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SUMMARY

[. Title

Suppression of brown blotch—causing tolaasin toxicity by the inhibition of molecular

multimerization

IT. Objects of the Research

Bacterial blotch is a major disease of oyster mushroom, Pleurotus ostreatus, and
causes serious loss of oyster mushroom production. Pathogenic bacteria were identified
as Pseudomonas tolaasii, Pseudomonas agarici, and Erwinia sp. and the main causal
bacterium was P. tolaasii. Although many efforts have been made to prevent the disease
from spreading, it is very difficult to make a farming house free from the pathogenic
bacteria. In order to control P. tolaasii, the effects of some chemicals and biological
materials, such as disinfectants, antibiotics, chlorine dioxide, and antagonistic bacteria,
were investigated. However, these showed limited effects or they were not applicable to
mushroom cultivation since these materials may be harmful and toxic to humans.

The brown blotch disease of cultivated oyster mushroom is caused by tolaasin, a 1.9
kDa bhacterial lipodepsipeptide toxin. The peptide forms pore in the cellular membranes of
cultivated mushrooms. The tolaasin-induced pore formation requires the multimerization
of tolaasin molecules. The multimerization of tolaasin can be blocked by the treatment of
various chemical compounds, named tolaasin-inhibitory factor (TIF). In this study,
various chemical compounds including food additives were investigated to prevent from
the brown blotch disease. Furthermore, for the biological control of FP. tolaasii, the
usefulness of phage therapy for preventing the brown blotch was also reevaluated. Since
phages are highly specific to host bacteria and have a rapid sterilization effect, they
were found to be better than chemical therapy. In this study, various phages of P.
tolaasii 6264 were isolated and characterized so that these phages could be used to

control brown blotch disease.

M. Significance and Scope of the research



1. Significance

Oyster mushroom is top-ranked mushroom in both production and consumption and it
i1s one of the best crops promising high profit to the farmers. However, oyster
mushrooms are cultivated carefully because of brown blotch disease. Bacterial blotch
disease is the major problem for the cultivation of both domestic and foreign mushrooms
including button mushroom (Agaricus bisporus). No chemical and biological treatments
are avaliable to control the disease. Therefore, preventing the spread of disease is
practically difficult. The blotch disease can be spread out through the rural village
cultivating oyster mushrooms. Protection of the mushrooms from the disease is
performed by disinfecting underground water before use, fumigating cultivation bed with
hot air, and covering the bed with plastic films. Paper bag and bottle cultivations are
also good ways of protection. Antibiotics and chemical pesticides are not allowed for
mushroom cultivation. A successful control of brown blotch disease is urgent project
that should be developed to promise consistent and stable incomes to the

mushroom-cultivating farmers.

2. Scope of the research

In order to understand the molecular mechanism of brown blotch formation and
develop the method of protecting mushrooms form the disease, the cytotoxicity of
tolaasin will be investigated. Since the disease is developed by three steps of tolaasin
activation, the way of inhibiting each step will be designed. The most effective method
will be evaluated and this will be focused with the main research activity. The methods
developed as a practical method to inhibit the cytotoxicity of tolaasin. The tolaasin
inhibitor, named TIF, will be tested during the bed cultivation of oyster mushroom in
the culture house. Once a TIF is successful for the prevention of the disease, the way
of maximizing the effect of TIF will be investigated, such a optimum temperature and
pH, and the formulation of TIF will be investigated to increase the stability of active
compounds during the commercial delivery and storage. In addition to the developing
TIF and its commercial products, various bacteriophages will be isolated for the
biological control of pathogenic bacteria and their sterilization effects will be also

evaluated. If bacteriophages will be used with TIF for the protection of mushrooms form
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the disease, disease—free cultivation of oyster mushroom could be possible.

IV. Results of the Research

The brown blotch disease caused by the peptide toxin, tolaasin, secreted by
Pseudomonas tolaasii. It 1s a world—-wide problem for the cultivations of various
mushrooms, including oyster mushroom and agaricus mushroom. Various chemical
compounds, mostly food additives, were investigated to prevent from the brown blotch
disease and these compounds named tolaasin—-inhibitory factor(TIF). Among TIF's, glycerin
esters of fatty acids, sorbitan esters of fatty acids, sucrose esters of fatty acids, and
stearin esters of fatty acids blocked effectively the tolaasin-induced hemolysis. These
compounds were generally effective at very low concentrations micromolar. TIF's blocked
hemolytic activity of tolaasin and their activities were not dependent on temperature and
pH. Interestingly, after tolaasin molecules formed pores on the erythrocyte membrane,
TIF’s showed inhibitory effect, suggesting the inhibition of pre—formed tolaasin pores. The
synergic effect on the inhibition of tolaasin was measured by simultaneous additions of
various TIF's. When TIF-9, sucrose fatty acid esters, and TIF-16, a polyglyceryl fatty
acid ester, were added, tolaasin—induced hemolysis was effectively inhibited. In the presence
of both TIEF's, the inhibition was increased by 3 times.

/n” s a potent tolaasin inhibitor known to bind to tolaasin pore. In order to understand
the working mechanism of TIF, competition effect between 7Zn”" and TIF was investigated.
When Zn”" and TIF-9 were added simultaneously, no additive effects were observed at
various concentration combinations. The inhibition was dominated by Zn”" concentration.
Based on these results, we suggest that TIF has high affinity to tolaasin channel than Zn”
although /n® s a strong inhibitor.

In order to make a commercial product of TIF, the store conditions were studied to
keep TIF stable during the storage period. Since TIF's are unsaturated carbon compounds,
they were sensitive to the air exposure and light irradiation. In the nitrogen—filled air tight
containers, TIF’s were stable and less than 109 activity were decreased for three months.
However, more than 90% of TIF activity was suppressed by two weeks in the presence of
oxygen. Room light also decreased the TIF activity by two times. Temperature did not

show any significant effects on the stability of TIF. Therefore, in order to make the
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storage period longer, container should be designed to be oxygen— and light—free.

In simulation experiments, effective inhibitors against tolaasin were searched. In silico
docking, host-ligand binding experiments using nuclear magnetic resonance spectroscopy,
and hemolysis measurements were carried out. Of more than 30,000 compounds screened
using in silico experiments, two compounds were selected and one of them was considered
to be a candidate as an inhibitor against tolaasin toxin based on in vitro binding and
hemolysis experiments. Many efforts also have been made to elucidate the three
dimensional structure of ion channels formed by tolaasin. In this study, the structure of the
tolaasin ion channel was determined in silico based on data obtained from nuclear magnetic
resonance experiments. This is the first time trial to show how tolaasin molecules form ion
channel shape in the membrane.

For the biological control of the disease, virulent bacteriophages of P. tolaasii were
1solated. Twenty—one phages were isolated and they were divided into 3 categories on the
basis of their toxicities to host bacteria. In order to test if these phages can be used for
the biological control of mushroom diseases, a pitting test was performed. Phage toxicity
was analyzed by measuring the size of the blotches formed by the pathogenic bacteria in
the presence of bacteriophages. The formation of blotches was completely blocked by
co—incubated phages. These results show that phages can sterilize pathogenic bacteria and
be useful for the biological control of brown blotch disease. The optimum conditions for
the bactericidal activity of these phages were also determined.

The lytic bacteriophage, ®Pto-bpbg, exhibited strong bactericidal activity against F.
tolaasii. Analysis of phage morphology revealed that ®Pto-bpbg belongs to the family
Siphoviridae, having icosahedral head and a long tail. Lap time analysis indicated a
putative lysogenic/lytic switch of ®Pto-bpbg during bacterial growth. The whole genome
was completely sequenced and registered in the data base (GenBank ID JN175269) with a
length of 26,499 bp and a G+C content of 42.7%. A total of 78 open reading frames
(ORFs) were identified and annotated, but 38 ORFs possessed no homologs. The proteins
of several ORFs showed homology with proteins of a diverse group of phages, including
Siphoviridae (8 ORFs), Myoviridae (13 ORFs), and Podoviridae (6 ORFs). Phage proteins
were grouped into three categories based on their predicted functions: (i) host interaction,
(ii) DNA replication and nucleotide metaholism, and (i) phage particle formation and host

lysis. Future studies revealing unknown gene functions are needed to provide better
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insights into the practical use of bacteriophages as a biological control of brown blotch
disease among mushrooms.

In summary, TIF's were selected from food additives and they were very effective on
the inhibition of tolaasin toxicity. TIF binds to tolaasin molecules and suppresses their
molecular multimerization. In the pitting test, TIF's were successful to prevent from blotch
formation on the cap structure of cultivated mushrooms. Similar results were obtained from
the bed culture of oyster mushrooms. No blotches were formed after the spray of
pathogen, [P. tolaasii, in the presence of wvarious TIF’s. Various conditions were
investigated for the production of TIF commercial products, such as storage temperature,
pH, and the effects of antioxidants. For the biological control of pathogen, bacteriophages
specific to P. tolaasii were isolated and they were also able to suppress the blotch
formation by sterilizing host bacteria completely. Therefore, phages are useful for the

control of bacterial disease without using antibiotics.
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oW At P tolaasiiol 2)#A EWEE B9 dA FxE 19919 Nutkins 5o
9 gte] A Foz2 AAHJT(Nutkins 5, 1991). ol&2 &
Tol-0 & ##3ta, Z2be] EA3e 1,985 Dadt 1,941 Daol® 187) ojw|wjtoz FA g

Al 219 isoforme.Z Tol- I %
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B Qo C-¥te]  lysined 14¥ A9l  D-allo-threonine® lactones 3443}
gAstetal e Aol welxlal, P oreactans¥t AW EA SAAITLAA(WLIP) A ¢
AEHARZ AU

2] 39 v (Shirata 5, 1995).
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F-Zvs)ar g}, dolx = Fad FAAV gl WM Ut g kol e
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F Uk TIFEA 7Fsde uarh wep oJ5e MAAMAA AUT W e zan
#4g watskel Fuhwl o e wwoA Ho4d kA =Bkl 54 AdE + Ag
Ao of7jxltt,

100

80

40

Hemolysis (%)

20+

0 5 10 15 20 25 30
Time (min)
<I¥ 5> 25 Wil mE TIF-169] 384 A adt

(open symbol, tolaasin only; filled symbol, tolaasin+TIEF)

(4) TIFS] Azl wE a3}
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S8HGS Adsts ok H axnE Hvh WA, <a¥ 5> EfA 1 HUE S$5d=
ojel XA &Aool FLFHHAS™(open symbol), SE=7F

C
% Bopae §EBYo] Fohy we SEAME §ABAC] old e Hestgith

|dEd2 ddsE Assel b 2 fdEde HAW ATCoAME &do] AsHAn

A% B8 YA TIF-162] A&7t el th(filled symbol).

_35_



100+

80

60

40

Hemolysis (%)

20

Time (min)

<% 6> pH gl o TIF-169 b4l £884 Aslaat

(open symbol, tolaasin only; filled symbol, tolaasin+TIF-16)

Ax=2dol #=5S o (open symbol), TIF H2]A ZE pH WA §3EFL HFHA

ol TIF7} 9h¥lshA] Eehale] 54 ANFS &

r [0
_?L
2
v
A
14
i)
[@)]
V
ot
)
e
o
R

£

pHZE W&4% Z7hsh, pH 5lME A7 2s2 §AHE AL B3] Eahulg

s W AxEE HASAE = v JheAde B Aelu. dEdoer 2 A=
TIF-16°] <Xz} pHel #Agle]l Ekile] Fd&Ade AdlatH, TIF-16a ©]&3 AAF

Akt @Al o =2 B3E VIS F des BoErh

_36_



100 —m—
80

S 6ot

%)

2

S 40r

£

(]

T o0}
O_

0 5 10 15 20 25 30
Time (min)

<" 7> TIF-169] A2 Al@d w2 EA &34 AA 3.

TIF-169] A2 Aol nhE 884 AfEAe S4sA. Bt 4978 Ad W
sto] Eebale] AAT vl s AFA F F, §Ao] Vojupy] A= AR A F
PR 158 1A TIF-16& A71sid TIFAE A7 s oje 8axs) a9s =7
Stk <@ ToolA wEEQFC] TIF A2 A Aol oJste] Eekale] T who
ADe FAsa, olv) §AAYe] Yoluba ggolw sk, o 50% vwre] §o] 2
B8 A9 E TIF-168 Aest9e W, 54 §80] 455 1 o] dojubx] @ A3
2wtk £do] oF 60% o4 Aol TIF Aelo] )ste] &ao] FA WA= egkor}
YA gel velel AADG FAF = AT, 80%ol 4] fo] AR Aol TIF A
¢ fsbis thebbA) ergket,

o3 A3k TIF-160] Bebilel dFA A4t B9 Behl BdFAsL dd9T
o] AFsHE AP BE ol FAH oA BHL e vk AL gudth 44
FANGL W we A7E DaRsh TIF-162 Al 2 AStAle) Aol meRe] B

oA Ask ddAle] gAY WAL, 7l 49 dsAet d9ste gsAE s A

A oAl gFEAE Ul FolAl sASIAY 7)Ee A ¥ pored] o= FEo| AFdFo=
A pored] ©o|LFTEE WHIAI|AY, e FTEFEE AHAFS] FEZE plugging B

_37_



100

—u—Con
80t Incubation
R —eo—30s
X 6oL A 60s
0
g
S 40f
(S
o)
T 20t
0 L

0 10 20 30 40 50 60
Time (min)

<™ &> Abdefgor gAY B Adel Xgd TIF-169] H|719 4 A

oAl TIF= =Tkl o] 2F=ol Adtste] o|23ike Adsta Eehile] SA4S Asd=
vyl TIFY Eda Ez2743be] 71937 0l% ofRs Feldly] 9dte] TIF-16< E#kA
=26 ATAZ F  washinge] 7153715 =49l WA, ENy AAFE AbA

ol gstel Eepale] Aol gdd APE o FEE B, 10° MY TIF-168 H7tste] 747

-
TIFE A2lsix e A%, A4e SFoe] Sepe] ARd AATE ARG A7te)
Astel whel AA77L A fHHe] @@l Vet Ly, TIF-16% 3029 6023
AR ATHA HAE Wi ARe Sxole] BRAd TIF A%W ARTE @eselw
gge Aol sl AdHAY ol ANHom Bepile]l AYT o] LERE Hou,
AT Al AARHS 1 7]5E FAsHE PEG-20008 &39t= ttE Ao|tH(Cho &, 2010).
| TIF-16& Eebale] o8 A4 Axse] il E2E dNHom w9 o] ohe

AN
Tzl vyt doew Agste] x4l ek A AAE = Aoy, ek o A9k v

r

_38_



123t

3|

o) Eebal A

tol, tolaasin only. TIF-16 X ¥ &% 10 mMeoll A 1 uM HSE 204 -67}X =

sk TIF

alo
o

TIF &3

i3

of ¢

Ageagy

(5) W

[e]
=48

-
XN

10-100 M FE=dflol A E4ile) A

-
1.

Aol A, TIF

_ZTI

o<

13|

[e]

3}
ol

AR H (Pitting test) &=

A A

&7

sl

2AHES 3] WA

9)
A (tol). 7)o TIFE 10°-10° M T =2 A g

0.1-10 mM 4 %]l A

oF

=]
a3

o

S w, TIF-103% TIF-119] A%

5

glo]
i B 54

SEER
)

10 mM

1_

O -
3}

-12¢] 7

15 A0k TIF

A 3]

A

b

el

o= IKeR
RS

B A9

=R

TIF-16

ojy

=
B

¥ 9]

FE+F 5-60 ppm

34

A wrets= TIF

or k!

= TIF+=

wE7EA]

el

&l J. o]

A]

_39_



720

pA
110
20 40
o v
<29 10> Eehal Ade) AF-dgk A

110

120
A. Con (H.P. -30mV) e o T ie
I Lo, POV e WV | BN ) e el o b e bt
gy wrowsREw VT .y Ul B o - e
" baaam Al Ml | |77 s - oo
™ i s - e —

<z1® 11> Zn™ ¢} TIF-169] E2k4l o)A A e &3},
(A) S5l Ad 9] A5 5,
(B) 1 mM Zn® 9] A& &3},
(C) 30 uM TIF-16¢] A & &3}
(#H2 shame Ade] e AR7L 2 e AE9.
A9 -30 mVelA

N
_

dAFE $o TF AFY)

ToATHEe Eee] AFHAo|FHeA AVAEE 100 pSH 500 pSe F 7HA
EEE 2 oleAYe AT AL BisgtHChoo Kim, 2003). F 714 Ad wF
FAT AAR Fex ool olste] Aslde ATk <29 10> Eeple] sl
A oleAldel Aghwstel wE ARWEE MolFU BT oA on] nBud
npel o] mAete] Zsbe] ulel o]eAYe EwEE o] Ld od ARy wdHom
Z7lal= 2ol Edal olex|dd Zn® 9 TIF-16$ 7tz x1g)e A% <18 11>3 7o)
/n”' e HEFE 1 mM oA, TIF-16€ HE¥ % 30 uMdlA Ad &4<8 d9s As s
solatgitt. Zn?'el TIF-16 2% ©o ®noa] AdIde A3 sH9 A v

A5 1/309) B yER BeAdd 248 Assigons, A g Zn’ el WA

lj
i
ol
=
7
—
(@]
o

_40_



kgl AsAle} & & k.

100
A
80+
<
z
S
5
e
<
I G PN PN CEE N
o 3 2
TIF9+Zn*
100

Inhibition(%)

/‘;\&’bé’b/\},{l«;{b/\’/bz\\;\\
N g% ,‘f};

TIF161/Zn2+
<2g 12> Zn” ¢ TIFS] 54 H7bel] we Eaale] 2384 A aidt.
71, 72, 73; ¢332 80, 60, 40% At Zn” Y] HE.

(A) TIF-93}+ Zn”" ¢ SA x4, (B) TIF-163 +Zn”' 2] &A1 2.

(7) Zn*' ¢} TIF %A A2 &3

N
BI\J
i)
-
T
o,
o3
ol
ra
i
o,
o
BN
>
o
14
o
=

Ade 4 AdHol F4% ALl 5AE AFAo Wi ojF gl AT
o]

70> et TIF E3ate] Wsr Wyl AFATE o]&3k 838y =How o=

_41_



AitE <2y 13>0] B F A ASAE £33 A 4 £dEAH A ads
F2 7n7l 9ty #A$HE AL Fdskth. Bl £d24 ANE YehdEs Zn’ 9
TIFY tiekst =8 Z7 71, 72, 73 ¢ T1, T2, T3& vtebfio] Z1+T3, Z2+T2, Z3+T1¢
zgor e v Adfans ¥3 vuwsgivh 48 Axte] s EAste] md, Zn” 9
TIFe] A2 A, Adladzs F2 zZn” 959 Asdaset 43 AEE B,
TIFe] A& &I7F Zn”oll ws @A3) $Faeels, zn”'9 4 AP 4% =
424 A EAE ZnT WS HUekd e wieh o fARSA YERES gd 5 gl o
Aol Zn" ok NiT'ol A #SH AR FrpHol Ay g5 b bR ek
o3 Axbi= Zn” 9 TIFS Eebal BAete]l AFF-7F 4o wj$ 7 ALY i
Zn7e] Azt wE Egale FxWEvl TIFY F7Hd9 Ads wasts 59 73S
Aolth. Zn" o oy TIF £7¥ EdAe AF}E EH89e o, =i Ado
it AsEe Zn" 7t g 2 AL & 5 Ak Zn” EFe] oE TIF AA A Eat
B o, zn"'ol oa 7bF 93-S @o] e TIF-90] EkAl e 3 sk ol
714 kattbE AL 53 5 otk Zn” 9 TIFS B4 A& E3le] geld Sl dd

(8 TIF &7 &gl & sy

TR e 27HA TIFE E3ste] Agdess B AxsAdes Wy axgo=
A = A=A oF-E TIFY Asjass Aoz B4ste] Frisdivt. <18 13A>+=
TIF-99 TIF-11, <Z¥ 13B>% TIF-9¢ TIF-16% &3 Adais 4% 444
NEddoz HAd Aot dx ghdon Egie A4S AdA. TIF-9% 9,
TIF-112 11, TIF-162 162 uYelon, TIF9] E3to| ot = ) P B
AP ¥R fALEAY 50-70%2 Aslsts TIF ¥% P30 & a9tk TIFY HF A de
1002 #7)8k9lar, 3, 5, 78 Atha A ko|t) o So], <2¥ 13A>9] A, £3g4 9
oF 55% % Ak TIF-99] <& 100t 3ta oA 07915 AHestags WE IN=
et glew, ojw 5 WAl TIFE H7hskA &= A% sd el stE DDWE 30% 3 7hste]
oF 55% % AdlsE TIF-99 <2 70%< 24 &k

A7 A¥ud, 910)= F 56%9 §dE4 Asl EHE JeEEdE wkske], 9N
10%o] i) oFst S A& 2 aE HYTHO+HBS, 7:3). Lejuf oF 10%<9 ¢fst g8 A&
et 113)8 EFs9s e ZH7he] 83884 AEE e oF 20%5 WolA= 55%
Are & Adaxds dedoern, EFvE LYIdes dx FEHoez TIF &9

HEAES FAT £ QA F, TIF/L Behilel d@shs Pot s1ge] vk dolzt

s

_42_



ke
T

A2 BeAoln TIF-9¢ TIF-11, TIF-99F TIF-16

0]

00

O O O O O O o O O O O O OO O O o o
O O T MO N «— O OO O ©O O MO AN v

=
(%)uomqiyu (%)uomqiyu

<71¥ 13> TIFY

_43_



7

=
=

ol el e adt

s

fveel

A

0]

3h
i

9) W

KeN
=

AA N (Pitting  Test)

A 2] ol

%l-

=

fol A TIF

A 3]

X

#7)

KeN
=

TIF-9¢ TIF-16

14>+=

=3
=

gl <

1A =

3|

T

Fed =2 8t

315
Y ©

tae Wi &

S

A2

3
13 4 vk TIF-99F TIF-16

way

Aow, 7}

)

Ftetol

=

5, 379 xFo=

73, 5

KeN
=

[e]

o -
=

A

(3]
=a

E]_]_'

z

-

_—

Bl

Br

TIF &3¢

-
1.

o]
A

BN
T

b W e

7FA TIFE AHE3S

i3

Al

ol
<

o},

Nd

0

i

x
B

(%) uomaiyuy

Metal

54 A T

-
XN

(1) 54414 A

B
B

I
2
=

v}, HBS

o] 5o}

A5}l

=
=

w2}

T

3
1=

600 nmel A

ojulell A 100% 9]

30+

Bl

el ¢

=
=

HU

e

Faoh <28 15> A

A 3]

= =
=

&

ol€£== Li'#} Rb’, NH., Ni', Zn*, Cd* 9

ojy

tol Akl wE

2]

goleS 10 mM FE=E

s

3

A

ok
)

1AL

A&

o]
T

BESEE

A7t A

Li'# Rb', NH.

Aoz vehdAu, 27b %ol Ni¥'# Zn®, Cd79

712l 10097

A7}

o
ﬁo

1], Nit' 9]

S

SENOE

o7
X

o}
5

A

—
o

o
_—

o

3

X

|de

1= ek. Zn™ 3 Cd*'ol

g}o
=

_44_



Aol &

m U
[-u (o
o,
o
2
:og
o
iy
o
)
r
B
L)
a4
)

100

80

60

40t

Hemolysis(%)

20+

0 5 10 15 20 25 30
Time(min)

<2¥ 16> Niv' 9] ¥no we Bl 838 At

Ni‘'oll 9)& Eepal §d&49) Ase FAdeR wud v gloh Ni

dtel FEE 100 4M 14 15 mM A FbA7M gAY WEE ZAsAG <1d

o
kol
K%
(ld
)
rO
o,
)

16> HBS $=dd] Ni¥'el ¥mrl Z7le42 Bgale 38348 A4 H =Y, Nib 9
X7 500 pMolAelA  gd884 A Edrt ZAHJa, 10 mM o] FEdA

48ggde 443 ALY 99 ZAyRFEH B $d#4S A NiT9 Ki

il

100

< % <P 17> ARAA PEG 20009 B4 &
g Aey A8t

g 40

£

20

MET ] o] 2F2E IAHI}E 5452 Idutd oz HFESS W E3E colloid osmotic lysis



3 &} 7]

= A

T

o

°f

]2

e]
%

o
i

3

e A
FAA A PEG 20009 F=o w2 &

[e]

=3

3 314

14 grou}, o] L

G

of vhER. 4

&

ojy
o
el
0

o) %]

7}k

%

KeN
=

PEG 2000

&},
H A 3T

13 PEG

°©

s 9

5

=

oA Aozt

bele.

=

=

°©

kel
T

%
L

.]

M
PEGE 94&8 =2 AA

m
71EA

2
o

J

f=3

5
T

o}
=
<

BAHAN TN = &7

Koo E&2E 7}
Fokvi< iy 18>,

T Al

ERA)

H 9F 30+

)

taL, ol

°©

7}
28
A

39S, Ni', 10 mM; EDTA, 2 mM.

<ag 18> YHo] 2o 2

o A

o)

=

o]
=27}

=3

S
=5

Ni** + EDTA
o]

il

°
pad

N>
o ¢

°] 30 mM PEG 2000
gl

2}

=

o5, 50%9] &

s 4AH ol ER/ dvht wWEd §AVYS

=

=

)

sl

<]
PEG 2000 PEG washing

w}sto]

A]

[e]

stATh<d 17>, PEG 20002 1 mM ©]

5

3 314

=

=

30+ ©]

&

il

.
£

el PEG 20005

G

T

A} g. PEG
10 mM

&
=
Hj ©

1 &

<, PEG 2000°]

Ee}qe)

Al

7

LN

)=]

-
1.

]

ML

ek 15

o, Ni¥'

-

1.

:F-

=

15)

.

73
=
H

=)

=
[}

| YA
Ad7E w
44T

geiow

il

°
pad

273

)=]

R4

s HBS

2000°. 2 5-H
7}3

0+
Ni~ 2

R

+
o

ojy
TR
3

—_

X
ojy

0

x
B

_46_



-
()] o] o
(=] (=] o
T T T

Hemolysis (%)
N
o

20+

Time (min)

<2¥ 19> Zn” % NiT' 9] gsdg

(3) Ni“' 3} Zn™'¢] H3 3¢
Egale] £330 3k Ni'9] AFEHRE 24517 3}

Ayt WA, 1 HU Egkalo] AITE 308 ojuo £33 AL A & Niv'#
=%

" E Ki gur ¥e w29 1 mM¥ 100 pM=2 #3807k ol# 3 z=ddlA
Zzte] ol SRFAHE oMM Adshz oz Jewth AT NiTH Zn” g
AelEtle 4 £d24de Al ehds] AsH <™ 19>

90+ B
—@& Con
80 - - 7Zn?*
S 70t
Iy .7 T
2 E 30r
c 3
g = 20+ ®
T
10 -
0 .
0 10 20 30 6 7 8 9
Time (min) pH

<1 20> 7Zn® &¥e] pH o &4,

wel BAe dsige] @epdr o|AL wgfie] pH ®Mse] e B BA

_47_



Gt Fhae) oo W2 AxT A FTtR fd@do] Axta 4 A Ik

Egae @Az oA wkegdie] pl WMte] w2 NiTH ZnTe AMEAHS Lolr
ko], Niv'sh zn” 2 Hrleta 884 WEE 248 WA, 100 uM Zn”' e A2 A ol=
zk pHell A diz=d 3ol nlgte] &L w-¢ =olA= S FAsAT<® 20A>. o] A&
FdeAdo] 50% Hdoju= ARl Ty #to= FAISH, XA 7= TdoA ot =4
pH7} AASLE WA eldxwt, Zn” e H71E A8 oAl plyl AZFE Zn™el 9
A A= 2A vEbgTh 53 pH 99X E Tsol oF 708 AERE 3A F7 A Th<ad
20B>.

K

o

100 B
20+ —=—Con
80 —e—Ni*'
9
o £
g? 40 =
|_
(0] L
I 20 10

Time (min) pH

<8 21> Nit" &3¢9 pH &4,

@, 1 mM NiTe AAGE GEAe vskel zn ] 9@ §HANE B ehbe
AL FASFAR<IY 20A>, o) AE To o2 vEhW, EAFTE 971404 §Fe)
ok webA| A w, NI o) ANl §8o] Z7he] pH MR o 15-4% A% RolA Ad s

2 3

o

& HolX & &gdvh<ay 21B>.

_48_



100 F N N N
XY con
. 7n*
) 80r ) ez \
S W2 N
@2 60Ff
2
©
E 40F
@
T
20+ i
0
6 7 8 9

pH

<18 22> 7nT 9 NiTQ) A4t

pH Waho] wW& Ni“3h zZn™'e] 84 Asfazelr] ols 27}0]9] R4 L= XA
371 YEE AS 918 98kl 1 mM Ni¥' 3 100 uM Zn® S EAle HstaS o,
pH 6-9 R 27} o]&¢ @502 Aesgls ) uuk Asazt Frste] AuA ms
eSSk B3 pll 63 TolAE A7 oo AEII AA BEolE )5S
Al A A AUA BaE 2A @Sl @A u A ads 24 F7skvh
w3 pl 83 QNN E BAHE} 2 A ENE Ao DAY EANAE Zn” Y BEH Y
Bl 27 e AR R 2P o) 2 A AN e S & 5 gelvk<ay 22>,

o

(4) Ni¥" &3 WA F84

NiZol o]a Eaal 3849 A obd Fe] Hud v glon Efie f384d8

ofg] ol&Eel W AFfNAS Fake] Nive AsE wasirh. Eekale] sd@ A

aE NiTe] Asl g BEhle $383Y F dojd F Y= ol FEwA F, Bl
Aot A%, a2ela el e pore@ A, B4 oleERe A9 A T o= @ spA mE

2oolie HAE Asfiste] dehE ZAoR dSHr NiQ*OH ot Eghile] Axdr Azt
Asls AFEAAA PEG 20008 ol 43kl Askich whggoie] Eepazt Adrel 3
PEG 2000S 37 H7lste] wisid, &d@do] dojuA] F58 T & Aoy 2 %
PEG 2000& AlA8HE 243 £88 &9 & S 9o} PEG 20000] Ep2le Az Ag 2
JeER P AAA omA
183 PEG 20008 AIAS v, Nivel Held wa gd@49 oAl Nie]l Hdy

Axurel E£A4dH Bepdlel ofn B oJLEme] DAL st 2ABYEL ANFEL

_49_



A 2] ol

714

=
T

oluf EDTAS®]

ojy

0

x
B

\;.106

K

ToR

puit

=
B

-
1.

5t

<]

7}
717

==

[s)

-
1.

1}

°f

=olH, pHel

3.

s

)

=
Al

3
7}

3|

=

214

A
Hep;

-

1.

o)

Lol A
)
A}

3} 7n*

3 Ni¥'

_50_

1=

13}2] amine”| 7}

s
=2
i

*

%

37 yem, <ag 22>

==X

=
W7 DeE B

-

3.

]
RIEES

I

BEales C-2d 3]

Sy
ZEEE

1% ergEel A

=

Aogtel we e
pHol A LA vhebyte}.

HEE TR

o=



Fef Al

5

3

f

—
o

i
ojy

0

0

gl

HAo, o9l B 7HA|

=

o] F2 B3

A

&

vhekalAl ERETE 300 pS3 500 pSel o

ke
T

e

sl A 44 ot

2009). 2 e Aol o A g

=
O,

2003; Lee

A7) gkok A9

phosphatidyl serine® phosphatidyl ethanolamine2- ©]

(Jourdan

Ao dyA gt

o

o
o}

3

—
o

fveel

_ZTI

‘H
i

2z DDPE
XY DMPE

[_ICon

il

°
pad

=

=1 7}

200 nM

100+

(%) sisAjoweH

A
ojy

AL
;OO

-
1.

g3t 7

2e4 Ao

l

~
B

uhe An) glo, o

—_
1o

E

w3

_51_



th WA Aol & A Aol EuAlY SddA o A= dEFE SAHsY] flste] AWAE
At&e] Zolzp ztzy tvrE XA 1,2-didecanoyl-sn-glycero—3-phosphoethanolamine (DDPE,
10:0/:10:0) <} 1,2-dimyristoyl-sn-glycero-3-phosphoethanolamine (DMPE, 14:0/14:0),
1,2-distearoyl-sn-glycero—3-phosphoethanolamine (DSPE, 18:0/18:0)-2- ®¥h&-& <o z}z} 200
nM d7}3le] Efpale] £884e 3l ri<ad 23>, DMPES DSPEE A7139S A%
AT golo] JAAAES ¥A @2 x99 Do 2 Aoyt glloy, Aoyt g2
DDPEE Z7He 45 53 ol Ady §do] 5 dojds FUsklvh o= DMPES}

DSPE/} AR P45 944%e] FAs 2 Folsl glo] Bebile] Ade P}

QL FA %@ ww, Aol TS AL Aole) DDPESIAE E#ae]l A w9
A4 AYE FAY F ARS B4FES A o dF dups Behle] @AshE o] £
: o, ARG T QAN B AdPgol we

100
80+ 3
Q
% 60f
/
€ 40t
qj /
L wg
20}
0 [ it NN
0 02 2 5 10 20 100 200
DDPE (nM)
<Y 24> ETA £493 A4 v X = DDPEY =33

(2) kAol &dgHdd WA= DDPEY 5% &3

Egalo] o3 f£334-e DDPE, DMPE, DSPE Al7FA] <X 2
Z> DDPEel 9laf =7 F7tsiaith. s =] w& DDPE E#E A3 9t dd &
Aol vhket ko DDPEE Austy Eu4le fd44 S #5353t DDPEE 0-200 nM
TEZ X89S w, 2 nM o142 DDPE A FelA Egale] o3 £33 o] wEA d
oJuith<1¥ 24> DDPES %5 5 nME ¥9S ul, A wte
Ag gdo] &Y. ¥ xSt wE DDPES &= 1003} 200 nMe] FxolA <kA
b g3o] 107 ool #FHo] &2 A& AMtow FAR XAl AT oA F

of
By
jus
2
Lo
©
N
N
N
)
Y

jud

O
HU
o
B
Ol
L
s
12
—
al
AL

e

_52_



i
ojy

=
=

thek 109 20 nM DDPE

=9 10-20 nMell A

DDPE v}o]
Ao AAAT

FHTE

3
1=

24 Behalo]

o

2

fsiz
=

o s ojof

s

2l

°]o}.

10 20 100 200
DDPE (nM)

5

0 02 2

100+

o o o
(¢} © <

(%) stshjowaH

=3}

%

DDPE?] A} #]

-
1.

o mA

iod

-

9 ApAd ool o

3
1=

(3) DDPE¥]

T A 9o DDPEZ} &

3
1=

e Ao,

A4

3

59 DDPEe] 10+

e

199t DDPEE 0-200 nM %2 A g

G

10 nM ©]’¢2] DDPE<} Abd wie

=
=

:F-

3
1=

A YEbTR< " 25>, 53

o, 10 20 nM DDPE

st &

Foh AL

3
=1

ol €A%t DDPEE

iod

<)

Hj ©

.]

)

galel A}

il

1}

3

0

(4) A

il

2l

0

gy

171e e

g

bk,

G

1oz oA

_53_



#E%wﬂmrﬂeﬂgﬂmwﬁ
n % (LT N
R T A A 4
o 5T W B © R
s & = W R B o
! ] ) E.E LE m 0OR —_
-
: 3 EY R S .
Bos AT RAT W R e
! Ing el -~ T =
oo 8 X &N g ®
18 do of = % W T o B9
- T i
o R\ _z? ot . % N2 o
18 o i E%ﬂmqgeﬁ@uﬂ
. Fe) fony
3 Wﬂ ™o =y M_M —~ wo= o
Ay < s X %) oo o
18 o = B W o ow i i =
= E 1y - ma
= %! ®° &o Po ﬂ_OI ] ) H__M_W_
{e = % T N ol du o) m oA X
g il ok Ho  op %o i~ ~ o)
£ o 1o o ) o
= _ s il —_ SR —~ ok
o 4l ot ey o ™ W < ay .
1+ e @.@%%ﬂmﬁvﬁﬂﬂﬁ
o = = mm_ X of Wy T F)
) s o e w.; BN g o &
2z ET T a8 T RS
ny Ik Ml =y <l 0 T oW B o
_ _ _ _ _ _ 1° Ll :; < M mw T W MOU 3 M
o o o o o IS) A W Mmoo do 1 XX
= . ©° ¥ « 8 w o W = 7 3 oy Eﬂ@
(%) sishiowsH T = Koom 9 o T o R
B CIN N T T G - R R
\% 1y o om T OW o 2
;Irkl ! f R . # < \Ul
=R - S )
i g % oo o
R D R T
SR S o= ook T om oM
o " " =T m% = M B
w oo o@ 5 W% o e ® oy
® o F T E o T O® W
R AWM e ® T R ®

A

-

1.

DMPE$} DSPE

il

°
pad

i3

A okt

=
T

_54_

F 74417



100+ T
80 \\%
S
o 60 _
(%]
>
g 40}
ks )
20} N\
]
. 7 £
0 02 2 5 10 20 100 200
DDPE (nM)

<a¥ 27> E8213 DDPEY AbAwjek &3}

(5) DDPE®} Ee}219] AbAwed &3

Ega HMg=E vpkdl sxo DDPEY 1087F AbAwjeksta 3848 =49}

_>JL_'4
i)
ol
2
o
Hir
rlo
off
o
lo
-]
)
ge!
ey
=2

DDPEE 0-200 nM &%= AFA I @ AP Y=
il o 8@ o] wEA YElRT<ad 27> 53] E441S 5-20 nM2] DDPE} A}
Aok Ag EfAe] 93 gd@dde FEN e, olHd Aye TEFItd wE
DDPE®S] E#E HojFE <7 24>9 5U3 A= DDPEY =t Atole] SWHeh A3t &

7 EAEA 2SS Btk ¥, DDPEQ s% 100-200 nMeolA Eziale] &8 x 1ol
HEE o, o]AL <yl 24>A AFHUAW FREH} ARSI o224 54 vE9
DDPEE 233 &85 #AaAHS ¢ 5 Sl Abdud A olA DDPEZE Eehalst ZAst
ato] A3 T who] &3k o] Ao mN &3S A= DDPES w% W7 oF 104

=2 FolA HERR

_55_



H.P. - 30 mV (A)

- Bnoo ;Fr.t.mmwﬁwl :
Mﬁ;m‘fw' o e ol Nl

& rJ'JJhM . J|'-'w!"-. 'ﬂﬁ w L] m

- P T | W
e, Tt e g e e M&

s

o | "
" " b s

| wE Bk A2 aAd Wt

<2E 28> AEA A olFHe] SIAH x4

(A) DSPE, (B) DSPE + DDPE.

Z 1l

g 2y Z)

i

(6) DDPE®| ¢]3 &4l |
DSPE$} DSPSE o] &3le] e ATy} of7]of & o}Z 21x# DDPE
ubS- FH| o] Eekale] AQadA ¢ g4

F 25% F7hstel e A AE
T3 welAE Sdd o AFsgld Bepale] Ade] S
35

ALk w o] F

=A4319 1}t AHo=

=

mlo

F-Vi

214 7] 91

Abo.2 o] F o7 PES PS 3§

(Cho®} Kim, 2003). &}, DDPEE 25% #7}3) =2 holding potentialel] A] <t



—

NH
N

H
=

o
T
=

=0

j2)

ttl

gl

al
=

s}
=

9] gating ©]

1
=

A

S AL,

ol B3

ael 2

f
Fol o<1

S

Hol& z

KeN
=

3

x
B

bl a=

= 1

]

oA

S A E

= 3271

28>. DDPE

=3
=

glo]
I A

KeN
=

}91¥ DDPEY] x|

S

=
=

Tor

o] .

of &

_57_



A AN AE AZbe 1% TIFS] b, Ad A+

100 F A
80
|
8
< 60
K]
£
E 40 - Anaerobic Condition
- —=—TIF 10
20k ——TIF 12
—A—TIF 16
0 1 1 1 1 1
0 20 40 60 80
Time (d)
B
100 |- Aerobic condition
—=—TIF 10
8ol —e—TIF 12
—A—TIF 16
<
- 60 L
C
K]
Z 40t
£
20+
0 1 1 1 1 1 1 1 1

o 2 4 6 8 10 12 14
Time (d)

<Ig 29> FIHE el wE TIFY 24 4.
(A) @714 23 A e nag S5

B) 2714 AN nas ddqda

(1) 4% A% 570 WE TIF H4A
TIFE 093 225 3¢ 2= G2dFE o|Fol4 vk webd TIFE 27 d%50)
WE Astel Wgd ACE AN TIF RAE ARoR §AT £

2Abe7] Askel EAHFAIY §7E DYsl TIFY) EFehd §33

s
rir
it
r
PN
Y
o

il
o,
2
:Oé
kol
A
(ld

_58_



ZAstaArt. <a2¥ 29A>E F7I7F AdE 7oA Hid TIFY @48 43 zlo=

b

w
_
e

Mol Apdt Fol TIFS &do] Ao FasA &dss AT + vk vt 7]

H
el
)

=

T

1o

o N
il

oA A% TIF 2¥4E X <29 29B>+ TIF-16, TIF-10, TIF-129] A=

dad As Zart 43 gashes As At olHd d¥AdrEY TIF

AEL AT W, el T TIF &3k FAE BAS] skl WSAAE HobshA
M) JES AVT 5 Y A2FA 8719 ALl G olFojAel & Helth.

iV

(2) %o uE TIFY <kAA 23

TIF &35 HHozm FAT £ Jde HALSEE A7 93t TIF-10, TIF-12,
TIF-16€ 717} 5C, 25T, 45Tl Basty 27de] ZA TIFe| o =4 &3 44
As] axs =AY o] Ade FHQ THE #AEY] st FUF AdEA G
efoll A o] o) HE <y 30>olA TIF-103 TIF-162 <X #Agle]l AdAsA &4 o]
Aokl o, TIF-1292 45TolA A7 Aol &Aol 23]y ZF7ishe] #FHAT o=

TIF-1034 TIF-169 A7} AAAEl A= Gy, TIF-12% 2248 AAzR =&

exdA ssgue wske] e odgs Fbz Behld @ 3 AsEns} S
Aoz AAAT Z AAC wek o ot u@ w: AFLEE FHs YY)
A8 A5 AUy oAENE ¥ F 90g etk

_59_



100 -

80

60 -

40t

Inhibition(%)

20+

0 2 4 6 8 10 12 14
Time (d)

100 -

80

Inhibition (%)

Time (d)

100

Inhibition (%)

20

0 2 4 6 8 10 12 14
Time (d)

< 30> W2 rd wE TIFS &4 4.

(A) TIF 10 (B) TIF 12 (C) TIF 16.

_60_



100}
80}
S
~ 60_
c
o
Z 40
<
20}
0

—&—TIF 10
—o—TIF 12
—A—TIF 16

Time (d)

<a¥ 31> e w=

=
i

ol wE TIFY €4 a4

==

(Filled symbol 2 %%, Open symbol Y| x
(3) e XAl wWE TIF &3 <HAA

ggle] Akl wE TIF &xbe] AA4 WsE S48 f8ke], 10 mM2 Alx=3 TIF-10,

TIF-12, TIF-16& 212 2HAE ol &3to] HEE Ak x99 dble] ==A37]
ARAFE Al Fvlste], 7171 AdEHA e AN 2FdEer TIF &3 WEE
A A <2y 31>F B FUUF ASER @S 2dA e @404 ATE IR
B sAjel AH xAbe] fel wel AT tixTre] TIFESe] xpolE yErith
TIF-100] ¥ o] w=ZF %o wE &Y A &t ®wste] 714 & xol& vetion,

ZALe o] wE TIF &3te) W37}
A a7t garsRey, TIFE

715 AzZstel TIF HAAE

TIF-162 <F3he] Alol&
7ol gtk AA ez TIFE Aol
o] &3 AFTe] AR Ao o] Eu}alx|

FAFES stofok T Aol

Harh Eg TIF-12& 3
Ae Sl

TE

wE g

v

&2

ML

i

_61_



100
80
S
S Air contact ¥
= | —=—10
2 40 —e— 10-AA
£ —A— 10-DTT
20F —v—16
—— 16-AA
O} —<4—16-DTT

0O 2 4 6 8 10 12 14
Time (d)

<ILE 32> wakskAle] o TIFS] MAA <7t
AA, ascorbic acid; DTT, dithiothreitol.

(4) FakstAl A7bel whE TIFS <bAA 4 &

TIFE 2700 =2590e 4% Bohl 529

ru&%

A A FAvE AskA Ardsih o] e
oluln  Ey|E Abzo] o3 2slALo] 7|oFtE Aoz AMzHEUl, o# 3 AEELS

AAsH7] flate] vhFd AAtstAle] adE SAS Y. WA, TIFE HBS ¢haofe] =o]al

ot
2
2
)
»
)
2
Q.
)
8
j‘g
o
=
=t
=
9]
=
S,
o
3
£
)
—

mM FEE 7IE & 259 Eot 2l
waste v 2detth Eepdle] o3 fd & AsEAE FAINATE <a¥ 32>A4
TIFe] &4l 544 &= F7]d 2730 =39S o, €43 Fassirh TIF €74 9
AdlE ZE2YAd At zv 24 AMEAAQ TIF-103% TIF-16 F 74 250l A
A3LA veEbTh ey, TIFS &4 FXE 9319 ascorbic acidE A 7F3E 7oA = F
7EA TIF 55 25 &< @473 4E A3 Bolx| ol &7]|F Abaol o3 Abstzrgs 939

Abestlty. @, dithiothreitol s & L3kA H7F3E 23 oAM = TIF-109] 4% 84 o5l

_62_



100 |-
80
3
< 60
2 Air-tight
o) —m—10
E 40F _e—10-AA
—A—10-DTT
—v—16
ZY DGV
—4—16DTT
0 1 1 1 1 1 1

0 2 4 6 8 10 12 14

<2¥ 33> A zANA Ak Alof 93k TIFS] orAA ZF7k
AA, ascorbic acid; DTT, dithiothreitol.

FastAlel makE WHE g7l Bad TIFelA FAskh <23 33> TIFE 2o«
&719] H#A3H ascorbic acid®} dithiothreitols 27 0.1 mM %2 713 & TIFS A&
=A% Az F7E A oA FAFAE HIbeHH] ¥ U= TIF-109] A%+

8Y o]Z 9 TIF-169] 7ZA-F= 69 o3 Zalo] A3t o] AL &l Ao H]|Elo]
AAHE Adoz TIFS kAol =A FEES el Aiolt. o] ascorbic acidE
HA7sk Z2AAE TIF-109 A+ 2F %< SXAALE Ho|A| ol kA Aol =7

fAE Yo, TIF-169 44 20% W9le] @472E wel 2rHZe zdd st

avhis 238 4s9vth Dithiothreitole] A7EAlelE TIF-109] A% 8Y o], TIF-162]
e 69 olFel o 20%e SHPAE Mlth olde] AutriE Wuw 704 TIF:

LE:AEG Pl A AHAL, FAESA HIMA] TIF ML Ar|do=

_63_



100 +
80+
<
E 60}
ko) N
9 =10
< 40Fr _e—10mA
= —A—10DTT
—v—16
20 —e—16-AA
—4—16-DTT o
0 1 1
0 2 4 6 8 10 12 14

Time(d)

<Y 3> AAFH oA FakstAel o)d TIFS -84 <7t
AA, ascorbic acid; DTT, dithiothreitol.

o
=
rir
—_
<O
e
s
o
=
o
=
S
=
@,
-t
=N
|
_VE
e
ol
o
2
rir
0
e
s
o
2

Ascorbic acidE & 3
TIF-108]  &deo]  Zasklvh  TIF-169] A% Aasel  oa  <HHAdL 60-80%
S7FetR o TIF-1004 o] &dfoll= WA A HEek3ivh. Ascorbic acid®] H7FE bd4 &
tizo nlske] IO oF 70%9] &4 BTt o] RSl AAE FR S 270l A
TIF-16¢] dithiothreitol& 7} 79 w43 kAL HA7F dojwkal, 49 ool 80% o]/d2
@3z a7t e

o]¥ 3 Aig FIshd TIFS @7 Mg AL 275 Abaol o3k Atste 7 ashe

R o]l wrE A A @2 adlel fs AA FHHS FASAT. Aol ofgh Absk=

S0l =Z7Fed Ae® oY, oA ohvtk TIF #AE9 &I ofd upE wiolAl
Fd soz FHHW, Al 2 AFFAAdA o] FEE Ayt AT, Z13ke] AP Ao
E2E AFANE A amr 2464 TIFZF polymerE A3 29E AArh
AapA oz TIF AAEL AZS LS sty F7|7 B3t HEY f7)o qAFgA=

ascorbic acidE A% 7Fsk AeEi7F H Ao 2oz 15



TIF A A% S 98 FAE54E S48 98t 24 TIF &5 Astsel =2 & =&
Ao AE=AE Azt E3E FAAT Astes FFAINe] 33eA AFH3 Ao AL
2 & (Sagic)® 71 5(Gagyung) 9l Astee F&8FE o]&HaL Jdow, /s (Gaesin)e] A st
T FHEHTE 39 AR &R 22olal vk TIF AHES Z37k &<ld 10 uM
7 100 tM9] F FEWHCAA FA3AA, ©o] sEE TIF9 Ao 1,000 Da AFojnz
ek 10 ppm 100 ppm A5l sfgdet. 7 smelA TIFe] A Epile 384 A
Flads <1 35>
11, 12, 13, 16 A 3tFE ©]
B8 Aol nste] Aol vA vt oy, Ha F o sETHE shuelAE 100%9] 24
Ho] AAEe] Foatels EAZE gllvh 2 dudd A3E Fote] 4 AEe W RN

oA ARES BHE Folr 857 29 Aol

o B
oo zi
=
BN
-
O
g
rir
3
=
(il
o|\
S

TIF-9
[JCon
100 ] Sagic
Il Gagyung
L Gaesin
80
9
T 60
9
S 40t
=
£
20F
O -
10 100
Conc. (uM)
TIF-10
100 T ™
80
S
= 60r %ﬁ
o
3 40}
=
£
20+
ot
10 100
Conc. (uM)

_65_



TIF-11

100

10

100+

(%)uoniqyui

Conc. (uM)

TIF-12

7%

100+

(%)uoniqiyui

100

10

Conc. (uM)

TIF-13

100

10

(%)uoniqyui

Conc. (uM)

_66_



TIF-16
100 —

\

80

60} 7) N

40

Inhibition(%)
N

20

10 100
Conc. (uM)

<Zig 35> Askgrel =<9l TIFS] =R =

o

o]
-
Sagic, AH4 & 8784 Gagyung, 7H8E 587 8k

Gaesin, MAls S5O0 579 582 3.

288 §22pp

Ao et ™ |
bk R A0 oy g

<a¥ 36> 4wty A AA TIFS Al ZRFE.

(5) TIF Al 2FE9] ZA|
TIFS] 2w AAAFHS HAAW F7telA Faq3t7] fste], folA A€ HALdES

_67_



& wEss ANES Azsgrh ARES TIF-129 TIF-169 F A E
At o< 36>, ZF TIF= 100W] 5592 2 mME ®FEojx o F7hel A

2~

%2 M (2 ppm)oR SRS Sk $71E 2¢ a5 gt

EL B
ow

AAZgay B7|7F A=, A4S A Z ascorbic acid 10 pMe] 375 A}

A FRUGN Bge] FEFE S,

_68_



A2 A Ak Qe wAlE 93 vhopx] g oA

)=]

B
f1tvk(plaque)s g o<y 37>, ZAukd o] gHY€d AdEEAE Hol: 2079
ol R & Mbdte] A 3AF-IA (1-22pd )9 A 1H9 5 (A GAAR) AFdoll Al AL

stopAfo] o) gk Gatuke: A3 AW, o AW, A3 2537149 4y 54E YER

<R 37> shopA] FRHOl WE FEY 4.

(A) 254 wo}A),

(B) 54 topA,

(C) A

<E 2> 228 dolx o] o E8F
phage Titer(pfu/ml)  NO. phage Titer(pfu/ml)
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hb1b H 5.5x10"° bp5b M 3.57x10™
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ms8a M 6.36x10 ! ms7b M 2.46x10™
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1/2 hbla

1/32 hbla
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6.0x10°

3.0x10°

cfu & pfu/ml (W)
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P.tol hbta 1/2 1/4 1/8 1/16 1/32 1/64

Dilutions
<R 45> golA| o] wEF A wE EEAlvre AWt S
EohA] EFet FolAE FAlO] wigE w, dtolx|e] Fmel o] A wF Apolol] AHAAE
ZA8H7] 9lEke] EEpAl b ol 9] g PelshH pitting testE 3FATE LS4 HolA|,
hbla %k} (1.12x10° pfu/mL)S 1/2°-1/2% 2 8 4sta, B AT (6.0x10° cfu/mL)3 50964
T3 EgA-golA] §94E wHESTE o §9& 717 10 uLA WAlY dude] Hstar
12-15A12F wlF &, FA48 2vke fEsdvh <oyl 44>9F 2o Bl atel os AW
STt ol E EF AHd Aol dolx|e] Frbel uwEl ZAwke]

A& FAstelt Bebael ols A 2ol @ 1000

ki

R0 gl el avtel =/l PR Fohste] wETe] wwrasle] wste] 509% AF A
Z1stah Webd, Beb @RS AT SHe b EAE = oFsEy el

AL v TR dopx e Ao wel Ad 5 e HolETh
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Fakel #RSHAI, ol oI5 dwrg A

<9 AT>S ANHA T mE XEanE Hoev. BT SHF(P. tolaasii +
DDW)E &3tsto] xeldh ¢ Ag 19 F55 Aol F4bo] Uetr] Al &kste] Al3ke] A
dE A 54 B, dx Fo Avky FAFo]l FEleela, wgk tfxH-ol vlske] W
Aol Aol AR o] Fo) X Edrt WA, Wyt FA delAE A A A (P
tolaasii + bacteriophage)e] WA S Hg %7158 hxF9 xol7t =LA peh}R fkon],
<L 48>0l A HojFE5 A 3Y Fole ek nlasls wf AAEQl o] o] Foi A
o, Akl FAfo] WHY A &dvt. =, spolpx|el| o) AwbE st P. tolaasii®] Bt A=
wj-¢- ekl o, ole gt Ayt HolAE o8& Aol Ae] Avty AAAF A o

[e] = [oJ K ®)
T AedoR FddE F des HojErh

_\7\_1‘

Control

P. tolaasii
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DDW
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+

Bacteriophage
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Con P. tol + Phage P. to/l + DDW

<Y 48> A2l 3§ spopx| o] ANkH oA F 3} vl

(3) =g A #FAANES 53 volx 9 TIF &3 g=

Walel metel FAANE Fobe A el Eol ug $asted AW
A of 35 felele], AEAAE of 3ule) o fle] vk weba waA ¥4
Wjstel 9-158) 7AAA Aol govk, WA AMaAE Avgel B/ Fol wE:Hol vyl

Wl Aotali wol gl

<ILE 49> =gt WA TS AE 91E AL AL
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<Zig 53> sobA| ek TIF A& 93 #4de] 72,
177} P. tolaasii + Phage(s}to}#] &3} &9l
273k P. tolaasii (24 ).
377k Control (dz).

A2V P. tolaasii (Z2dry] ),

57-%F P. tolaasii + TIF (TIF &3 &9l).

1

Nkt WAT P tolaasii 62645 1/100.2 8 Asle] =34 F3)E A8
L 2,4, 59 FE3I EY F o v sobx|(hbla) WFAE 17 Fel, TIF-11% 57
FAol 2,3, 4 Pl DDWE 77t BERaie). 143 § 53

=

I

1o WET(37-8)d vdte] P. tolaasii BT
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1F7]0) Hed MAle 25 etebal, 25 7]e] A Zoldk WAl FHE 8o wet
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ol7F fstirt. TIFeE dopA & ek 1, 59 A2 73 o] WA= s 173 FeE
SR TP, P otolagsiiE H )3 2, 40 FHo| A= wlRd] F2FFolrl wadste] Aol
HA I YAt =, Folx| e} TIFE AHgdk AdFFoAE= P tolaasii®] NAF7F A3 A L
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A 9= Aoz e Y Pseudomonas tolaasii= 555 9t}

i' 6264{P1a)
7 Pseudomonas tolaasii ATCC 3361
51 Pseudomonas palleroniana CFBP
Pseudomonas costantinii CFBEFP 5
17 _| )
T Pseudomonas lunda DSM 15835T

|Pseudomonas poae DSM 14936T Al
93 'Pseudomonas tnvialis DSM 1493

_:F’seudomonas wveronii CIP 104663
=) Pseudomonas extremornentalis K

0,001

74 Pseudomonas palleroniana CFBP
= Pseudomonas tolaasii ATCC 3361
B0 —— 36(P1b)
Pseudomonas costantinii CFEP 5
= 57"_|——Pseudc:mc:nas lurida D'SM 158357
_{ Pseudomonas poae DSM 14936T Al

90 'Pseudomaonas trivialis DSM 14933

Pseudomonas extremorientalis kK

0,001
75 Pseudomonas costantinii CFBP 5
54 _|:seud0|ﬂonas lurnida DSM 15835T
i Pseudomonas tolaasii ATCC 3361
92 Pseudomonas palleroniana CFBP
69(P1c)
Pseudomonas trivialis DSM 14393
9 'Pseudomonas poae DSM 14936T Al

Pseudomonas extremorentalis K
35 Pseudomonas veronii CIP 104663

0,002
<29 56> FFOlA et A oo FAA Al
9]) Pseudomonas tolaasii Pla.

=7V) Pseudomonas tolaasii Plb.

olel) Pseudomonas tolaasii Ple.
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Pseudomonas tolaasii 6264 (Pla Z1%&)

GTTCAGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGA
GCGGTAGAGAGAAGCTTGCTTCTCTTGAGAGCGGCGGACGGGTGAGTAAT
GCCTAGGAATCTGCCTGGTAGTGGGGGATAACGTCCGGAAACGGACGCTA
ATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCGGGCCTTGCGC

TATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGGTAATGGCTCAC
CAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAA
CTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGA
CAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTT
CGGATTGTAAAGCACTTTAAGT TGGGAGGAAGGGCAGTTGCCTAATACGT
AACTGTTTTGACGTTACCGACAGAATAAGCACCGGCTAACTCTGTGCCAG
CAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGT
AAAGCGCGCGTAGGTGGTTTGTTAAGTTGGATGTGAAATCCCCGGGCTCA
ACCTGGGAACTGCATTCAAAACTGACTGACTAGAGTATGGTAGAGGGTGG
TGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCA
GTGGCGAAGGCGACCACCTGGACTAATACTGACACTGAGGTGCGAAAGCG
TGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATG
TCAACTAGCCGTTGGAAGCCTTGAGCTTTTAGTGGCGCAGCTAACGCATT
AAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATT
GACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACG
CGAAGAACCTTACCAGGCCTTGACATCCAATGAACTTTCCAGAGATGGAT
TGGTGCCTTCGGGAACATTGAGACAGGTGCTGCATGGCTGTCGTCAGCTC

GTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCT
TAGTTACCAGCACGTTATGGTGGGCACTCTAAGGAGACTGCCGGTGACAA
ACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCTG

GGCTACACACGTGCTACAATGGTCGGTACAGAGGGTTGCCAAGCCGCGAG

GTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTGCAAC
TCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCGAATCAGAATGTCGCG
GTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGGAG

TGGGTTGCACCAGAAGTAGCTAGTCTAACCTTCGGGAGGACGGTTACCAC
GGTGTGATTCATGACTGGGGTGAGTCAGNGGGGAAGGCGGAACAAAAAAA
A
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Pseudomonas tolaasii 36 (P1b 155)

GTAAGATTTTTTTTTTCAGGCTCAGATTGAACGCTGGCGGCAGGCCTAAC
ACATGCAAGTCGAGCGGTAGAGAGAAGCTTGCTTCTCTTGAGAGCGGCGG
ACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGATAACGTTCG
GAAACGGACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCT
TCGGGCCTTGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGG
GGTAATGGCTCACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATC
AGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGT
GGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGETG
TGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGCAG
TTGCCTAATACGTAACTGTTTTGACGTTACCGACAGAATAAGCACCGGCT
AACTCTGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGG
AATTACTGGGCGTAAAGCGCGCGTAGGTGGTTTGTTAAGTTGGATGTGAA
ATCCCCGGGCTCAACCTGGGAACTGCATTCAAAACTGACTGACTAGAGTA
TGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATA
GGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTAATACTGACACTG
AGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCAC
GCCGTAAACGATGTCAACTAGCCGTTGGAAGCCTTGAGCTTTTAGTGGCG
CAGCTAACGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAA
ACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTA
ATTCGAAGCAACGCGAAGAACCTTACCAGGCCTTGACATCCAATGAACTT
TCCAGAGATGGATTGGTGCCTTCGGGAACATTGAGACAGGTGCTGCATGG
CTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCG
CAACCCTTGTCCTTAGTTACCAGCACGTTATGGTGGGCACTCTAAGGAGA
CTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGG
CCCTTACGGCCTGGGCTACACACGTGCTACAATGGTCGGTACAGAGGGTT
GCCAAGCCGCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGAT
CGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCGAA
TCAGAATGTCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTC
ACACCATGGGGAGTGGGTTGCACCAGAAGTAGCTAGTCTAACCTTCGGGA
GGACGGTTACCACGGTGTGATTCATGACTGGGGTGAGTCTAAGGGGAAGG
AGCCCACAAAAA
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Pseudomonas tolaasii 69 (Plc Z135)

TTTTTTTTTGCGGCTCCTTCCTCTAGCTCCACCCAGTCATGATCCACACG
GTGTACCCGTCCTCCCGAAGGTTAGACTAGCTACTTCTGGTGCAACCCCA
CTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCCGGAACGTATTCACC
GCGACATTTTGATTCGCGATTACTAGCGATTCCGACTTCACGCAGTCGAG
TTGCAGACTGCGATCCGGACTACGATCGGTTTATGGGATTAGCTCCACCT
CGCGGCTTGGCAACCCTCTGTACCGACCATTGTAGCACGTGTGTAGCCCA
GGCCGTAAGGGCCATGATGACTTGACGTCATCCCCACCTTCCTCCGGTTT
GTCACCGGCAGTCTCCTTAGAGTGCCCACCATAACGTGCTGGTAACTAAG
GACAAGGGTTGCGCTCGTTACGGGACTTAACCCAACATCTCACGACACGA
GCTGACGACAGCCATGCAGCACCTGTCTCAATGTTCCCGAAGGCACCAAT
CTATCTCTAGAAAGTTCATTGGATGTCAAGGCCTGGTAAGGTTCTTCGCG
TTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAA
TTCATTTGAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGTCAACTTAA
TGCGTTAGCTGCGCCACTAAAAGCTCAAGGCTTCCAACGGCTAGTTGACA
TCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACG
CTTTCGCACCTCAGTGTCAGTATCAGTCCAGGTGGTCGCCTTCGCCACTG
GTGTTCCTTCCTATATCTACGCATTTCACCGCTACACAGGAAATTCCACC
ACCCTCTACCATACTCTAGTCAGTCAGTTTTGAATGCAGTTCCCAGGTTG
AGCCCGGGGATTTCACATCCAACTTAACAAACCACCTACGCGCGCTTTAC
GCCCAGTAATTCCGATTAACGCTTGCACCCTCTGTATTACCGCGGCTGCT
GGCACAGAGTTAGCCGGTGCTTATTCTGTCGGTAACGTCAAAACACTAAC
GTATTAGGTTAATGCCCTTCCTCCCAACTTAAAGTGCTTTACAATCCGAA
GACCTTCTTCACACACGCGGCATGGCTGGATCAGGCTTTCGCCCATTGTC
CAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTT
CCAGTGTGACTGATCATCCTCTCAGACCAGTTACGGATCGTCGCCTTGGT
GAGCCATTACCTCACCAACTAGCTAATCCGACCTAGGCTCATCTGATAGC
GCAAGGCCCGAAGGTCCCCTGCTTTCTCCCGTAGGACGTATGCGGTATTA
GCGTTCGTTTCCGAACGTTATCCCCCACTACCAGGCAGATTCCTAGGCAT
TACTCACCCGTCCGCCGCTCTCAAGAGAAGCAAGCTTCTCTCTACCGCTC
GACTTGCATGTGTTAGGCCTGCCGCCAGCGTTCAATCTGAGCCTGTACAA
AAAACCTACAT

<a® 57> WY w2 P tolaasiiol &3t I1EF9 16S rRNA FAA A7|A 4.
2]) Pseudomonas tolaasii 6264 (Pla ZL%&).
=7F) Pseudomonas tolaasii 36 (P1b ZL&).

ol#) Pseudomonas tolaasii 69 (Plc L&).
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@ Zwg Ayt Bl mE Folx e Fy 2 i

<HE 3> AR #5FF Potolagsiiol %3 #FE Pla, Plb, Ple® #jddh Ao]al
olE WFFT 6264, 36, 698 H=FHOoRE ] FriE HE g oA E vdEith Am FEe g
ol 13FF 11E°| P. tolaasii Pla <732 IolA = SR1¥ QoL 2F 0] P. tolaasii PlcE
St or = dolA & G}, P. tolaasii Plb #F 2 552 3% dfolx = WA

oroln F71AQ solx Bt FaAd o Golth of¥ X
AFF 714 B 7 Plb ol &aje] Avky W wEs) g Be Aow Uy
ol A BEloA o] AFL HFE el WolNzh WAHA o

o
dF7L A@es Follw WA &8 Ve HolFe Aot

3= P tolaasii®) 7 2 wpolx|

A
o
w
vV
N
N
&3
o
:10
L
olt

Type Strain Phage
32A1, 32A2, 32A3, 32B1, 32B2,

Pla 6264, 32, 87, 101, 125, 152 32B3, 87A1, 87A2, 101A1,
101A2, 101A3

36, 37, 46, 47, 48, 54, 67, 70,

P1b 71, 74, 93, 100, 119, 133, NI’
135, 554
Plc 69 69A1, 69B1

*NL not isolated.
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<A 2 AF-ZA>

Al 3 4 In silico $H-E o83 TIF &4 2 Z242 A4 72474

1. In silico docking-& ©]-&73} tolaasin A3 A 2] =&

WAl A ZANkES Ao 7= tolaasine  Pseudomonas tolaasii®l <& AW =
extracellular toxin® ¥€<&° 2 lipodepsipeptide®|tl. PAEZRE WAL= thE Helo] =9}
v 27FA 2 D-amino acidsE ¥¢3tar ot AA7EA] 4= E9 isomer’} AU vEL X

4 44

o
N

zb=1}. &, B-hydroxyoctanoic acid moietyS 7}A®, N-terminal -9l 774
D-amino acids”’} d<Ed o2 wjdy o] i, C-terminal® D-Thre] hydroxyl group AFe]el
lactone ringo] @A % o] 9t} o] isomer Fol tolaasin Io] WAlo|A virulent infectiong ©F
A= FE AxE gdA  Adrh tolaasing  transmembrane poresE  HAEA cell
membranes WO ZH  tissue  alteration®.Z  YERFTE Tolaasin @ I B
—hydroxyoctanoyl—DButl—D—Pro—D—Ser—D—Leu—D—Val—D—Ser—D—Leu—D—Val—L—Val—D—Gln—L
~Leu-D-Val-DBut-D-alloThr-L-Tle-L-Hse-D-Dab-L-Lys'®¢] 7% 7}%%=4 ¢7]4 DBut,
D-Hse, D-Dab™ Z7 Z-dehydroaminobutyric acid, D-homoserine, D-2 4-diaminobutyric
acidE WEPHY Tolaasin & #33lE &2 WA virulent infections %olE & & o
Az &8 5 Jduh. wer] &322 tolaasin 1T AATIFE 27 A3t in silico
dockingS AF&E AL, 2 AR =Z% TIF &A= nuclear magnetic resonance (NMR)
spectroscopy & ©]-&38to] AT RE sl o™, in vitro hemolysis assayE W 3slo] =3
ST

Tolaasin Iol thal A EHFE wol7] sz WA tolaasin I3 AF-S slof ol
o] ¢} ol tolaasin I Z3-& #Hdte= EHES 7] fste], b oz Gl -gjt= Afo] 9
A3 ARE AA3= docking A S Festarzt 3Sch ol & flsiA = WA tolaasin 19 3
z2b F-&27F gE s ool gty NMRE ©]83F9] tolaasin 19] 3a7x2E vty 3 =70
Jourdan 5(2003)e] oA LEHQ o}, o] HElo]=9 3x-F %7} protein data banko] &=
Hof QlA eEgkr] wie B AFAES Hiad =Y dataE 7FA 3L tolaasin 19] 3ATXE
A2 89Tt D-Pro°# D-alloThr'® Abole] A= left-handed a-helix7} 3= o] 91
D-alloThr**#} L-Lys™ Alo]el = lactone ringe] @A = o] gt WA FFE hoat= %S o] F

gl oukge D-Ser’st D-Ser’ o] AAda 9li=dl ©]E2 lactone ringol WEHA
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hydrophobic A28 zt=1t} Jourdan %$(2003)< sequential maps =0l A AA S AL 7] w
Fo o ARE 83T}t Tolaasin 12] initial structurer Sybyl program (Tripos, St.
Louis, MO)S A}&3Fe] FA8 A} constraints®t phi dihedral angless =3-o|A A3+
sequential mapol A FE3e] TAE At 2y =Eo A= lipid F-&o thd Axi= A E
A 7] wliZel| Linux workstation PCol A A% Sybyl 7.3 L2198 o] &3l FXE& A3l
t}. Energy minimization= AmberFF02 force field®} Gasteiger-Huckel chargeE AF&3lo]
8159 vk, Energy minimization¥ simulated annealingS 33948 1000 fs S<F 300 Kel
A1 1000 K2 €55 S8 b7 5000 fs §<F 1000 Kol A 300 K& 255 s5dvh 7bg e

AU A& 2zt conformerE M Esloit). o]9f o] A2 3x4-2F ofd] <9 58>3 )

<% 58> Tolaasin 18] 3z},

Tolaasin Ie] ZAgslE eSS =&37) AelA in silico docking B3-S F33+
t}. LeadQuest 3D compound library Vol. 3: gold type database (Tripos, St. Louis, MO)el A]
Alssk= 32,000 78 o9l shgtES WA SR docking A8 FAHEUT. Docking HE 2

Linux OS (CentOs 5.0 WS)E 7} Intel Core 2 Quad Q6600 (2.4 GHz) PCeol A A% FlexX
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22 2W(Tripos)s AHE3E] 35ttt Ligand ¥ pose® Hoh F+ 5& 31313, binding
site¥ tolaasin 19] W AAE Ag3t9 ) Dockinge $3F selection radiusy® 6.5AZ 443}
Gk 4 ligand vFe} 304 docking-s WFEE 99 UE Docking 23 % A2 docking scorest
- 299} +89 Alol9] FrolAut. &9 S Hol= IFES hEF-E] thiazole moietyE 717 3}
= E°]% 3 hydrophilic®} hydrophobic groupss & A9l 7FA+= sugar®t carboxylic acid?]
ester 2302 Y FIES 0 A2 docking scoreE KU W] E docking scoregko] =
thal F|% tolaasin I HElo]=of 3T E0] ligand=A 2 AT images Ho|E Aol of
7] wjio WX R docking score’} E2 3= T AUZE A poseE 77 SFFEES A

At} olet e VS wFHAZ F3E 5 v/l 2-amino-4,5-dimethylthiazole (ADT)Z A
A

<19 59> 2-amino—-4,5-dimethylthiazole (ADT)2] T-%.

o] 313F=9] docking score= -7.92A] AH8] FL2 scoreE H YT ADTE 3x+%
7} tolaasin 1] 3x 720l Azte wFe of#ff <@ 60>3 7l ADT®] tolaasin 12 DBut'
7} Lys'®e] side chain®.Z FAH pocketd] A3 FEE HY=d FAFOZE ADTY
amine group®] Ser’?] carbobyl group? oxygen® Lys'®9] amine group?] protond z+7}

hydrogen bondE ©] %3 1%l
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0] OH OH

OH OH

<% 61> Sorhitololeic acid®] T-Z.

w27 A] 2 sugar®t carboxylic acid Abolel ester 2302 o] F o] sorbitololeic acid”} 4l
5 =g, o] 3T ES docking score’t +852 YAl AFE ADTH U= ¢F 28 Ao}
image®Z & u tolaasin I 2 ZA3sl= 2% 7] widod A9stdt <28 61>,

Sorbitololeic  acid®} tolaasin I12] complex2 ofz] <8 62> 224, sorbitold
1-Hydroxyl group® Ser® 9] carbonyl group® hydroxyl group® oxygen® H-bondZE &4 3}
3L, Lys®el carbonyl groupe oxygen®®= H-bondE HAF 2 dtl. L3 sorbitol?]
2-hydroxyl group® Ser’?] hydroxyl groups, Ser’?] oxygen, 183 Ser’?] carbonyl group@

H-bondS A3t} Sorhitol?] 3-hydroxyl groupe Ser’?] hydroxyl group, Lys'®e] carbonyl
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group®] oxygend®} H-bondE @A el Sorbitol®] 4-hydroxyl groupe Ser’#® Ser’?]

oflt

hydroxyl groupE# H-bondE #A T} L2l ester bond®] oxygene DBut'® amine
group¥} interactiong 3™, ester bond® carbonyl groupe Lys'®e] amine group¥}
interactionS XA th wEkbA H]E ADTH Y 22 docking scored Ho|7|&= o) ofe] &

o] A tolassin 13 A2 ¥.¢7] W&ol tolaasin 18] A&7 F Aoz o=5A0)

<19 62> Sorhitololeic acid®} tolaasin 19 23d =%,

_94_



=
%

fg
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TT%A%L

<Z1¥ 63> 2-amino—4,5-dimethyl thiazole (ADT)l tolaasin I €42 HE7}efdHA A

rlo

"H-NMR spectrum.

2. NMR$& ©] &3 o34l TIF 23+l

ol A3 7ol in silico docking S ZH-E A& tolaasin 19] A s]A] 25F0] 34 tolaasin Io] 2
3ale=A] 5 E9lslr] sty A7 FHEEFY  (nuclear magnetic resonance
spectroscopy)& ARE3FETH A&7 A<} A3EE Wl perturb @Abe] @ E 7] wfifof o]
£ o] &394 tolaasin 12] A A FH FF=E2 NMR signals & dlyo =z i o7
o] tolaasin 12 A 7}3tdA AdA] #8359 NMR signal ¥13tE ##3le] Ao s 3<ld)
aAF P oleh B AFe] oA wiFoRE & EA= AEAMUY faster relaxationd}
slower diffusione e 7] ol broad peake H.Aul walr] A AN A=A 3FE-2

sharp peak-s H.oJuy} 2 AQ1 tolaasin 139 A 334 ¥ broad peako. = W3lA 2 Aotk

Ol

o] A& AF&3 NMRS Bruker Avance 400 (Karlsruhe, Germany)©]$lil, tolaasin 1S 6
mg 3+ methanol-d4 (MeOH-d4)o =°{4 HF =7} 15 mMeo|] HE=% 3F3th
2-amino-4,5-dimethyl thiazole (ADT)< hydrochloric acid’} Z3%¥ 3=

o] #st=3 sorbitansesquioleates- FEFo] =2} whR7FA| 2 MeOH-d4¢] =94 1 mM2] F5&
7 HEE siginh WA AsA 338ES 5 mm NMR tubed] £744 'H-NMR 232 533}
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ATt 7)ol tolaasin T §94-& 20 pL5-H 100 puL7kA] Bx} tlalzkch o 20 uLE H7pek o
vt} 'H-NMR spectrume 2339t} 2-amino-4,5-dimethyl thiazole (ADT)S] # o] A&
"H-NMR spectrumS-< stacked ploto. 2 Ve A= <18 63>3 72}

L Jﬂw@_@w
[
N

J]u n
T T T T
10 2.5 2.0 s
# (ppm)

T T
as 1o

bbb

rlo

<Z1¥ 64> 2-amino-4,5-dimethyl thiazole (ADT)o] MeOH-d4 £vjut-s H7psldA o
"H-NMR spectrum.
o714 212 ppmell #ZEH peak= ADTE 4-methyl proton®] 3l 2.18 ppm peak= 5-methyl
protons YWEFHATE o] 7 peak tolaasin I &8 H7lstHA W AxE Aoh. &5, A
T 2.05ppmo. =, X+ 215ppm o2 W Gvh. 2yt o9 2 WEyl ADTYF HCle] 23
H g o]7] wiEo] &2 AFE3 MeOH-dA%HS Hal® @HAS 4 7] vt o5 F<ls
7] 1814 tolaasin 1°] $1i= MeOH-d4%Hs H7lstHA w43 S 33k ofg <1
H 64>0l A Mol EYE spectrums AUV wiEol o7IA AFE F peakd WISk
tolaasin T3 ADT®] Aoz lair A Wyt opd Aoz AASUAY. dgdo=z ADT

= tolaasin 1o Agdx] &= Aoz A3kl

-
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T T T T T T T
85 &0 15 1.0 &5 6.0 55  so

T T T
45 40 35 30 25 20 s 1o os oo
1 (ppm)

<719 65> Sorbitansesquioleatedl] tolaasin 1 8 A73HA 9L 'H-NMR spectrum.

=3t 23S sorhbitansesquioleateo] T35+ A= 9o <18 65>9 2l o)A HEO]
chemical shift®] 37} B2 peak= 1= ¥ 457 ppme peakd} 0.9 ppm peak? areas
A2 BaskH tolaasin T &S FH7Fs] 7FAA o] v &o] T7ks RS & 4 A=t °oF 38%
A S7VeF T vhR Al A AFe] 1.31 ppme] peakd} 0.9 ppm peakS W3 W] &L 32%7}
A At AxE Berh ol 3§ W3O 2w peakd intensity 7} W3F Ho] ol i A=
Hho] Wreko g o) AeS HAYE AS ¢ 4 Ak 09 ppm, 1.31 ppm, 4.57 ppm<= 27} oleic

acid®] methyl group3 methylene groups —L#] 3. hydroxyl groupss YEFT
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FEFFFT

<719 66> Sorbitansesquioleated] MeOH-d4 £v]9-S A 7pslwHAl A2 'H-NMR spectrum.

obx] o1F3k nel o] o] & W3l @d] MeOH-d49] FH7pwtog® WAsl=x= g

Q18}7] 913t ADTOA 9} FUd3 Ae-s Faslo] ol ol 2 AHNE A=d H5H vt

@7 x] E=Ad gpectrumeS 497 wjEo] oA AL AFAE MeOH-d4o] 28 Ao
=

o} 3L tolaasin I2] Z 3ol 23k Ao

1
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TEW0_OB%1W1SRet

[a.u.]

3000~

Intens,

2000+

2043.679

1000+

0,664 1204,845
1987.602

—12
f———2005,683

1107776

-

;—'xiﬂ%' 20090203_TM_againW0_L1 1% 1% | SRef
1.0+

Intens, [a,
1987.480

0.8-
0.6-
0.4-
02- 8 é 2
e 1200 1400 | 1600 1800 u—;uiguﬂl S
<Z1¥ 67> Tolaasin 1¢] %43} membrane ¥ thal AR A F

olAe] AdE  YIAE  tolaasin 19 BRIy} FREH,  Pseudomonas tolaasii-$
F

Pseudomonas Agar F (PAF, 1L, Difco, Detroit, MDA 25°CE 3¥7F #jokslsict. vkl s

n-butanol (1L)&E F%3 3 FENRS FAAZXIAY. AFES 420 mg doA 50% aqueous
TN
hl

ethylacetate &<l =%t} Ethylacetate ¥ 83 membrane® = Y5° membrane &85 2

gt

o

Fi-A17] (Mass Spectrometry)® 583 A3 of7]ol tolaasin I°0] X3t A& 233

<A¥ 67> HEZH o2 6 mgY tolaasin 12 a9}
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100 +

80+

60 -

Hemolysls (%)

20 g sorbitolokeic acid

0 —e— ADTH

8 7 6 5 4 3
p Conc. (M)

<219 68> Tolaasin Iol 2]3F hemolysisel ©3F sorbitol® ADT2] &3}

o] 7|74+ A &@s At @A sorbitole] tolaasin 19 AdtlE A= H A9 A A& #;

£& steHd dId EAE FHA FEE] uied 572 hemolysis @S A3

o
O

Tolaasin®] hemolytic activitys= rat erythrocytes® =43} %t}. Defibrinated rat erythrocytes
£ HBS (HEPES-buffered saline; 5 mM HEPES and 150 mM NaCl, pH 7.4)% 33] A3k
¥ HBS bufferel 343te] 10% &<4& AUk o] F 37ColA 3083t incubation 3}3itt.
Hemolysisi= spectrophotometer (U-2000, Hitachi, Tokyo)Z ©]&3o] 600 nmolA =43
t} o] A= <y 68>3 Z2dH sorbitol 5 pMelA 60%71A| tolaasin 12 hemolysisE
Ak wbA ADTE A3 WstE F4 EdFo] A wEkA sorbitole tolaasin 1¢]

As A=A Agshs Aol welA.
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<% 69> Zinc °o]=9] H7}=E <13t tolaasin® NMR spectrum®] =3},

I Fol Atole] Agtel gk A

Zinc, sodium, calcium®] Al 7}A|] Fo]o] tolaasin®] ZsFi=A] oF-E A 7|FH
o2 Felstax sl 27)ol= A7) FolS ZnCly, NaOH, CaClZ5F-H SHH33 o
NaOHe] Ao pHoll 93 943ks wiAsl7] o8 YA NaClZ sourceE wpHtolAl 7} 2
e AT TSk M7FR|] ol HIbel 9% NMR data®lA] chemical shifte] ®H3} 2
intensity ] ®Wzle] gk 4] wu|Ed=H AAE 4HE assignmentsE FE o]E AL
A ko]0l tolaasinol] AFSrh= AR dig FFg AA H AL zine o] H7FE A3
tolaasin® NMR datacll A ¢] ®13-& #23s17] Yo 99 & stacked plotE F-A A<
¥ 69>

3. WA/ EREREE ol &

o
-
oY

HD:
E
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i
e

\'NN\—V*A/MWA e e e |

J
e e e e

815 810 B80S

300 895 B9 885 880 875 BJ0 B65 BE) 855 B850
1 {ppm)

<18 70> Zine ©]<9 H7IE 23 tolaasin® NMR spectrum®] =huf 3l

Wty RS st fste] 99k 2ol sty HHA ¢ ooy AojueE FES #Ed
o] BE LS 196 ppm -> 1.99 ppm (B proton of Dab') ¢ 850ppm -> 8.35ppm

(NH of Dab') o129t} =, zinc ©]&& tolaasin® Dab'’ol] AFsictn Ay vi<d 70>,
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<18 71> Sodium ©]<¢] H7[Z 213 tolaasin® NMR spectrum

Ay

& 7

Sodium ©]&¢] H7lZ <13k tolaasin® NMR datacl Aol WslE #2317 98] ¢ 2
stacked plotE T3t A TH<I® 71>, o] 43S NaOHZF-H sodium ion sourceE AM-&

= 22l NaOHoll 93k pH &< wiAlet7] 9138ke] NaClz AHd § dyjolrt

A
i
I
|
B
1
|
I
|
|
5 AT b | s POV
A el ) P gy - o
B
|
|
i
e g e 0 N, B 08 b o p A N i

<19 72> Sodium ©]9] #H7F= A%t tolaasin® NMR spectrum®] &Hofj sl F-&

9o i3t F /M9 spectrumol A B.5=o] 1.96pp—>1.94ppm ¥ 8.50ppm—>853ppme F+ =
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i

g2 5E sodium ©]< AA zinc ©] €T} wlRIIRE Dablel| A= AHE Ari<ady

12>,

5 “JJ,V wa M}( bh
c WMWK'J \»f@
° R WA MLRUM
ot

F | ;
I ‘WMW:LM.

<Z1gl 73> Calcium ©]<29] A7l=Z <13 tolaasin® NMR spectrum.

Z

i
r

okl AF3t zine ¥ sodium¥ "FEHFA|E calcium o] 2o thdF tolaasin 2% o E =

3l Al 99} 2 stacked plotE FAFG <™ 73>,
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RO PP TSP VINPYI Y JHE R W UV U CIL NS AV SRVIVY U STEY VS Y A N L S P

(SRRSO PPN SN PR PO St SOV SR SRS SIUZAN SV Y PPV BRSOV NP L U OO IPIVPU PP PN

<9 74> Calcium ©]<2] #H7}= <13t tolaasin® NMR spectrum®] st F-&.

=

g2 EE calcium ©]& 9A] zine, sodium ©] & ¥ vFR7FAZ Dab'o] AdsittE AdE

o) gt F 79 spectrumel A H5o] 1.96pp->1.97ppm ¥ 8.50ppm->847ppme F W
A

~

vh<g 74>,
A

AEH SR zine, sodium, calcium ¥ol=E-2 tolaasin 19 lactone ringe T/d38te ofn| =4k

% 3htel Dab'ol AfstE dEg At
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4. ZepAlel el FAdE oA 3% 4A

Tolaasin I monomer® 3x7%3= 2003 Jordan %ol 984 NMRS AMg3te] AAE S
t}. Tolaasin I =5 18719 ofn|x=itoe =z A4 5o i),

D-But'-D-Pro-D-Ser-D-Leu-D-Val-D-Ser-D-Leu-D-Val-L-Val-D-Gln-L-Leu-D-Val-D-
But-D-alloThr-L-Tle-L-Hse-D-Dab-L-Lys"®

283 1 A9 Z-dehydroaminobutyric acid®l| B-hydroxyoctanoyl acid’} 23 o] <l
v} w3 144 ¢) D-alloThrel 189 ¢l L-Lys AFe]el lactone ringo] dA W o] ) w3k 2 <l
D-Pro5-¥ 149 o}n=2t Alo]i= left handed alpha-helix7} @A %o} glvh 1W¥e] o] 3=
B-hydroxyoctanoyl acidi= alpha-helix®} &3k F+25 o] &},

Tolaasin 258 I H o] AdL zincolo| A &Ao] AsAr= ApELLE o]n
A 1TAF- A Aol o)A AAE o] Hatd v vk o8k 2L A zine o]o] E#4]
o 7FAlaL 1+ lactone ringe E¥aiA dojd = Q7] Wil WA oo iy A
3199t} Lactone ring? 7] 5A x 7A ol o)xnt} e =79 zine o] &o] Ex}E
2o tolaasin 1] 32725 nvlg o2 B u lactone ring< van der Waals 75 uiZ-ol
gol =&} AR FobA olek Fe Thede vlAlEA Ak wEkA tolaasin 1°] trimer
i tetramer® FATOEA ol AEE FATY] zine o2& FAANHOEHA AlXo| FIFE

Aoz dAesisith.

p

e

—

o
4 A

HR

N
i

G doel HElol=eo] 3AFxE ZAAsE W o=+ X-ray crystallography, NMR
25 =d 2 dAF9A=  molecular
modelling H'H S AL&3Fe] o] A9 3xTFFE AAEATE. L o] tolaasin IS 18719

Wb Ge et o] wie] AL AIh 4X @S Wb ohe 1M ofv)wmite] 917

spectroscopy, Molecular modelling ol dg Ab

5o 9l B-hydroxyoctanoyl acid”’} rigid structureZ 2zt#] %3}al flexibledt 22 ClH]% 2
AL A=A oy YA X-ray crystallography W2 A8} v} B3 tolaasin 1] trimer 5=

= tetramerE FAT FHE @7I7F RolstA &obA NMRE o] &35 A &w njAl sl
ST 19 3A7-%= oW NMRE o]&3te] ZAS x5 o &stde= 48 f8A A

23 221388 Intel Core 2 Quad Q6600 (2.4 GHz) computerel 2% Sybyl (Tripos, St.

Louis,MO) o]t} ©@<=3F docking HH'H 2 2 trimer E+= tetramer? tolaasin I & 337+%&

Darxp oln] oy ZpA] WRIE ARgE vk Qlo) vEEer vk AaE dA] FsolA A =S
H

i

s
o
off

A28k A o]l AEE A7) A3 templateE Z A3 LA 39 TF. Tolaasin
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To] o] Adg FA37] AslAE Ao trimer o149 multimere] o] HQ3bar, ®3
tolaasin 1] Zo]7} 23A0] o]27] wWid] o|& ngoz o)L Ad FxE Fux YT} A

F7E 30Acw &dA 917 Wil tolaasin 1] trimer ¥ tetramerE ¥ A3
il = o]0 F343dl7] 9 E A= double layer & dAo] FQsttar HWEACH Trimer
TAE gFE o] A Protein Data Bankel %% 327%E HW tolaasin M.}
A8 1 xE FAa dseol W AT wEbA PDBel $E® ol AE Y trimersd
template 2 AF&o] o]H YA tetramerE Aoz 31t dkstd PDBel 529 trimer® T
A ol AEEL L Aoyl Mxue] 57 Mt} AojA] double layer ¢ A o] EHE Q3]
] 3Z-o] v}, PDBel %% non-redundunt tetramer$! o] 2= 3IFX, 3E83, 3C0O2, 2H95,
20VC, 1P7B, 1BHP 7} 2A ¥ &, oL =57} tolaasin I3} alignment A7l 23} A3}
Aol WEHAA At fFYEA KCNQL W] tolaasin I3 align¥ oA o] 3&
template® AF&3FA Y. KCNQ12 human voltage-gated potassium channel®4] cardiac
action potential®] repolarization phasedlA F83%F 9a& 3= Aoz <A 9v. KCNQI
< Y& potassium channel?l KCNE1, KCNE3# heteromultimerE 743t Zo] KLy o]
Atk 1L} o]E9] 337 PDBOl 3o A 943 =9 supplementary material =
A AFH] 7] wiEo] o]E o] &3t KCNQ1Y X-ray 2A %% tetramerd T+%E 7}
Ait 9= Zh2Ee] monomers Cys'™9b GIn™ Abole] 23871¢] ofmmatoz FAH o] 9]
t}., B3 B chain9 3¥A alpha-helixd]l 3193 Leu™, Leu” Alele 5L
transmembrane domain &= ¢# A 93l o] F-&& tolaasin 19] o] Ad Fx2& E7] ¢
3 template AF§3F9ITE o] a-helix F82 34A9) Zol& 23 gu} =F oz Wgd Tz
= open ion channel mode®} closed mode F 7FA W55 AlFdtsd B dFods AAS
Aesta=d, L olfE tolaasin To] o] AEE F43F4] zinc ©]&3 2L o]&& FIA
7171 $18k -zl Agtsivbar AdEstsl ] wikolv

Templatei= 23871 2] ol Ato g2 FAE FXE zbar 93l target HEFO| == 18719 o}n]

wite =z FdE FXE P ERE o] F AlololA AME FAMS FES 22 A3 template?)]
Val®™ Fwle] 727} target FEFol =9} 718 A7) wWiol template®] Val* 9} target?)
Val“& alignslich. &AM 21533 Sybyl Z203S o]&3te] o]gt 22 g 4w wEdto

ZM tetramer® T H tolaasin 18] T%E FH3FHA FHUded 1 AdyE oy <1¥ 75>9

2}, o] 1o A H o] tolaasin IS template W 2 2] tetramerol] E U o] A& HAdE
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<29 75> Tetramer KCNQI1ol A A2 tolaasin I &4},

Tolaasin I°] zinc, sodium, calcium %3 #Z& <ol A3LdlvlE Al A3 Ao d

A7) Wil °]F A E tolaasin Io] 743k o] Ade] 3AF7x7) FhA ok BHIubA 2
o] =EHA, A7 @2 tolaasin 1 o] Ao 3a7xe HF A Frredvh. =,

T -

"H-NMR 2 &oz5¥ %o]&S tolaasin I £90] s L-Hse® @ D-Dab” T #7]9

rfo
N
%

o

o
I
EH
ne

chemical shift®} intensity”} W3l Z3#E 217] w9 tolaasin I ©]
of o] F F7|7} 1A &k gt ol <1¥ 76> HMH o]e} e AL F Azl F

Z9lo] HE A 2 AdgoziE AL tolaasin 1 o] Ade] 3x7x9 A3 vist <A

a-

b Sus gl
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<Z1¥ 76> Tolaasin To| &3] 349 ion channel

g0z ol AR AL el AN/ Wie] ol AP Y FHE Azue)

W59} f-AF3E hydrophobicityE XY A €vf. 28 Y 2 A& oA A& tolaasin [ o] zd-&
9|5 EHe] Ser, Gln, Thr, LysE°]l 9A3laL JojA o]ef & AR FFHAZIh H3

tetramer® T4 ¥ tolaasin o] Ao hH T z:)= 3A9 AAE 23 9l7] wie] o]
9] Bt sk Ao dAeE T

okA] 33 nbe} o] tolaasin I monomer?] ZolE 23Ad] Eypslmz A¥ut o 943
% obdl 9A7F A Hof 17F GFelo] THEy] olEe AS® dAHH o] double layer T
ZE of| 43 tl. wela] double layered tetramer T-FE 3 H.37] $]81A] tolaasin HEFo] =9
N-termial F-oll 7F2Ql HHE i ASA o] dAAQ tetramers ¥iX| ettt L A=
o] <1¥ T7>olA HZo] o] 7} FYL tetramer= T E tolaasin I octamer?] TEE
AA HAT
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r

919

Z

&

<% 78> Octamer tolaasin I2 T4 ¥ ion channel (Yol A B2 =5,

FrE
19

_4

tolaasin I octamer -

o},

ZE 94 #
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<Z1¥ 79> Tolaasin I inhibitor, sorbitololeic acid”’} octamer tolaasin 1= ¥4 ¥ ion

channel®l] 233k &<

<% 80> Octamer tolaasin 1¢] A3k ion channel®] membrane®] X grd Rk}

zinc ion.

o] 7-& A| tolaasin o] o] 7MA T XAE, & HF BHL oo EHsjof strn=E
hydrophilic sloFslar 95 W2 AXx" o f1*3}7] €38k hydrophobicdlloF & X278
F 2273 rh. 9o g AMoz FAHE FEL  D-Pro’,D-Ser’D-Leu’
D-Val’,D-Val® L-Val’ L-Leu'!, D-Val’’D-But"”,andL-Tle"> 2 7430} hydrophobic surfaceZ
ez, sebde D-But!,D-Ser’, D-Leu’,D-GIn' D-alloThr' L-Hse'®,D-Dab"’, L-Lys"” =
A ¥ o] hydrophilic surfaceE eI T

A8 A7 AR EE glucosylated carboxylic acids”} tolaasin I8 A& gko] o]n| uh& % v}
°]5-S tolaasin inhibition factors(TIF)&}il <A WWE Y =d TIFY A& sorbitololeic

acidE 2 AFoA A& tolaasin I octamer T-ZFo] dockingdtith. docking 2 &L FlexX

R

-

(Tripos) 2198 ALg3lo] =832t} Tolaasin I octamerE FAE I Y= BE AV E
S potential docking site® 753} 3, dockingg 93k selection radius & 6.5A0 2 39t}

Sorbitololeic acidE Z|FEZE AFGSFR L, B 303 wHESEATE of <9 79> A Ko
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sorbitololeic acid¥ tolaasin T octamer 7% U7 F-Fol docking® &.=Z4 o] Y& =it
A= AAS e o]3= sorbitololeic acid”} in vitro A @el A tolaasin®] A A& 3
Aol 2 dAHS HoFE

o] %3 o] tolaasin Io] A3t o] Aol Alzute] 9148 Reks RARE UehldA
obeff <z1g 80> #t.

AZA O 2 tolaasin 1S tetramerZ ©] 5ol 2 Fx7} ol Yol A= B3 Fxr=z Eo
= 299 octamerE TATOEHA o] AEL o] o9} & ol Ade YFE TIF7}

=
=
W50 24 tolaasin®] &4-& AstE AR HHE

- 112 -



<A 3 AF-A >

A4 gy e

T

Fol ol EAmo] A

2R EEEICE IR

zhzkel JARQARE Felojyt W o R FHto] ofdes spolx] FHAER ARSI
z+ol AlFZeol| el Pseudomonas agar F media (PAF) plated] &A1 3 &7 top agarel
Mol Zsks W &yt (plaque)®] FEjel =27|E #EEUTE. ETAITEE ODeo=057F HE=
AFF F, 107 cfu- mL 'Y #AIE AHE 4T BAAR FHAG o] mud H 25°Ce
A18 AIzE i Fskal on, gk plateell &wtwbo]l oF S0V TR A FEo] #EE = 24

o)
ow AAsle 9 Swwe) 29k wEe BAF AL ok <29 81> ).

o)

urbid

arire)] woko] upe), 2t e (small and clear) §3ruhg i wolx = MT, WA

A7 Z2be] A WS E Fofdqltt. olot B 7R Tl T 3HBFY FHopHE A A

W2E 3BE] dolA: o] §ENe R H, vBNFL Ba 2 FA
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t}. Solid th#EriES 938l PAF media plated] E@A TS top agarel 4o Za g w

CsCl gradient (1.45, 1.50, 1.70 g¢/mDE
TPl golx| = 239 TS T FHE AAsAh

3. WEY opAlel e w4

R AA F 35F2 HolA e in vitro A E I} in vivo e (therapeutic
efficacy) & 213t In vitro A3 -& 2317 3t EA| it HolAE MOIE =
Aglste] g 2 AT gl sfopx]e] TS s, fFAY 21
o) s oF 10° cfu- mL'e EFAFS Ahsta Sebaqr ol gl 9 MOIZ
Zx31= dolx 2 7 H|dsle] EFATHS Al 2Q S JEAE BTk Hok AHE
E

A TS 843t PAF media plated] =233 cfuEs SATo2ZHN, eSS &3ty

jus)

)

At vl e stopx] AdeE e A 10° cfu- mL e EEA#S Asta EEhA
T Fro] WwEo] YA MOIE ZE31: dolx & w|%shA H=d o] A9 Aoz A
th. 96-well plateo] 150402] mediaol = &}A]
o] ¥ medias WL

U]—% Ogﬂ}q- ﬁg/\%z‘ﬂ z,: olﬂx]g 1%}

AR 1l

J
et
ol

=

73 o} E ¥ ar 30T incubatoroll Al 8A|ZF v okdl 3 o] &
crystal violets * |3t wellel] F-2s}o A
violet-& 100% ethanoldl £%3 F ODgpd =A3le] AET A ASE =A3)9c, yEdt

g oS B PARIIE B delA A Heie] AR TTG ARUGE ol YA BF

o,

e FAE G

o T«

(Awspl), B3R F3le oF (Apeld) & X702 A3 AL o]} v|ste] EA
ol AETUHAES dviv & 5 JSAE SAHSAY. AT AAHeE AEe ¢
olaL dfolAE AP e we FEpAlato] tF-Ee dopAo] o] A=
At o2 AET Fejo] A w3k wolx|e] o] m&ZoE A
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<HE 4> B=3E dpolx] 35% 9] in vitro

= 0

Aarie o

N

in vivo therapeutic efficacy

Phage

Lytic ability
in vitro

Therapeutic efficacy

in vivo

Planktonic

Biofilm

—_
[2]

t 2nd

w
=
o

MT11(hb1a)

H

L

MT12(hb1b)

MT21(hb2a)

MT22(hb2b

MT23(hb2c

MT31(hb3a

(hb2b)
(hb2c)
MT24(hb2d)
(hb3a)

)

MT41(hb4a

MT42(hb4b)

MT51(bp5a

—

MT52(bp5Sb

—

—

MT54(bp5d

—

(
MT53(bp5c
(

(

MT55(bp5e

—

MT56(bp5f

N~—

MT57(bp5g)

MT61(bp6a)

MT71(ms7a)

MT72(ms7b)

MT82(ms8a)

MTK12(hb1b)

MTK21(hb2a)

MTK23(hb2c)

MTK42(hb4b)

MTK51(bp5a)

MTK52(bp5b

)
MTK53(bp5c)

(
MTK54(bp5d)

MTK55(bp5e)

MTK56(bp5f)

MTK57 (bp5g)

MTK61(bp6a)

MTK71(ms7a)

|l |—=|—=|—|—|—|lZ||Z|—=|—=||— || = || =] | |=]|—=|— || || = |—]|—

H
|
I
|
I
I
I

H
I
I
|
I
I
I

H
|
I
I
I

H

H
I

H
I
I
I
I
|
I
I

H
I

Sl = il el Nl il el et il et Ml B S Wl el el el el el Ll el el il il el el [l el il el el ) e

—1ZlI—=1—=1—1-1"—|—-1Z|—|Z| || = ||| |—| | == || |—|—|—|—| | | T

I
L
I
L
I
I
I
H
I
I
|
I
I
L
H
L
I
I
I
H
I
I
H
L
L
I
I
|
I
L
H
L

Pitting testE &% in vivo

A AdskaiTt et

s
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‘\ MTK61, MOI=1

= growth
= biofilm

CFU(# of colony/ml)
o
S
ODEnn

Time(hour)

<1 82> H9UlY (B3 GBI (H)EANA MPK6L stobA ] Agse 24,

0 hour 19 hour

MTK61

MT57

<Y 83> %%o] 7Y pitting testoll A MPK61 3o}l x| o] 2batas 3ol

Al 7EA AR 27 (FEul, AEE e, dFoldd)dAle AT SAHAFNA, AT
Ho] =& AL H (high), 7 AL I (intermediate), & AS L (low)d] A @AZE FE3}

RaL, 53] in vivo AFEAE FAHOE AHEAE Hold 8F Y ol (MTI11, MTIZ,

Y

MT42, MT57, MTK12, MTK21, MTK42, MTK61)E A4d3t5ct. Eols He MTK (large
and turbid plaque) ¥oFx|Eo] MT (small and clear plaque) olx|Eo] H|&] 2AE A7} =
& Holdr}, o] b AAEH}IF Hold MTK6A1S A3 A= ol <19 82 & 83> 7
=

- 116 -



MT11 ~ MT12 MT42 ; MTS57 MTK12  MTK21 MTK42 MTK61

<9 84> a1m2d Jobx| 8F e TEM ARl (& Bl & %, C1 1H#).

4. W=k 8F oA o HEEY
o7 #Y AAE 8FY dotA e FHAARAVA (TEM)S o]&ste duE 433l
29 uranyl acetate (pH 4.0)°.2 AME AL air drydt F 120,000-150,00081 = i slo] 23}
At (JEM 1010 EM). 8% ¢ }o}x|= Siphoviridae®t Podoviridae® ¥ 7% @HE 7}xaL
ATk, Siphoviridae (morphotype B)& felxible noncontractile tails 7}FX3 li=d], MT11,
MT12, MT42, MT57¢] 47}# S3t}. Podoviridae (morphotype C)& "¢ &2 (stubby) tails
ZHA 3 9 FE2A, MTKI12, MTK21, MTK42, MTK61¢ 47}# ¢t} 8&FfF =T
icosahedral headE 7}A| 3L gilerm a2 zkzk Bl, C19 morphotypes 714+ Aoz /3%
th<1yl 84>

Solgh &, MTZ ®WH 3 Holx= B5F Siphoviridaeol %3913, MTKZ HwW3gk o}

A= B Podoviridaed| €3tk Ho =z giruke] B oks} wlolx| o) AEol ¢

o
[0

Solstal. g, 2o AEe) HepAdn B fe] Fam B4e] AolRy] wEel
FAG vobd] FEL chbaE, §448 b RA Aol ¥2A el o R s
AsiAE FA4 RN AAFA B40] et

T A AlEA A A7 MTE73 MTK619 f3dxE #83te, 2ads A2 Adsta

.

A A 400 2ttt A7 AL F-E49 f4A4 AE AH=ZFEH MT57
2] nucleocapsid protein homologous gene (480 bp)¥ MTK619| A% YEY= major head

protein homologous gene (951 bp)S amplicon .2 AF&3Fe], U x| 6F9 dolx|o] ts]A =

BN
)

T

FAH 2498 HH o2 PCRE 33t th. DMSO7F 5% A8k 2704, duka
(95C 1+, 42C 1+, 72C 30%) PCRE F33tort. MTHelA 9] A& E5F MTH7%
el o2 PCRe| Hlow, MTK ol o] A%+ E5F MTK619 amplicon® = PCR%
o7 #AFFAY<IY 85 & 86>,

i
rlo

&,
il
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MT57 amplicon (nucleocapsid protein; 491 bp)
cTTGAACAATCACGGCGTGGCTAGCATTCGATACCGCGTCATAGCCTGCATTCTTCAAAAGCTTTAC
TGCGATCTCTGGCTTGTTCATCTCGTATTGCTCCGTTGTTCGTTTCGATGGGTTCATTCTACAGGGTT
TAGAAAATGGGTCAACAAGTATTTTCAATTATTTATCGAGAGTAGTTCTCATTACCAGAAAGTTATGC
ACCCTCCCCGTTTGTCCCGTGCCAGACACCACACCATGACCACCATTCTACAGACAACAAAAAGCC
CCGTCAACCATTACGATGACAGGGCTTTGGGGAGTTTACCGTGGATAACTGCCACGAATGGCGTTA
ATCTTCTGTGTAAGCTCTACAGCGCTTTGTTTGCCGCCGTGCTTATCAGGGTGTACCAGTTGCAGAA
GGCTACGCAATTCGCTGTCATCGAACTGGTGTACAGTGCGACTACCCATAGTAGCCGTCTGCAAAA
ACTCTTCACCACCtaacgcattg

MT61 amplicon (major head protein; 966 bp)
gcATGGCTACTCCTGCTAATGCCGTTTCGACCGTACAGATGAAAGGTCAGCGTGAAGACCTGATCGA
CGTGATCTACAACATCGACCCGTACGACACTCCGTTCATGACTGCTGTAGGTAAGGGCACAGCTAC
TGCCCTAACCCACGAATGGCAGACTGACGAACTTCGTGATCCGAAGAAAAACGTTCGTATCGAAGG
TGAGGATGCCACCATTAAGGCTGGCTCGTTCACCACTGTACTGAACAACTACTGCCAGATCTCTGAT
GAGACCCTGCAGGTTACCGGTACTGCCAACGCGATTAAGACCGCTGGCCGTGCTAAAGAGTTGGC
TTACCAGCTGAGCAAGAAGTCCAAAGAGATCAAACTGGACATCGAGTACGCTCTGGTTGGTGCACC
ACAAGCCAAGGTTCAGCGTAACTCCACCACTCCGGGCCAGATGGGTAACATCTTCGCCTACTACAA
GACCAACGGTTCTGTAGGTGTTGGTGGTACTCAACCAGTTGGTGACGGTACTGACACCGGTACTGA
CGGCACCCTGCGACTCCTGACTGAAAACATGCTGTTGGATGCTTCTGAGAAGATCTGGCGTGCAGG
TGGTCAGGCTAACTCGATCATGACTTCCAGCTCGATCAAGAAAGCGATCTCGAAGAACATGAAGGG
CCGTGCAACTGAGGTGACTCTGAACGCATCGGATAACACCATCGCTGTTGCTGTAGACGTGTACGA
AACTGATTTCGGTAAGTACACCATCTCGGCCAACCGCTGGTTCGATGCCAACACTCTGTTCATCTAC
GATCCTAAGATGCACTCCCTGTGCTACCTGCGTCCGTTCTTCCAACAAGAGCTGGCGAAGACTGGT
GACAGCGAGAAGCATCAGCTGCTGACCGAGTACACCTTCCGTGTAAACAACGAGAAGTCGGGTGCT
CTGATCCGTAACATCGTAGCTGAATTGtaagacccacggg

<29y 85> W3k ol A9 amplicon (hF-A} ; ORF, ¥ ; amplicon primer).

~ o N o ™~ voN v
A2 dad ASR v T o8
S T g NN ISPV SISINTAINE
SESSESFSESE SSESSESESE

MT57 MTK61
amplicon amplicon

<9 86> WEF opxe] Al WA
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ol we Ash §iwe] Rkl WE F shx ER7} vhobel PR ohet fA4

MT57
26499bp

R VDDLU DRI K
k!

| nucleocapsid protein; 491 bp ‘

MTK61
45760bp

ARSI RRRIRELALLUL UMt

‘ major head protein; 966bp |

<TE 87> dAA 4 WS em e a5 dfopx e A A MT57% MTK6L.

(D) 3254 ol e fFaA #£4 (454 GS FLX A4 24 9 annotation)

(FvtazA oJF o], HFHor F F7o AFA Hobx] (MT573 MTK6DS] A4
B4 dnsslv (Fbazde] 2% g8 AdE47]17]19 45649 GS FLXE o] &3
o 24x coverage= 27 3 719 contigs HAEAY. Siphoviridae?l MTS572 °F 27 kb
(26,499 bp), Podoviridae?l MTK61-2 <F 46 kb (45,760 bp)9] contig= A=A oW, &F &5
o] DNAZE Ao olglEAe] of e obr QW] eFdth. A7 @03l contigel i3l
tRNAscan-SE, GeneMark, FRAME OMIGA 2.0, Countcodon % BLAST %2 Web 7]%F &
< PC 7|¥r 2209858 o|&etd, A AEE #4337 FolA] 5 tRNAE &4
sk e¥skow, 3071 ©]4e] ORE7F &AlsteE ASRE Wt 55 BHEst Ad4] 2 Z2Y
+ ATE Sl AA FAA ARE 4T 7 AS Ao=E U

AAdE, 7AA AE B2 4 ATY dopAo] HEH & AL HolE, 3k e
A vpAE dF3 v, MTH579 nucleocapsid @2 9] °F 491 bp amplicon®} MTK619¢]
major head @2 ¢k 966 bp amplicong FH 3} <28 87>, FF Wy HHopx o FA

Al 71 Aged S40 282 5 d& Aoz Vgt
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lacZ

Mariner Transposase

Apir-dependent ori 29bp IR

~| T7 Promoter

. Gm resistance

] T7 Promoter

Tra genes P bp IR

bla

IR : TAGAGACCGGGGACTTATCAGCCAACCTGT

Inserted into the genome (390 bp) — 750 bp by Gm-PCR

<® 88> ARl EAWoe] Ao A3 pMAR2XTY.
29 bpel inverted repeat (IR)Z flanking ¥
990 bpel MAR2xT70] E&}A+# FAAZ HY=E.

W

MAR mutant clones

Rif, Gm plate

Sucmg

Growth in the presence of MT57

<a¥ 89> Al EdWole 5 9 A=Y outline.

(2) ETAT =dWo] gojH g Az

Hot spoto] A& o= Ao FdA dAd % A4AddsE 540 = Aew ¢,
MARINER 3 transposon$! MAR2XT7-& ©]-&3F5 vt o 2 5E 2 counter selection
S golatA sr] 8 WA A ST 62642 5-H rifampin A ETAITES FEIS
A (BPAIEE 6264R), ©] frimtto]l AW eH Bl AlEEAGNA ok E I HolFe] gles
ghelsbolth 6264R 7S pMAR2xT7 (pMFLGM.GB-2xT7. obef 1§h)& 7k 3 gl ul 3t
OB101# A& 7Fe skl sk &ekav =9l pRK2013S 7HA 3 8l it HB101S 419

A FE (triparental mating)-S TR A2 12417 o) ety HPS dAE
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2
=y
el
ri
o

gentamicin (Gm)©] {9 cetrimide agar®] | o] ®<¥&}e] transposon©] AF)E 62
FusArh. I FEES YIR FEI GmE Solder FES U PCRE 33}
(Gm cassette W59 750 bp &%), MARINER7} A9 AS gelslgic}. oj¢f &

2 F 10,0007 FEE Srustal S bA Al 83kt <Y 88>,

(3) EWo] ol He R e wobx] U4 Wl Ay

sopA s G wAelAe) AFeIRE o8t ol TEE ety
89>, Aol b e MTS7 Bolx & 20 ml 715 ®ix 1719 107 pfud) A7bshsdaL, vl
AF 10001700 FEE streakd 02N, MT57 stolx|o] g Wit e ~adsialnt <
90>, =AY dobx| Al A ek m A Aol A A Ame] AolF shA I wekal g
3, obA7) gl ZANAE AFshs Ao BaEE FES Austd FIY AL vy
sholck. = wle) wh
o] el BB HAT A SR, FHEA % F 10000719 Felnele] FE& A}
&3 mAYel A v shhe) Ui Welits FEEHA R o=, FEAlT dobxe] Wzt
Bol AR XSS FAshEE #weshs AL essentiald 7he/d el Sles AIARRCL
=g, 2Rt 4 A
essentiald A LS Z %ot vjwgls o, 10,00077F F&3) 2 sAE oA, #HHEFAAT}

o]

¥ sh} EAsAE 2¢ A0 A7Hdn BFsm sy Fen

o

Ju)
T
T
>
Qt
o
offt
off
Ju)
T
s
£
O
f
o
o
2
A
N
>
o
0,
i)
il
9
=
:Oé
>
rir
12,
—_&,
=
Y
f

7}
essentiald = A5 A|ASTE (UFE M X EH9 essentialdt porine] Y outer membrane

protein %).
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No. Clone ID

=]

1 01E6
2 02A9
3 02G4
4 03H1
5 04610
6 05A4
7 07C2
8 07C8
9 07D2
10 07D7
1 08B12
12 14C11
13 1989
14 21C8
15 22A10
16 22E12
17 2264
18 22H7
19 51611
1 2 3 4 5 67 52 égég
8 9 10 11 12 13 14 = rad
15 16 17 18 19 20 21 23 55G11
22 23 24 25 26 WT 2 734,

<29 91> 59 A WHolat 2689 dutAidey 9 =9 &9l

-1 X

HAsld Agaricus?) pitting AE-S T3 =AW ES AYXEAHS FAIICE 10,0007
FES B 24 N7 Eor PAFY| A#F ok (96-well SH|o]E] 100 pL #l19H) e 5, ¥ Al9
gtozRy e Hdl e &gkl Yol 20 ulA HEs A HE

F 20 A3 AR FE W)
Fstel, WA FHS FYA WHOE ZHshgla, BAT 4%, 48 Wi ANIHS B
Fakgith o F JbsAol B FE WAE 1A A A, 33709 FES ODwel 300] @ 1

AR ejFsbe, pitting 28-S FAs o, HAEAom 2679 FES FHIHUT <1¥

oA Moz FAIG 3709 FE (1989, 22A10, 22H7)& o= A% Zulo] 7| At of

Aol vl E Fole a7t S-S oy W FAdste] IAlEAnt. Tl FEMoT ¥

Ak 5] FEL ko]l WE AAE A ekekth (2A9, 14C11, 54C12, 55G11, 74B9).
Znkdol de HA & ol FES, 14 BN #AfHAA dEk ol E Fal i

oAl fxiol ARgshE dopx el Ak, e, W AAld E8E 5 A= Ador VI
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Auxotrophism Zt2l
Minimal medium : M9

Gm PCR verification Arbitrary PCR

4G10 1B4 S5A4 7D2 8B12 7C8

5A4 1B4 7D2 8B12 7C8 7D7 white

[
&
T 26% (Aol dE BAEA @ 5F 2 59 Ha wolrte] s X awjA oA e

Aol Fol Gm cassette =4 o5 (5, transposon®] 4t9] oJF)E Q13 T arbitrary

ﬂJ

PCR-E o] &34, transposon®] A PAAE SFHaAot <18 92>

ofr

ofl

ol B3, & 26719 FEo| W3 transposon HYYAE AAGOH,

(ld

1% A

BLASTXE 3] <482 DB FAMES Hols fAxE syt &3], 374 +

b

)

A ARIE dHA ZE A FoA 7 2 syntenyE Kol Pseudomonas fluorescens
SBW25 (6,722,539 bp)E 7|22 Aol =& FHAAE FAstAr). oy <& o>+ A+

=
7HA] 3ol e FAAEo Y, W& A9 non-ribosomal peptide synthase (NPRS)ol 3] 33}3ic).
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<E 5> I F 26F A9 Wolite] wo] A ¥ 54 &l

Clone ID  Sequence Atten. GenelD Gene Description (BLAST NR) Characteristics

01E6 AACCCTACGGAATA  High PFLU1146 z putative RHS repeat-like protein
AAGCGCGGCTGTTA  High 2553 - tolaasin biosynthesis gene Rugose

02G4 ACCTGCGTCGTTTCT Moderate PFLU0414  gltB  glutmate synthase large chain

03H1 CGCCGGTGGCGAC Moderate  PFLUS558  trpC  indole-3-glycerol phosphate synthase

04G10 ACTGGCCGACATGC Moderate PFLU1146  argF  ornithine carbamoyltransferase

05A4 AAAGTGCGTCCTGT  High PFLU0122 - GntR family transcription factor

07C2 AAGCCGTGGTGCAC  High - syringopeptin synthetase C Rugose

07C8 ATATGCTCGGCGCA  High = syringopeptin synthetase, amino acid Rugose

07D2 AATCGATATCGGTC, Moderate PFLU041S  gitD  glutamate synthase small chain

07D7 AGTTGCGGTACGGT  High U2 - syringopeptin synthetase, amino acid Rugose

08B12 ATGTGNATGATNCC  High  PFLUS912 - putative polyposphate kinase (ppk)

G ACTCGGTTCGGGTA  High  PFLUSS19  ptsP PEP-protein phosphotransferase

1989 ATGCCCCGCTCGAA  Weak  PFLU4403 = putative sensor kinase

21C8 ATATCCCGGGGCGC Maderate = = None

22A10 ACGTCGCGGGCCGt  Weak - - QNR family protein

22E12 ACCACTATGCGCTC  High 5 arthrofactin synthase B (Pvd? synthaseRugose

22G4 AAATGAAAAGCAAL Moderate . = hypothetical protein (human)

22H7 AAAGCTATTCGCAG  Weak - - MLR family protein (human)

51G11 ACTCAGTGGCTCTC Moderate PFLU0611  purD  phosphoribosylamine glycine ligase

52A9 GCGGCGACTTGAAC  High PFLU0027 = putative choline sulfatase Rugose

53C9 ATGCCTACCAGGTG Moderate = 3 queosine biosynthesis protein
ATGCCCTGGCGCCE  High = syringopeptin synthetase Rugose
AACTCTTGCACACG  High PFLUS603 - hypothetical protein Rugose

73A1 AAACATCCCGCCTTE Moderate  PFLU3652 . GntR family transcription factor

S ~ TTCAGCCACCGGC  High - putative NRPS Rugose

92811 ACGCGATCCTCGGE  High PFLU1629 - putative peptidase (proline iminopeptidase)

14C11

dojgl 2A9¥ 14C11¢ 24 &2

i

3], NPRS+ redundantdt %7} 7] wito], o]& NPRS T Q480 Hd & 7S
Fi= NPRSOIA] f-a#igh AR, ofvH 28 7]%& 3 clusterel] 2350 & 842E0A

old Aavt g Folud Beba gEs gyl ¥

Ol

Poldhi= NPRSE #dA FHAHE &

3 o
HZl 5919 transposon©] AAE WHold (2A9) = FlH o] ETHA Aol A Wolid®
Gugh Aow FQHQAr. gk, dwks de AATA 9= 571 ®Weld F 3717F NPRSe

FEFEdony (2A9ET2A NPRS, 54C12, 74B9), 14C11&  PstP  (PEP-protein

phosphotransferase) 2}, 55G11< 7]5& ¢ 4 g+ @WAE FAdo] AAY Sv =28 A

S Ay w@e AlHo] fFEo] FFFFI (rugose) FEY IS HAEY <2¥ 93>, o=
S48 233 antibiotic B4 S 7HA= B4 HE=Eo Aol AWkAA Z2 EFAITY
Z#o] dABAo] Q&S AASTE Rugose FEUYE S Mol AEE AA|ujdA AEY &

A= Aol Qo) (clumping), BAHTF=A wlolx] digf v el &&3t=d oy wo] s A
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oz AZERR, gwgde] W8 A @i 14CIe] vebd W AN HAHsisis &

o goldtA &8&d & e Aoz Vg

1-1. Read
TotalNumberOfReads | TotalNumberOfBases | Assembled | Partial | Singleton | Repeat

564424 243680783 553919 6973 997 61

1-2. Large Contig (Length >= 500bp)
Contigs | Bases AvgContigSize | N5S0ContigSize | LargestContigSize | Q40PlusBases | %Q40

67 6289485 93872 193105 459575 6288577 99.99%

<72% 94> GS FLXE o] 43 24 §4

F
2
>
12
ih
o

2.of &

(6) 454 GS FLXE o]&3 34 d7IMd 44

E ARt transpon HiHolstE, 53], AWM NPRS # olye}, rugose =Y ¥4
TS HA5sr] fsiAE WHeldsEe] Fd4 A4S H

th ol E 98l of 6-TM HEe BEAITE A+

ol-gste] AAFAA E4E 13 A=tk ol 3l 6770 o9l contigE 7HAE draftE
AR} o= HE AR 40x9 coverageE Holi= Aoluf, B F9 gapo] o], F7HAQ

AadAAR Ade] Aad Aoz FgHEvi<ad 94>,
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th_[Start __[End |oe__Jac [Gene Ref.
contig00019 459575 153780 178525 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:/i
contigdDO75 386415 35385 43096 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:fiwww
contig00036 344294 54616 74206 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen http:iwww|
contig00048 321588 86970 94478 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp://Awvwwi
contig00044 307140 277480 292490 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:iiwww
contig00004 295271 55307 65801 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:/iwww
contigd0007 268357 132126 140406 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:/fiwww|
10 |contignoo52 224249 30079 38500 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen http:/iwww:
1_1 contig00027 221203 8070 14970 emb AJO07827.1 Pseudomonas tolaasii eprA. eprl, eprD, eprE and "http:/iwww
1_2 contigD0039 217482 145776 151835 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hittp/iiwwwi
13 contigd0010 193105 19919 31257 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hittp:iiwww
14 contigoooss 176255 23297 31472 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:/iwwwi
15 | contig00022 175570 1335 33281 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:iiwww
16 contig00085 170653 123050 129856 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp/iwww,
17 contigooo42 160352 51239 57708 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen http:fiwww
18 contigooo2g 155472 76770 92003 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hittp/iwww,
19 contigdD030 150842 100900 116312 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp/iwww,
20 contig00034 145895 136118 141997 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen http/Awvwwi
21 contigoon21 135033 59933 98218 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:iiwww
22 contig00049 131745 49820 66714 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen http:/iiwww
23 contig00020 112127 10645 18071 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp/iwww
24 contig00089 107286 43693 51782 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen http/iwww,
25 contig00040 95297 56783 65919 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:iiwww
26 contigdoo43 83373 63600 71121 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:/fiwww,
27 contigd0006 81215 24399 39427 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:/www
28 | contignooos 77544 44985 52754 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen http/iwww,
29 contigdoo33 72626 25590 36296 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen http/iiwww!
30 | contigooo31 65399 60543 65167 emb AM181176.4 Pseudomonas fluorescens SBW25 complete gen hitp:/iwww
Hud=parid _HIT1_blast <4735 I
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Al 5 A srolR el fAA AT

¢Pto-bpég ®Pto-hb5b ¢Pto-bp7a

LoarsAd spopxe] Gaint @At AAdv]d ey

2 Aol A e Ee AAG solx s T Al 7FA] 3ol A (PPto-hb5h, ®Pto-bpbg, ®
Pto-bp7a)E& ¥ 3le] Pseudomonas agar F (PAF) plateo] Ee}Alwr 2 74 top agarel| 4

Zke W WEbUE Stk et 278 #EEdvh

dpoplel whE Garube] Rk A= A wekA whan & gaful (OPto-bpbg; A, oF
2mm) ©o]™, ¥rar 2L &9fdl (OPto-hbbh; A&, oF Imm) Z¥lal &gar & &Rk (O
Pto-bp7a; A5, of 2mm)e] Fef= @AZHIAY <" 96, >, Fopx| e ETArel Wi &
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2 goruke] B (turhidity)ol A3 A@adA7F At

o] F i & Av|9 &3S FA3= PPto-bpbgE FHAAAV A (TEM, Z¥; JEM
1010 EM)& ol&3te] FeiE 24330tk HopA & gridel A 2 % uranyl acetate (pH 4.0)2.
2= A3 air dry 3+ F 120,000 - 500,0008] = o dle] @A#AFAC. <1¥ 96, dl>ol A H
o] &, ®Pto-bpbgi= icosahedral head (¢F 60nm)¢} 71 tail (F 140 nm)-S 7FA 3l A= & HY

24, Siphoviridae 2] £33 AeHE 71A 3 AT}

2. Solxe] BehAFE G A B4

#Control (- phage)
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Z}7) v girdke]l FejE Bl A 7FA EF7F9] wolx] (OPPto-hb5h, ©Pto-bpbg, PPto-bp7a)
of Zuk At FEEUA B AT (Pseudomonas tolaasii 6264)°] e &3F 2458
M Pt A ol 5 A PAF vl kel wfjFe & Alzkdiel] wel 600
B Ad=AdS BUE P k], wike Sl
o}l E 10,000 cfu : 1 pfu? V&= &7 wxo] wjeksle] mo}x]7} EeJA| 7S A 7kol| uhe)
Avir}y e Es 7HA AL deA it
dolX| & A9t EpATRS AlYsle] FAe 218 dlET (contro) ¥ W] LEle], o}z
OPto-hbohE 41S Ao A E 27)d EGAT A4S 542 oz AsA7E= AL T &
T AN, 24X 3 o] Fell= oAl DPto-bpbg 7t 7HE Ade ol Holds ¢ F A

<ag 97>,

nme| FFEE FA3
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& YEste] MIAdEAE RS TE FolA] OPto-bpbge] A genomic DNAE #8] 3H3laL
°]& Algta s EcoRIE &3le]l 10719 Agtas A= UHFA S B F AAJTE<ad 101>,
£33 DNAE 454 pyrosequencing (GS FLX Titanium) &2 #4313t} ol x| OPto-bpbg
9] DNAZZ|E & 26499 bpe A3 DNAEA, HAAANEE tRNA-scan SE, GeneMark,
FRAME OMIGA 2.0, Glimmer 3 software ZZ1# 02 ORFZ F43&v})

dolx] FAAE B3 Ay GCoF 42.7% %35 o)) o™, Glimmer 3 software ORF finder
Z2HY d& Ay 50bp Bt} £ 1567] ORF (open reading frames)”} €482 & 4 A}
AAAMEe] 8.8% A% ¥3% = 8071 ORFE 53 bpH-¥ 1,205 bp7hx e Zole] wdwid w4
Az AYE st 0 - 517 bp ZAol9] FA o= ORFs7} A2 ®elseo gAY, AAA =
FHo] At} 58712] gene?l MA A= ATG, 10712 genes GTG= Al 23w L 9] genes
GGT, GGA, TGT, TTG, AAC, GTT, CAT, ATA, CCC, CAARE A] 2} gt}

o My Aedr 248 EUE 25709 ORF (32.05%)2 54 725 A4H, 15 7|
9] ORF(19.23%)= & & 8l 7x9 @Wds dadsts vo]y ol
9]  ORFs (48.72%)°1 -+ &=z do]lg n]o]~2] homologset £ @hilzg 793 7] 9
e A Az o] Fo A vt <Table 1>.
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sdfolx] OPto-bpbg - AAE FZo wEl (1) host interaction, (ii) phage DNA replication
3} nucleotide metabolism, (iii) phage particle formation® host lysis, Al F&# o2 53
o<1y 102>, <Table 1> X<l o] ORFE 2o&td olx]7} ETkA] 3} F35 28317
gk el A} shobx] FHAE S5l Ayl f1gk o8 ORF7F F3-dvh. sfebA 2] ORF7
2. Pseudomonas phage D3¢} FAFeE wlEl-1,4-glycosidic W1 =92} N-acetylmuramic acid A}©]
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Table 1. General features of putative ORFs of phage ¢Pto-bp6g and homology to phage proteins in databases.

(()gl:)f Coo;‘l()lli)l)lates La‘)‘g)th Best phage homolog Gene product E-value Id(e;:)ity
1 82-567 485 Pseudomonas phage PAK_P1 hypothetical protein ORF_0028 3E-24 3885
2 564-731 167 Pseudomonas phage D3 cI repressor protein 2.E-01 3333
3 718-876 158 no homologs
4 873-1142 269 Vibrio phage KVP40 hypothetical protein KVP40.0188 8.E-08 37.86
5 1139-1336 197 no homologs
6 1329-1463 134 no homologs
7 1463-1786 323 Pseudomonas phage D3 endolysin 1.E-01 34.78
8 1783-1950 167 Pseudomonas phage LUZ19 endonuclease type 7 7E-02 28.95
9 1947-2138 191 no homologs
10 2140-2421 281 Pseudomonas phage KPP10 hypothetical protein 2.E-16 51.16
i} 2418-2978 560 Pseudomonas phage KPP10 hypothetical protein 2.E-01 28.26
12 3010-3228 218 no homologs
13 3215-3637 m grlevotella timonensis CRIS 5C- ;?ﬁic_lli)r;zdisgcll‘eg;i:nnxycytidylate deaminase 2 E.25 40.00
14 3634-3831 197 no homologs
15 3828-4025 197 no homologs
16 4081-4236 155 Pseudomonas phage LUZ24 portal protein 3E-01 24.14
17 4238-5443 1205 Pseudomonas phage PAK P1 DNA ligase 1E-67 38.86
18 5453-6010 557 Xanthomonas phage OP1 HNH endonuclease family protein 2.E-18 3373
19 6003-6740 737 f?;ggg‘“““s ACTUBINOSA by tative metallophosphocsterase 3E-26 3591
20 6979-7713 734 ,Pﬁe”d"m"“as SYTINGAC pv. LOMAO oo thetical protein PSPTOT1 3768 6.E-08 30.46
21 7797-8357 560 Escherichia coli MS 115-1 conserved domain protein 2.E-16 37.33
22 8335-8433 98 Pseudomonas phage B3 capsid protein 2 E+00 53.33
23 8347-8730 383 Dictyostelium discoideum AX4 hypothetical protein DDB_G0286989 9.E-17 28.39
24 8727-8987 260 no homologs
25 8971-9162 191 no homologs
26 9159-9686 527 Enterobacteria phage BF23 hypothetical protein 3E-17 37.95
27 9676-9894 218 no homologs
28 9888-10349 461 no homologs
29 10350-10643 293 no homologs
30 10666-10953 287 no homologs
31 10950-11435 485 Escherichia coli MS 146-1 conserved hypothetical protein 1.E-48 60.87
32 11428-12000 572 Listonella phage phiHSIC hypothetical protein LPPPVgp01 2.E-22 35.63
33 11987-12196 209 no homologs
34 12193-12435 242 no homologs
35 12714-12908 194 no homologs
36 12905-13060 155 no homologs
37 13057-13224 167 no homologs
38 13227-13430 203 no homologs
39 13524-13808 284 Photobacterium profundum SS9 hypothetical protein PBPRAL818 1.E-07 40.51
40 13888-13775 113 no homologs
41 14080-14556 476 no homologs
42 14832-14647 185 Pseudomonas phage 201phi2-1 virion structural protein 8.E-02 24.19
43 15662-15480 182 Pseudomonas phage 201 phi2-1 dihydrofolate reductase 9.E-01 23.81
44 16572-15781 791 Lactobacillus plantarum WCFS1 Na(+)/H(+) antiporter 2.E-02 32.57
45 16823-16536 287 no homologs
46 16879-16935 56 Pseudomonas phage PaP3 exonuclease 3 E+00 4211
47 17307-17188 119 Pseudomonas phage 201phi2-1 major virion structural protein 3E-01 57.89
48 17794-17856 62 Pseudomonas phage 201phi2-1 DnaB helicase 9.E-01 42.89
49 18338-18045 293 no homologs
50 18383-18460 77 Pseudomonas phage phi-2 predicted phage DNA Endonuclease VII 5.E-01 30.77
51 18922-18470 452 no homologs
52 19155-18934 221 Pseudomonas phage phiCTX. predicted lysis 1.E+00 37.50
53 19314-19159 155 no homologs
54 19509-19976 167 fcer‘gevaf‘n'f;"“g” hemorthagie o ot TE-02 28.83
55 19806-20063 257 Pseudomonas phage MP22 virion morphogenesis protein 4E-02 26.97
56 20282-20118 164 no homologs
57 20451-20299 152 no homologs
58 20639-20451 188 no homologs
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59 20985-20824 161 no homologs
60 21236-20982 254 no homologs
61 21497-21297 200 no homologs
62 22035-21754 281 no homologs
63 22199-22035 164 no homologs
64 22607-22269 338 Pseudomonas phage KPP10 hypothetical protein 2E-12 41.94
65 22875-22720 155 no homologs
66 22830-23000 170 Pseudomonas phage PaP2 DNA polymerase I 1 E+00 31.58
67 23388-22972 416 Pseudomonas phage KPP10 hypothetical protein PSPhKPP10 gpl45 2.E-06 21.25
68 23680-23474 206 no homologs
69 23944-23738 206 no homologs
70 24317-24021 296 no homologs
71 24447-24328 119 Pseudomonas phage PAK P1 hypothetical protein ORF 0137 4.E-10 62.50
72 24911-24525 38  Tnterobacteriaphage RB43 glrg ‘fnsgsmlm‘i decay ‘of host. sigmall o pgs 4gas
73 25004-24921 83 Pseudomonas phage F10 Cro repressor 1.E+00 32.14
74 25375-24998 377 Shewanella sp. MR-7 YD repeat protein 1 E+00 42.86
75 25337-25804 557 fl"lx‘e”a bumetii Dugway SIL08- 1y helicase I IEH00 50.00
76 25550-25895 345 Pseudomonas phage PATU2 putative acetyl transferase 2.E-01 26.92
77 26035-25886 149 no homologs
78 26397-26128 269 Pseudomonas phage KPP10 hypothetical protein 3E-16 50.00
<Table 1> ¥}o}Xx OPto-bpbge A2 ORF £4 2 &4 el
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B3 solx] OPto-bpbgel @M A-S 12% SDS-ZEoladolmtolm Ad A7|d%E ¥
<Z1¥ 103>, Wolx] OPto-bpbgel F8 Akl ORF 4 2 54 <, W=yt Uy dS 53]
L AEE g F48 93 LC-ESI-MS/MSE ©f
At SDS-PAGEe] Wl=E 51502 wipol whfd Wle AlEs Adga4S shalvh sobA
@ A (proteome) 2] LC-MS/MS #4 A3t <Table 2> A& 3t}
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AaF Gl A\ 02 A Streptococcus IoFA & A S WA T o] dolA = DNA &

A G AAE 2 fe DNA integration W92 -& £33kar dvh. OPto-bpbg oAl DNA

2

Az Aol=} loader @A 7]Fo] FAHT = AdHOowA 8883 25.0kDal.z Zbzt EAE ¢
T}, ®Pto-bpbge] proteome A Ay ol Holx] FEI FAMIS KA, 8719 OREF7}
Siphoviridaed, 1371 ¢] ORF7} Myoviridae®|, 6719 ORF7} Podoviridae®] 438 H ¢t}

F719] FAA 2 wAA 404 Aol ARE EdZ 779l ORF7F encoding 3t
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Table 2. Proteome analysis of phage ¢Pto-bpbg proteins identified by LC-MS/MS

Mw Best phage homolog . Predicted i .
Hame (kDa) /NCBI accession No. Scare Feplides Function Amino:acid
Clostridium
phage tail tape measure protein =~ 226578.2 acetobutylicum ATCC 824 10.24 2 - K%;%ER{AKTADFA
115894405 Q
Actinobacillus pleuropneumoniae
predicted phage tail protein 196445.8 serovar 6 str. Femo 10.18 4 - KLPSNYDPETRK
/307252079
. . Streptococcus suis 89/1591 KTQSVESLANQAK
phage minor structural protein 192847.0 173931553 10.18 1 - ADAANAIAR A
phage tail tape measure protein, 1688377 Xylanimonas fglglgzosﬂytlca DSM 10.18 1 : RMNEAGEDVFTTL
TP901 family /260055330 SDLGQSDVRV
. . Bacillus cereus Rock4-18 KTISDVQQTANDLK
Phage minor structural protein 152778.7 29076648 10.17 1 - K
phage minor structural protein, 1231647 Lactobacillus iners LEAF 2052A-d 10.16 1 ; R.QIEAHHIAGELIK.
N-terminal domain protein ' /312873788 ’ N
; Acinetobacter johnsonii SH046 i RGGGTKESQLCRFV
phage integrase 108768.0 67360481 10.16 1 hydrolase activity RL
. . . Staphylococcus caprae C87 nucleic acid
phage infection protein 104656.9 /314934754 10.15 2 it KALLTEANKV
: Enterobacteria phage K1-5 Nucleotide KIVMDMLNTDVTL
putative RNA polymerase 98447.8 1108862033 10.15 1 setabolis QATAMNVADRI
hypothetical protein 95720.9 Pseudomonas phage phiCTX 10.18 1 ; RLGQGLVSAGRQAV
phiCTXp28 ’ /17313245 ’ AGLDGEFARGSRP
Mycobacterium phage CrimD
gp7l 94518.0 1304360023 10.18 1 - RLACIVADGLGAKI
bacteriophage replication gene Shewanella sp. MR-7 : o RALNLGRSANIWLR
A 88783.3 114046219 10.15 1 helicase activity KR
hypothetical protein 887598 Pseudomonas phage EL 10.18 1 : RLPSSRNHLSVTDI
PPEV_gp081 i /82701014 . VEDFDELDKI
: ; Lactobacillus phage A2 :
putative primase 88177.5 122296557 10.15 1 primase KQKFGAEMKQ
Geobacillus thermodenitrificans
Phage infection protein 79420.1 NG80-2 10.18 1 ligase activity ENGNTARAMYIG
/138855184
; Burkholderia vietnamiensis G4 DNA metabolic KAAWLVEHRILMG
phage terminase GpA 73282.1 /134297331 10.15 2 process DTART
peptidase U35 phage prohead Amohadienin solanhicnb AN RAETFEQYQVAKFG
HK97 71314.0 12261 10.18 2 - KL
/294102110
2p46 recombination 63986.2 Enterobacteria phage CC31 10.15 1 DNA metabolic KTLNEELNKIVDTK
endonuclease subunit ’ /311993043 ’ process S
? : . Methylobacterium extorquens AM1 RMAWGAALAMLS
Phage integrase family protein 63616.7 40136933 10.15 1 - ACAARS
phage terminase, large subunit, 619687 Labrenzia alexandrii DFL-11 10.15 L DNA metabolic KKSGFILVDELWLF
putative ’ /254503218 ’ process GKK
putative phage tail fiber repeat- 61370.2 Enterococcus faecalis S613 10.18 1 ; KVTSAQVGSYSKTE
containing domain protein /293389433 ’ TDNLFINKS
: & Phage phiJL001 KDTATGNPQAGGN
Golgi protein-73 60054.1 162327185 10.16 1 - HSMRI
- Lactobacillus crispatus JV-V01 MIKLTAAEKNGIAL
phage protein 54622.9 1227877449 10.16 1 - AAKE
phage uncharacterized protein, 534467 Campylobacter upsaliensis RM3195 10.18 1 RQNKPLINNIIEVYP
putative : /57506201 . B ANRKI
phage sheath protein spagy  DOGmIBOlmEELE 1 - RVFALLNQFRL
; ; ; Pelobacter propionicus DSM 2379 ’ . KAFWGGIDRCMISE
phage integrase family protein 52734.1 1118579795 10.15 1 DNA integration, DVRR.
y s ; Photobacterium damselae subsp. :
isl‘ltt‘;'sfaes‘:?;;ﬁ“"'?ggf;e phage  spzp49 damselae CIP 102761 10.15 13 DNﬁgzib_"“C KAQHDYLEVSLKT
g e 1269103790 p
Enterobacteriaceae bacterium
phage integrase 504752 9 2 54FAA 10.18 1 DNAintegration ~ KEPQQELEQQR.L
/317493680
putative abortive phage Mobiluncus mulieris 28-1 RRQLIFTTHEVQLM
resistance protein 497898 /269977401 10.17 1 membrang RS
o : Pseudomonas phage 201phi2-1 2 KTLPFDAQLPNEKL
virion structural protein 48850.7 1189490370 10.17 - RL
51te-sp_ec1f1c recomb_mase, 473288 Coxiella burnetii RSA 334 10.16 L DNA metabaolic RFIIKDGVRIPNPKW
phage integrase family /165919163 process
site-specific recombinase, Enterococcus faecalis S613 . . KNLINENPMKEVK
shagénteerase family 45954.0 1103388986 10.19 1 host interaction M
phage integrase family protein 43121.2 Mycomder;?ﬂi‘?;“ﬁ PYR-GCK 10.15 1 DNAintegration, RTAIASVIAERM
putative phage tail-like protein~~ 41780.7 Pse”dom‘m;szg;'gg?fsms HNE 2018 4 . KFISYVGLED AISRK
HK97 family phage portal 10580.6 Actinomyces coleocanis DSM 15436 10.15 1 ) KLIGLEKRNAAPRY
protein /227494269
Sodalis phage phiSG1 KTPRYREDAMTIAE
transposase 37959.2 /89886005 10.18 1 - QLRQ
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site-specific recombinase,
phage integrase family

phage encoded recombination
associated protein

antirepressor

gp24, lysin
phage protein

putative endonuclease

phosphoribosylaminoimidazole
synthetase

putative site-specific intron-like
DNA endonuclease

phage shock protein A, PspA
loader of DNA helicase

prophage repressor

putative repressor protein from
phage origin

N-terminus of phage SPO1
DNA polymerase

hypothetical protein CST111
putative phage-related protein
gpl72

putative phage tail-like protein

gp49 EndoVII packaging and
recombination endonuclease

OrfE

hypothetical protein
CDBPCV119_gp55

gp0.45

putative Cro-like protein, phage
associated

hypothetical protein LSL 1195

hypothetical protein
EFP _gp042

37006.0

34426.0

31907.3

30037.2

27971.8

272558

25695.2

254714

252896

25065.9

24062.0

22582.7

22556.9

21614.6

20525.8

18798.9

18221.5

18062.1

141233

112358

89553

85355

84552

7721

Bacteroides ovatus SD CMC 3f
1293369766
Salmonella enterica subsp
1207857406
Lactobacillus phage Sal3
/90962619
Corynebacterium phage BFK20
/160693215
Subdoligranulum variabile DSM
15176
/261367719
Lactobacillus phage phiAT3
/48697295
Prochlorococcus phage P-SSM2
/61806047
Enterobacteria phage RB32
/116326368
Thermus aquaticus Y51MC23
/218297048
Aeromonas phage phiAS5
/310722573
Yersinia phage PY54
/33770547
Escherichia coli TA271
/307235732
Aquifex aeolicus VFS
/15606784
Clostridium phage c-st
/80159797
Vibrio phage VP882
/126010915
Streptococcus phage Sfill
/9635010

Pseudomonas fluorescens SBW25

/229588717
Acinetobacter phage Acj9
/311993392
Serpulina phage VSH-1
/225620757
Clostridium phage phi CD119
/90592691
Enterobacteria phage 13a
/194100360
Streptococcus phage 370.1
/15674726
Lactobacillus phage Sal4
/90962170
Enterococcus phage phiEF24C
/158079338

10.16

10.16

10.16

10.15

10.16

10.16

10.19

10.17

10.16

10.15

10.16

10.17

10.15

10.21

10.17

10.17

20.20

10.15

10.19

10.17

10.18

10.15

10.16

10.17

hydrolase activity

DNA metabolic
process
nucleic acid
binding

lysis

DNA metabolic
process
DNA metabolic
process
DNA metabolic
process

DNA packaging

DNA replication

Lysis-lysogeny
switch

DNA packaging

DNA replication

DNA packaging

hydrolase activity

Lysis-lysogeny
switch

KFCGTLNMSFRQV
TKE

RDFNIDIDSLDK.K

KPTTQSLTKVRK

RGVTTLVTPLQSIIN
PKK

RIVELAKPQTYKI

KINDLTSQLEAVKQ

KSHNLIELDNGQFA
LYPNNRM

MNYEKIYNSLIDRA
KEAALWKEKAKE

RMLTRINKEQAKA

KRDNQVLLESADR
KQ
RYPSIMLEDLSCILG
VCFKI
RKPTPIEMRACEFPY
LKK

KIIEKTENILQKF

RELGQQLGIKQEPL
KK
LSNEGGGCIGLNQR.
Q

RLGDDILLNVRE

MLLIGKAFAAEKQR
L
RSTLGNKFKSDDVI
SINRP
KNIGGLRVKYECEK
v
MPFMIFTNDVIGAN
MSKL
KITLIFGLPIEKIAIFF
DKD

MRKTDIYDIADKL

K.ATKDELSKELADI
KQ

<Table 2> LC-Ms/MSE& ©]&% s}o}#] @dPto-bpbge] A
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