums.ac.ir


http://bpums.ac.ir/

VEY s 5 3T /0 o sland /020 5 Sy Il

e g..b AR

LSS LN VIVO 3 S5 gag) sl oy 51 L3

3,8 3 Al 5550 O O s b ol 4l st

&S o
©s= PCDNAZ-LL L 5585 el ol aslls
Ol 52 585 LB Grzmen s L1 OJedd g JIg
Oly s e Ol 1y N Vitro Ll s 55 L1 05 S5
PCDNAS 555 55 L1 edd 08 5o gy 05 585
Sl e O Ok Bl
ol il s Of Oy Cuibge s (N VitrO)
Sy DNA ladllas 3 eslid <Ll 5 (in Vivo)
a3liul 3550 pSls b3sl g B as o [y s o
s s HPVAI8 wle iy STy o o 5,8 13
Olzan da STy ol Dlasls VL a5 [ Jy 000
oS 5 5 oSl 4 i U iy Slids 4 5L

N R T T

S8 5 b

S5 Al ol lS slate 1L 0Ll Jool llie
Sl gn b Sl Jb Colam o a5 il s
dewsopds e cpl OB Ns 5 5 Oliis .Cd
Sloens (e 5l 15 0 S&5 5 p8 Sl
S5 3 S S b S S e g s ool
Aol e f‘ju«l ud)u@k;.-

éL’.a:L,bJ
O OBty huyg sle o)l $5me

ol 0SS

References:

JM R ‘LAL.}-;Sjﬁ BE c?w ‘_5:)}5-[3
oz Sl lis a5 51 ey Dl el 5 25
ol 48 L3l o 0T 3 0ol jhd 5 05Dl 3 SIS
ol s ¢ Oapsl S a4 S Ol i
Sl 5 LIS S 53 4 Oy slad b 53 05
(9 dily_po ob 58 Sl alsls s Slo ol S S
O3l ool S 5 5 L LT 05 el & a5,
Ly ormSly i e 535,008 sl p p3Y o S
)j:sj &LJ-L.A B} f‘jb J‘ = J..pl;- AJJLLA e CJJ‘J
el HEK293 (glad shor 53 (350 0L G2 b ) R
Qt:.) 6‘): WLA QL:JAA HEK293 L;jl.w 02 J\._!‘J)§
W S b 005 JNast OIS 15 il o LL 05 5
249 J_}L"" [+5) U'i‘ “ J)w LSL"‘J’)) )‘ oalal l.’

(YV) .))‘.)
LSLAQJ )‘ LS'-ij; L5'3‘ L;“jjﬁ Lﬁ':j OJK.M: CQ‘JKAAJ)‘)AL!
05,5 048 Gl pcDNA3 L 485 01, L2 L1
el COTBL sla 5pe 53 1) Sl smsl Lol 5
OLES 1y 3e mal froly sloml LaOT anlllas s sl
mRNAcb.w)Jd'}-dj QL«J Or Jﬁj u,:‘bm‘.)
L g PCDNAS Sl 5555 50 05 S 04 Clu 3l s
‘)\ Eee Lo axllae B (Y/\) Sl oS rbu‘ QL&.&}pﬂ uil
S oS Ll edd g 05 005 08 ol
o..a\.é‘:fbu\wy})ck.w)bl.&qdk:.tdw)ijCDNA3

°‘L€.1wa)3ﬁbé‘ub@w£}ﬁf“cﬁ“

1.Yousefi Z, Aria H, Ghaedrahmati F, et al. An
Update on Human Papilloma Virus Vaccines:
History, Types, Protection, and Efficacy. Front

Immunol 2022; 12: 805695. doi:
10.3389/fimmu.2021.805695.

http://bpums.ac.ir


http://bpums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/35154080/

14 /\A ‘-3"'5; u'ol..d| \.a‘,l:a_\.; SRS L1 o5 «)L_-»C.-de U‘JJ'L‘-" C}L«}fbb

:)‘)m‘})};- )

2.Magalhaes GM, Vieira EC, Garcia LC, et al.
Update on human papilloma virus - part I:
epidemiology, pathogenesis, and clinical
spectrum. An Bras Dermatol 2021; 96(1): 1-16.
doi: 10.1016/j.abd.2020.11.003.

3.Araldi RP, Sant'Ana TA, Modolo DG, etal. The
human papillomavirus (HPV)-related cancer
biology: An overview. Biomed Pharmacother
2018; 106: 1537-56. doi:
10.1016/j.biopha.2018.06.149.

4.Soheili M, Keyvani H, Soheili M, et al. Human
papilloma virus: A review study of
pidemiology,  carcinogenesis,  diagnostic
methods, and treatment of all HPV-related
cancers. Med J Islam Repub Iran 2021; 35: 65.
doi: 10.47176/mjiri.35.65.

5.Croshie EJ, Einstein MH, Franceschi S, et al.
Human papillomavirus and cervical cancer.
Lancet 2013; 382(9895): 889-99. doi:
10.1016/S0140-6736(13)60022-7.

6.Sung H, Ferlay J, Siegel RL, et al. Global
Cancer Statistics 2020: GLOBOCAN Estimates
of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. CA Cancer J Clin
2021; 71(3): 209-49. doi: 10.3322/caac.21660.

7.Balasubramaniam SD, Balakrishnan V, Oon
CE, et al. Key Molecular Events in Cervical
Cancer Development. Medicina (Kaunas)
2019; 55(7): 384. doi:
10.3390/medicina55070384.

8.Wilting SM, Steenbergen RDM. Molecular
events leading to HPV-induced high grade
neoplasia. Papillomavirus Res 2016; 2: 85-8.
doi: 10.1016/j.pvr.2016.04.003.

9.Roden RBS, Stern PL. Opportunities and
challenges for human  papillomavirus
vaccination in cancer. Nat Rev Cancer 2018;
18(4): 240-54. doi: 10.1038/nrc.2018.13.

10.Lee J, Arun Kumar S, Jhan YY, et al
Engineering DNA vaccines against infectious
diseases. Acta Biomater 2018; 80: 31-47. doi:
10.1016/j.actbio.2018.08.033.

11.Marc MA, Dominguez-Alvarez E, Gamazo C.
Nucleic acid vaccination strategies against
infectious diseases. Expert Opin Drug Deliv
2015; 12(12): 1851-65. doi:
10.1517/17425247.2015.1077559.

12.Williams JA. Vector Design for Improved
DNA Vaccine Efficacy, Safety and Production.
Vaccines (Basel) 2013; 1(3): 225-49. doi:
10.3390/vaccines1030225.

13.Stenler S, Blomberg P, Smith CI. Safety and
efficacy of DNA vaccines: plasmids vs.
minicircles. Hum Vaccin Immunother 2014;
10(5): 1306-8. doi: 10.4161/hv.28077.

14.Sadeghi M, Doosti A. Cloning and Study of
Expression of Helicobacter Pylori FlaAGene in
Eukaryotic System. Iran South Med J 2017;
20(3): 245-56. (Persian) URL.:
http://ismj.bpums.ac.ir/article-1-876-en.html .

15.Taherkhani R, Farshadpour F, Makvandi M, et
al. Cloning of fliC Gene From Salmonella
typhimurium in the Expression Vector pVAX1
and Evaluation of its Expression in Eukaryotic
Cells. Jundishapur J Microbiol 2014; 7(11):
e12351. doi: 10.5812/jjm.12351.

16.Taherkhani R, Farzaneh MR, Taherkhani S, et
al. Molecular Detection of Epstein-Barr virus in
Biopsy Samples of Patients Suffering from
Bladder Cancer in Bushehr Province, Iran. Iran
South Med J 2022; 25(4): 326-39. URL:
http://ismj.bpums.ac.ir/article-1-1640-en.html .

17.1kemura T. Correlation between the
abundance of Escherichia coli transfer RNAs
and the occurrence of the respective codons in
its protein genes: a proposal for a synonymous
codon choice that is optimal for the E. coli
translational system. J Mol Biol 1981; 151(3):
389-409. doi: 10.1016/0022-2836(81)90003-6.

18.Ikemura T. Correlation between the
abundance of Escherichia coli transfer RNAs
and the occurrence of the respective codons in
its protein genes. J Mol Biol 1981; 146(1): 1-
21. doi: 10.1016/0022-2836(81)90363-6.

19.Farshadpour F, Makvandi M, Taherkhani R.
Design, Construction and Cloning of Truncated
ORF2 and tPAsp-PADRE-Truncated ORF2
Gene Cassette From Hepatitis E Virus in the
pVAX1 Expression Vector. Jundishapur J
Microbiol 2015; 8(12): €26035. doi:
10.5812/jjm.26035.

20.Farshadpour F, Taherkhani R, Makvandi M, et
al.  Codon-Optimized  Expression  and
Purification of Truncated ORF2 Protein of
Hepatitis E Virus in Escherichia coli.

http://bpums.ac.ir


http://bpums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/33341319/
https://pubmed.ncbi.nlm.nih.gov/30119229/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8278030/
https://pubmed.ncbi.nlm.nih.gov/23618600/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/31319555/
https://www.sciencedirect.com/science/article/pii/S2405852116300131
https://pubmed.ncbi.nlm.nih.gov/29497146/
https://pubmed.ncbi.nlm.nih.gov/30172933/
https://pubmed.ncbi.nlm.nih.gov/26365499/
https://pubmed.ncbi.nlm.nih.gov/26344110/
https://pubmed.ncbi.nlm.nih.gov/24553064/
http://ismj.bpums.ac.ir/article-1-876-en.html
https://pubmed.ncbi.nlm.nih.gov/25774273/
http://ismj.bpums.ac.ir/article-1-1640-en.html
https://pubmed.ncbi.nlm.nih.gov/6175758/
https://pubmed.ncbi.nlm.nih.gov/6167728/
https://pubmed.ncbi.nlm.nih.gov/26865938/

VEY s 5 3T /0 o sland /020 5 Sy Il

e dAAN

Jundishapur J Microbiol 2014; 7(7): e11261.
doi: 10.5812/jjm.11261.

21.Simabuco FM, Tamura RE, Carromeu C, et al.
Gene optimization leads to robust expression of
human respiratory syncytial virus nucleoprotein
and phosphoprotein in  human cells and
induction of humoral immunity in mice. J Virol
Methods  2009; 158(1-2): 93-9. doi:
10.1016/j.jviromet.2009.01.024.

22.Harper DM, DeMars LR. HPV vaccines - A
review of the first decade. Gynecol Oncol 2017;
146(1): 196-204. doi:
10.1016/j.ygyno.2017.04.004.

23.Yang B, Yang A, Peng S, et al. Co-
administration with DNA  encoding
papillomavirus capsid proteins enhances the
antitumor effects generated by therapeutic HPV
DNA vaccination. Cell Biosci 2015; 5: 35. doi:
10.1186/s13578-015-0025-y.

24.Kumar S, Biswas M, Jose T. HPV vaccine:
Current status and future directions. Med J

Armed Forces India 2015; 71(2): 171-7. doi:
10.1016/j.mjafi.2015.02.006.

25.Lalonde ME, Durocher Y. Therapeutic
glycoprotein production in mammalian cells. J
Biotechnol ~ 2017; 251: 128-40. doi:
10.1016/j.jbiotec.2017.04.028.

26.Zhu J. Mammalian cell protein expression for
biopharmaceutical production. Biotechnol Adv
2012; 30(5): 1158-70. doi:
10.1016/j.biotechadv.2011.08.022.

27.Nettleship JE, Watson PJ, Rahman-Huq N, et
al. Transient expression in HEK 293 cells: an
alternative to E. coli for the production of
secreted and intracellular mammalian proteins.
Methods Mol Biol 2015; 1258: 209-22. doi:
10.1007/978-1-4939-2205-5_11.

28.Namvar A, Bolhassani A, Javadi G, et al. In
silico/In  vivo  analysis of  high-risk
papillomavirus L1 and L2 conserved sequences
for development of cross-subtype prophylactic
vaccine. Sci Rep 2019; 9(1): 15225. doi:
10.1038/s41598-019-51679-8.

http://bpums.ac.ir


http://bpums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/25368796/
https://pubmed.ncbi.nlm.nih.gov/19428575/
https://pubmed.ncbi.nlm.nih.gov/28442134/
https://pubmed.ncbi.nlm.nih.gov/26113972/
https://pubmed.ncbi.nlm.nih.gov/25859081/
https://pubmed.ncbi.nlm.nih.gov/28465209/
https://pubmed.ncbi.nlm.nih.gov/21968146/
https://pubmed.ncbi.nlm.nih.gov/25447866/
https://www.nature.com/articles/s41598-019-51679-8

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

Original Article

Design and Cloning of the Optimized L1 Gene from
Human Papilloma virus 18 into the Expression
Vector PcDNAS and Evaluating its Expression in a
Eukaryotic System

M. Rahimpour (vsc)t®, S. Naeimi (php)t, A. Rahimpour (php)?,
F. Farshadpour (php)3, R. Taherkhani (php)*™

! Department of Genetics, Colleague of Science, Kazerun Branch, Islamic Azad University, Kazerun, Iran

2 Department of Tissue Engineering, School of Advanced Technologies in Medicine, Shahid Beheshti University of
Medical Sciences, Tehran, Iran

3 The Persian Gulf Tropical Medicine Research Center, The Persian Gulf Biomedical Research Institute, Bushehr
University of Medical Sciences, Bushehr, Iran

(Received 20 Jul, 2022 Accepted 10 Jan, 2023)

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 eukaryotic 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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