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Fruiting body development and glycerol spore formation of the
myxobacterium Archangium gephyra have been quantitatively
analyzed using the KYC5002 strain, which grows in a dispersed
manner in liquid media. KYC5002 formed many fruiting bodies
that are smaller in size than those of the wild-type strain on
various agar media and developed the most intact fruiting bodies
on MMC agar plates composed of 10 mM 3-morpholinopropane-
1-sulfonic acid, 8 mM MgSO4, 0.015% casitone, and 3% agar.
Fruiting bodies developed when the cell suspension concentration
was 5 x 10°-5 x 10 cells/ml, but no fruiting bodies were formed
at cell suspension concentrations higher or lower than that. The
long and thin vegetative cells transformed into thick and short
fruiting body spores in the fruiting bodies. Transformation into
glycerol spores was possible at all time points in liquid culture,
but it was achieved with high efficiency during the period of
vigorous cell growth, yet with low efficiency during the stationary
phase. The produced glycerol spores were morphologically
similar to the fruiting body spores, and showed resistance to
ultrasound and heat; however, its heat resistance was lower
than that of the spores of the fruiting body.
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TEL 7|dAke| ZALS & Al SHcHFlirdh and Buttner, 2009).
HAN = Fodto] ALd= ix}g %A 3K Shimkets,

1990). o}xuw fitel & } HpAle oh2 S} o

ElH ﬂ?FEE FFro] of

i
L
o)
2
g
r44
r]o
n?F
Kl
ri
)
;
Oﬁ, O

O ELN
“P “?EH *ﬂ?ﬁol e
A O]—_]_ Zy71o] N|EE0]
Sl T, BP9, s T AR 7 Fejo) AR A
A Ec AU YA el Aol ot
24-48A]7F0] T 5hm] Aol o 71 4

Ao} EA ke Fo) oJopiiol %% e 100 efst
o] ThA| kA I R ThS- o] Z o] AT =l thReichenbach,
2005; Shimkets et al., 2006). A °“/\ﬂ o —’—(spec1es)0ﬂ =}
tlorst g e 2] AAIAIS 3 AJSHeHDawid, 2000; Reichenbach,
2005; Shimkets et al., 2006).

AoH 2 AR £ FA ool THE WA ORE X
A5 AL A ek At v gFeoll 224
E{glycerol) = t}o]u| g A ZA}lo| =(dimethyl sulfoxide,
DMSO)E A7}l =8 78 GeAI 25 0] 2~-8AIE Hhof] 51


https://orcid.org/0000-0002-8098-3371
https://orcid.org/0000-0002-8098-3371

Fruiting body development and spore formation of A gephyra « 231

Hom mAE WYELE, o|F FYNE EAet HE
(Dworkin and Gibson, 1964; Reichenbach et al., 1969; Galvan
et al., 1992). 22|MIF 2AL0] FAofl= AHIA| =4+ &4 1t
2] Gt o] Bask] ol Al aEo] A s] 4%
Bl= Al 7] of| 222} g AJ o] & o] o] - i Dworkin and Sadler,
1966). S E|A|E A= 93 2] 0 2 2 A ZAFe} f-AFs]o]
AWt et H o 2= G H A btk AR R RE
A7 ko]l o5k 2P A 2219] o) v = S AHE 24}
9] Q9] Bt} ¢ =731 A w5l (Inouye ef al., 1979; Galvan
etal., 1992), Tha 2 dbg] oA T2 tHKomano ef al., 1980;
O’Connor and Zusman, 1992). 2|4 & A= AR 322}
of mlsf &, A4 AL, 2Hutol] ARt o] 2 oFsHAITE
FA| s H o= AR o] FR A3t Ao A A Utk Sudo
and Dworkin, 1969).

ANt A7 o FA == o & F Shbe HAHY
Ao A Al ZE0] 33 1=l 3
= Aotk Alizs0] 3 ok= -5 v
o] ol A H=tll, 8= S5l &gt A 2>
o)1 3] A of| o7t At Al Ie 2LeSHA FTh A9
£ SAsHA] Zohd vl e SQl Al o Aejofl thsfAl =
ojFtt. o]of| Bl sl Ml Z=0] S ¥ o] Ao FEHe A
ol o7t Hhyst 2 oF5=0] {32} 22to] o] 29Xtk
AN 5 71 A7 o) = Myxococcus xanthus 2] 73-9-
ofl = HA A of| 4] ZAF A SHA A = 2T AL A E B
He EAPHOIFERIFB w5 0] 851 HHA o] 23t 4]
o] 3|4 =] ¢l tH Dworkin, 1962).
Archangium gephyra~= Myxococcales E(order) 2] Cysto-
bacterineae O}=(suborder) o] <5= N Ao F(species)©]
t}. Cystobacterineae ©}= UJol| Al Myxococcus <(genus)-=
Myxococcaceae family) ol &3V, Archangium <2 Cysto-
bacteraceae VoY &GV}, Archangium gephyra—= X} 0] €]
7h FAA A ARl Alsd o] FE| Y| AHEAE FAdsHH, £
A= 71 B2 71t F e o] ti(Reichenbach, 2005). Archangium
gephyra -2 o] Xt Al A 2] 2/ =4 2= gephyronic acid
(Sasse et al., 1995), melithiazol (Sasse et al., 1999), tubulysin
(Sasse et al., 2000), argyrin (Sasse et al., 2002), archazolid
(Sasse et al., 2003), aurafuron (Kunze et al., 2005) 5-°] ith
Archangium gephyra KYC2615= =+U] EoFol| A 2%
F2 argyrin?} tubulysing YA Hyun ef al., 2021).
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Archangium gephyra KYC5002 (MEHO 002) o-5= =+
EFollA 2] 4. gephyra KYC26159] #AHo ot}
(Choi et al., 2021). Archangium gephyra®] LHHA v oF2 ¢
3| 4l= CYS v} *](Shin et al., 2013) 5 A-&-8HTE A A B
A == 95| A= CHM (Hyun et al., 2019), CF (Shi et al.,
1994), WC2}, WCE (Lee et al., 2014), 12|31 MMC Hj X &
AHE-3HE TR MMC B+ 10 mM 3-morpholinopropane-1-
sulfonic acid (MOPS, pH 7.6), 8 mM MgSQO,, 0.015% casitione
S B3 AT A B4 S 915} AL BE B
AU = 3.0% B8 L o] AT WCE AlEE $1) AF
| Ho| u|WEZE Eshcherichia coli K-12E5 A}8-35}9i )
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AR 5lo] A5 LS A A5, 10 mM MOPS §4] 5 «
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Hh 0 2 g sl 2] 9]l &2l 32°Cof| A 4 52t vl
oo 2 AR WAL FEshh

=E|ME =X g8 &+
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& AT ZYoll= DS-Fil t] 297t el(Nikon) S A}
SEATE AFAA| ZAReF FEAE TAES S =] e

o

Korean Journal of Microbiology, Vol. 58, No. 4



232 « Kimetal
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Fig. 1. Fruiting body development of Archangium gephyra KYC2615 and
KYC5002 on WCE agar plates.
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FABIAHFig. 1A). Y 2 Aol A EAPH0|FKYC5002%
FrAREE Ao AHAAE B g sl xRt OMH g 5o vlsl 2
717} 2F2 th4= 9] A E B4 5FATHFIg. 1B).
EAPHO|E KYC5002: E28%4 & S-9-%4(Social-
motility)of] Z23}o] Q= 52 AH & 1T Choi et al., 2021).
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). 29 KYC5002 5= Jeke-54 o] oFstE] o] 917
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AR 2% EAS B AUAE FYHE o] B oz
A 0 2 A GHS BHT S G A 2AS 24
of mgleh. A A P A2 1AL Hepa el
A AT} SN E 2T A B fEY 49l
£ 2440] BRSITL CYSE A gephyra) UNIH 2] v|Fo] A}

L351= v X 2 0.5% casitone2 $-53-513L ¢ © (Shin ef al.,
2013), CHM-2 Myxococcus stipitatus 2] AHEA| FAd o]
A2-G1= v R 2 0.25% casitone-2 $H-3-5137 QTHHyun et al.,
2019). CF B A= M. xanthus 2] AHAA| F A4S S =8 o A}
£3)= v X2 0.015% casitoneS -3-3}3 JQTK(Shi et al.,
1994). WC v 2= o] 2] opAY AN H=2] AHHA| & Hakst
o) ARE-EE= iR 2 375 Tk QA ¥t Lee ef al.,
2014). o2zt v x| | A &] 2L A A o] K5 2ALSH | & ¢
al, KYC5002 o525 CYS A uj 2] o] 5] ODgoo©] 1.00] 2 uf
7HA] vkt thS, 1 % 108 |32 20 pl Y 0. & CYS, CHM,
CF, WC gH g ahalj 2] 9]o]l &251L 32°Co| A 4 F2t vl
RO M APAA) W3S SE515AE) 1 AT, casitone} &
7152 gol T CYSSCHM BHH B o A1 7
443 o] o]0l 1) hskA|at casitone o] 2171t gl
= CF} WC gH sg shuf x| of| A A A| 7} & /d =] Sl ThFig. 2).
12U CF v of| B /3 AHd A= 7t A. gephyra®] 3
2 AA FEjet gaton], WC v #]of /4 A A= A
d Ao 2ok

CF v} x]+= 10 mM MOPS, 1 mM KH,PO4, 8 mM MgSO,,
0.02% (NH4),SO4, 0.015% casitone, 0.2% sodium citrate, 0.1%
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sodium pyruvate S $F-3-5}31 9.0, WC HjZ]= 10 mM MOPS, Q3 AEZ B2 golr 7] 98], CYS HAul =] o] A ODgyo©]
0.1% CaCl,2H,0 (= 6.8 mM) S §-3-3}3L Qltt. T v 2] A2 1.00] & wj7}2] vjeF3t th2, 5 x 10° cells/ml, 5 x 107 cells/ml,
S t}hekstA 23ske] AAITE o]0 AlF o] A KYC5002 o 5% 10® cells/ml, 5 x 10° cells/ml, 5 x 10'° cells/ml 4% 2] A 3
210 mM MOPS, 8 mM MgSO,, 0.015% casitone, 3% 331 £20 ul §1 2 & MMC $d g T x| 9]¢l &2f&1132°C

S FA A AN A LA AUAS AT A A 42 Bk RO 2 A P fstch 12
2 YRt B dFo) A o] v xS MMC v x| 2} g 3kar 2}, 5% 10° cells/ml} 5 x 107 cells/ml 5= 0] | TS Leel
ol 30] ApaA) B4 frzol AHgStech Aol AR BASHA Uskori(Fig 34, B), 5 10

cells/ml =] A2 28E H90)=5x 10° cells/ml 3
M S=7t XHEH| B3l DRl S SO NES Lol Aol vls) AT OR e 40) 4

Archangium gephyra KYC5002 2] 2417 &3S 98l 4 AAE A8 cHFig. 3C, D). 3HH, 5 x 10" cells/ml £

CYS WwC

g

Fig. 2. Fruiting body development of A. gephyra KYC5002 on CYS, CHM, CF, and WC solid media. 1 x 10° cells of 4. gephyra KYC5002 were placed on
agar plates as a 20 pl spot and incubated for four days.

5%10° cells/ml 5%107 cells/ml 5%10% cells/ml

5%10° cells/ml 5%10' cells/ml

S
RASTY & Yy

Fig. 3. Effects of cell density on the fruiting body development of A. gephyra KYC5002. Twenty-microliter spots of cells at the concentraion of 5 x 10°
cells/ml (A), 5 x 107 cells/ml (B), 5 x 10% cells/ml (C), 5 x 10° cells/ml (D), and 5 x 10"° cells/ml (E) were placed on MMC plates and incubated at 32°C for
four days.
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Fig. 4. Fruiting bodies and fruiting body spores of A. gephyra KYC5002
developed on MMC agar plates. 1 x 10® cells of 4. gephyra KYC5002
were placed on an MMC agar plate as a 20 ul spot and incubated for four
days. (A) shows the vegetative cells of 4. gephyra KYC5002. (B) shows
the 20 pl spot, (C) shows the fruiting bodies marked with a rectangle in (B),
and (D) shows the spores in the fruiting body. (A) and (D) were photo-
graphed at 1,000x using a phase-contrast microscope. (B) and (C) were
photographed at 8% and 40x, respectively, using a stereomicroscope.
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2= 27 0.6~1.0 pl, Zo] 5~15 um @] 71 vl= Fefo]thFig.
4A). ODggo 1.07FA] B OF3E S x 10 cells/ml F=2] AJ3EE20
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32°Cof| Al 4 &<t k3= o 200~4007H 9] A A E
“J53AthFig. 4B). ZH2o] AHd A= Al 481 A 83
22 gofefrt FAASHA 4l 4bsAdo] FEjeller
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™ 2515 FEjol ATk 20 wl W ol A A 2R
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Fig. 5. Vegetative cells (A) and glycerol spores (B) of A. gephyra
KYC5002.

o= =Y F o7 ZAd}= A E MY E i Dworkin and
Gibson, 1964). Archangium gephyra KYC5002 w57} 2B A
HjR| o A ZAFE o] st e g o] 5 o= SEAIE
IR} YA o FLeh AR o | ARt A o A A/ sh=A]
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A of| A N ul s A 0,24, 48, 72, 96 A]7F 201 0.5 M =&
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EAEE oA ool WY A S| ZeAlE A9
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cells/ml) 1.3 x 10® spores/ml 2] =& LS YA 5to] T8
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4.0 9x10°
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0* e
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Fig. 6. Effect of the time at which glycerol is added on the formation of
glycerol spores by A. gephyra KYC5002. 0.5 M glycerol was added to the
culture broth of A. gephyra KYC5002 at various time points and the
number of spores was counted after 20 h of additional incubation. The
results are presented as the mean + SD of three independent experiments.

XHAlx| ZXI2F S2IME ZXIe| SXfekd H|m

AR AL FEAE AL Gof| thet AgAdS =AY
3}7] 9J3}+ed 1.0 x 10® spores/ml 5% 0] 322} HEFH-S- 50°CQ}
55°Col A 3047 A 2jt %, 3] kaL, CYS gH g uf A
o mrate] A/ S A=t Table 1). tHE 2=
1.0 x 10% cells/ml 0] GOSN Z Fet-S A5Gt 1
A}, YA = F 2Eol|A BEFE APEste] et g do] A
& TR R) oot SRAIRE, A A A} HEfel o] 7-9-50°C
of| Al A& 2)atglS u) Hat 1.8 x 10°7]2] Heh-S P A5t
1, 55°Cof| A DA 2|59 w) 3.4 x 10*7]12] Rk
shoict SIS 24 FErl 9] Z9-50°Col| A EA 2]t
o H£ 6.5 x 10°7 2] F e G5 2L, 55°Co A D2
5192 w3 E MEho] A3 §lof HF AFEE 5l 0 = e}
Sk 50°Coll A A 2|at S o 2| AlE AL Aty o] A4
A 22 At R ok o g2 =S A4S A2 SEAE =4
= Akt 2Rk WA, A A RS2 AR SRk
AT AR AR E| ik wheba] A A 22 FEME 2
| B G ETFAPE = 50°Co A= A A S AR =

o

N

Table 1. Heat resistance of spores from Archangium gephyra KYC5002

Number of colonies formed after heat treatment (CFU/ml)

Temperature

(°C) Vegetative cells Fruiting body Glycerol spores
spores

50 0 1.8£03x10° 56=+1.1x10°

55 0 3.4+1.0x 10* 0

Spore solutions with a concentration of 1.0 x 10* spores/ml were heat-treated at
50°C and 55°C for 30 min, diluted, and spread on CYS agar plates to count the
number of colonies produced. Vegetative cells were used at a concentration of 1.0
x 10® cells/ml as a control. The results are presented as the mean + SD of three
independent experiments.

2AE FEARE 55°Cof| A WL APESIEL R AP A EA ) F e
Al 22 ] Hlal 2 AAREE 7] A= EAE A

o F

Archangium gephyra<= X} o1 2] 7} A A SHA 41 Abs
o] o] AUAE FAITH= A o 2 U] Qth(Reichenbach,
2005). LA ], oY AFT5-2 HA| ] of| A] SR BEO] AA8E
B2 FFA Q) AAA B8 2EAlE 24 F Aol tiek o
T= A o| R AR R Rk} Archangium gephyra KYC5002
= ol A £2 5 4. gephyra KYC26159] Wlo] 22 S5
dofl Aztol Qlof Al of| A ZAbsto] A4t At ol
Z2 AW EQItK(Choi ef al., 2021). 3FA| 4 S-S E42 &4
5| YojHd Zlof ofy ] XA g/ T = 7HARI A o= U
Epyt]. ohitk oy ) Ee] o543 0] ot of QlojA
W2 A0 AlazEo] o] ZAMAIE Aot L] thAl A1
207 A2 O HlsLFo] o A7) 7k AR T2 AHAIE
Fsh=s Ao AU KYC5002 o= AH A i
of| oY T =2} 5 LT FE o] 2AE A skt Wb 4.
gephyra KYC5002+= A= of| 4] ZA4t A7dshH A = L}
S 7RI ALAE B Adste] A AFEA A A ol ARt
W2 AR L AR oA FAFste] st E R =
HAE 22} B/ Aol e ARt = weEh

HoAAto] AHEAE FAsH] AslA= AR, FE7E
AliEste, 173t Al a2 e, Z1e] o b o] B asich
Archangium gephyra KYC2615+= MOPS2} CaClLL 27 114
= WC gHAB TR S04 21142 FA 81900, 0.015%
9] casitone-2 2 MMC $H Bl 2| of A = ] 27413 =}
AAE B8t AT casitone F%=7F0.25% o]/ T-5-
SHHjA| S oA = AFAAIE FAJBHA] grot & ot ardo] A4
A FAdoll A Y Houth Al AEHS 20 pl ¥
MMC FH g 7l 2] 9]of] el A A 34
2. 5 x 10%~5 x 10° cells/ml H-E ol A gk 241 A
A2 7ol Bt WAL O H AAA S §
<, ol AEA B A2 57t 58T
T}, 3, ODgoo 3.07HA] v &t Al 52 A A
AJBHA] 551 WA, ODggo 1.07HA] vl S A 225
AAIE FAsto] Al Ade e AA| Aol Fagt
LR 2 Aol A ARE-3EMMC v A &F 2 A 7%
= S A gephyra®] A A At 7851 A
1eikds
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Myxococcaceae T}0]) &3H= MM A0 8 E=ERA
Bo) A TALS G50l o]0l 43 M. xanthus = 5]
A A A}t FE A= :‘TEX}E A3t} Cystobacteraceae
2] Srel WO TS TR I HE (P TS
A= A o2 defA ¢li=d|(Reichenbach, 2005), 4. gephyra
KYC5002 @] 211 22 7Vt 8 A4 A 242 FAstgo
o, SEAIE 22| FEj = o] F FAFSEITE theh 2 A =
Ae] ej7} A2 Qe e, FeAE A el
A ZEt @ 7HA] of 2] FEj7E Aol e Ao = EkE Sl

EAS] W Aol YL T, 54 B0) 24 53}
&2 o8] faligh eHgofl A13skr] figkelvh HHAEE J
£ro 2 EAJolz 7o) A Eo| w2 Aol SUE W EA
%1&1%%@&@1@%@%ﬂ£@ ke WAl Slt
Aoie 7102 A7kE 3 Slck

\1

20l thit A2 291 % Gk el 15171 245
tHO’Connor and Zusman, 1997).

Aol @e] EASE choba B ARo] AL Ik
(Sudo and Dworkin, 1969). Archangium gephyra KYC50027}
ek A EAjS} FAE 2 o] 2 et ol
ol A5 S Bk Tk, M xandusol A o]m] el ol
of o] 2|l AL A Aol u]3 2ol ek At
Ko] 23 oFshoik. S, AHAA| EARE B4 $27) ¥
£ AI7ko] Bo] 40 Bl v, FelAE EA0] B4 S
Aol Fel A BT Hrbsha 2bE o= B A7k
v o E 22 TESHA e Al 2 4= ek whebA] 2
AIE 2 A= w70 A7) Bt HEH o) Al 2ol F2 W
o] & 4= Qltk. 53] 4. gephyra KYC5002+= 2|2 =4
¢l argyrinX} tubulysin2- AJAFSHEL 2 B Lo A ZARSEZ
A& 22} § = ZAL S KYC5002E 7|HEO & J)|5Fo] o]
Fol X HFE ] A7 Hat HEH O Al o 7-8-5HA ARE-
g 7oz 7tttk

H 2

N wf Aol A AkSe] A7l KYC5002 55 o)
slo] M N A4t Archangium gephyradl] 2|3+ LA A Wiy lJr =

=32l A A|s8d Al4%

A& 24 S A o= B4t KYCS5002 5=
= o8 E wtoll Hlsl =77k 22 tho] A A| S B /st
=4, 10 mM 3-morpholinopropane-1-sulfonic acid, 8 mM
MgSOy4, 0.015% casitone, 3% g+ 0= 1A% MMC $H4d 9
gl ol 4 7 -2 A B stk ARl A
FHetoh o] =715 x 10%~5 x 10° cells/ml Q] 7 $-of|at 3 A5}
0 o] B LA 5 & Yol A= AR S A B o
SYEF. 7R 71 A EE S AUA el 1 e 44
A EA2 WgE e, FeHE B2 WS AR
A SE AZeA 55 AR A E S o] S5 Akt A
719l w8 Aa= o] FolFaL, AA|7] ol So17t =45k Al
EZ59] Afolle FE aE= o|Fofith A4HE SHAME
A= PR o= A A AL F ARG o, 25 uter
o A& H itk kARt GA R o] AHEA| 22} Bl s)

okt

LAt 2t

o E-2 202 1A YR WEI | AfRlo 2 fFATA R
o] 2212 uhol 2a 5] 7] 2 A TAF] Q) (202 1R 111A3044432).
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