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Studies on the development of Stigmatella aurantiaca(l)

—Effects of cations, pheromone, and GMP on the fruiting body formation—
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ABSTRACT

Cells of Stigmatella aurantiace developed in the light on the medium containing calcium, barium, or
lithium ion formed fruiting bodies without stalk. Fruiting body with stalk was formed on the medium
containing calcium ion and GMP (GMP-medium) even under the dark condition. On the medium con-
taining calcium and pheromone (pheromone-medium), most cells were developed only into the stalk in

the light and into the sporangium in the dark. The number of aggregate formed on the medium con-

taining calcium ion (Ca-medium) was more than that formed on the medium containing calcium,

potassium, and sodium ions (CPS-medium). The number of aggregate formed on the GMP- or phero-

mone-medium was less than that formed on the Ca-medium. Both pheromone and GMP reduced the

time required for aggregate formation when cells were developed in the dark. Light stimulated cells to

form more aggregates in short time when it was introduced into the Ca-, CPS~, GMP-, or pheromo-

ne-medium.
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Myxobacteria®] dE ¢l Stigmatella aurantiaca
€ gz vt Fold AR S A
WX &l JFEHol FET ATl =A W
A9 39 9% 725 (gliding movement)o
o olFdE utd, dU¥EHe] AU el
£ 9 §5o ot o e 3 ¢4 v
et § Yol e Afole d%dol Ay
27le] AFEel EAe A ILF Al (aggregation
center)o] Fo Z N FZ A (aggregate) & I
Aoz, ojojA Z Al FEo] SI & o] F 3o stalk
£ P43 g, stalke] Fol4 EA 1 (sporan-
gium) 9| 1517} o] Foizvt, ulwie] Weo] gl
ZBeole e T TA S GAsAGE o
A AlE Aol A7 A FA (ridge) &l

4 A7} 8 A 5o} (Kaiser et al., 1979; Qualls et
al., 1978a; Stephens and White, 1980; White
et al., 1980b).

olaldt YA HAAZ L AT AEL] AR
AA Y A, 2z AF 7 $H (cohesion) &
Z¥ste EAT AAE AAA olFe A
(White, 1981). Qualls et al. (19782 and 19785)
7} White(1981)+ S. aurantiacac) ] FA= =
¥ Apeko] &2 A A (lipid) 4¥2 pheromoneo]
Yol ¥ Afolx W F3E AR F 3
o3t 3lg s, Stephens et al. (1982)& o] A
of AdRAFAE 43t do BF ARE
FEA710, AFAN £5 F74A 7| 2, fruiting
bodye] 44¢ FAANE £4E vehidz
B3 3tglov, o Eol ofFA AlF kel A
2 R AdA452 Qe Ae A5 A ¢z ok
3l Stephens and White(1980) 3= guanosine
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5/-monophosphate (GMP) ¥ fruiting body®] -
3} #}4 ol A} pheromones} fAgF A vhepd
% sz mo sk

%t® White et al. (19802)-2 S. aurantiaca®)
WAl v] A& ofo] €9 o kL HA3}T calcium
o] 2ute XL W AdAE Yol Yve &4
o 4 % fruiting bodys} 845 A ¢z g rye
XApdo] TN Ptz By,

2 AL dgol 494 AelolA S. auran-
tiaca®] WA o] v A i ool 9 9FgE
ZA18tx, 53] caleium o] Zulo] Z 35l v Aol
GMPs} pheromoneg & 7}3le] Wo) &3l 73
St EASHA & Aol Y45 fruiting
bodys) #2HE BAsd, o AFY Byl o
A Y, ol¢, zlx pheromone ¥ GMPg}
£5E Mz 45 Aol 2 54¢ F2 ek

ME H oy

1. BF oyt

B Age) A& A F2 Stigmatella auran-
tiaca DW4 CN292 David White(Department
of Biology, Indiana University, Bloomington, In-
diana 47401, US.A)=2 3 A4z AF
ukoket,

EA3d 9] A F-L 1% Bactocasitone (Difco),
0.35% yeast extract (Difco), 8mM MgSO,~7}
e A=) (CTwl z], Qualls et al., 1979a)
oA FFAER wolAA FAGu]F A, Al
9 AA €5 Baush and Lomb spectroph-
otometer& A}-83}4] 540nmolA 9] LALEE &
Aol AR

2. Fruiting body H N8 &t 4iX|

ol-&o] fruiting body Aol w A& o &&
otelry] $18te] A}-e3 W= 10mM HEPES
Sh& o (Sigma, pH7. 2)3} 3%9 &4 (Difco) ©]
Z%4 wl A (=4 HEPES wjz])e] 7 ofo] 29|
o 3} & (CaCl,, KCl, NaCl, MgCl,, BaCl,, ZnCl,,
LiChH & # 75t AHE3tgleh

Fruiting body & Ao} v 3 GMP(Sigma) 9]
F g2 zA37] 9 WA E 3%9 T4 2mM
Tris 2% (Sigma, pH7.2)o] Z&3 wix| (=
A Tris ¥k 7)o 0.8mMe} GMPE #7}3slo] A}
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L3 vt
s8] 52 fruiting body 3] 4Jef v} 2] 4= pheromone
2 o ag s da3AE 0.8mM GMPs}
A &#4EF vrehil= o2l pheromoneg )
Tris wjRlo] Hrlete] A&stded, =2 F
Stephens and White(1980) ¢} Stephens et al.
(1982)8) Az2 V8 AL A 7x10" AT
oz %¥ §e s pheromoned] & 3 gt
&g wiAe] Fx7 fruiting bodyo] Aol
%2 v]ActyE ¥z (Wireman and Dworkin,
1977) 7} Qle.ng zZzte WA e AHg3ts] 2~
39 Ao FHl At
3. Fruiting bodyS| 3 4
CTaj Ao A Atz g AYANZ ATES
A 44 A7) (0.D.5400m : 0.3) o 4] Q4 £ (6,000
%X g/15min/4°C)ste] 2 & 1g, 3.4mM CaCl,
¢} 10mM KCl ¢ 10mM NaClo] =35l 24
(CPS g£a)oz #x CPS Loz 4x109
cells/mle] Fx7 55 283 AAetA g}
o] AF @Y =A HEPES w#] =& x4
Tris W x|o]l 5pld WA ALz JFF &
30°Cell A 215 lux®] A5 W nFo] Fai4
wl) ekst it} (White et al., 19804).
4. Pheromone?| 2|
b4l A9 o % x (Whatman 3MM, 21 X 28cm)
2 5mM sodium EDTA (Sigma, pHS.0) £ o
2 FE3 Aol F, ASFFE G 64T A
3. Pyrex baking dish(23x33cm)ef} dof = F3}
¥, dry-oveno] A 7 zA Hch Azd 4 49
o #= F o] F-2 Pyrex dishofl 4 A3 Ael 2
CPS £9L AFFFo 1:10/ME 447
Loz AAz, YriA & Foe 1.5%9 &
Aol g5l CPS gl & At gste] Imme] 77
9] slgbg AR} o] o] ¢lo] 6x1019)
AdE st AT g5 94T AL
2 A% %, Uniwrape g 4718 ¥ 30°C
ol A 215 luxe] WA e u]Eu 4] 3647 E¢F
gl ohg, ATl e dFAAE ALg )
A9 oA wt& AFF+2Z descending chro-
matography 3}¢] 4] pheromone-& ] 5} ¢ ¢} (Ste-
phens et al., 1982).
5. HOlA HEE AE ME A
o kol A=A wixlo] A E3ld AT Hel ¥
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FAER A& o] S3tol #AEs] S8t F3id
Add st FAEWex] 274¢ L2 o
ojWl %, 10% glutaraldehyde &7 2 24417 %
¢ 2Asgch 2y ¥ 2732 60%, 70%,
80%, 90%, 95%9] ethanolg o] §3tef 20% 7}
Aoz g WA 4 b, 100%92 ethanol
4 F ¥ 'FAZch w4 B AEe
isoamyl acetate2 30% 5<F A-FAI = A &
A 2E o)l g8l AzAZY. ZAzd AEE
400A =9 $A2 ¥ 98 ¥ Hitachi
8-450 FAt@vlF o2 15KVol A Ha3}gict.

Fagoy e AT Ase T2
€+ 7t5d ¢ e FAE Fehy A4 |4
Az, g4 Aol w& AFA A} fruiting
bodys] 4o #dl: #5FAvIFE AHgo IF
A 89 o} (Grilione et al., 1975).

2 n

Stigmatella aurantiaca& Q@ FZ Qo] FHF
CTull %) ol A =1 & ul) b5} Q& = 2] doubling time
& F 1247 o) A (A} wlAA). 2= CPS
fAoz QN AP EZ ATE CPS oz
AEELA ) AL fruiting bodye] Ao vl A&
ool &9 #HEg zASE wl ¢S FA G
skeb(A = vl AAD).

1. ¥ol@e] Y

JotEgo] AL A o]A fruiting body2]
AL Fxg ol CPS §Ho| Hrsl wix
(CPS W) & dzT=2 AHL3ged, o WA
A 2~30e EAEH FH L stalkE Ze
A3 A fruing bodyst 34 5 A} (Fig. 1A).

2mM MgCl, @ ImM MnCly,7} S0 9l v =)
o A& stalk $lof g e Eapdat 4 fruting
bodyst ® 4= 97 (Fig. 1B), 2mM MgCls}
1mM MnCl, % 0.2mM CaCly7} A7 8l 3ol A
= daz2Fyid o g2 ZAdE Az e
fruiting bodys} &4 5 2l =} (Fig. 1C).

ZnCl8] 7 %ol 3uMo] AZEUE AT 5
Ant AT FRA FEEe ATAHFAG
stalks A=A ggovt, s5uMolf & AFA
Ao A2 A A A vlAA). 2
2l 10uMo] H 7=l v Ao A & stalk@lo] EA
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ol ¥8d A& IAY & AN (Fig. 1D).
o] i 4= AFAEN Fv dEFAAHE
o A, TG ofdflde W AFEe] F
A AYAMZ RolA @z vizA WA HAY
€ A% 23 + YAt (Fig. 1A and 1D).

LiCl,9} BaCl,7t nidl& 98 A2 w&d
At s5mM LiCl7l 7td wiAlel e S4%
gA5909 (A5 0AA), 10mMaAdE AT
AFAAol hAs E3h e Aol ¥
48 A} (Fig. 1E). BaCl,9] #$-olx 5mM ¥
EdAE B4¢ Y48t 459 stalkE ¥4
st on] (A3 v]AA]), 10mM FEo]A £ stalk
£ 99y FHol 38 xAYE Y4A%A
o} (Fig. 1F).

CaClyt H7hg WAl AE Pol Y& 3$ol
£ d2TA% 2ol S4E 34852 (Fig.
2B), Yol & ASde FA4AQ stalkkuc} o
#A3x FL fAstalk(pedicle) & 3439 &,
2 Fole dubAd EAYE o 33 vE
g A EAGe] @ U=t (Fig. 2A).
CaClwt 3715l WA e d2TFAA B} o
B 59 ATATA 450, of AT
AgA 7t FAHE dol Bag AL 6z
Ao}t (Fig. 5). E3& o] §F wixolA T3] AT
AFAS Aol BoF A7ho] WE v F F
de @ o HFHE AL FAE F Ao
(Fig. 5).

2. Calcium 0|2 #{X|0 A{2] GMP2} pheromone
o Ay

goll A B2 A FF, Yol £A oA CaCl
at A 75 vl Aol 419 fruiting body 34 <A
o] &7 74F AATE HolE e gir] #
Fol, 2F9 Z2A3lA Yo £4E AT
2 9] thi pheromone E+ GMP (White, 1981)
& CaCl, W] Aol 713t o] AE Yol S. aur-
antiaca®] Ao v E Bk AARHQ] FFE
¥z, ZAsigdh

GMP7t 4 H7tg WAl A Yo fFl
FA glol %AE fruiting body2 ¥-3}= 9l o,
E3 99 ZAsAE GMP A AR A4
o ¥39 AYA stalks} 345 A (Fig.
3A). 23y Yol gl A fole pedicle ¥}
£ 23 o 33 ey stalkst FAg= ot
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Fig. 1. Light micrographs of fruiting bodies on the HEPES medium supplemented with various kinds of
chloride salt. A total of 2.0x10° cells per 5u1 spot were placed on the solid HEPES medium con-
taining: 3.4mM CaCl;, 10mM KCl, and 10mM NaCl (A); 2mM MgCl; and 1mM MnCl; (B); 2mM

MgCl;, 1mM MnCl,, and 0.2mM CaCl; (C):

104M  ZnCly(D); 10mM LiCl (E); 10mM BaCl, (F).

Celis were developed for 56 hours under the light condition as described in method. A, B, C, E,

and F(x200); D(x400).

Wol 9 AS¥cE ol Fx2 zskz, fruiting
bodye] Fulojy wig¢ =3 A Ay
A AN A5 245 (Fig. 3B). 27
2 GMP7} #7tg ulol ¥g u% AgdE
g e EAhdol FAHAUD, P& wFA G
S He T AL AsY ZAdel F A

4519l ch(Fig. 3A and 3B). zalx o] w3
oA A48 AFAEAS 5 Wol e AT
7t 9 A$2d Lo ugted, A¥AS
Aol g3t ARE 647 Ax o ok (Fig.
6).

CaCl,o} pheromoneo| &4 A 715 szl ol A &
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Fig. 2. Scanning electron micrographs of fruiting bodies on the CaCl; medium. A t-otal of 2.06x10°% cells per

5ul spot were placed on the solid Tris-HC! medium containing 3.4mM CaCl,. Cells were developed
for fruiting body formation for 56 hours under the light (A) or dark (B) condition as described in
method.

L. A9 3D

Fig. 3. Scanning electron micrographs of fruiting bodies on the CaCl; medium supplemented with GMP. A
total of 2.0x10® cells per Sul spot were placed on the solid Tris-HCl medium containing 3. 4mM

CaCl, and 0. 8mM GMP. Cells were developed for fruiting body formation for 56hours under the light
(A) or dark (B) condition as described in method.
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Fig. 1. Scanninz eleciron microzraphs of fruiting bodies on the CaCl; medium supplemenied with pheromone.
A total of 2.0x10% cells per 5ul spot were placed on the solid Tris-HCl medium containing 3. 4mM
CaCl, and pheromone. Cells were developed for 72 hours under the light (AY or dark (B) condition
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Effect of cations on the aggregate formation.
A total of 3.3x 10" cells per 5ul spot were
placed on the solid HEPES medium contain-
ing CPS solution or on the solid Tris-HC}
medium containing CaCl,. Cells were develo-
ped for aggregate formation under the light
or dark condition as described in method.
Symbols: CPS-light(C)—0), CPS-dark(l--
M), CaCly-light((—()), and CaCls-dark
(@—@).
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Fig. 6. Effect of GMP and pheromone on the aggre-
gate formation. A total of 3.3x 107 cells per
5ul spot were placed on the solid Tris-HCl
medium containing either CaCl, and GMP
or CaCl, and pheromone. Cells were develo-
ped for aggregate formation under the light
or dark condition as described in method,
Symbols: GMP-light (O—(C), GMP-dark
(@—®), pheromone-light ([1—{1), and
pheromone-dark (ll—W).
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Ug z4stge ASede AL AFHol
stalkzwb $E3HR et 2% At e 2
Avtg 7d EAE fruiting body = #3hstg =t
(Fig. 4A). 22y dlo] gl A Sl stalkrs}
QA pedicleg 7xlE 2AGez ¥
(Fig. 4B). o] Wizl A A AFHAFA S
€ 99 ffol #Agol 42 v KAz, CaCl,
gk A7t iAo A HAdhd 59 153 =R
ER AEA 4o 288 AL Y A
Sl e o 154 7ol g, Weol fle Aol
% 224 7t A=A (Fig. 6).

% GNP =¥ pheromoneo] H7tsl wj = oj
A B4 AEEx CaClyul 71 wixo A f
48 AFE AY %A SI39 ATAPA
A fruiting body® #A3x Rtz FHoz
AAd AFAFAAAA fruiting bodyE ¥4
3} o} (Fig. 3 and 4),

n g

g oFEA o] A= wll x| o A Stigmatella auran-
tiaca2) fruiting bodyE A A 717 4F 4 FA
A9 wigAl, 540nmel ] £F57}0.3Y
W AFE B2 AL Aol o o F FAHUE
Aol 2L 29 H4E Fudtd =, oH
& AFEL fruiting body s A4 3= st
4 Fo]t}.

B o= 459 o}v] i A3} sulfated galactose
polymers} Eoigle] o] Fo] A7 WA} o]
o A4E FAse vl 471 JFE A 5
Ao, £ AgelAx FYZ lot numbers]
FA e ALt FA o P FHEo
2E AYel T4 4%E F25 3tgernz
£ A€ v Aoz 443

Calcium o] 2ulo}] Hrlgl wixofA] A=
fruiting bodys} CPS wix|o] A9 H2F9E 2
o A% stalk® AAA Rsz drke A4
(Fig. 1A and 2A)-2 potassium3} sodium o]-& o}
stalke] ¥sjo] JFE ol 08E Arstz
9lt}, 222 manganese?} magnesium o]-2o]
A MAAE & AY EAE AR %
%t fruiting bodys} & A 5l wld, calcium® ma-

gnesium % manganese o]-& Fo] Hrid wjx

Kim & Kim: Studies on the development of S. auranatiaca (I) 638

e AN £ARE A fruiting body s}t
A= gich(Fig. 1B and 1C). o]} & Aste
calcium o] o] Ezhde] FAlof FgFg w5
AL A2 v, o] calcium vl A ofl A
P4 2AGY ezt 8ol Aoz e
el § stz givte A4 (Fig. 2A)2 +H
oS H§44 sz gle], calcium o] EE ca-
lciumo]- &3 magnesium o] &o] oA EA
3& A3 EE ot White et al. (1980) 9
23E s ATz gl

Yol gl Aol calcium o] &gt 71 v A
A HA4" FAe F2¥ Grilione and Pan-
gborn(1975)0] CPSlj 4| & A}8-3fo] ARH A
ot Aol7t Atk ol AR FH d
o] sl AddA d4sie F49 ¥3de o
49 d%¢ A gedax § 4 Aot
ole thF e xrt o] g2 FAE slojor @
Ao A7gd,

%3 White ef al. (1980a)& 3uM¢] zinco] &
o 2% fruiting bodye] Aol dARdGs vz
Peel, 2 AdodAde Y98 AxzdAde
SAute] A= oYy 10uMol A& A FA Al
9ol 2Ao] P45l AoE Ro} zinc o] o]
fruiting bodye] 4& %A¢ 5= JL¢ ¢
Alsts gleh(Fig. 1D).

GMP¥£ calcium o] 2uj Aof] A7 HfolE
Yo fFol A glo] stalk o] EAGo] A
= i} (Fig. 3). =&y} pheromoneo] H7}5l wj
Aol A ol e Afole HEE ATE
o] stalkute 2 Pa=doy d¥ = & AY X
g A E stalkz E3s gz, Yol Qe
BAfole 4 9 =& pedicle §o] ZAGS
PA st (Fig. 4). ol L AL AT
pheromoneo] o g uk-go] Yol Ax Aol ©
Aoz vevtz Q&S dAHFE S
£ &, pheromoned] =3 uh§o] ARz A F9
ol ] GMP g Ab7t f x5 e o] o) po-
tassium E sodium £9] oj o] WYL 4
Apetz 9k, zEv Myzococcus®?] 9ol &,
ujj Z] of] adenine ¥-§a) 2] & 74| fruiting body]
Aol &Aslx Aol phosphoribosyl pyro-
phosphate2 2 8] 345 & ofu]x419] §FAo] A
o] QYA AP AV Aoz B
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3 39l (Kaiser ef al., 1979; Manoil et al.,
1980), S. aurantiaca®) 73 $-o] &= GMP2| Hsl2
stalk % =3 fruiting bodys} #AslE Ao T
FAHoE AT Y dFEAY A& FAA
2 A%E 3¢ #= o 2el v A
£ oldlEol4e) guanine FEAS AR ol
w8 A2 ggtonz GMPs A 79 £3lol of
A dFE vAx deA $9E v Ao

Calcium W xjo GMPA 714 o] gl A5l
€ 523 F29 fruiting bodyst A5, ¥
o] 9l A $ele fruiting body F 9o =&}
SR " AT A7 £ A+ A Fig
3)& gol AFAHAFANA fruiting body2 A<
J€ 34¢ ¥3 %ok 22 (Stephens ef al.,
1982) 9t AA gk 2 We] AT &7
Wgoz AT FZ2E AT o ATl
A old 3 FAAL Y HsE dodeAE ¢
& ot el = o] GMPr A7bd wl =] o A
Yol glE A$ole 7 stalke] A9 EAdo]
452 Yol gl ASole F A EA
s A, ol calcium o] o] ZAde &
Aol gL v1A Aol YA £33E
92} calcium o] £o] TS ¥Rl AAAY
g FE Aol ohizt AFY AwAY KAt
o dge Fozd TAYe ¥ 2AA
A4¢ 2 Aee FHF2 Yt

Calcium} pheromone = GMPr} &4 A7t
5 WA M calciumgl sl s Ao A2} 2
o] Yol Sl A= T ATARAY T
Fo] glo] 544 g8 Az 4724 4z ¥
3 AL, calcium o] gute & FEo] T
He ATATEAE FA4F 4+ 93 potassiumo]
o sodivm, =& GE ol2E] BLHE A
Bh3 Qe

@9 caleium o] &%t Hrtd WAl F4H
ATAFAY FE dE2TFdA FA4"0 Frd

]

Stigimatella aurantiaca¥ calcium, barium, =& lithiumo] £o] Z Hs] wiAel A= o
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woked, ol A ATAFAE T4 e
AEe 7t caleium o] 2ol Hrtd wiAfA R
o AzFelA o &% wlEt 2z A
AT g4 BoF AL F w4
vlestg oy F ixolAd 3 Yol e A+
o ¢ 7417t 2&5 v, ol Stephens and
White (1980)7F Wo] Al ZA FA 9 4o Y8
T ARE FEALGT F A X

Calcium ©]-&3 GMP =% pheromoneo] &7}
s ui Aol A Yol Ut Aol AFAEA g4
ol 285 A 7to] calcium o] Lujj xjoj] A W}
104} 7ke] &= lEd o] Stephens ef al.
(1982)¢] 4o] 91+ A% pheromonest GMPr}
ATATAE el 288 ARE FEAIE ¢
9 Z3E AT F vk 2xd A Y
Ao 23y Qo] gl A4 ojF WA
oA A= AFAFAY F71 calcium o] Luj
Aol Al B} Z4F AL, CPS foo] Huid
W} Z o] GMP =% pheromoned 3713t A A
& At A A} (Stephens et al., 1982) 9}
45t ged, oA oiwtx CPS £4l9f o
& F ol 9 HAFd Aoz F50 "o

Calcium o]-2o] AFAFAY FAol F& 5
o] Z A+ calcium o] .go] 3 stel Wi o} CPS
Lol Hslg wiAdA AT H4E FET
t}2 ¥4so] Y9 pheromones] FA X E v
ez WY F g Ao, HMFe] ¥
o] AF¢ wol o ET 29 fruiting bodyz ¥
34 £ 9+ 71L& pheromoned T4 3HA &
g3t 279 setAde E4¢ F A 9wl
£ @ A7l EAs Y5} pheromone, v
vop7ta GMPY &3 (receptor) &  Ztoh of
o] MFY wAlo] & AFE AL oF A
Ao EelsatAdel 23 FARAE Wlez
A #2% F AF Aol

L2

vl o] Folx stalks

YAz gz ¥adozat E3etgct. Calciumol 23 GMPF 34 718 Wizl (GMP i A)oj A= W {7
of #Aglol stalkst 2AFE AE fruiting body7t YA =2} Calcium o] &3} pheromonee] L85 #iA

(pheromonet} 2] o}l A= Ho] g 2oL

Yo AEgel stalkzat TaEsslod, Heol g Afde o
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i 2Adezdt E3atdc. AT A & calcium potassium ¥ sodiumel A4 Hhg wfA] (CPSHA el 4
2o caleium o] £3F A7t A (calcium WA) A o} ol F4geh. GMP ¥ =} pheromone Ao A=
calcium Aol Huch He Fof AFAFMA G452, do] glv At o] AFAS F4o] 288 A
ol g&sglat. e 471 b AAA F3 B Aol of Ge AFAENN FHHEE Wt
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