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Isolation, identification and genome sequencing of a virulent
phage infecting Enterococcus faecium

CAO Hailing, ZHANG Aoqing, WANG Qirui, ZHENG Kexiang, SONG Guosen,
ZHANG Xinglin, MA Junfei’

College of Agriculture and Forestry, Linyi University, Linyi 276000, Shandong, China

Abstract: [Background] Enterococcus faecium is one of ESKAPE (Enterococcus faecium,
Saphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species) pathogens. Due to the resistance to a variety of
antimicrobial agents, E. faecium seriously threatens human health and is included in the WHO
priority pathogens list for R&D of new antibiotics. [Objective] To isolate, characterize, and
sequence the genome of the virulent phage against E. faecium, so as to provide raw materials for
the phage therapy of E. faecium. [Methods] A phage strain 1A11 against E. faecium was
isolated from pasture sewage. The phage was observed in a transmission electron microscope,
and its optimal multiplicity of infection, one-step growth curve, and lysis spectrum were
determined. The biological characteristics of the strain were analyzed and the whole genome
was sequenced. [Results] E. faecium phage 1A11 had a typical icosahedral head and a long tail,
belonging to the Siphoviridae of the Caudovirales. The strain showed the optimum multiplicity
of infection of 0.01, a lysis cycle of 70 min, an incubation period of 30 min, and an outbreak
period of 40 min. It exerted specific lysis effects on several strains of E. faecium. Phage 1A11
had a genome of 42 750 bp with the GC content of 34.71%, 70 putative open reading frames
(ORFs), and no antibiotic resistance genes or virulence genes. It can be used for the phage
therapy of E. faecium. [Conclusion] A new strain of E. faecium phage 1A 11 was isolated, which
has certain research value and application potential, and laid a foundation for the study of
E. faecium phage therapy.

Keywords: phage; Enterococcus faecium; biological characteristics; whole genome sequencing
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E1162, E0679. E1071, E1623 Z/7EKE V583,
4 ¥ {0 48] %5 BR 18 (Saphylococcus aureus) ATCC
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Figure 1
microscope (TEM, 10 000x) (B).

22 RERBREEH

M 1 R, WK 5 18 ERH% R 100,
10, 1. 0.1, 0.01 1 0.001 LB 6 h )i,
FH B2 S B 7 000 2 W A AR 1AL (R . 2
MOI=0.01 I}, BEEIA 1A11 (7w, Ak
2.3x10” PFU/mL, RIWEREIA 1A11 By
HHECH 0.01,
23 —wHEKEZ

£ MOI=0.01 W51 F, MEWETE K 1A11
B —A A K. 455 878 30 min POV B A4
JEASE B, 30-70 min P BE AT 3 B B

F1 EEE 1AL BREBRREHNE
Table 1 Determination of optimal multiplicity of
infection (MOI) of the phage 1A11

G5 HHREVREE  WERARMCEE BEEC 6 hibEE
No. Bacteria Phage MOI 6 h titer
(CFU/mL) (PFU/mL) (PFU/mL)
1 2x108 2x10'° 100 3.4x10’
2 2x108 2x10° 10 6.3x10’
3 2x108 2x108 1 2.3x10°
4 2x108 2x107 0.1 7.0x10%
5 2x108 2x10° 0.01 2.3x10°
6 2x108 2x10° 0.001 1.3x108

Plaques formed by phage 1A11 (A) and morphology of phage 1A11 by transmission electron

PG, 70 min J50E A BT, o
A G 8 BOBIIRE R AR 1AL BRI 2
30 min, FEKEKWIZAHN 40 min, — 2R FEWL
“} 70 min (& 2),
24 EREBMNFRERSH

STMERE R TATL A9 43 DR AR50 e A EL
BIHANH(E 3), S5REMH, R 1A11
3R — AR AEE DNA 431, HEER

10

log,, (PFU/mL)
o«© o

-~
T

L

60 IIO 2I0 3I0 4IO 510 6I0 7I0 SIO 9I0 16011|0150
Time (min)
B2 MEEEKIAN —SEK%

Figure 2 One-step growth curve of the phage
1A11.
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chaperone protein

42 750 bp I 100% identity
70% identity

50% identity

Prim:lsc—pnI_\-'mcrasi.‘_‘-ll lﬂ l _ , .
(f EZE AN

aan

1
Nucelotide kinase ‘

1 ‘\\\ Aramis
BRY — Tail tape M 100% identity
measure protein 70% identity
Protein/DNA complex 50% identity
catalytic motif, dArtagnan

W 100% identity

m 70% identity
50% identity

9184

I 100% identity

2 b 70% identity

BT, I TR

= . lail protein 50% identity

—— — —— Tail protein

Thioredoxin ——— % T

helix-turn-helix DNA

Distal tail protein

3 BEER 1AL MEERBSH RN A KN HRIR ; A S r) R R GC
B EE AN NN IZX I GC & i m (R TR NA ¥R GC & i, BHEEE, S5¥% GC &
BRI WA PR E GO B FRR GC-skew [GC s, GC skew=(G-C)/(G+C)], &fafl#k
GC-skew KT 0, @K GC-skew /N 0, Al HI T HIBTFRIR DNA B HlE A TR @RI 1A11
MBI AL 81 B 8 Ry e R (0 BOEL 6 Y 5 (R BE 4 SRR S IR R BR 1A W I K IME-EFm1 |
IME-EFm5. Aramis., dArtagnan Fl 9184 fit & Kl 41 i 41 (1 (8 RV s B DK 1) — BOMERR ) s e oM [5]
NEERERE AN CERER, SO REEN)

Figure 3 Whole genome analysis of phage 1A11. The innermost black circle represents the size and identity
of the genome; The black circle with peak indicates GC content: The outward (inward) peak indicates that the
GC content in this region is high (low) than the average GC content in the whole genome; The higher the
peak is, the larger the difference from the average GC content would be; A violet-green circle with a peak
indicates GC-skew (GC skew=(G-C)/(G+C)), green indicates that GC-skew is greater than 0, and purple
indicates that GC-skew is less than 0, which could be used to determine the origin of replication of cyclic
DNA; The dark blue circle represents the genomic sequence of 1A11; The five circles of orange, pink, sky
blue, rose red and cyan respectively represent the genomic sequences of five similar Enterococcus
bacteriophage IME-EFm1, IME-EFmS5, Aramis, dArtagnan and 9 184 (the color shades indicate the degree of

gene identity); The outermost circle is the gene annotation (red for annotated proteins and green for
hypothetical proteins).
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HHRI/NK 42750 bp, GC N 34.71%. it
BLAST #4640 #r, WEBIA 1AL 5F 70 M
[ FF A 2] 32 AE (open reading frame, ORF), H:r
32/~ ORF MINREE MRS, THRERAN 45.71%
(32/70), F 37 4~ ORF WThRER R A EE E
(hypothetical protein), A 1 PMAEER) ORF45
AR ook B[R] R A 8 1 By 4 . IR AR CDS
B K BEAE 934 317 bp Z I, 4
ORF 4% 38 568 bp MMsFL, &[4 H LK %
FERTIRE 2 90.2%.

L BT AL A3 BT, 32 W TR R 1 4 S TR
HIFH) SR IGERFEVERA IME-EFm] . IME-EFmS5
L H A B m AR . 5 IME-EFml A
89% AL ; 5 IME-EFmS 43 92% AL,
H 1A11 AL 5 B 1 — M 3R e R A i
ZESFEBTE S%LLE, WAy — PR i i Bk
I B 445
2.5  FFHIRISEFET BE TN

il BLASTp 2 740 7304, WA 1A11
f) 70 /1~ ORF (& 2)H HAT 15 Wi i 14 45 1) FN 45 44
4% . DNA B Hl a5 LR 2L il 55
ARMEER, ANEPiA R Pom: 5L H ) 5%
B, N mEs el s, A TR
o BR R W TR A I T I TS ZE A 1L

£2 MEEK 1A11 89 ORF LIREFR
Table 2 OREF analysis of the 1A11 genome

I AT /A 11 23 ) B 11 3 PRI R I B (R A ST 4 2
AR RER H, ORF3 gt 4 (|- B/ NIE 3L, 5
U TR AR 5L DR 40 A e 2 IR 437 55 A G ; ORF4
HEZ S| o N 2 S N 2 = R S Yl o R 2
F3R A ATP BEZ5H38, BT DNA 1% /e i #&
5 77 ; ORF6 4ifih [ 18 H, EARKSTEHMA
BB AT 5 R RN R AT G5 ORF7
G Sk 22 R T, R YR SRR A
2 55105 TR R T Sk 3B 2K 119 B2 s ORFS Jhy s Wi
PR R AR FEE LA ; ORF9. ORF10 FI
ORF12 Zifihk RBAFHAN K T; ORF11 4ufihIi!
HHBEE 11 ; ORF14—ORF20 Jh A I 1 (4% B 3 AH ¢
HE

W R 1A DNA i Al 45 A G FE R
ORF25 Zaihth it SR 11 3l , 2 M AU AT R AE
G AN ROR TR TP OCHERE ; ORF27 4ifS DNA
KA ME; ORF39 ZifdfE 15/DNA &4 Witk
BrmEnms 52, LhaiE DNA
MBS . RNA IR (52 (1 sA BAE R
ORFA40 Fi 1% PRI . ORFA4 Fihih 5| Pyl 3R
4T ; ORFA8 gy ATP fRHPEYL (R K &
Y, BEFIH ATP KRR M FH e . 4
B . g 5YREE A1 A% /IR ke AR Y 68 5T 45 4
ORF58 %ifh dsDNA e, woh, Bf—Lk

ORF Start—End Top BLAST hit

Identity (%) (aa) E value Accession No.

1 264-377 Hypothetical protein DAR_1 (Enterococcus phage 92 (34/37) 2.00E-15 CAD7767745.1
dArtagnan)

2 507-1 022 HNH endonuclease (Enterococcus phage Aramis) 78 (133/171) 2.00E-91 CAD7757451.1

3 10261484 TPA: Terminase small subunit (Caudoviricetes sp.) 97 (147/152) 2.00E-103 DAM42399.1

4 1 967-3 766 TPA: Terminase large subunit (Caudoviricetes sp.) 99 (582/590) 0 DAQ52195.1

5 3787-3978 Hypothetical protein EF36P1_00058 (Enterococcus 94 (59/63) 9.00E-35 WAXI14874.1

phage EF36P1)
6 4 0405 245

Portal protein (Enterococcus phage IME-EFm5)

98 (393/401) 0 YP_009200917.1

(15%5)
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ORF Start—End Top BLAST hit Identity (%) (aa) E value Accession No.
7 5190-5 741 TPA: Prohead serine protease (Caudoviricetes sp.) 99 (181/183) 6.00E-128 DAQS52193.1
8 5811-7 031 TPA: Major capsid protein (Caudoviricetes sp.) 96 (397/412) 0 DAZ56031.1
9 7 108—7 386 TPA: Head tail connector (Caudoviricetes sp.) 99 (91/92) 6.00E-60 DAQS52191.1
10  7376-7711 Head-tail adaptor protein (Enterococcus phage 98 (109/111) 5.00E-73  QUR34588.1
vb_GEC Ef S 9)
11 7714-8 088 TPA: Type I neck protein (Caudoviricetes sp.) 98 (121/124) 9.00E-83 DAQS52189.1
12 8085-8 450 Head-tail joining protein (Enterococcus phage 98 (119/121) 2.00E-79  QUR34586.1
vb_GEC Ef S 9)
13 8502-9 050 TPA: Intron associated endonuclease (Caudoviricetes sp.) 94 (171/182) 7.00E-124 DARA45597.1
14 9091-9 666 TPA: Tail tube protein (Caudoviricetes sp.) 96 (184/191) 8.00E-128 DAQ52200.1
15 9771-10100  TPA: Hypothetical protein (Caudoviricetes sp.) 95 (104/109) 9.00E-67 DAQ29452.1
16 10 124-10330 TPA: Tail tape measure chaperone protein 94 (64/68) 2.00E-38  DARA45575.1
(Caudoviricetes sp.)
17 10398-14 714 TPA: Tail tape measure (Caudoviricetes sp.) 82 (1178/1438) 0 DAQ29425.1
18 14794-16908 TPA: Distal tail protein (Caudoviricetes sp.) 90 (619/704) 0 DAS03751.1
19 16920-18 344 TPA: Tail protein (Caudoviricetes sp.) 81 (383/473) 0 DAS03753.1
20 18 358-19 758 TPA: Tail protein (Siphoviridae sp. ctu8P6) 91 (146/160) 4.00E-93  DAE25834.1
21 19 784-20 050 Hypothetical protein (Enterococcus casseliflavus) 36 (30/84) 3.00E-05  WP_156237020.1
22 20131-20502 Holin (Enterococcus phage IME-EFm1) 99 (91/92) 2.00E-57  YP_009042670.1
23 20515-20 796 Holin (Enterococcus phage vb_GEC_Ef S 9) 100 (93/93) 2.00E-59 QUR34577.1
24 20 813-21 838 N-acetylmuramoyl-L-alanine amidase (Bacteriophage sp.) 96 (327/341) 0 UVMS85172.1
25 21916-22 611 TPA: Deoxynucleoside kinase (Caudoviricetes sp.) 93 (214/231) 4.00E-156 DAQ52179.1
26 22 630-22 851 Thioredoxin (Enterococcus phage Aramis) 99 (72/73) 5.00E-45 CAD7757444.1
27 22915-25194 TPA: DNA polymerase (Caudoviricetes sp.) 96 (732/759) 0 DAZ56037.1
28  25296-25502 TPA: Hypothetical protein (Caudoviricetes sp.) 94 (64/68) 8.00E-39 DARA45627.1
29  25517-25849 TM2 Domain protein (Bacteriophage sp.) 78 (86/110) 1.00E—48 UVMS85167.1
30 25884-26 135 TPA: Hypothetical protein (Siphoviridae sp. ctu8P6) 97 (68/70) 2.00E-39 DAE25888.1
31 26184-26876 Hypothetical protein AVU90 gp23 (Enterococcus phage 98 (225/230) 2.00E-162 YP_009200893.1
IME-EFm5)
32 2694027 158 TPA: Hypothetical protein (Caudoviricetes sp.) 96 (69/72) 2.00E-40 DAQ52253.1
33 2715527073 TPA: Protein of unknown function (DUF1351) 97 (264/272) 0 DAZ56016.1
(Caudoviricetes sp.)
34 28099-28 191 Hypothetical protein (Enterococcus phage 100 (31/31) 4.00E-12 UUW40485.1
vB_Efm LG62)
35 28181-28 348 TPA: Hypothetical protein (Caudoviricetes sp.) 98 (54/55) 1.00E-29  DAQS52252.1
36 28 350-28 577 Hypothetical protein (Lactobacillus sp.) 100 (75/75) 2.00E-45 MBN2918471.1
37 28607-29362 TPA: Hypothetical protein (Siphoviridae sp. ctu8P6) 94 (235/251) 2.00E-172 DAE25826.1
38 29349-29 870 Hypothetical protein (Enterococcus phage 84 (144/172) 1.00E-104 BBQO04314.1
vB_EfaS-DELF1)
39 29867-30331 TPA: PROTEIN/DNA Complex catalytic motif, 95 (147/154) 2.00E-107 DAT36877.1
Helix-turn-helix DNA (Caudoviricetes sp.)
(14E)
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ORF Start—End Top BLAST hit Identity (%) (aa) E value Accession No.

40 30321-30554 TPA: Nucelotide kinase (Siphoviridae sp. ctu8P6) 91 (70/77) 3.00E-41 DAE25852.1

41 30 690-30 890 TPA: Hypothetical protein (Caudoviricetes sp.) 95 (63/66) 5.00E-39 DAT36878.1

42 30890-31066 Hypothetical protein AVU90_gp14 (Enterococcus phage 79 (46/58) 5.00E-24  YP_009200884.1
IME-EFm5)

43 31 066—31 188 Hypothetical protein AVU90 gp14 (Enterococcus phage 80 (32/40) 9.00E-14  YP_009200884.1
IME-EFm5)

44 31342-32 082 Primase-polymerase (Enterococcus phage 88 (216/245) 6.00E-161 UUW40492.1
vB_Efm_LG62]

45  32079-32288 No hits

46 32 348-32503 TPA: Hypothetical protein (Caudoviricetes sp.) 92 (47/51) 1.00E-23 DARA45618.1

47 32516-32716 TPA: Hypothetical protein (Caudoviricetes sp.) 77 (51/66) 5.00E-29 DAF84392.1

48 32716-34 017 TPA: Chromatin remodeling complex ATPase 90 (386/428) 0 DAQ52206.1
(Caudoviricetes sp.)

49 34 007-34 696 Putative truncated GIY-YIG endonuclease (Enterococcus 90 (206/228) 8.00E-153 QYWO06746.1
phage Bp29)

50 34747-35097 Endonuclease (Enterococcus phage 9184) 89 (103/116) 4.00E-70  QOI68866.1

51 35094-35282 Hypothetical protein (Bacteriophage sp.) 95 (58/61) 8.00E-33  UVX34538.1

52 35279-35494 Hypothetical protein EF36P1 00038 (Enterococcus 92 (61/71) 3.00E-38 WAXI14854.1
phage EF36P1)

53 35496-35 675 Hypothetical protein (Bacteriophage sp.) 92 (55/60) 1.00E-30 UVM91509.1

54 35677-35805 Hypothetical protein (Enterococcus phage 100 (30/30) 1.00E-10  UUW40501.1
vB_Efm_LG62)

55 35829-36 134 Hypothetical protein (Enterococcus phage Bp29) 49 (43/88) 1.00E-18 QYWO06742.1

56 36 183-36401 Hypothetical protein (Bacteriophage sp.) 92 (66/72) 1.00E-39  UVMS85201.1

57 36401-36 766 Hypothetical protein (Enterococcus faecalis) 62 (80/130) 1.00E-44  EGO08906807.1

58 36825-38411 TPA: dsDNA helicase (Caudoviricetes sp.) 99 (522/528) 0 DAQ52197.1

59 38490-38 663 TPA: Hypothetical protein (Caudoviricetes sp.) 86 (49/57) 6.00E-27 DAZ56077.1

60 38 680—38991 TPA: Hypothetical protein (Caudoviricetes sp.) 79 (81/103) 5.00E-54 DAT36889.1

61 39055-39216 Hypothetical protein (Lactobacillus sp.) 98 (52/53) 3.00E-29 MBN2918448.1

62 39429-39 716 Hypothetical protein IME 058 (Enterococcus phage 88 (83/94) 7.00E-51  P_009042706.1
IME-EFm1)

63 39 728-40 054 Hypothetical protein, DUF1140 (Enterococcus phage 91 (98/108) 7.00E-65 CAD7757482.1
Aramis)

64 40 048—40 281 Hypothetical protein (Enterococcus phage 81 (62/77) 2.00E-36 UUW40510.1
vB_Efm LG62)

65 40 359-40 643 Hypothetical protein (Staphylococcus saprophyticus) 50 (45/90) 9.00E-22 WP _107640701.1

66 41 134-41328 Hypothetical protein (Lactobacillus sp.) 94 (60/64) 2.00E-34 MBN2918443.1

67 4147341655 TPA: Hypothetical protein (Caudoviricetes sp.) 92 (55/60) 2.00E—29 DAQS52224.1

68 41669—41851 TPA: Hypothetical protein (Caudoviricetes sp.) 95 (57/60) 4.00E-32 DAS03801.1

69 41817-42020 Hypothetical protein (Lactobacillus sp.) 88 (49/56) 2.00E-27  MBN2918440.1

70 42 020—42 226 TPA: Hypothetical protein (Caudoviricetes sp.) 84 (57/68) 9.00E-31 DAQ29485.1
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KWV EE LR, ORF2 4 NHN 2 i 4)
fit} ; ORF13 4t N & FAHC N VI, ORF49 Jw
W HESE AR GIY-YIG R N I ; ORF50 4
VA PR]

2 TR AR 2 LR -2 oo R R
G0 1 R AL AR 2443 15 1R . ORF22 1 ORF23
i () 2 AL 2 2K 1 RE 6 1 2 B 1 4t A A
FLIE , 8 A5 ity )0 A0 e 1) JOR SRR 2 1 P 24
fit Vi . ORF24 Zifth N-Z Mk BE fE-L- 15 (R

Ml vB_EfaS-DELF1 %5+ ik # FL(Spihoviridae)
AW TR R A B I SR 20 R, TS LR B

Bl (Myococcyviridae) Vi WA TE R G L EW A
BN B X ).
2.7 HFBERINELS R

VE 6 PRIGEREA . 1 k40 (o ) 4 BR i A
1 AR KB AT 8 A W T A 1A LT EAT 2L i 1 ) 5
(£ 3), 48R B/, WEEIK 1AL X 4 BRIR I BR
W ELA 2RV XT 1 BRIR BRI AN 1 MR 2EM

WOWcRE, DDMEETAZLRES, ARl T A AT BREEEARIE . X R 1A11 B —
BB, BIRRRINAE. S AR, A R R PR U

2.6 RGJEABWOMN

I T 05 B A R it g K I JE (terminase  large
subunit)Z LR 7 A B R 48 K B R ANEL 4 F
7%, WEEIK 1A11 55 IME-EFmS. vB_EhiS 268

3 W54 #®

7 2 B 25 B BR T 5 RS (9 e P9 IR et 42
TH F LT X A RS MER 2 — o FE BRIV 2P

|Enterococcus faecalis phage vB_EfaM_Ef2.3 (MK721192.1)
100

Myococeyviridae L[
60 Enterococcus faecalis phage vB_EfaM_Ef2.1 (MK693030.1)

Enterococcus faecalis phage PBEF129 (MN854830.2)

3 4[—Enterococcus Jaecalis phage vB_EfaS-DELF1 (LC513943.1)
55‘ Enterococcus hirae phage vB_EhiS_268 (CAJDKB010000002.1)
’-L( Enterococcus faecium phage IME-EFm5 (KT588072.1)
99 93ﬁ‘*En'l'erococcus Jfaecium phage 1A11 (NMDC60046433) .

Enterococcus faecium phage 9184 (MT939242.1)

r Enterococcus faecium phage Aramis (LR990833.1)

100([ Enterococcus faecium phage dArtagnan (LR991625.1)
Spihoviridae 95L

741 Enterococcus faecium phage IME-EFm1 (KJ010489.1)

Enterococcus faecalis phage IME-EF3 (KF728385.2)

0.10 ' Enterococcus faecalis phage vB_EfaS Ef6.1 (MK721187.1)

4 ETHEARGBALIESEBRFINRELREN H95P0F S NRERSER AT
O3 FBCTFFROR IR, BUE BT 100, AT{EEEBGR; AR BRI E

Figure 4 Phylogenetic tree based on amino acid sequence of large subunit of phage terminal enzyme.
Sequence number in parentheses: The sequence number of phage genome; The number on the branch:

Indicates the credibility, and the closer the value is to 100, the stronger the credibility; Scale: The genetic
distance.
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Table 3  The lysis spectrum of the phage 1A11

Strains Lysis ability

Enterococcus faecium E1039 +
Enterococcus faecium E1162 -
Enterococcus faecium E0679 +
Enterococcus faecium E1071 +
Enterococcus faecium E1623 +
Enterococcus faecalis V583 -
Saphylococcus aureus ATCC 27660 —
Escherichia coli ATCC25922 -
+: AR MGE S R - TCRUR SR K

+: Can form bright spots; —: No spot formation.

T T R R DR ER B S R 1 SR e 2 Ik
TR A G R T R 2 3 A
AMUAE IR LG, BT LIRS 2 & (0
EERTA . BERKTASE 2P 2 G A Y, 1
o N T 2T A R e =S /AN S ol L e
] 02N W B AR N KRR AN R F, HA
1S RIME TR L. A HaH 2 B B 1Ry ik
BT 3R R A i 1 2 I 24 1 2 1 R
e, FLEH ZFPAS R 00 W5 5 1A= b 3R AL
WER) S H 25 ™ T A £ T i 2 1k 0 A A LA A
Wik A AR ik A 2 e, H H R E N AN 1
BR AW B AT R D, T L B 2 M BR A
PR SR IR T i 9 0F — 25 97 75 I BR 1 W 1 A4
VR R BR PRIV B AR T 1 1) o FH 4 Atk

ARG 7 5 3] — MR B DR o B TR Wk TR A
WHAZ N 1A11, ZWEEE T8 RN H
KEWR#HR. SR ERMEREA 1A11 et
0553 DR BR TR B B A 2R AE R, (ROR BB A
A& 28 A ER B V583 MR I ERE E1162, #IE
TEPHME R AR 1AL HA B& i 1 2R 5
ORF22 Fl ORF23 4ty 2EfL& &1, ORF24 i
T LR ey, 2k DA MG E o 2238 BRI AR T
PLEEFL 2 -2 — e 24 R 0 Y 2 R B U Y

fiferE B, BANSEAMBEEHCERE, #il
h— R ZUE W R AR B R 4L 5 R R
TATL R38BT — g B e P (R 11 25 5
HRLE 5%LA b, B RETE A 1A11 S —Fir
PR IABR PSR A . NHLEEINER | R Gk B WA
FLEE A S5 AT LI 1, BRI 1A 526
FA RS 1 DR B BR B i T /& IME-EFmSPS 7 76
R & B AR . E LX) IME-EFmS 1 1A11 1)
e AR IR I B — 2 A K Gext L i R B
PR AR It T A ) e AR R L S 04 0,01, YRR
1% 30 min, 2 &M 40 min, FEAEYARE
PEJ7 TR EAT R4 — S0Pk o (B T A 05 TR A 7 2 i
Tl HAFE—E M 25, IME-EFmS HAES
D72 B AR Y 4P-SA, T TAT1 REZLAR I 5E B bR
W) 4 BRANT , DR AR 1TA1D BA B3
FIFR N MR RE ST, 1B A IR TIE BE IRIA YT IR A
ST o 0 W T A 14 20 A 8 ) 5 DR T L
1A11 (ORF3-19)%5 IME-Efm1"*! (ORF2-12)f%
FE LR AR, 390 2k /NI . &
1EEE R | & . 18 . prohead H
it . A7 . kRAEEOMENEN . Ul
Bl 1A11 5 IME-Efm1 A9 AU A & o A6
IME-Efm5 #l IME-Efm1, 1A11 A& E R4 )R
B- PN Tk g g L IR, AN 2 i BT 25 5 1R 1) 2 8 T
HA, HAERENLeE,

W BRI 1AL VAR A% g HEH Jp ik HL28 4>
PR, T FNE T i 254 DR A Bk 1R SR e T
HA— N 1. A, WETR R 1AL 76 R
1o BR TR B L 36 7 7 T ) BE ) 3 75 B ) i e
BB, FLRLAR AL AT AT RAE AR EAE R
P TR B 11 IR0 7 7, 6 M ABLAS R AT R IR
A BRI FE AT by LA TR AR 97 7 B 42 T 245
J 3R TR IR L R TR RE, IS A TR W T AR AR )
PR RN L R A Y g b S A AT AR A T —
5 2
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