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Genetic Diversity among Varicella—Zoster Virus Vaccine Strains
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Corresponding Varicella-zoster virus (VZV) is a causative agent for chickenpox in primary
Chan Hee Lee, Ph.D. infection and shingles after reactivation from latency. Both varicella and zoster
1 Chungdae-Ro, Seowon-Gu, Cheongju, can be prevented by live attenuated vaccines, but the molecular mechanism of
Chungbuk 28644, Department of attenuation is not clearly understood. In this study, the genome sequences of
Microbiology, Chungbuk National three varicella vaccine strains were analyzed for the genetic diversity including
University, Republic of Korea single nucleotide polymorphism (SNP) and genetic polymorphism. A total of 38
Phone : +82-43-261-2304 SNPs were identified including 29 substitutions and 9 insertion/deletions. The
Fax @ +82-43-264-9600 number of genetically polymorphic sites (GPS) was highest in Varivax and lowest
E-mail : chlee@chungbuk.ac kr in Varilrix. GPS in the R region including R1, R2, and R3 appeared to be

responsible for the genetic polymorphisms in the open reading frame (ORF) 11,
14, and 22 in all three vaccine strains. A relatively large number of GPS were
observed in ORF31, 55, and 62, which are known to be essential for virus
Received : June 11, 2020 replication, suggesting that the attenuation of the vaccine strains may be
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A0 2 LIEILEE 50| H7|ME0] A|A|E Bt ACH THH LF9| BiO[2{A0] HO[Z7F S| H Blo|2{A ZTH|M Az H0IE R
St 1 20t CHSH HEFO0| US| Zl=H OF A 2dSt Blo[21A A2 2 of=etet 22 dEsHq S48 23E + At (12). &
& HIO[2A JHAZE quasispecieset St O|= BIO|2{A0] R A CHAYE 71y 2 BT 4 U= ToOfo|tt (13). R4 o g0
olsf AF=H0| Het 4= UCk= 20| Mumps A M= BE|RACH(14).

£ A0 M= Next generation sequencing (NGS) 7|8 AIR5H0 CHEZ QI £~5 YA (Suduvax, Varilrix, Varivax)2| SNP 244
o

!
3 ChY 2412 S5 A4S0 D12 2t HAZT} OfE3 RUSHY ST CHAS 72| USR] R4 B9

DNA £% 2 g-PCR

BHAZ = GCEAZHYongin, Gyeonggi, Korea)28E A& B2 Suduvax (Lot No. MG1111-FF-012), Varilrix (Lot No. A70CC807B),
Varivax (Lot. No M015462) AlS2 A&t 2 AEie| AE 170 PBS 0.5 m0l =0 1.5 m¢ E-tube0i| &0} EH|5tSCt.

ZH|5HYAIZ A|2E Exgene™ Cell SV mini kit (GeneAll Biotechnology, Seoul, Korea)E 0|235l0f DNAZ 2 &5QCt HIO[2HA
A DNAR} M|ZZA DNAS| &2 &01517| 2|3f IQ SYBR Green SuperMix (BIO-RAD, Hercules, CA, USA)Z g-PCRE %! t
Z0f| YA ZFEAHS SESI0] M4 DNA, VZV DNAS 22 ZEE o= U= 242] primerE 0| &1Lt M2 DNAYE &felst
7| ¢Isl glyceraldehyde-3-phosphate dehydrogenase (GAPDH) £2|2 SZ5t= primers A5t 1, VZV| HIO|2{AH DNAY
2 &0I5t7| 2l5Hf ORF4 B2 SE5t= primerS A2t (15, 16). 1Q SYBER Green SuperMix 10 ¢, DNA template 1 x2, 10

2+

o

fujo

pmol s%2| forward primer (5'-ATCTCCGTACAACATCAACT-3")2} reverse primer (5'-CGATTTTCCAAGAGAGACGC-3') 2t
0.6 HE S5t A =FWe| 20| 20 w7t =T SFETE FOIFUCL g-PCRE initial denaturation 94T 240z 13| 0|
denaturation 94C 30%, annealing 48.9C 30Z, extension 72T 30& X722 453| UH=5tRICt HHO|2{A DNAO]| CHSHO] A|&HSH
g-PCRQ| CtgtE O|8sll BIO|2A A|R Z+2t2| DNAYFS ZEsIUCE O|F ECiZ Hio[21A 70| DNA 22| #S3HE Solf 4222l H)
nE T £+ AEE FUCL

ZEMICH A|E A (Next generation sequencing: NGS)

ZE5H HI0[2A DNAL| A Als AEA2 Illuminaik(San Diego, CA, USA)Q| Hi-Seq 2500 rapid A|ABIC 2 AAISY 1, 0] 24
2 »E[2FI0IEIA (Suwon, Gyeonggi, Korea)ol 2|2|5t24Ct DNA library A2 lllumina TruSeq DNA Sample Preparation kit v2
£ AFBSIY D, A|ZHEl libraryE Hi-Seq HAIS 2 A|ZAISID lllumina version 1.82 AFE35H0] Z210| Y| LI2 readSS A HSHSILCE.
Aot £210| 2% readS2 CLC Geneomics Workbench version 5.0 Z2240] 7| £ T2t0|E 78 225t NCBIY| S25|0f
A=

MAV/06 (JF306641), Varilrix (DQ008354), Varivax (DQO08355)F= Zt1FZ 5t0] mapping assembleg £3H5tRCtH
Mapping assemble| 23t stLto| 2HIEl HIIMES HE 4+ AU 0|F NCBI GenBankOl| SE5IRC}: Suduvax MT370825,
Varilrix MT370826, Varivax MT370827.

ORF &2 4=

Hs Mo HIIMES Yo uiAlZo| ORFE 2t2F mappingd] AFR8H MY 71222 local blast2 21350 EX5t%Ct 12|12
CLC Sequence Viewer (ver.6.1, http://www.clcbio.com/index.php)2| ORF &I 7|5, NCBIO|A XH|&5t= ORF Finder =224
2t Bioedit Sequence Alignment Editor (version 7.0.9.0, http://www.mbio.ncsu.edu/BioEdit/bioedit.html)E 0| &5t 2%t
YERO| A|ZZED S EIDES 4= ORFRIZ| EQlstlCt,

=2LT=E =T

Clol

=2l S| M
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ogt

DNA HE H7|ME0|M 20| S E0l= 7

_I}.‘_

B3} = H0|2 oY 7| CtE A (Single nucleotide polymorphism; SNP) O[22 &t
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Ct. HHAIZO| NGS M8 Sl Y07l CHEY 7| MY (Consensus sequence)e Bioedite2 2110, Clustalw2 (version 2.1)& 0| &35t
0§ VZve| 211392l DumasT2| Az &7| ME(NC001348)1t & BA|H ST 2A2|0|ML2| SNP 242 25

o o =

A O 24

S CHEHR ROl 2B Yolol SUS I3 Y7I0IM 27 014l BIIB B FHAUD U XS TRCH WUZ| NGS
SN0 o2 WA Y 2 T (Counts IHA)Z HIINZL 2 912 A, C, G, T2 mapping 7H4-0] 23t FEE 28 4+
USACH Counts fileol A 2t 9I21E2 mapping® 7|5 &, 7 B2 HIZS AAI3H B7I7F T4 ¥7|(Major base)7t 512, 3
YoIZ0 M HEZIINYR ZHECL & U2 B2 HI8S A FII7H 24 Y7(Minor base)2 ZHEC wAIzel

NGS 8422 A2 Counts file2 O]

S310f Ci4 712 24 Y|o| U222 AL 0] T, S $IX/AIA mapping & reads]
JNZTF 3570 O|AFOl AL0|oF QA A

tae 240 RolstCtn THHSHCH 2|1 A4 H7]9| H[E0| 5% 0|40l 2|8 |13
L e 22|(Genetically polymorphic site; GPS)2t1 HHot1n, O] 2SR RFUA CrAY 40 AHESHICH (17). Counts file

0

2 22| MHAO|M 7hest GPA (Genetic Polymorphism Analyzer) Z2 2 (https://github.com/lis123kr/GPA)2| input THY
2 AMESHH 2A5tQICt 0| T2 MO A4HT|H|ES Hlustn, R CHEEE 2o CHYs HElZ2 A5 ZuE &

=

O &Ct.

21t

SHAIZ ko] SNP EA

& B 70| THE HI|MEO0| T2 SNP 242 Sofl OIS 2R 2}0|7t U=2A| Lot 02t SHACH VZVe| Hls +24
terminal repeat long (TRL)2} internal repeat long (IRL), internal repeat short (IRS)2} terminal repeat short (TRS)= 2t2f A
HHQl 22, EEC2 BME|= IS LSt At TRLZ TRSE A|Qlst! EA5tFCH TRLI TRSE H|2|5H £I0A M| B4 ALO[O)|

7|7t MZ Tt SNP= 25 38 712 24 %|ACt (Table 1). Open reading frame (ORF)OIA 29 7}, non-coding region (NCR)Of|Af
9 7HZ LIECE 2|82 2 Q15 SNPE 2F 29 7H0|U20, transition (227H)0] transversion (77H) 2Lt 20| L4tACt ORF 2|
ofM2l 7| 2|8t 2 QI3H oDl AtO] #i3tZ| gk S2| 0| 87|12 2% transition22 QI5H 2445t 1, ot0| LAt M E0| HtE
HIS2|% #Hol= 2% 17 7H2 10 74| transition2t 7 72| transversion22 QISIRICE NCROIA Q| 2|8 4 X2 25 transitionO| A
Ct. SOI5HAI= transversion 7 2Cl= R1 A0l 2 2B, R2 2[H0flM 4 2B, 22|22 R3Z| A 1 20| §, 2F RAF0IM H2tg]|
QiCHData not shown).

>
1]
X

/2412 ORFOIA 4 26, NCROIA| 5 2G| 22| {C. ORFOIAS] A/Q)/Z42 ORF119| R10IA 3 2Tt ORF222| R30{IA] B
GOl EHEEI9ITH NCRE| 49Y/24 2 S JH= NCR62/632] RASF ORI Z/2{0) A ZH2HEIQICt RAIS{0)M2] 4el/Z 4ol of2f 7
32 2E|S7} BOIBIAOD], T 22K R1OIM Ml ZEI0IM 15 44, R30IA 27 70, 213 RAGIA 54 STt OIS K2t 22
|291 20| OfLI2t 2k RAISOIAS| B2 THo| Z10jot U[5E7| 20| AMZ O RAIHOIAS| AQl/ZAI0| ¥He E19|2 0|20j3=A]

= T

o fr

40 |0

Table 1. Mutational events identified at SNP sites among the VZV vaccine strains

Substitution

Ts? TP Subtotal In/gel Total
ORF Synonymous 8 - 8 - 8
Non-synonymous 10 7 17 - 17
Subtotal 18 7 25 4 29
NCR 4 - 4 5 9
Total 22 7 29 9 38

transition
Btransversion
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(A) Consensus nucleotide sequence of the repeating units of the R sequences

R1 A(18 bp) : GGACGCGATCGACGACGA
B (15 bp) : GGRMGMGGCGGAGGA

R2 A(42 bp) : GCGGATCGGGCTTTCGGGAAGCCGGCCGAGGTGGGCGCGACG
B (32 bp) : GCGGGATCGGGCTTTCGGGTAGCGGCCGAGGT

R3 A( 9bp) : GMCCGYSCA

R4 A(27 bp) : CCCCGCCGATGGGGAGGGGGCGCGGTA
B (11 bp) : CCCCGCCGATG

RiAorG, M:AorC,Y:CorT,S:CorG

(B) Number of the repeating units of the R sequences

Suduvax : ABBABBABB-ABBABBAB Suduvax : AAAAAAAB
R1 Varilrix . ABBABBABBBAB-AB-AB R2 Varilrix : AAAAAAAB
Varivax . ABBABBABBBAB-AB-AB Varivax : AAAAAAAB
Suduvax : AAAAAAAAAA Suduvax : --AAAB
R3 Varilrix : AAAAAAA--- R4 Varilrix  : AAAAAB
Varivax : AAAAAAA--- Varivax : AAAAAB

Fig. 1. Consensus nucleotide sequence and the number of the repeating units of the R sequences.

R40II= 27 bp= & AUISEER| 2 7471 /20| 2O{e XS & 4 ALt

= QUACE x|2H0f| 2|FF 29 7HO| SNPOJ|A] SuduvaxBt CHE F2+& 10 24, Varilrix2t CHE H2E= 6
= 13 2|2 Varivax2| @7|MY0| CHE22M 4 SNP7F 71 BEATH RRH0M| &/ZE
Ct21, Varilrix2t VarivaxO| M S5t 2zt QUct,

SNP & A| Biilz 2= 2 22
24|, 22|31 Varivax@t CH2 2L
9|5t SNP2Q| A2 SuduvaxOfl A2t

g

HT

1z

siAIZo| Q1

ogt

A4 719] HIE0| 5% 0|4l £2/E GPSet &tCt. SuduvaxOllAd 89 7H, Varilrix0lM 68 7H, VarivaxOlAd 116 712, GPSe| &
VarivaxO|A] 712F 2oFT VarilrixOfl A 742 A UCHTable 2). 2Lt GPSOIA LSl A4 THEIQMAISE BIZ=(Minor allele frequency,
MAF)2| B2 Varilrix0ll A Y =41, VarivaxOllA A LUCH GPS= VZV HAZ Hls HA0 20T EX5t2| 1 £4 220
HluH ol 22sl= RS Y 4= UCHFig. 2). GPS7t Mt 22 Q0| &=l= ORF= ORF11, 14, 22, 31, 55, 112|11 620|ct. 0 &
ORF11, 14, 22 2|92 2tZ+ R1, R2, R3 2|¥ 2 Zet5t22 0| ORFOIA 2] GPS &40]| R 2|l AES A0tE 1At 5HRUC. Table 2

Table 2. The number of GPS and mean MAF at GPS found in the three VZV vaccine strains

Suduvax Varilrix Varivax

Length(bp) No.GPS Avg. MAF Length(bp) No.GPS Avg. MAF Length(bp) No.GPS Avg. MAF

Genome 117397 89 20.1 117407 68 23.0 117402 116 16.9
ORF 106047 80 20.2 106005 61 229 106005 103 17.5

NCR 11350 9 19.2 11402 7 235 11397 13 12.0
ORF11 2430 15 19.7 2415 2 8.6 2415 2 16.0
R1 276 15 19.7 261 2 8.6 261 2 16.0
ORF14 1683 9 24.6 1683 10 273 1683 16 194
R2 326 8 215 326 9 26.8 326 15 19.6
ORF22 8319 19 16.2 8292 15 204 8292 13 17.5
R3 93 13 15.9 66 10 194 66 10 16.8
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(A) ORF11 ORF14 ORF22 ORF31 ORF55 ORF62
SH [ Wl " -~ N
a5%
o 40% R ° b . s 0
T 35% : H . s
3 [ L
g 30% [ . e
$ o 2 . . O
® 20% : 3 - ol
S .0 L] P - L ] *
£ 5% L] . L] ° o »
= 10% ‘ - . e $ a . L
° . . » « o
5% & o . e ° \® I'
[ ]
0% hl‘-‘h' i & il —--diu
(B) ORF11 ORF14 ORF22 ORF31 ORF55 ORF62
50% '_|_| l'|_| _|_| l—l—l 4 ,_I_|
45% = = A 4 = 2
T 40% a a A
5 359% A A A 4 A
2 At a
S 30% > N
% 25% & " Y - ata
T 20% A ™~ .
é 15 b % A A | Al a
s 100 = a T & =
5og " al 4 A A A a
0% h‘ At t‘ = ﬁ it & fimnd —“hﬂﬂwm
© ORF11 ORF14 ORF22 ORF31 ORF55 ORF62
. uitgd — i e i
-
45% = W
T 40% a =
8 3e0 -
gan @ a = B
@ 30% ' - - =
o 25% &t - - =
= 20% - L - = = a" - " m
5 15% ® '. | - -
= - " - =
S 10% - - - L
5% H
3 2y -.ﬂ-.—u.“.“’ i H
0% ﬂ-n.‘.l‘nﬂ'ﬂ-n paSfallag ) -Iﬁ b
00 05 10 15 20 25 40 45 50 55 60 65 70 75 80 85 90 95 100 105 11.0 11!
Position
TR, [V} IRL IRs Us TR
R1 R2 R3 RS R4a R4b

Fig. 2. Distribution of GPS on the genome of VZV vaccine strains. Nucleotide positions are shown in X axis, and the frequency
of minor alleles at GPS is shown in Y axis. Genome structure of VZV is shown at the bottom of the Figure. (A), Suduvax; (B),

Varilrix; (C), Varivax.

Varilrix

Fig. 3. The number of GPS shared among the three VZV vaccine strains.
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4 Qe i Z0| M| BiAIZ DZ0jA ORF11, 14, 229| GPSE CHEE 0|5 ORFO| Z&tz|0f /&= R1, R2, R30|| 7[Q18H A
2 B50{AM ORF112] GPS= 100% R10]| 2|5t 0|0, ORF142| GPS&= 2t YiAI=0| M SHLIE A2 ot
LtH2|7t R20] 7| OISt AUS & 4= QUL SO0|3tH = ORF142| GPS & R20|| £3817| Qb= otLe| GPS= M| B4l RF0|M 22 9

ACHDuUmas 7|2 19431 2|2]). ORF14/R2Lt ORF22/R30| A M| Bi41Z ALO|Ol| GPSQ| 7Lt B MAF ZHollM 2 20l gl= A

2 HQICH(Table 2). J2{Lt ORF11/R19| AR, Oka-Rell & BHAIZ0]| HIaH SuduvaxOiiAl B4 B2 15 7Ho| GPSI} ZH&te|d

2k2F 2 7H2| GPS7t HAE|ALH, O] & GPSe| Als+ 2xl= SYSIACE ORF31 550 M 2E il
22L|Yon, R A|HS E8H5H= ORFE A|2/5tH ORF620A 712 T2 GPSIt RH2EE|UCHFig. 2). M| B4l

HF MAF 22 Supplemented Table 10 LIEFLE QICH

Varilrix@+ VarivaxOfl A
oM 3 7 O|4ke] GPS7
20| ORFE GPS2| 4:9)

rir
N

= =

M| BHAIZRZEO| GPS B2 AT HQICH A BHAIR 2 0| SILIO|A2HE RH2IE|= GPSe| 4= 25 161 ZHYCHSupplemented Table

2). | N A DR0IM BREE GPSE 39 iR, & MO ME SE22 22| R|0F MPR) A0 23E(R] e
GPSQ| == Fig. 30| LIEIH HF ZEC} E5F SuduvaxOfl M2 E%*EI_ GPS& 25 7, VarivaxOfl M2k 22kl = GPS= 62 71l BHH,
VarilrixO M2t &&= GPS= Sl A2 2 LIEHGCHFig. 3). O] & M| BiAl=0|M 522 LEHL= GPS 39 710l CHAHA & T ZFAl
5| 4T EATH M| HAIF DE0|M HO{ = Stit 0|49 GPSTt 2t2ke|= ORF= 25 20 712l (Supplemented Table 2), 0] 2 16712
ORF2} SHLIS| NCROJIA M| BEAI2 ZEQ1 GPS7t ZREE|QUCt £5] ORF2201AM 97, ORF1401M 872 B2 S8 GPS7t A= ALt

£ GPSO|MQe] Ha MAFE M| BIAIFO|A 23.1% (Suduvax) ~ 26.5% (Varilrix)2 x| GPS2e| W MAFELE ZQCH M| BHAIZ
382 39 7 GPS & 17 77t SNPO| = SHZ=| UCE.

rlr

ICHEH IS HA =3t =2

A =F5 o|L5H7] M A MAXHSZ ALE R = WAI2 25 oF=3t HUAI0|CE SFHA2 o
o o HHO|7} H0j M5t HEA0| 37|

o
o (5, 8), 2A=3t 2tHol| Cist HEstH D1|7'|L|E% OF2] &hQlg|2] 52 HEHO|
i 9

—-—_H

M HAIZO|M SEH 22 SNPRF GPSI 20| 22E|0] RUAC R 0| &2 AY2 ORF 11, 14, 12|10 222 LEHRCH ORF11
2 RNAO|| Z2ef5h= HHAS S, glycoprotein EQFIE62 THHRIO] WHi0f 0= Y= 7|0{517| W20, /n vivodollA EHol J&
2 0Jx[A| Ect (18). ORF14£ glycoprotein CS 2HED, O CHHALS &2 M| ot Hf0|a1/\7f Zlolst=g| T3} transmembrane

proteing BHECE O] 2= HIO|HA SA/0| X TR25t KAz OfLIZ|CH A|CH7t RIS E HHO|2{A FOjM = OF Y HIO[2{A HCt

glycoprotein Co| £&E0| St AefA UCH (19, 20). ORF22= HIO|HA SAl0] ’é‘—’l‘—@.m FHUAZ S{mAdto|A0] 2 E2L

0] oM, vzv CHEdRl Z 712 2 inner tegument protein® A& 3}SHCt O CHEAIS 22 NI LHO| CRLs (Cullin-RING ubiquitin

ligases)S ZoHAIAH STMEL| S7| IS 240t HO|2{ 20| SAI0| ZHA O 2 O|RZ02|A| THEL} (21). OlF RYAL| SNPF GPSO|

A CHOFANS BHAIZS 0| OLE5IQ}L O HE 2|7} QL ZHO 2 AZHE| 2O OFR| IZZQ

T

9'?_" 'I?F|_—| o o T =2 = |_| g:&goﬂ :'Ll'%._ :rl'ﬁj—fE 8195
2 o At 228 F20[2t1 20

ORF 11, 14, 22°| 14 CtYH2 CHFE0| 2 ORFOI| Zaete B ALYl R Z|9(R1, R2, R3)0ll olaf LIEILED QU R 2|¥E &
45k 210|2 7t2|= MYS0| HHEE|0f Qi1 1 Hhe H#: VZV=0|| et ChFSICE (22). R1-2 0121 7H2| 18 bp TH2I2t 15 bp &2
E.Oﬂ |5l 0| F0{A] O'Er Suduvax= Oka-7elf BAZS0] H|3l 15 bp &2 SHLHE O 7HA|12 QUCH R2E 42 bp T 02 71et 42
pQ| UL EQI 32 bp CHY| StLEE 9 =(0f QlCt RBE ORF222| 3 YTHof| Z2HHH, 04 712 9 bp T2 P4 =0f QAT

Hlo

(on

NCR Z0{|A= ORF 622} 63 AFO|0f| €|2|5H= NCR62/630| LMo 72t st ZHo 2 LIEFLCH NCR62/630|= EHeE M9l R4
A3t ORI 2|0 QUCH R4 A2 04 71| 27 bp THelet 1 LR E0| 11 bp T2 /0] UCH Suduvax= Oka-Fef HAIZSE
of HIsl 54 bp2| Z240| JAEH| Ol= 27 bp TR F 747t ZAE Z40[C} ORI X|Y2 DNA SAH|7t A|AE|l= A|F2Z, TA M E0| 042
f

7§ BEEE|0f QUCH ORI Z|2Q| TA BHE SI42 QIALRO| pOkalt H| sl EQFE M, vOka K2l BAIZ=(Varilrix, Varivax)OllA © 22| Lt
EFGICH O]2{SH TA BH= 2|H0| BIeH Al Elﬂ 20| Jozicts H ZuE ZetstH (23), ORI A[HofAe] 7| TAS| BHE40|
BHAIZZE EF2l vOka Rl BiAR0| s B4 E80| U2 7oz 226ICt
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R 2/%2 BE5H= ORFO RH2 ChK0l &
|

2 = %01|H HEst f‘?u\ t. O|= ORF11, 14, 22 0|2|0l= ORF31, ORF552t ORF62
Aol M BlnH =2 742 CHFG0| 2L 7

|5t W40l QAAIZ, glycoprotein BE L& S}5HCY
&5t0] MZE L2 RIYE 2Io MIZetnt &of &

H-lo

ot

Glycoprotein B virion envelope EHO] O, =5 HIEOI receptor?} &

2
o

C} (24, 25). ORF55& VZV7t SAlst7| 2|8t Bl fARI2 LA QUCt Helicase/primase S&A|E THEM, replication forkoj|
M DNAZ Z0] & 715 DNAZS BHE 21, leading strand2} lagging strand0flAf DNA 40| Lo{LA| StCt ORFE2= VZVW%*-.%P
7| 25t L4l QAR LA o0, 27| SHMAIQ| trans-activating factor0]| Z0{SICE ORF62 X|H Ore SHB0|7} L5t

O, Bi0|2{ A0 SAS HAHAIH VZVO| Af=510f 7t S25t ORFE 2244 ULt (3, 11, 26).

M| Si41= ZEO] SNP & S2|4 2| 20| Lof 8 = aiY RAAte| 7|sof b HlselA 28t 17 2G|
SOIM 9 ZHl= 22 2E2| o022 Bl|7| W20 THAol 20t 7|50= 2 Y2 D|A|A| %2 A= d2bEch Q2L LY
A| 8 ZEOlM= CHE 82| Of0| 22 S| D2 HEHAO| 229} 7|50 Fets & A2 YZECE oS S0f Asn/lys 2|&H0] 2
& Ml Ztl(Dumas £12| 20745, 20787, 2087 1)0{|M 2HZ=|A=C, O M ZCll= 25F ORF140] ZAStE2 M| B4l 2t R Y
Goj| 2| 2o Ao U2HEICE ORF550AM= Ala/Thrit Arg/Cys2| & 2| 20| 22|42 M, ORF59011A Arg/GIn %|t0], ORF620]
M Met/Thr 2|2t0|, 112|12 ORF640{ M= Arg/Gin 2|2H0| 2Tt Ofet 22 THE OF Ot0| At 20| 2|2H0| #A 0 o JekS
0|2 2|0f| ChishA= OF2) eq 2l BIZt GloLt, M| #i4lFo] =8/t STl 210[0] =Y 7|0fe A= 2T (10, 11, 27).
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