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We have examined isolation and identification protocols for three virus simulant
candidates to biological warfare agents. MS2 phage, a simulant for yellow fever
virus and Hantaan virus, was propagated using as a host an £. co// strain with F
pilus. MS2 phage genome was examined by reverse transcription and polymerase
chain reaction (RT-PCR). Coat protein of the phage preparation was examined by
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and mass spectrometric analysis.
Cydia pomonella granulosis virus (CpGV) is a virus simulant candidate to smallpox
virus. CpGV was isolated from a commercialized CpGV pellet. In this study, we
developed new isolation and identification protocols for CoGV. One disadvantage
of using CpGV is that it is not easy to determine viability of the virus. Here, we
have included T4 phage as an alternative. We established a high titer production
protocol and developed an easy genome identification protocol that does not require
purified phage DNA. Stability of these virus preparations was also examined under
various storage conditions. When the virus preparations were not subjected to
freeze drying, MS2 phage was most stable when it was stored in liquid nitrogen
but unstable at 4T. In contrast, T4 phage was most stable when it was stored at
4. CpGV was stable at -20C but not at 4T. Stability during or after freeze drying
was also investigated. The result showed that 70~80% MS2 survived the freeze
drying process. In contrast, only about 15% of T4 phage survived during the freeze
drying. CpGV was found to be degraded during freeze drying.
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U= 042 E= =45 of0[citt. A, 2 AZAs HYoMol fled 2 2o
oMo d=R7|29 AE7Isd22 st m7tqez 2 /(70| =1 AL M AA
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50 nmO|1l 70| 2II|S 7HAC}. #EH0l2{A= 2710 Of3iA Oi7HE|0] B AYES 3% =02 TS &AH(15~25%)9| &
F 2|AH20| 20~50%7t =le A2 A YTt (). *EFHPOIH = QIS 71X FYo| HO[HAZ 3749 THAUJIE RNAS Hls2
2 JRICE @2|R9| BiE=0|Lt Bl 2 Mkl X|YHQ BIO[2{AR MRHMO|L £, £3 S8 ¥27|= ST 2EES RY
St= A2 &A AL 3).

o[ AY d=st 282 2o|2f&A(virus simulant)= &4 H}O|
0f010F St ZOl5HA e 4 Us SGS 711 A0l O|4H0|ct 5t2

HAQ 37|19t 22, Az EM0| FARHOF 51 ALESt7| 2t
o

2C} MS2 phage= 4 MAZ2Z RNA HIO|Z{AQ| DOt (4), &
t

2t HAZ 2E BO|M Ol0 FESheE HiO2{AY 2OXEX =
E= AS0 US & U 7l O[22 0f2f BFZ A
l,

9| %* g dote S22 AEE(O] TE (5). MS2 phage= E&HIO|2{A, StEtHIO[2{AQL Bk 37|, 02|10 HlEE40| JAlSH
O, F pilusE 71! H’é;'“] E0|4oz UHst= E0| AN AUAof Rafistct. MS2 phages Z|S0| 2F 30 nmQ! ZO|MHA| F20|
O 3.6 kb9 0“*7f% NAZ =22 SiCt DNA BRO[2AY ZO|AEH 2= 22 Garnier & (6)0] MFHIO[HALL 37(2F 20|
SQARIH AsEHE 22 Cudia pomonella granulosis virus (CpGV)S E2OoREA|Z ARE AS AHAISIF =M, CoGVe ZEYLIES
%22 Sh= baculovirusO|Ch, CoGV AtE1} 1“’-40f01 Ol22 &2, CpGVY titerE ARG | flsliAe ZSLIEC| HIOLOIIA 2E0t
primary cells AESI0] MEYHE 22rotrL DS LY OfH||o)| HO|HAE HO| HAENE EA510{0f o0, siEQ ZSYLY
2 7|12 st Ald oA ”i iﬁf—‘?—ﬂ neﬂﬁfﬁfi Hol|ct, ofof m2t 2 HFOoM=, DN Hio|2{Ad 2O|28A|2 T4 phage X
SA|A 1 E4E8 ZAIRIL. T4 phages HESFHIO[2{ALL B2 CH2X|2F 37(Q HlEE40| FAlotH, FNELL Cid0| %0

7| W20 eFo FEEAE -.-_-11|7f 2l CHR7(0f QFASHH, ZOtUE Bfo|2{ A9 —.—% 2| 412 ZHO| ULt T4 phages 3
7|17t 90 x 200 nmZ 0{2|et W2|7} U= tailed phageO|d, 172 kb2| O|SLHd DNAS A=22 7t HIO[ZHA0[C (7).

A0 M= HiO[2AN ZO|2F2A| $H9I CpGV, T4 phage, MS2 phage?| AiAtul 2|0t @
Ct. 1 23 CpGVo HisiMe dAHL2 HiiE|= HI0|2A & paste2FE CpGVE EEX22 FAlote M22
o0, MS2 phage®t T4 phage0i| CisiM= s HIO[2AQ| AHAtEHHI HiO|2{A & S
&ot= O] ZUS HAES 2 Z2t 2} Hio[2{A0| Thst 2|2 EaRAS Zotd £ AJACH

[ -

HL :Q 3R rit

MATERIALS AND METHODS
CpGV EA|
T2A0| = Arysta Lifescience0i|A EFDH%P high-titer paste (>10'" granule/g)S Y5101 CpGV ZH|0|l AF2SIACE O] pastes

CpGVol| ZHE Gudia pomonella OHERIE 7H CHS of2taty A 25|9] MR UHES Soff HIo|HAE 526 Z0ICt CpGV granule
(occulsion body) dA| Alofl= Hto|2{A paste 1 02 ¢ 2 mio HAZELHE Ho| A2 FEMHO| 1:19 HIZ 0.1 M sodium

2 S
carbonate (Na;CO3)E Z7tstd 1%7t E=F CeliteE €2 CHS YAM7|0| €1 high speed O|M 102 St SHFRACL HEIHZ
10,000 rpm, 4COllAM 582 SOt YAE2|511, pellets 2740 20| Cf2 24} volume?| 0.1 M sodium carbonateE 2715101 BME
S AAUCE CHA| 10,000 rom, 4COIIM 5& SOt dalZ2lstl AZMS %ot & 0.2 NHAS A7I50 pHE 72 U=2ACt 60% sucrose
281 30% sucrose EMS 22t 5 mi¥ ultracentrifuge tubed| 1 1 /0] HIO|HA ME 20 mIS RAAEA 2410 Beckman
32Tirotorg AHESI0] 72,000 g, 4C £710IM 1A|2F 302 S HAMZ2[5tUCt delEe|] T 30%2F 60% sucrose | ZA HO|
2Ix[st band& #|3t1, 85,000 g, 4T ZH0M 24|12 A4Z2|St0] BIO[HA S 2IMA|IZICH

CpGV DNA EA|

CpGV DNA ZA|= Grades?| Y (8)2 A7t 85t AIHSIRACE CpGV sampledi| 1:12| H|E0| £|=F 0.1 M sodium carbonate
£ 715t 37C £20|M 308 SO BiYSt CH2 0.2 N HCIS 27I510] pH 82 2h9ict 2|Z ==7t 0.1 MO| E/=& Nadlg &

7¥st 65COIM 102 S H2[5t1, SDS(2IE &= 1%)2 proteinase K(2/Z s& 250 ug/l)E A7tet & 37°COIA 1AI2 BiS}
S&Ef 0|&, phenol/chloroform extraction2 33| AA|5t0] DNASE 226t CHS ethanol2 ZIMAIFCH fAE2] & A2 DNA pellet

A5t volumeQ| TE (10 mM Tris (pH 8.0), 0.1 mM EDTA)Of| =0 225t%Ct

fLI|0 N |-o||

I'|0
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MS2, T4 phage B 3! XA

MS2 phage®}t 1 host BHEIZ|0FQ1 £ co/i 155972 American Type Culture Collection (ATCC, Manassas, VA, USA)22E 15t3 2
0, Dawson 52| =& (5)2 Kuzmanovic §2| ==& (9)& HIEY2Z H{st HA|StUCE BiE|2|0f Bi¥O| AHZSH MS2 brothe| Z
AHe CrSat 2Tt 2|8 & 10 g2 tryptone, 8 g2 NaCl, 1 g2l Bacto-yeast, 10 mI2] 10% glucose, 2 mle| 1 M CaCl,, 1 mle| 10 mg
/ml s&£9| thiamine hydrochloride. Plating bacteriaE Bi¥5t0{ ODgoo=1.00] E|=2 Y& L+, MS2 phageS ZECIEEE (multiplicity
of infection, moi) 0.10] |2 7|5t 37COAM 208 7t BIYSHALCH 0.7% w/ve| top agar@t A2 = agar plated| 21 16A[7¢
SOt HSIACE 150 mm plate 3tLt & 15 mlQ| SM buffer (100 mM NaCl, 8 mM MgSO4 7H,0, 50 mM Tris (pH 7.5), 0.01%
gelatin)E &7I510f BIO[2{AE E2AIH 22 |, polyethylene glycol (PEG)E 2|F =7t 10%7} == 71510 Blo[2{AE 2
5t chloroform extraction 2+d& 3% £3i5t0] BIO|HAE HA|StRICE,

T4 phage®} 11 host 9HE{2|0} £ coliB #3= CAROLNA™ (Burlington, NC, USA)ZRE] U520 high titer lysateS 22 4= U
£ protocolg 7t 24510 E2tAd £9| 5% O[5Vt T=S jYAS P HiYete WHE AFZStRICt T4 brothe 2/6 & 10 g
tryptone, 5 g KCl, 5 g Bacto-yeast, 2 ml®| 1 M CaCl,E 75t Z10|Ct. T4 phage®| FAl= 10%7t SI=5 PEGE 7Fst0] 25t
= A} 2219| chloroform extraction 2ES E5H0 35T

Plague assay

MS2 phage@} T4 phage= plaque assay E510] MAr2ES SISt 24, phage sample2 SM bufferE AF25H0] 3|AM5t1, 5|
o4 0.1 miZ} 0.1 mIQ| host BiE{|2|0tS Y2 CIS LIEES & 4110 37COIM 2082 SO HYSIFC 0|F, 52 0.7% w/ive| top agar
35 mlof ¢ SRUS E0 SA| A2 = 90 mm 2|Z2| agar platedi] A0 2HIZ BILAHAIZ 22t A= 718 =2 top agar
7t 208 HAA St ZCL 37CoIM 16~24A12F St BIYSIR plaque?t LIEHHEH 1 RAkE MO 221384l (plague forming
unit, pfu)ats FACt

Phage 2= &9l

MS2 phage@| RNA =2 Ribospin™ vRDII kit (GeneAll, Seoul, Korea)S AME510] 2251900, AMAL 28EA A (reverse
transcription polymerase chain reaction, RT-PCR) A&0f| AF2St primer= MS2 phage?Q| replicase 22 SZst= A2 Z, forward
primer2 5'-CCA TTC AAA CAT GAG GAT TA-3'2 A5t reverse primer2= 5'-CCT AAA TTC ATA TGA CTC GTT-3'8 Ao}
RACt. T4 phage?| DNAE =lQlot?| 2I5t A0iM= SeEA HAMBS(PCR)E +SIUCH MO AFES primer= T4 phage?| s
A E0|2{0] E50| 125702R AGEE] 126062HR] AY0| 2Eg|T2 C|RI0I5tU2O, forward primer A/YE 5'-CCA CCT TCT
TTT TGA GCC AC-3'0|A} 20, reverse primer ME& 5'-CGT AAA GAC CCT ACT AAA GCG G-3'0|%ICt,

III'

T4 phageQ| plague PCR2 2|Z A MES 5|4510] platingsto] M4E! plaque% 29 IE 18 % tip2Z A1 agar plugE 50

o 3340 E 5 52 2t O 02 ANE2

ol
kJ
ox
ol
12
=
njn
ﬂ
_o'ﬂ
_9
5
(B}
X
2
_>,:
_o'ﬂ
_l"\_

MS2 phage = CpGV AA| sampleS 18% SDS-polyacrylamide gel (8 x 10 cm)OilA] 125 V2 1A|Zt 208 SO M7|¥ =5t 5,
Coomassie blueZ AHSHO] CHEHZl BHEZ SHOISHALCt Coomassie blueZ YAHSH gelO|A coat protein@ 2 OjlAlE|= 37|Q| BiEZ
20| ProteomeTech Inc. (Seoul, Korea)oll 2412 O|2I5IRUCE 2AHYS Q0F6HH CH2 2Tt M2t gel 2028 E M
2 FES 2, trypsin A2|E S50 TEHAS HENO|E Helz 221 WRACH HEIOIE 222 liquid chromatography (LOE S5t0
7|82 22|18t T mass spcetrometry (MS)E Sofl S 2MIU2D, MS/MS 24 S E510] LIEH HEIO|E 22fo| At I
2|5k= HEIO|E MY protein database0i|A ZAHSIFCE

sE8Ux

A28t MS2 phage@t T4 phage MEZ0| 2/£ 5=7} 0.1 MO| Z|=2 trehaloseS 715t 10 ml 9| Q2|Ho| 1 mi¥ 25t 5

www.ksmkorea.org / www.ksov.org 39
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RH2FSHAC

2% phosphotungstate2 FA4GIRCE 1

RESULTS

MS2 phage 484t Gl

OL =

o
ro

MS2 phage B Al 2[& HIYZHS
HO| O 52 A2Z LIEGL} Bloj2{A
I =2 £29| HI0|MAE HASIIC

Blue2t XL1-Blue MRF'E F pilusE& 7t2l #30|7| 20| 0| @5
Blue®t XL1-Blue MRF'| Z% 155970 HlaH 44k

15597 @3E AFRSI0! moi0.01 E= 0.1 RAO|M plate BIYS

15597 @& F pilusE

0l 1/10 OJ2te= 34

EFAHSEY| 2|510] 3| BT} plate BHQIS
9| plate B Al 2| multiplicity of infection
71 oy A=
Z& MS2 phage®| 27t

VOL48.NO 2. JUNE 2018

Ot SZotA2M, T4 phage ME2| HF WA AN SE5S5ESIUCE
FD5508, lIShinBioBase, Dongducheon, Korea)2 HZ

2L,

MZS carbon-coated copper electron microscopy grid (Structure Probe/SPI Supplies, West Chester, PA, USA)0| ¢4
2, Libra 120 transmission electron microscopy (Carl Zeiss, Germany)2

242t
T

2815t 20t plate H{QFO| x| BHHECH YAt
(moi)Z ZArst 21}, moi 0.01 £ 0.1Y ©
olH|, AEMoM BE AMBSHE tide @30l XL1-

2 & AR HAESIACE SHA|2H XL1-

=
STt Olof| 2t O]F MS2 phages

A
o
4o o2 Ll

Sot0f YLSHRAL.

0|27 HiFSH MS2 phage lysate®] titer= > 1.0 x 10"%/ml0|A2O, PEG 218 % chloroform extraction 24S Sl ATt MS2
phage= CsCl density gradient centrifugationg Sdlf & dAE 4 UCt 0] YHE A5t Zit 2 HAPAON HAske Z2H0IM
= ZHE2| T WEY} 3|0[5HH REl= £F0|U10 YHEES ZEot= YW SEMMZOA HIO|2A &40] ZiCt ZuHo2 2@
MEe| HFS HAH 20| 10% 0|22 BOoJZ|A| =[U=Cl, MArSH Hio|2{A0| AHEY EAS SH0Z2 o AR0= &5 ZA7t
A= L2 gl= A2 THE[0] 2AMEE| FA UYL 0|F detstiCt

ZAHst MS2 phage?| Al £M8 2|510] HI0|2{A9] RNAS ££3|1 RT-PCRS £dlist T2, 0.8% agarose geld|A A7|F =310
EtBr2 RNAS GASIRCH 1 2y} o|AEl= 37|21 650 bpOllM BHEDL LIEFES &HRISHYCHFiIg. 1A). 18 lane2 HIO|2{A RNATL
Sl= MES RT-PCR S0 ALESH A2 Z20|1, 2 lane2 2T HI0|2{A9| RNAS AtESH Zuto|Ct,

MS2 phage®| capsid= 180702 coat protein(&At2F 13.7 kDa)2t Gt 7He] A protein(—E—ZrEF 44 kDa)2z2 ==l (9), A=

HJI
o=

OlfA MEo| CHMAS S0I5tY| 2|5t0] HIQF 1= 9| lysate@t PEG EA| &
71888t & Coomassie BME Sot0] ME0| 2Ast= TS RAIRICH 1
3719| BiE (asterisk HANE 2aet 20| 13.7 kDaQ| coat protein 3

+ AU (Fig. 1B).

olo]
A AR

|'0||

f
2t2t 18% SDS-polyacrylamide gel& AME: f01
f, %5'7~1|°F ME0|M= 44 kDaofl siEat= A protein

BHE (double asterisk FEA|)7} major band¥e &

7é'

719

Major coat protein@z O ¢kl= BHEE 2] trypsinZ 2[5t CHS LC-MS/MS A0t THHAl database ZAg £a5H 21,
trypsin & 23] LI2 peptide 22t2| £2}2f0| MS2 phage coat protein®| trypsin HEIO|E ZZto| E2j2k YUx|5h= A2 LIE}
SHCHFig. 10). Y2[5t= peptide?| MY L= 110 HAISHUCt. HMAG0|ES S510] HIO[2AE 2Hakst 2, 30 nm 37(2] MS2
phage®t Yx|ete 7Y YAE H&E £ UUCHFig. 1D).

CpGV &AL ol

CpGVe HdAFHIO[HARL F7|2F BY0| HIXSI HSSEHE RASIHY, 222 RE0| LlC2te 3 2| CHE A, = AEE H
ot S20|L AE S0l siE 7I12|R| Y=ths HoIM HSITE CpGV BIO|2IAE Baculoviridaedll &3te =2HI0|12{A= 2F 123 kb
37|9| double-stranded circular DNAZ genome22 7}ACH CpGVve TSN (dia pomonella)E E0|Hoz Ztdst=r|, 2
5710 'granule'0|2H= EFIHHO| occlusion bodyE &SI 1 Qo= T virionO] S0{QICt O] HIO|{A QIZk= ODV (occlusion

40
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A

Size Size Purified
marker 1 2 marker  Lysate sample
——
75 ..
50 — *
37—
25 .
20 .
872
603 15 3 ’
e B ¥
b
P 10—
kDa

(C) D)

Coat protein OS=Enterobacteria phage MS2 PE=1 SV=2

Database: SwissProt

Score: 103

Nominal mass (M,): 13981

Calculated pl: 7.74

Taxonomy: Escherichia virus MS2

Matched peptides were underlined.
1  MASNFTQFVL VDNGGTGDVT VAPSNFANGV AEWISSNSRS QAYKVTCSVR
51 QSSAQNRKYT IKVEVPKVAT QTVGGVELPV AAWRSYLNME LTIPIRATNS

101 DCELIVKAMQ GLLKDGNPIP SAIAANSGIY

Figure 1. Verification of MS2 phage. (A) Reverse transcription (RT)-PCR analysis. RNA was isolated from the purified MS2
sample and used to amplify the phage genome by RT-PCR (lane 2). Lane 1 shows the result of RT-PCR without phage RNA.
(B) SDS-polyacrylamide gel electrophoresis (SDS-PAGE) analysis of phage proteins. 18% polyacrylamide gel was used to examine
the plate lysate and purified MS2 sample. After electrophoresis, the proteins in the gel were visualized by staining with
Coomassie blue. (C) Protein database search after LC-MS/MS. The band indicated by double asterisks in panel B was excised
and digested with trypsin. The resulting tryptic peptides were analyzed by LC-MS/MS and protein databases were searched
to identify the proteins that matched with the LC-MS/MS result. The panel shown here represents the search result, and the
matched peptides are underlined. (D) Electron microscopic examination. Virus sample was mounted on a copper grid and
examined under a transmission electron microscope. The virus sample was negatively stained with phosphotungstate.

body-derived virus)2t St (10). Occlusion body2| £ H&2 granulinO|2t CHEHZIZ ODV HPZAS S2A ML QICH CpGve T2 &
S0 2&otx| ¢t REYLY RS0 Chst AEET A0 AL O2 SS0x o7t §l0] WSS 4542 Aglsict. AA|, ol
S|ALOM MADEX(S|AF: Andermatt Biocontrol AG), Carpovirusine(2|At: NPP/Arysta LifeScience), CYD-X(S|A}: Certis)2t= 0|59 A

www.ksmkorea.org / www.ksov.org 41
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=°M 4= T2 T,

re
-
2
Rt
rlr

I2A0| U= Arista Lifescience SIAL2EE HIO|2HA paste(AEH Carpovirusine)s #5101 CpGV AAHO A5t
pasteOil= HIO|2{A7t 0.6% BFREI0| QT Garnier S (6)0| & Z2 HIO[2A pasteZ22E CpGVE AA|5h= HH
O O ZHYHES Al=stRCt. ot2| 2 28| Zitet= T2 sucrose density gradient centrifugation & HO[2{A ¢
A = U A2 LIEIGTE 0|2 22 2Vt Hio|2A YRHS0| SHRUN M7= A= Mo,

HOZ ZZ} X2[2t Triton X-1002 ZE detergent M2| S& Ao 22l & 2247t ATt f2|7t 2
FO|2{A paste IENMHO|| HOMA2 A0|= Carborundum E& Celite?t Na,COs US 2715t mortardilA 2
ALt YMTI0IM S FE AOIUTE CpGVE BI04 B2 £0| granulinOl2te HEtA= £4H A =4, Carborundumo|
elitee 22U CpGV granuleSE E2|322 22|81F 1 sodium carbonate U2 FISHHOZ granuling Y8 =0{LI0| 2
HIO|HASES E0{F= Zo = AMZi=|Ct

n)

b a2
rot

s

— o

i

" i
0L @ ogh $£0
I 4N o 'S
ro rir _Oﬂ

amy

s
&

o —

5

N f|'E

&
B o

IR

™ 9 rjooo o R e
‘{N I:Ol' I'H —\-’- é

(A (B)

. BSA
Size
marker 1ug 2ug 5Sug 1 2 3
~ ~r = ) ——Y
75 =i e — ——
50 = ——
37 = —

25 - I

“

kDa —
o — —— | e——
Score Protein Matched peptide
SLGAVLNDVR
1 223 CpGV QQDPYYVGPNNIER
Granulin FTMQYALGAHPDYVAHDVIR
EAEYEPIIDIADQYMVTEDPFRGPGK
Granulin QQDPYYVGPNNIER
2 126 | (Erinnyis ello FTMQYALGAHPDYVAHDVIR
granulovirus) EAEYEPIIDIADQYMVTEDPFRGPGK
3 08 CpGV VP39 MLIGQSLIPQSATDR
capsid TFSQQTNRFGYPPFLR

Figure 2. Purification and identification of CoGV. (A) Purification of CoGV occlusion body by ultracentrifugation. CoGV sample
was layered onto discontinuous layers of 60% and 30% sucrose solutions prepared in a swing-out tube and centrifuged at
72,000 g at4¢C for 1 hr 30 min. Three bands formed after centrifugation were labeled #1, #2, and #3. (B) SDS-PAGE analysis.
12.5% SDS-polyacrylamide gel was used to examine the protein in the band shown in panel A. (C) Protein database search
after LC-MS/MS. The major band after Coomassie staining was excised and analyzed as described in Fig. 1C. The result of the
protein database search was summarized.
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A

Size @ Size Apal | Mfe |
marker marker digest digest

23130

9416

6557

23130 4361
bp bp

Figure 3. Analysis of CoGV DNA. (A) Agarose gel electrophoresis of purified CoGV DNA. CoGV DNA was electrophoresed in
a 0.8% agarose gel and stained with EtBr. (B) Restriction enzyme digestion pattern of CoGV DNA. Virus genomic DNA was
digested with either Apall or Mfel and the restriction fragments were separated by agarose gel electrophoresis.

HEO|2{A BEFMHO| NaCOsS 'E0f 12F X{2|5t = HME2|5t0] 4ZSW pellets ZAFSH 21}, granulin T2} HEO|2{A DNA= 7
9| pelletd] 2a5t= o2 LIEFGTE CHA| pellet2 E0{ Na,COs2 2t 2|8t Z0l& CpGV BIO|AT} 2oz =otLtes A
£ S0I5tACt 0|Z 30%/60% sucrose step gradient ultracentrifugation® £35t0] HIO|HAE ZA|SICHFig. 2A). RAAMEZE E
5t0 A2 YHE(Fig. 3A2| #1, #2, #3 BiE)E %[5t0] SDS-PAGES 5101 &QIst 22t 2t YHEQL 38 YHEOA CpGVe| granulin®
2 23kl= 28 kDa2| THMA BIES ptakeh £ QUACHFig. 2B). MA|HQl Fo=2 THTSHH 3 BHEON| 80% 0|te| CpGVIt A3
Ct. 3% Bi=E 60% sucrose £t 30% sucrose EUQ| FH O 2|2[3 ACH CpGVZt 48t nudeopolyhedrovirus ODVE| buoyant
density= sucrose SH0A 1.18~1.25¢Q1 Z{e2 %*3121 U, 35% sucrose 8O LT} 1.1510|1 45% sucrose BHO| UL
7} 1.2030|22 30%/60% sucrose step gradient2] ZL0ll= S sucrose £ AL0[0f| ZHsICtD MChsh= Z10| EfESiCE
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Figure 4. Verification of T4 phage. (A) PCR analysis. DNA was isolated from purified T4 phage sample and used to amplify the
phage genome by PCR. (B) Plaque PCR. Purified T4 phage sample was plated with host bacteria and the resulting plaques
were randomly taken by poking each plaque with a micropipette tip. The agar plug in the tip was resuspended in distilled
water and boiled for 5 min. After centrifugation, 1 pl of the supernatant was directly used in PCR. (C) Electron microscopic
examination. Virus sample was examined as described in Fig. 1D.
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Table 1. Stability of purified MS2 and T4 phages at various storage conditions

Stability Viability at different temperatures’ Stability under optimum

Virus 4c -80C liquid N2 storage conditions

96.0% (8 mo)
0, [0} 0,

MS2 phage (1 '3:_:2'31) %o (80'2:15;1) o (100‘23'7) %o 77.6% (19 mo)
73.2% (2 yr)

T4 phage (100.0+5.4)% (24.0£1.4)% (87.6£7.9)% (92.3+2.1)% (8 mo. n=4)

phag n=3 n=3 n=3 (90.6£7.0)% (10 mo. n=4)

V|ab|||ty was determined after 5 months. The titer before storage was taken as 100%.

®MS2 phage was stored in liquid nitrogen, and the titer was determined after a given period of months (mo) or years (yr)
shown in parenthesis. T4 phage was stored at 4 and the titer determination was carried out four times after a given period
of time. The titer before storage was taken as 100%.
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Table 2. Stability of freeze-dried virus samples

Survival rate after freeze drying Stability at -201C?
o) o)
MS2 phage 77.6£10.6% (n=11) 0w fO/S (312”‘;30)
o, o,
T4 phage 14.547.6% (n=13) 62.1%,80.7% (10 mo)

58.5%, 76.3%, 61.9% (12 mo)

Viability values of two or three virus samples in lyophilization vials were determined after a given period of months (mo)
shown in parenthesis. The titer right after freeze drying was taken as 100%.
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