2.1 (Duckwaorth, 1976)

.. 1915 Frederick . Twort

(micrococci) (bacilli)
. .1917
Felix d'Herrell Shigella
dysenteriae d'Herrele
. dysenteriae (spread)
. dysenteriae

(bacteria eater)

2.2

(protein-synthesizing system)
(energy-generating  system)



2.3
231
(capsomer)
(polyhedral)
(icosahedral shape)
5
20 6
( 2.1)
12
(complex structure)
(tail sheath)
( 2.2)

g

WIFT 1V

(Maloy étal., 1994)

(capsid)

(filamentous)

12
(penton)
(hexon)
(head)

( 2.1)
(tail)
(tube)
(base plate) (tail fiber)
(receptor)
(Bradley, 1967 ; Luria et al., 1978)

(protein coat)



Capsomers

Protein

subunits Hexon
that make capsomer
capsomer

Penton
capsomer

Nucleic
acid

21 (@)

Nucleic acid
Capsid head

Tail
fibers

Tail
pins

Base plate

29 (Bradley, 1967)



3 (icosahedral tailless)

(icosahedral tailed) (filamentous) (
2.3)
(al) (bl) (cl)
il
.
i
" /( // \\
/ (\ \\
(a2) ' (b2) (c2)
2.3 3
(X174 (ai), T4 (1),
M13 (c1)

3 (@2), ( 2) (c2) (Maloy et al,
1994)



2.3.2 (nucleic acid)

(single-stranded DNA) (double-stranded DNA) (single-
stranded RNA) (double-stranded RNA)

(Dimmock and Primrose,
1988 ; Morgan, 1993)

2.4
Bradley (1967)

(Bradley, 1967 )

A (hexagonal) ' !
(contractile sheath)

D. (knob)

Reanney Ackermann  (1982) I
A-G A-F
Bradley
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G
(Reanney and Ackermann, 1982)
(International Committee
for Taxonomy of Viruses : ICTV)

3 (nucleic acid strandedness)
(envelope)
(family) (Matthews, 1982) 2.5
2.5
2
(Lytic cycle)
' 4 (virulent
phage) (Iysis)
(Duckworth, 1987) , (T-even phage : J2 T4
T6)
E. coll
( 2.6)
L ' (Attachment)
(attachment site) (receptor site)
(peptidoglycan)
(lipopolysaccharide) (teichoic acid)
(flagella) (pilli)
(capsule)

(Furukawa et al., 1983 ; Maloy et al., 1994)



10

.//\ " il P N [/"V“
l | ' o P KA
I E ' 3 v 8
E L i RNA
\L 3 7
j héf ( /\ E
Y i
¥ L R
&:x DNA
i [ ~. s single-
{ N\ [ =4 l@ stranded
{ "L‘ DNA F
DONA single-
stranded
N N
{ 1 i C D
H ’ i
i / “ ONA
S 2
3 /
B
"\
A
DNA
A
2.4 Bradley
(Bradley, 1967)
Nonenveloped Enveloped !
2 - 1
Surface view Section dsDNA
dsDNA
YaY, 7 vy
: /L F3 group
X !
Tectivindae N
) (PRD1) (- )
| ) ) 4
l |' Surface view Section Plismaviidie
u | @ @ (MV-L2)
A < 7
Myoviridae Siphoviridae  Podoviridae Corticoviridae
Isometric Elongated (A T5) (T3,7) (PM2)
head head
P2) (T2) i
1
ssDNA sk ssRNA dsRNA ‘
== L '
:::\;”C:’:e , Microviridae i
-L1 type 4 e
(0x174) O @
Leviviridae
(MS2, Qf) Cystovindae
Inovindae (06)
(fd type) A
100 nm

2.5

(Matthews, 1982)



(tail core)

(periplasmic  space)
(outer membrane)

1994
1996)

(DNA replication)

MRNA) IT

(Penetration)

(cell membrane)

(Furukawa et al., 1983)

(periplasm)

(Maloy et al.,

(transcription)

(Campbell,

(Mathews, 1977 ; Maloy et al., 1994)

(MRNA : messenger RNA)
(RNA polymerase)

(early mRNA)

(DNA polymerase)
(copy)

(translation)

(late
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5. (Morphogenesis)

1 50-100
(Luria et al., 1978 ; Maloy et al., 1994)

6. (Release)
9 (holin)
(Young, 1992 ; Maloy et al., 1994)
(Lysogenic cycle)
(temperate phage)
(Bradley, 1967 ; Duckworth, 1987) (lambda

phage) E. coli
( 2.7)
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Bacterial  Bacteria! Cagsid DNA

cell wall chrornosome

B e SETFELLR L

TR T RTINS
o Attachment:
Phage attaches
to host cell

Q Penetration:
Phage penetrates

host cell and
injects its DNA

—— Sheath contractec

) Tail core
p N\ (&7 5
N
A~

@ Biosynthesis:
Phage DNA direx's
synthesis of vira
components by i~ =
hos! cell

Viral componenis
are assembled 7z
Virions

O Maturation: l

\,

N ;
V_\‘v. ) V_M_,‘“‘ “'w”‘,

9 Release: s W ¢t
Host cell lyses arc P
new virions are Tail fibers
released

2.0 T-even phage (Tortora et al.,, 1995)



3.
(repressor protein)
(release)
(integration)
(prophage) (lysogen)
(immunity)
(Maloy et al., 1994 ; Campbell, 1996)
4, (Induction)
(Luria
etal, 1978)
2.6
[
2
L

(Wistreich  and
Lechtman, 1980)



" Phage attaches @ Occasionally, the prophage may
Phage DNA 1Q host CSU snd excise from the hacterial chromosome
(double stranded) &‘,_:" injects DNA by another recombination event,
W? Bacterial initiating a lytic cycle

C .. chromosome A ..
g : _,

Many cell

A R, Sl S T divisions

S e A L S P 4 wnrn

’Mki ‘;‘ ‘' Lyticcycle - O Q ; Lysogenic cycle O Q '
e, 7/
& y &

Cell lyses, releasing Phage DNA circularizes and enters @ Lysogenic bacterium
phage virions lytic cycle or lysogenic cycle reproduces normally

- / L
35”7_?;

© New phage DNA and @ Phage DNA integrates within the

proteins are synthesized bacterial chromosome by recombination,
and assembled into virions becoming a prophage

2.1 (Tortora et al., 1995)

2. ?
(double agar layer method)

(soft agar)
45

(lawn)

(plaque) 28 1
(Bradley, 1967 ;Brock et al., 1994)



p Bactenal
ar cells

Phage oo X T
\/ {Jdiution ag

Pour mixture
onlo agar plate

Nutnent agar
plate

Sandwich of
top agar and
nutrent agar

- Phage
plaques

Lawn of host cells

2.8 (double agar layer method)
(Brock et al., 1994)
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2.1
(clear
plaque)
(turbid plaque)
(Goyal, 1987) 2.9
2.9 : 2 T4
(Black, 1999)
2.8
(plaque assay)
1 (phage
suspension) (serial ten fold dilution)

(Plague forming units : PFU)

(Luria et al., 1978 ; Morgan, 1993)
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2.9 - (Host range)

(Species) (genus)

(Lomovskaya et al., 1980 ; Coetzee, 1987)

1 Host controlled restriction and modification system
restriction modification

2 (endonuclease)
(methylase)

(Kruger et al, 1983 ; Sanders, 1987 ; Levy et al.,1988)

2.10
1 ?
Host controlled restriction and modification system
Salmonella typhi (typhoid
fever) Staphylococcus aureus
phage typing

(DuBow, 1994 ; Black, 1999)



19

2. 7 (Transduction)

(generalized transduction)

P22 Salmonella typhimurium (Luria et al., 1978 ; Maloy
et al., 1994)
| ' (specialized transduction)
E. coli
E. coll
gal bio
E. coli gal hio
gal bio
Ecoli

(Luria et al, 1978 ;
Maloy et al., 1994)
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2.11 (Actinophage)
(actinomycetes) " ' Wieringa Wiebols 1936  (Dowding,
1973)
(Streptomycetes) (j)C31, R4 SH10
(Donadio et al., 1986 ; Kuhn et al., 1987 ; Diaz et
al., 1989)

(j)FR114, cjFR113 (FR371 Faenia rectivirigula (Schneider et al.,
1987) (j)-115A Thermoactinomyces  sp. (j)-150A
Micropolospora sp. (Kurup and Heinzen., 1978)

Ackermann (1985)
Corynebacteria

Propionibacteria 21

2.1
(Ackermann et al., 1985)

Corynebacterium sp. P, A
Arthobacter sp. Arp, ¢j)AC8010, AN25-S1
Kurthia sp. 7126
Propionibacterium sp. P-a-1
Actinomyces sp. AV-1
Bifidobacterium sp. Bir
Mycobacterium sp. 13, lacticola, Léo

R1-Myb



2.12 (Streptomycetes)

0.5-1.0

(aerial mycelium)
(Wildermuth, 1970 ; Williams et al., 1983) 2.10

A [AN \
\ ' Partitionin Cell walls Spores
pGﬁgg\elth ToHE Ofatip J thicken ature

and constrict

2.10 (Wildermuth, 1970)



5-50

(straight)
(flexuous) (hook)  (loop)
(spirals) (Pridham et al., 1958) 211
(pigment)
(substrate mycelium)
L,L-diaminopimelic acid G+C

69-78 % (Lechevalier and Lechevalier, 1993 ; Williams et al., 1983)

v oy W

Stl‘alght Flexuous Fascic'=d
| @ %
% %
K e 121
!}g 3 /@g@
|
4
Monoverticillate. ~ Open loops Open spirals Closed spirals
no spirals PH%Bnklélve spirals

Monovertlullate Bivcrticillate, Biverticillate
with spirals no spirals with spirals

211 (Pridham et al.,, 1958)
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1-20
(Lechevalier and Lechevalier, 1993) 1
108 . . (CFU : Colony-forming unit) (Labeda and
Shearer, 1990)
(hemicellulase) (cellulase)
(solubilise lignin)
(pectin) (lignin)
(chitin) (keratin) (Willington et al., 1990 ; Lechevalier and
Lechevalier, 1993)
(streptomycin)
(tetracyclin) (cloramphenicol) (neomycin)
(erythromycin)
(saprophytes)
Streptomyces scabies
(Lechevalier and Lechevalier, 1993)
2.13 i
(Herron and Wellington, 1990)
Sykes  Wellington (1978) 60
(kaolinite)
Sykes (1981)
55 90

6.0



?4

Reanney (1983)

Herron
Wellington (1990
2
(chitin) (soluble starch)
(sporulation)
60
Herron  Wellington
1 1
(spontaneous release) (Herron and Wellington, 1990)
2.14
2
2
(direct counts)



(Williams et al., 1987 ; Williams, 1994)

7?9 (enrichment procedures)
(incubation)

Bacillus sp., Pseudomonas sp. Rhizobium sp. (Williams
etal,, 1987)

30
24 (Dowding,
1973 ; Anne et al,, 1984 ; Greene and Goldberg, 1985)

(Diaz et al., 1989)

2.15

1 1 1 ’ 1 1 1
(Goyal, 1987)
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(Clair and McCoy, 1958 ; Dowding
and Hopwood, 1973)

1 (Stuttard,  1982)
(Chater and Carter., 1979 ; Schneider et al., 1990 ; Maloy et al.,
1994)

(negative staining)
(uranyl acetate) (Chater and Carter, 1979 ; Stuttard and Dwyer, 1981)
(potassium phosphotungstate) (Dowding, 1973 ; Hranuell
etal., 1979)
Ackermann (1985)

Ackermann
Al A2, Bl B2 Cl C2
Bradley (1967) AB C

Bradley
B (Hranueli et al.,

1979 ; Klaus et al., 1981 ; Donadio et al., 1986)
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(Lomovskaya et al., 1980)

Chater Carter (1979) R4
36
18 Nocardia mediterranei
Klaus (1981) SH10
28 36

Oerskovia ~ sp.,
Nocardia sp., Rhodococcus sp., Promicromonospora sp., Micropolyspora sp.,
Actinomadura sp. Micromonospora sp.

Diaz (1989) 9
Streptomyces  antibioticus
3l ()A9
7 (A3 ()8 19

Saccharopolyspora sp., Nocardia sp.
Micromonospora sp.

S.albusG ()A7 s. albus G
SalGl SalGl
SalGl S.albusG ()AT
Sa/Gl

(Klaus étal., 1981) SH10 1R4
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' Prauser ( 976)
Streptomyces  sp.,
Nocardia sp. Actinomadura sp. (cell wall type)
L,L-Diaminopimelic acid (L.L-DAP: cell wall type 1), meso-DAP (cell wall
type 4) meso-DAP (cell wall type 3) (Williams et al., 1980)
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