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MH SRS E UL, SF LA B ESOR B R R A M AT RS, A
M2 AR S W T B, AR 1S R S ML S e L #0F5  m it ). BRIk A
MEHEREN, A2ahn. 2RSS P S0, ERETAatMRYEEHEK, Hb R
5% ZAHREWAMER, HELSER, HEZREAEKR/. KFHRK. BHLEH R EEE
AEMAMEE, IRVERNMREE, BEGRETN, FRZNES T, XAk
RHKHHARREN., FREREAEMEY F PRI MR, LT 24 5 % H
BRI ER H BB, FTReC A 30424, W e ARk, —2 R R K500 £ mik
fy. 2R EZIEEREEBAER/ DM, ANE R AS A BV EAK, 5T
AR ARLEE., REE SN — bR, MmCHTE AR EAEE -
FEARAE DNA, Nt g F RS il DAHE M A B YRR, Rt — B i E Ko A/ D B MR
BEMPEE R MR XR, BERORTEH 5B W AR o st g - FhE =
B L, 7 A8 B B GG f 56 00 4o [ TR VA 22 RN e I AR A AR TR ) i R v W A 1

WRHE MR BRSSO TAEYHHEES ., WHKDEWE -FRELHMEYN
Wirg, ALMAKEAEN, LT LSERRNEFER D, WAKEBRTSEMNS T
3Rl T ERIRAL, FRLERELE 2B KRR HR. 7t A st R B TR A
FARVER. B AR, FUAERNBRE", SHARKERZRTm, ERHNEZHIL
M, WHEMAFER. EFEE. wilE. AER, BRYERER. SRkEBNEERE
HEBCHGE AR A FREIR, £ LR R R AR BEIR, Bk ok A W B R R
FAPE R T AR PR R, XA GRE K EE R SR EMsL L D
MEIIR WA AL T A C R AR S KEERE S, N 7. TR MMM IESR, NEFENLBELY
e, Wk, HERE UET IR EIE NS 5 Ye i VR A FIE TR TR ol 240 58 Pt
AR AR, BEE Dol POk SR BUE T e tE R A R, A E R R R
] HE I

i, WEERTREA RN, HPHEITFECIHT AKBUNHM AR E A, f)
w15 W 1] K @ (Salmonella typhi), & %K B (Shigella sp.). & 8 0 #H & XK &
(Staphviococcus aureus) 4% I #T & (Pseudomonas aeruginosa), x4 W 6 A 75 I 1790 "
EEEEMEMN, FIRENTEENENEE EETRMEAFEE. s g
AWTEE L i, T SOk b R R A Bl BB RO W R BB 3R E 1500 A AT, Ty — R L
EWEAKGIT, BAGRIEFAEA, Beghiid R eBR, Har RIE080h oo i
A BIEB BRI MR E. B, B THAMBENT R, BE B IEMEFTE RS A X
RECAHRIARAEABE T HE R RTA YT, WTRE B9 E AN G, &G, WRIKE KT R1E
TRBYETSEEMN LR, TRFwEks R, BEKRGTSGRE IRIMA, S
B X Se g T PR T S LA BET T8 OIE.
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PREFACE

Electron microscopy of phages allows instant comparison and, often for an experi-
enced observer, instant identification. It thus provides a ready means of diagnosis and may
obviate the need for reference phages and lengthy serological investigations. Phages may be
tailed, cubic, filamentous, or pleomorphic. Tailed phages, which constitute over 95% of
all isolates studied in the electron microscope, are morphologically highly diversified, dif-
fering from each other in size, head shape, tail structure, and fixation organelles, show-
ing more morphological variations than any other virus group, including poxviruses. This
is probably due to a long evolutionary history. Tailed phages are so ubiquitous in the
bacterial world that they seem to antedate the separation of present-day bacteria and may
be as old as 3 billion years. Tailed phages then have had time for differentiation. The vari-
ous groups of cubic, filamentous, and pleomorphic phages are small, sometimes con-
sisting of one or only a few members. Again, these groups are readily identified by electron
microscopy. Morphology also enables the prediction of certain physicochemical properties.
For example, it is known that all tailed phages contain a single piece of linear
double-stranded DNA. Observation of a tail thus permits inferences on the nature of the
nucleic acid. Further correlations can be made between capsid size and nucleic acid content
and particle weight. Electron microscopy is also an important tool in the emerging field of
phage geography; for example, Streptococcus phages with the same morphological charac-
tcristics have been found in countries as far apart as West Germany and New Zealand.

The study of phages is a major branch of virology and molecular biology. Phages are
also the only viruses with important practical applications. Some phages are harmful. In
Western countries where the dairy industry is highly developed, phages have created havoc
in destroying bacterial starter cultures, causing significant economic losses in cheese manu-
facture. Throughout the world, they have disrupted the production of organic acids, al-
cohols, solvents, antibiotics, and enzymes. Every kind of bacterial fermentation may be
affected and nuisance phages have been reported in a great variety of industrial bacteria,
for example the genera Bacillus, Brevibacterium, Clostridium, Lactobacillus,
Pseudomonas, Streptococcus, and Streptomyces. Phage disruption of industrial fermenta-
tions appears as an inevitable consequence of the special conditions of industrial
microbiology, namely nonsterile fermentors containing large volumes of nutrient media
and genetically more or less homogeneous bacteria. Classical monocultures are thus created
and faulty fermentations are bound to recur. It is important then to study the phages in-
volved, both the contaminants from the environment and the temperate phages carried by

lysogenic industrial bacteria. The importance of nuisance phages is likely to increase as
iii



genetically modified bacteria are used in industry.

On the other hand, phages may be friendly. Many of them are used as typing phages
for such human pathogens as Salmonella typhi, Shigella species, Staphylococcus aureus,
and Pseudomonas aeruginosa, to name a few. These typing phages are playing an impor-
tant role in epidemiology, where they are used to trace the spread of an infection and even
to detect individual carriers. New schemes continue to be published and the total number of
phages in the various typing schemes of the literature is about 1,500. Another application is
phage therapy, although it got off to a poor start, has completely been superseded by an-
tibiotics, and is now praticized in a few places only as a heroic cure for desperate cases.
The spread of antibiotic—resistant bacteria, however, is such that phage therapy, using
well—known, specific phages with proper indications, may regain interest. Finally, phage
vectors are important tools in genetic engineering. Whether used in phage typing, phage
therapy, or genetic engineering, the morphology of these phages must be known for iden-
tity control.

Although phages were observed in the electron microscope as early as 1940, there is
no phage atlas available. An atlas entitled * Ultrastructure of Animal Viruses and
Bacteriophages™ was published in 1973 (Academic Press, New York), but it was devoted
mainly to mammalian viruses and only described 11 well=known phages. This is
regrettable, an atlas is a great teaching aid, a valuable introduction for the beginner,
and a reference document for the confirmed scientist.

This atlas therefore closes a gap. Dealing specifically with phages from China, it also
makes an important contribution to phage ecology; for example, the Western scientist will
find it interesting to learn that certain phage types that occur in North America or
Europe, are found in China too and have a world—wide distribution. The present work
comes at an opportune time because of the increased availability of electron microscopes
and identification schemes. Phage microbiology has now progressed to the diagnostic stage

and hopefully will be further advanced by this atlas.

H.-W. Ackermann, M.D. Professor
Department of Microbiology
Faculty of Medicine

Laval University

Quebec, Canada
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®1 BEENEXRER

% R 995 7 R
A FHE I detk P : HE
P R % 4 fFHEx 10 A B R IELA
A LR e i {4 R T2 ds DNA L 49 120 LH -
B KRR i 1R A ds DNA.L 54 33 LE -
C Tl R g (AR TT ds DNA L 51 25 _E -
D1 /R R R PX174 ss DNA.,C 26 1.7 EARES - -
D3 S AR PM2 ds DNA.C.S 14 6 EAITREN - +
D4 L S RL PRD! ds DNAL 14 9 % (i & - +
El BRI RFE MS2 ss RNA L 30 1.2 EALIRG - -
E2 HER I AR D6 ds RNAL3KE 10 [10.4(2.3,3.1.5.0) | L&k : +
Fl 22 AR IS KSR fd ss DNA,C 5.5-12 1.9-2.7 2 AR - -
F2 FRARmE KR | MVLSI ss DNA.C 1.5 B2 HEAR -
G ZEL g AR MVL2 | ds DNA.CS 7.6 EA AR + +

OB Ackermann! VR Matthews!™, L. £RARgy; C. FRARAY: S, BEBEA: + A . A

1.1 BEWHEIE

ARV EIA RN F AR (Myoviridae), KW B AR} (Styloviridae) I MR
PR} (Podoviridae)fi B b1, $% CFEHESHITT I A, B A1 C SFUEATE AR A TN H
KEA UG ET, BULEW S AR, B B EALS KM ARG RS, EEKREWE
B C MREIRAREM RN, BeRRE KRN, 8BS AR el B =R
WAL, 1 A KA R I S Ay, 2 BUAD 3 A L EE G, FEH K TR e ok s ) T

A2=12-1.4:B2=12—1.4 f1 1.8 C2=1.1—1.4;
A3=2.4;B3=3-3.4;C3=35"8

¥4 RV R AN EPESR,  Reanney fl Ackermann % AP Aft94% 662 thig
BRM 8 T8 112 MPA I it 47 17 RAE5 (& 2), b el DUEKAS — IR B T4

® 2 HREMEENA/NIYCERS

PEIE T-¥{E WA
#ﬁi%%ﬁ*&

SR E AR (m PR T % &l 72 37—180
R CTE (nm) —_ 3—539
o F R x 10% 92 47--490
UBEEIE (5200 w) 551 282—1042
TEHEIE (2 7 mDCsCL 1.48 1.41—1.54

DNA
¥ 46 2562
o FE(x 10% 59 12—490
GHC% 48 28—70

HEMERE KRR 2 A, BN SR AUE DNA, FiE A WA 4sE
RENEARE ANk A 0T g8 MR W8 R0, A S g (A HA7 BCK i Fe A5 I
BE. WMEN. R HRMOE%E, ANE3I PRI, EFPH 2038 HRGE K B1 B
5 859 tk, QG T A AR EEM, N LAESEE, —RIAVIARWERE K&
IR A, HA 2 — XMy & R M R T 2 IREAYERBA VA0 o 1.2 nif ff
7E.



*3 AEBEAMSHE

% Bergey s e s A 24
T or 4l i) Al | A2 | A3 | Bl | B2 | B3 | Cc1 | c2 | 3 4
1 Rhodopseudomonas 1 3 2 6
2 Cytophaga 28 2 30
Flexibuacter 1 1
Myxococcus 9 3 12
Saprospira 1 t
3 Sphaerotilus 1 1
4 Ancalomicrobium 3 3
Asticcacaulis 17 4 3 24
Caulobacter 4 6 2 33 3 48
Hyphomicrobium 1 3 4
s Borrelia(?) 1 1
Leptospira 1 1
Spirochaetal ?) 1 |
Treponema 1 1 2
6 Azospirillum 2 2
Bdellovibrio 3 1 4
Campylobacter 3 8 13
7 Acetobacter 1 1
Achromobacter 13 5 2 20
Agrobacterium 3 23 8 5 39
Alcaligenes 4 7 1 12
Azotobacter 12 2 6 20
Bordetella 3 3
Brucella 45 45
Gluconobacter | 1
Halobacterium 3 3 6
Methylobacter 1 1
Methylocystis 1 1
Methylomonas 1 1
Methviosinus 14 14
Pseudomonas 52 1 37 10 43 143
Rhizobium 29 1 32 18 1 20 101
Thermus 1 1
Xanthomonas 4 7 8 1 20
8 Enterobactera 127 104 6 153 11 2 154 12 569
Actinobacillus 1 1
Aeromonas 26 7 1 34
Flavobacterium 14 14
Haemophilus 2 1 3
Pasteurella 10 8 7 25
Vibrio 38 2 9 8 31 1 89
9 Bacteroides 9 9
Desulfovibrio 1 I
Fusobacterium 1 1 2
10 Acinetobacter 8 t 4 4 17
Neisseria 3 1 4




% Berge . B oEx ®B .
?%B}éj\gfﬂy CELY Al | A2 | A3 | BI B2 | B3 | C1 | €2 | C3 it
11 Veillonella 2 2 4
12 Thiobaciltus 1 1
14 Micrococcus 12 12
Leuconostoc 4 4
Staphylococcus 23 62 34 1 120
Streptococcus 14 227 70 5 8 4 1 329
15 Bacillus 31 139 12 3 2 19 306
Clostridium 75 1 43 12 21 152
16 Caryophanon 1 2 1 4
Erysipelothrix 1 1
Lactobacillus 28 40 1 69
' Listeria 2 30 32
17 Actinomyces 1 !
Actinoplanes 1 1
Arthrobacter 5 1 6
Bifidobacterium 1 1
Brevibacterium 7 7
Brochothrix 1 1 2
Corynebacterium 77 77
Dactylosporangium 1 1
Kurthia 2 2
Micromonospora 3 3
Micropolyspora 1 1
Mycobacterium 1 53 20 74
Nocardia 9 9
Nocardioides 2 2
Qerskovia 1 1
Promocromonospora 1 1
Propionibacterium 10 10
Rhodococcus 8 8
Streptomyces 2 58 32 1 93
Thermoactinomyces i 2 1 4
Thermonospora 1 2 1 4
18 Porochlamydia 1 1
19 Acholeplasma 2 3
Mycoplasma 1 1 1 3
Spiroplasma 1 1 2
Cranobacteria
Anabaena 3 2 5
Anacystis 2 2
Plectonema 3 3
Synechococeus 3 3 2 8
Chlorella 2 2
684 | 120 7 1164 | 254 47 402 26 3 2721
[ | 811 1469 441

B R R 1985 4 2 H 28 H, H—W. Ackermann il M.S.DuBow; Viruses of Prokaryotes. CRC Press, Inc, Boca
Raton, FL. USA (F AJ# i)



®4 ZEE LFRNSHBEENSH

Berge o r E H .
ﬁﬂﬂﬁgég BE(R) b1 [ D2 | D3 [ Da Bl |2 [Fi |82 /3 [ | =
4 Camlobacter 8 8
6 Aquazpivillum { 1
Bdellavibrio 1 77 87
7 Alteromanas 27 27
Psemdomonas 2 1 2 5
Xanthamonas 3 3
8 W& #h 29 23 15 67
Vibria 3 3
ZMWE K 6 1 2 9
15 Bacillus 8 8
18 Acholeplasma 13 3 16
Myeoplasma 1 1
Spiraplasma ! 1 2
Thermapratems 3 3
2 % 30 2 27 14 | 412 | 1 25 15 3 3 1367

-9 1985 4F 2 H 28 H H.—W Ackermann 1 M.S. DuBow; Viruses of Prokaryotes. CRC Press. Inc. Boca
Racton, FL. USA (#, A\ @ IR).

1.2 Z RS A

ZHAMEAETEERLS EET DI, D2, D3, D4, El flE2 HRWWEEAK, |
Hﬂ TAESERETHREBMEK. Nz EESL LN BERRMERE, £450REMKE

%Z, REFETLOBILUBH E@T,

BUNEE A FH(Microviridae) Z—85 #45E DNA (K, Wk 28 20 Fik, A
1229 27nm, 7 FRIZY 6.7 X 10°, A 12 PRFENR, EHEANAA -AERu%E, B

B L7x10°, HPREER 26%, 35—60% GHC ™, o EkH Yy 0X174, BT DI
}f/ FIJ

D2 AWM ARmA, FENMER THRAERE, B—%9 DNA WMEHK, ©#
B, BRI EEAT 60nm. ﬁqﬂﬁ—#%!@%ﬂ%%, ] B8 & A W EE DNAPY 5 s s o
#., EFH DNA.

BEWRE EH (Corticoviridae) 1M A & A R BIRBE S DNA, T8 Y 6%
10° HERIEE 14%, & 43% G+C B, PRE 20 Fifk, F42%Y 60nm, 5 M4 RIR A
R, EE. RAHBREAME, ERAEE B ERBIERIEBA, &R 12—
14%, 90%EBEAS. Bk TH L 50x10°, f£FEHK N PM2, FAELERKBORE
F BT D3,

E EWE &R (Tectiviridae) A BT D4 L AR, A FHk N PRDI, Bik 2 20
WK, 29 65nm WER, ARAEHLTIAEE K 20nm B HIR, BEAREKTT, "BE I
FCJ% 3nm, P N EIE S—6énm, J5E R T IS RIE . %ﬁ**ﬁ? £49 70 10°
B ALK DNA, 4 FEY 9X10° A 5BR 14%, &4 5B 10-20% M5 H, F

R T—— - s o £ i i e e



DA E, 60%RIBEITR e RS IR, CREME. SRR B AR 2 REH PR, R
SRR XA EON, YTE AKKRRR, I K 60nm # K UR Fhas 1,

BN R EE (Leviviridae) MHENET EL B, ALK H MS2, 2 20 mik, HEIS
#)23nm, 4F FHEOM 3.9x10°. ATHEAT 32 RSEIR, BEE. &4/ %% RNA, HERE
B’ 30%., TFEA1.2x10°% GHC BH51—52%, CHENmmE EHuEmEmE.
FRONE ., MRCARPESE, "RPH 7 i PR B Ve UL, 7 A e R A HE B R A
AR, R O R A AR PR RO AN R,

W IE R AR (Cystoviridae) MR T E2 8, EKN 06, YR AME. W
B 20 PR, B 229 7Snm. HATATRRMTG RS, B EAM RTHE N 60nm, R 7E 4
EME . BRI TR 100x 10°, PR N T = FERUUE RNA, 27 7 &l 104x%
10°, 15 4 4r i 2.3x 10°%, 3.1x 10° #1 5.0x 10°%, BRI EE 10%, G+C BH 56%.
kb4 20% 4L HS R, 4 fi fEREEE b, H 90% S IR A RERE Y.

1.3 2ZFWERK

£ ¥F M8 & & # (Inoviridae) % 7+ % &, 22 R W& 08 {4 J& (Inovirus) R AT AR WE o 1K 8
(Plectrovirus), A& F1 8, & A F2H,

S0 ARV R TR R B — A Al B 2R Bk, < 760—1950nm, B 4% 6nm, 7§
B 11—23%10°, A FRMEE DNA, 4 FEN 1.9—2.7x10°% HBR Al 5.5—12%,
GHC B 42—62%., WETHIA N B BB M /E g ot BA S it A4l . L&A
fd[48]

MR A B il - BE ARk, —imaliE, %9 84 x 14nm. N 5k
DNA., 4 T8 1.5x10% {CF bk A B 8 5K (A choleplasma) ) MV L S8

1.4 ZFH R

F 4 IF E A RN (Plasmaviridae) £ — 2505 2 B A L RIpg ik, # L o] il ng &
B, HItH 80(50——120)nm WD T AT O B B PR A — N Y (R A AL AR
A5 0B T 2L IR X R R AR R - MR BB ALEE DNAL 7 M2y 7.6 X
10°, M A®E, Hop SaMsm, (CRKMEREIEMRE KK MVL2, ESHET
G B,

TEX AR b, FRAN7E 22 000 PRV T 1A R0 22 A ik B A il RSO B Bl e R R R, e
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