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SUMMARY

Cytosol protein patterns of two strains of A. proteus, tD and xD strain,
were compared by two dimensional gel electrophoresis. Among the 200 major
polypeptides that could be stained by silver stain method, tD strain contained
a cell specific protein whose molecular weight was 45, 000 dalton, pI 5,9, On
the other hand, the cytosol and the symbiotic vesicles of xD strain contained
a symbiosis specific protein (M.W. 29,000; pI 5.5). The fate of the sym-
biosis specific protein depended on the presence of symbiotic bacteria in the
experiment of high temperature effect and of experimental infection. The
significance of these results is discussed in relation to their function in orga-

nismic association on the basis of the previous findings.
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Amoeba proteus®) xD strain-® 19661 ®.x]ql tD straine] wig] ] ofo] 213 7o 93
94 9let (Jeon & Lorch, 1067). o] et Sl 47 whielole] 749 Pze] chost
2 Rk Fa AL e ek A Al tD ofrlule] wE] Al xe] 277t Fo ES
Z, Az a4 s 44 AelAn, ofa-g (Death rate by starvation)o] 4 =
gter] 424 (Clonability)o] AAA Zasgeh ALLA 1AFHE o2 Ha 8-S
Azt oS AFAgx, ohvvl hvlalw  ubg ] o} 4% 60, 000~150, 000 o]}, o] F
4 olsE 7 AR MFEA AAA AT §70 FLE T A4 540l
B2 WEsh slGol Al Aol A W sl (Jeon, 1972; Jeon & Jeon, 1976), ¢
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18 7F w15 w4 fEe] Dr. Kwang W. Jeone] A g Aol ] ol Fxo] ghond, @Fof
1981 a2 ole) A o W ks s glvh

o] A ofeflutrt shA L Y= *ﬂi*”%f%xﬂ 4% &4 v *3
AR xshe]A] g wolas g F3E Adde
&l - (macrophage) v} 24 4| Zo| 2% iz J A3 e el of
F5ul gl Fol vt A3 Fel Mycobacterium, Toxoplasma, Chlamydia 59 #-$9} uwlzd
2lth (Ahn & Jeon, 1982; Armstrong & Hart, 1971; Brown et al, 1969; Jones & Hirsch,
1972). o] % w| B L %= A xo] Ag ﬂ:?_—‘l Tl AT F 55 2stgeol AY
e AAAY wolaagd FHE A For xshsx w, wa AE gpomlE
AAZ e A AE TAel e eelaaid ¥ Seldst WA 2 A7l
gt ola)l &= Ao A3 e o]t (Ahn & Jeon, 1979; Dingle, 1968; Jacques, 1969:
Silverstein et al., 1977).

EFEEo} B QA Fie]l AR 9= A Zd s wmE FAA 1
1001 0] gk g 7] 7boll A Aaiat vk ol A ALl A el Si5de] gh
Al ol Egh gAle] ol Zybrel of elelvbi: AlRmat Arle] Al weiHt(Jeon &
Jeon, 1976; Jeon & Ahn, 1978; Lorch & Jeon, 1980). ol & <+4=l 4% 4 A9 A
o] 21 A Y& AA o] HH F 9= Aol Ll A g 9 Zi olehiz Fale) A4
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g xD straing-

% 7k 9lo] FFo] ¥l 9t} (Kimball, 1978; Margulis, 1976; Taylor, 1974). A%
of oAl @ wlEkFal A3 A 5o Wl elole] HE IFEEs ALer dEERT

(Jeon, 1972), 7|AAGR Wel el ok Fal s ohdeh, %F& whelelobe] Falsho] Avk
A 7bs ol Fw 9ot (Jeon & Jeon, 1976). xD straine]] #] =<=3-2] gk whe 2] o} & o}
dlobel AAEE Fol AYA 0% D straine] FAAR B3 et Gz fA4E
A8 wolE 4 glol 9l ou-1 (Ahn & Jeon, 1979) & #of A Holl = 34 el el ok
AZS] (in vitro) W Fe] EobE ShREL of welelote] FA4L @ A WAL Gl

Ao JEEE A nel F2 Yok

-4 9} o chloramphenicol H 2] =& 52 (26.5°C) v ofel]l 2|5} Htelg] ol AAAIA
2 7)Eo] A4ds5 9 (Jeon & Ahn, 1978; Jeon & Hah, 1977; Lorch & Jeon, 1980), ©]
a gl Eekel v EAz HA4% 4 99lth (Lorch & Jeon, 1980). g vl o] A
A4 F delelele] M o EEE AY g 1ldeln ARG e olE ol vl
2004 1] 3 ot 7] 7bo ek (Jeon & Ahn, 1978). tD ol uho} A5 7H91 4170 ols] ko)
o] A2 Eat strain Hol4] AF Aol wlme kel 45 wholml A E A o] e 2 ofg
TA R Qlste] ofdlute] o] #Hg1E 4 el wslyl ZdFden] (Lorch & Jeon, 198D),
Ao kA (1043)e] AAEAE 2 5ekget (Lorch & Jeon, 1082).

ol ol AMAZ ARG T4 e elol SFAE A9 AHE kAT Do B
2o AE AR FAE 0 wgloni of T B@ AP AHAA ATE A9
AL AAL ALL Wl 4 Eiel W 4 vk A5k 239 A7l G Fel od xD
strain Z-o]A vl A8 Bx 59 2 (Ahn & Jeon, 1983), Lo o] €3} tD strain
LZolA gl £AANE vsta o)A el Aol A EFg BAS =938k,
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1. M= B F
A. proteus2] tDs) xD strain (Jeon & Lorch, 1967;¢- Chalkley’s 7] 135 ] ekt (Jeon
& Jeon, 1975)0) 4| Colpidium-2 = o]z 7} )ul & (stock cutlure) s}5 41 13 A & ul7-of
ZFolch, o) k] ¢F (mass culture) & - ul 3¢ Tetrahymenas = O]_,; 3telt} (Goldstein
& Ko, 1976). ofvilubiz 27 18 cm, zlo] 2 em ARalle] 2:x10° '115;5; 715w, i ool =t
ol 8% 74wl gkl el gl bol ok o] ¥lAl shel FEIF ]

(us

A7 A% Wahel 3 gm Agbel AL Ovet cdhE @84 Ao, a3z 207014 A
b eksbar 27° Coll 2] g ekalglel (Jeon & Ahn, 1978).
2. oimHIe| ¥ =Y

xD strainel] 2] F % gk <) whrle) o] & ojvlnte] 2780 el tD strainel 7hGl AlF]L
24 AT T olululs witrelv} (Akn & Jeon, 1979). S0 Wl Elolis olv] Al b
ol ¢& xD straino.s -1 4= o] opgl ) (Ahn & Jeon, 1982). {14142] (170 g, 135
2 7k 9al 1 mle] xD o)w]u} (3.8 10° cell/ml) T+ 2 mle} W25 0.02 M Tris HCl 413
o pH 7.4 (o]8 TH 21%al)e] -4 A7l ]S, glass hemogenizer® 7P A v} 'Z‘f}-j‘;lf/}

Tk AZE 1500 gol 4] 5340 QA A melal, 14 10,000 gl 2] 1047

QA ste] opzre] $4ES 2 e el oldr fal whetel ®okeh L F ?‘ﬂ 71‘54'1'
F relletg 23] Hi3 freﬁzmg & thawingdle] il A vA) F2AE A7 vhe
oA QA¥e R Bota 7 RE Wule el ¢ & Uik AFoR F4 $EE sucrose
step gradient 91413242 o] g-atgleh. 4,000 goll Al 1037k QA% F 30%9 40% 7 A

wel 4 ¢5Ee sk

ol gzke] geiteldl Hd # o} & 0.05% poly L-lysineg- @48t Chalkley’s u ofef 15
B2k WA G g, Ao Hlel Fujml tD eojvwul Mol 1x10° FEE Fol4 A2
AAEE Fd A 247 T vor-‘?— A A4% ke e ohs W g o2 W
AAstel AAss, olwlubs A4l FFoza] T tD oelulrt whE] ] ofel] £]al] 3
dslef gtEelzl A FA opwluvbi A% 4 Ak o ’?lfﬂ G olelube] 2 el &4
2 ome] Felzk mulgole el 209 AAE AL Tl S5 $8% 4 e WA
(42,000 e 2] of/olv] ubyell stalwl o] TrlekA @izrt (Ahn & Jeon, 1979).

3. 34 stg2|ot &F
95 T4 el helelel G, g Wl el Al i el ele] &4
A Slekol obt kel F helelel 3 HATY A AL AL ol 200k
5 7}21 Falcon dish covero] &7l v}-& wjefed - a]7slar, o7)e 2 N
NaOH 20 13- 2 7bebe] oju)ulit o]l NaOHe] zlv] = )20 743 54 v el ofnl
ol sivh, gl obf- Petroffi-Hauser wir]ejol Al 4-7)el xhol  §1d Ak dv)Astel Al 43
ZR 2} oz e ] ol A= A detglel (Ahn & Jeon, 1979).
1. Oj X3 TI =Y

o3 A7 QTN A28 442 A9 sne OFarel (19752 W& w3keh 5
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o
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A F£4 2+ pH 3.5~10% pH 5~8 Amphohne (LKB Instrument Inc.)& pH ] &
W73 3 mm fr2] o] wEQh opslub: TH-4
ril 100,000 g, 14171) 3tet. PAdde] F 3 4% 3
< Lowry (1952) el ofd A g o8, lysis gt
;‘] 7] '}01] 711 Zﬁ"ﬂ 100 g A=z ALadrth. TR 24 E2lE 400 EEo] A
A Zl 8,800 Veh Algialge}, A 239 A7 g5
T”ﬂ 1.5mm, 0.1% SDS’* FHrat 8~14% w5 Tl E b oA olulel = Hak A4
Laemmli (1972)9] 2t A ~u] S o]-83}¢ o}

A FA el i AS 1,547k equilibration A7 t}8 SDSA Yo ¥ 1%
agarose® TE vk 100%E, 15°Cell 4] 82 7F Eqb o o] B AL isopropyl alcohol m=
methanole|] 7% 33 Coomassie brilliant bluest A 871} (Fairbanks et al., 1971) 7= &
Eol7] Sete] 25% 2-propanol, 10% z4te] 847k 24 etz Merril (1981)2] walof < )
silver stains}4 ).

o= & carrier® 23 AL Fo

i
—
r-« 3%

S
_>:,
E;I_‘

e

i
—
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=
rIo
S
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]m
=2
2

= at

1. 5 OfM[H} strainzto| CIEMZI QEALH| M
AE F o] 7153 & 239 Ar] 58 WS Coomassie brilliant blue ol Al &}
A4 3009170 9] &) ol mok 5 Aeiglen silver staingh 3-$ol = 5500719 Ee)
Ao =% 53T 4 99k xDo (D straing] Az BAA ASd Ewd vlm A
@ Fo EAUGel=s 200900 Hglen AAAL FAL olhe] AAG F Fo)3 ol
= olslolE Folzt glvt (Fig. 1). 20993]e] 24 44 et F ofvluts) A1 Z oy
A G4 vla A} tD strainol] 4] A2k 45,000, SR A (pl) 5,99 Eo]4 25 glo]
E=7F %A Hdslol WA d-peptidez wiwdslz (Fig. 1A), A olvl ulel xD straino]
A #A%F 29,000, p 5.5¢1 Eelaeho| Esk FAN Aol speptide sl uk. °
Fe F A Aol silver stain § Aol 4] ¥4 FEsidct (Fig. 3 3z). R
ol glolAl shfAel A 249 et Al 24 A Ee) YRg EH E}“‘H’QE
heavy myosin (32}, 200,000), bovine serum albumin (FAF, 68,000), ovalbumin
(=#+ek, 43,000), chymotrypsinogen (#z}aF, 25,700), lactoglobulin (&=} 18,000) <
AHga ek,
2. Y S0|4 CIMEIo] &X

F straing] @9 o] VFh FASEZ B4 Sold WA (speptide)s] %A
$4 U0z F ol F ol Aol d mole T4 welelol R BAH AR Ho] nok
ok A Z 794 (organelle)e] 532 Pyol el AL F4 ubdl e olE Bz P T
S Ay g Az oplube) Alze) wwAdsE e Jolst 9lgle) (Fig. 13
2A ¥ )., TAGE ABEG A E Extgko]} x4 o] s-peptide} SAFEE g A o)
vhebstet. o] ghi) g 5} s-peptides}o] A A o 415w §]5be] 200 pgo] Al Lo Hm Ao %
2ol FA sl AL A ylsle] A5 o B3 }91\:} 2.7 2Ce) 4] £ ulelzko] xD ofwu}
Alzefe] FA = AE Mol A79G 5T A FAL B ez yelgx

nr{mn
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2 3 detel=2 bt Aoz Mol agelvt TAAe] FUFE & 4 3l Fig. 2
oA Bet CE wlaal 2l @2 T4 @B A wiste] Fig. 2C2] 74 s-peptided] ¢
A st A deEhEES ol F o 43 shiAE Foh w4 speptide T4 i
Fobs Ff FA Gl Fo dWAz A T4 ot AZAdE £ TEE
EANEE ¢ g Avh

3. I2 WY 20t

A ot kg 27°Cell Al Wl P AF- Tdojd A el obrt Shd &4 2 olF] D
Zl wol v} (Jeon & Ahn, 1978). wlele]ete] FA| of -9} s-peptides] A FAL ©7] $3)
o} 26.5°Coll 4] 94 717k whekat opviiute] Azl whld S wmstgleh.  de} s-peptided
AAG AAAY giAe Gl F ostraingbe] W Aol E molA gglvt (Fig. 3).
s-peptide= 26.5°Coll 4] 99 W] k3ol & #qlo] 715 3tglovt (Fig. 3B), =& wjek 13y
% xD osljule] Al & Felo] A9 Erbeetget (Fig. 3C). whepa] s-peptide 2 vl ofo]
ol gk w2l oke] ztanoh ¥l &A= glek. ool uldhe] d-peptideir s wf ofel] of- W3}
£ HolA gka A4 LxelA Wl gd B4R v FEo] bkt

4. g3 Y o[}

Ag el e g AP FF obelutel A wtelfote} A Sbst WA st 4
o w2 d-peptide] £ iz speptide®] H5 ofF-4 AA3r] Het FAYS AY
A 271 24 3o ol 4 ‘”Eﬂalo}«l 7k 5,000 2ol ofx A A<l
el A oFatel & WEsh gl s-peptides FAZF Erbssgier (Fig. 44). 34 69 o] F
| &= s-peptided] &7} A v, ofvlulgd wiel el ol 71 20,0000e] o] Fel Fd 94
B xolwl FAstelzlct (Fig. 4B). 99 Adol4] Ay T4 92 =9 speptides] %7}
of whete} d-peptided] FEst Faste A& 2yt (Fig. 4A,Be vla).

i)

i &

obulE ARE 298 A7 GES o4 T e ol Fahel A P4 wms
o= ol A7 B vz} ¢l Katesel Goldstein (1964)0] F7ke] whia of-& Disc
electrophoresis tube#l-& o] &3}e] 204]7) 9] Coomassie blue® 4 7}% 3l bandsz F 719
o] B HAAL sk wk 9drh. 239 Aol Ee AL silver stain (Merril 1981)
3 71 2 775 Coomassie blue ¢4 7w} L3 ks 455 ARAF F714%

4= 919l o] ¥S-methionineo & # X ',_ il A BE Ar]dE E waalRW (autoradio-

graphy)oll 23] 2 ZHtol| H& £M0] 9ot (Ahn & Jeon, in preparation). 200¢]7)
o wa 7bEE F8 HEe]lz Fof ﬂ%ﬁﬂal obe] FAgel 98 Fxg xD strainof & d-peptide
7} 49w s-peptided # 53 AFAE Qo) s-peptides £F L TA AR £
A sgoen e H1°“l uhe) 2] olol Al &A= A FA obwlvbol A *ﬂrﬂlalo}ﬂ %
A Zrhel tlEe] TE oM 8l Ao vl Fol T4 vt glotst A4 A ALE
& 4 ok =g s-peptlde4 Z-7boll ube d-peptides] 74 @ AE FEHE AdF v
o] t}.

o) ¢l Astel] &3t s-peptider TG ool 3 FAH] FF Azdez b
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ol HAE Zlog Agsv 25 S deeelrl FA Y-S FAsE o4& E3do
s-peptide s utslrlol = = 71 el glelA] A3k date] 9lr} (Law, 1980; Pollock, 1962).
Ag A Az d4se FAGdA HElgols TAY oA faEE ) F2E

[CIre}
warsle] glems G Az sl A& e Ao wFe] ul sbsAel A

vjAlx S glvh (Abn & Jeon, 1979). = vhE dlate] 7}gA) 2 xD straine] 34 )
glopr FukstE FEAre] plasmids) 9le 2le i v Fo] (Han & Jeon, 1980) ) Eule] F
Aot v 2] obe] genomeo| S R hAlAF Ay vhg 41;*71’ AlEe] sl 3hAd 7] Zo
el FAA EEE AL shsAE vk fo1A AEAEE Sl A A5 e
A A E vkrF 9 (Margulis, 1976), 2 %of 4] 3= 2 wbed Al o 5 glv} (Schell et. al., 1979).

2
A7 = ]/joﬂ gal spsae choste] el 4] H A ]ﬂa} sk b ol Al U Fo)a] A
ol ok ‘JJL‘E{_' otalzl % ol v,

Lynn Margulls (1976)= ralelat ub AlE wiah A AES Gd G7lAl A Egoe] oo
GE A9 ASAe AT AL o Sk ATAAD el ol xD ejoluke
1 Az g A Sold Aol Al 2] 7%se] steled ohgxt 22 Ade & F gt
AL xD straine] 522 w)ofel wd 74 (Jeon & Ahn, 1978)-2 wlgz]ole] £z
gk Aol#pr] RepeE vl A4 2.5 s-peptide?] <=4 iz d-peptided] Aol 4 & A
oA FE vk Ay gk ofuulel 4] d-peptideg] 714 F-51et s-peptidert o S-S
di Al ekz] wlitel 20041 9] 7 315 d-peptide gene?] 44 iz u]y}g = wsle] o dle] e
& y

s-peptides= 4514 Q7 £ 25405 Qg 7GR Aste] xD 01'“1*1}01]
1

N

o] TAA e A% ) olwe] npE  d-peptide
4 Ao AAE AT S e e 944 A
Lo ek, ralie, Wela) Agg G el xD opuul @e] )
glolis Zghel xD Al e vl o]t (Jeon & Lorch, 1976) xD2} tD straing] o] F
54 (Lorch & Jeon, 1981) ¢ s-peptides] 7115k & glel. <4 weldl vpsh e S
genome?] n| 7] A WshE 57 o] s-peptidec] A o o8 VR 45 ube] gle
22 xD opvju} st tD A=A 235 A x (xDnDe)E T4 whe =l ol ol 23
A 45 A S A UGS Haes 4 9 EEE Rtk A4 Jeons) Lose

o]

L

%

o

rl

(1969, 1970)& ofvute] Zlol AW o] FpHi= AR P TR A Fgo
A Z g Ao] Aglek Zlos wzgk vlr) gle

= ]
- olom kel Z7]el A FA 104 ol o] 2w
S W wol g Yreld 3l D ofulule] wjwhe] A T #5gcl (Lorch & Jeon,
1982). “}'El"f] A F obrlutel Al zhed 69lolwl wHA] s15-3F  s-peptidest oo o]

019, Ji oIL
01 AT T ]

o4 2w dpeptide 5 s-peptides) A2 5o ol 4ol Aol AL Eohof
Zd FAR W Q3 TEAL ol olgl 5 el W AR Age) a A%

W Fom

2 o

ol A9 #7ldF el &sled A. proteuse] tD strainz} tD straino] ulel g] o}o} EAo] 9
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& 5% xD straine] 1w okalg ulwatglvh. Silver staine] 98 wlsz 7158 2004

Mg Fo wwA s (D strainol 4 $AF 45,000, SAA 5,99 Sol4 wlAo],

xD straing] A Z 2 FA doll 4] EAFF 29,000, TAA 5.59 T Eol4 whulAoe] e

AL A Fol4d AL oplul g vk R AF FA ofdlukE o]l AY A

stowbslelobel A4 sk slo] ek BAH F Sol4 el detel HAY AZ Y

o)A W g AL FalA Lol Aol vlFe] o] WA A4E A L Az 7
sho o}
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SDS PAGE

200 -

68—}
43—

26- |

18-

Fig. 1. Two-dimensional electrophoretic patterns of tD-amoeba cytosol proteins (A) and of
xD-amoeba cytosol proteins (B), after staining with Coomassie brilliant blue. Note
the presence of one tD cell specific peptide (d arrow) in A. Also note the presence

of one xD cell specific peptide (s) inside the circle in B.
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Fig. 2. Two-dimensional electro-
phoretic patterns of amoebacytosol
proteins mixed with equal amount
of symbiotic vesicle proteins. Gels
werestained with Coomassiebrilli-
ant blue. A, purified symbiotic
vesicle (SV);B, tD-amoeba cytosol
+SV; C, xD-amoeba cytosol+ SV.
Note the prominent s-peptide like
protein shown in A. Also note
and compare the stained intensity
of the equivalent peptides in B
and C.
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IEF et

Selected areas of two-dimensional electrophoretic gels of proteins from xD amceba
cultured at 26.5C for 3 days (A), 9 days (B), and 13 days (C). Proteint patterns of
simultaneously treated tD amoeba are shown as inset for comparison. Note the change
in silver-stained density of the s-peptide in the circled area of xD. Also note the pre-
sence of d-peptide (arrow) in tD amoeba (inset) that is not detectable in xD.
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Fig. 4. Selected areas of two-dimensional electrophoretic gels of proteins from experimentally
established symbiotic amoeba. A, 3 days of symbiosis; B, 9 days of symbiosis. The
number of bacteria present in each amoeba was 4, 800 and 24, 000 in 3 days and 9 days

of symbiosis respectively. Note the change in silver-stained density of s-peptide.



