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Bacterial Gliding Motility. Cho, Kyungyun. Section of Life Science, Hoseo University, Asan 336-795, Korea -
Gliding motility is defined as the movement of nonflagellated cells in the direction of its long axis on a solid surface
and found in many phylogenetically diverse bacteria. Genetic, biochemical, ultrastructural, and behavioral studies
have provided a wealth of information related to the mechanism of possible gliding apparatuses. Social motility of
Myxococcus xanthus and the gliding of Synechocystis appear to rely on the function of type IV pili, similar to
twitching motility of Pseudomonas aeruginosa and Neisseria gonorriioeae. In contrast, adventurous motility of M.
xanthus and the gliding of filamentous cyanobacteria and Flavobacterium are not dependent on the pili. Instead,
they appear to employ novel motility mechanisms that are currently being unveiled.
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2 kol B 1A oM A&shed), A2
71 &5 v} YRR o|FFOoZA T2, o FA A
H(slime)S 8|3 5AS Xl SF4tH|g]obs A¥
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Table 1. Representative genera of gliding bacteria™

Bacterial group

Representative genera of gliding bacteria

B Proteobacteria
Y Proteobacteria

0 Proteobacteria

Cyanobacteria

Cytophaga-Flavobacterium-Bacteroides
group

Green nonsulfur bacteria

Green sulfur bacteria

Planctomyces

Low G+C gram-positive bacteria

and many others

Chloroherpeton
Isosphaera

Simonsiella, Vitreoscilla
Acinetobacter, Alysiella, Beggiatoa, Leucothrix, Lysobacter, Thiothrix

Desulfonema, Chondromyces, Cystobacter, Myxococcus, Nannocystis, Sorganium, Stigma-
tella, and many others

Anabaena, Fisherella, Oscillatoria, Phormidium, Spirulina, and many others

Cytophaga, Flavobacterium, Flexibacter, Haliscomenobacter, Saprospira, Sporocytophaga,

Chloroflexus, Heliothrix, Herpetosiphon

Filibacter, Heliobacterium, Mycoplasma

*Sources: Derived from references [20, 21, 30]

Fig. 1. Colonies of the gliding bacterium, M. xanthus. (A) A
colony of wild-type cells. (B) A nonspreading colony of a mgiA
mutant. (C) Movement of cells at the edge of the wild-type col-
ony. The arrow marked with “a” indicates cells moving indepen-
dently from other cells (A-motility). The arrow marked with “b”
indicates cells moving in group (S-motility). (D) Nonspreading
cells at the edge of the mgl4 mutant colony. Squares in A and B
indicate the region magnified in C and D. Bars of A and B, 1 mm.
Bars of C and D, 25 pm.
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Fig. 2. Representative models for the bacterial gliding motility.
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Fig. 3. Comparison of the motility behavior of E. coli and M.
xanthus. (A) E. coli cells move via a random series of swims and
tumbles when the attractant or repellent is uniformly distributed.
(B) E. coli cells tumble less frequently when they are moving
closer to the attractant. (C) M. xanthus cells move via random
reversals of gliding directions when the attractant or repellent is
uniformly distributed. (B) M. xanthus cells reverse gliding direc-
tions less frequently when they are moving closer to the attractant.

APshe A& uEFozA ARl HE2A HoFig.

of 3H& Wjgko & o] F3lgrly HHA| ghEst vl Wk
3C). 23d o] AAslellA el JofEI 2 frdEA
(attractant) $E2= FXEA2} 722 71953 (repellentyEo] &
AQsb Zsgulske] A2l = (reversal frequency)”F 2EHA
}%o2 A¢AA =Hi, 2 AHE o]FslA} 3= Wk
22 AE7} o5 FH39)(Fig. 3D). I, HAM| T
EA7) gt BAR o5 o) %ol THEA Bl A
ZoM e x dl=d], o2l HAlS B8l A 9
HEko g o] FE 4 QA FTH30].

u]=- Stanford University®] Kaiser WAF Al3Al-2 Edy
o] AgE B3l HAATo] X E FHEE F 79
54, & AT S-S AW ole-S w9
A-$54] (adventurous(A)-motility)-= P8 #5¢| +5 =
AeElellA A W=, Fig. 1CoAM 3R “a”2 4]
g} ufe} 7ho] zpzte] ule|E]olr} vfE wle|E]ol 24 E He]
A E5950] ol Aol E wlelelols gAlolA e
2FA o[}, S--5A (social(S)-motilityy2- A EEe] M= 7}
7ho] Q& Wl o]FoiA = EEACE e ol EAE Al
L Zholl o] FoiA| v, Fig. 1CAA 3R b2 RAIGH
ulg} Zro] A ESo] FPspA AHst Al M2F FHS3)
A} vl Aol Aol gt F A2 7%l
M2 E3Ee] glo] v shivt B84 = AefellAx 2
ok, A-£5d0] B84 1 SdWHel(AS ) S
S Hol Mxe] Fe elME A A olx|ut FH | o
2 AZEZHE 2um o] AE T =9 o o ¥
295 RolA] ket Wekr AS-Ed el YA
2 HEESS BElEe] 5YHACE F5 e NES
WAE 4 9lal, BE M ErE 5o qllRl Exfse Eed
Xl yhro)] S-2-54do] £84 © EdHl(ATS )= A-
$5ARE Holx= IA|2 AlE 7] QM= -34S Kol
7)3= S RE M E S7F He ko] mAjE] BRofie 2
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Y2 A el ] MES] ME SH5l &5
3he Eyo] veRdT9].

$5AL AHAA ] AN F83 JEE T3
o, S-£FAS AR Bdue] FFEE N AAA ¥
Ao] Z7)ol| AXFe] AAA FERES ] WEA] gt
Hhol] A-SEAIS AMAEE Bl o] FFEES WEE e
o7 At HR-E AAAE FA3aL L M A
HRHPT19]. ALA Aol FAT =] AlE Fdo] A
2 @Y3lo] o]FoA= S T o] S-EFAe] AIA
FAel DA ojeh= ARl HA ojsEE Fio|th A%
AL ANHoE xR FdolA 2EslH, S A2
Ao g 43 ol 2REsiv28). Wb A u)A]
Abol| A} oAl E HAMFS wioFshHA A2k mAje] FE
< A 1.5%2] S I3 iAo e A2
o] Al YeRAAITE 0.3%2] 3L IR wiA] e M=
S-&5Adol TAHIBHA el b AL A o Qo S5
AL dubz o g A3 ofE AlX] EAF 82 A,
o]¢} o] S-2-5A o] A Vehds 370l = dlY
Aoz Fuo] o2 ute|Elopr} glol® Al wlez]o}
7F E9A o2 24 5 gl AR FAFC32]. 3HH,
T E3AS 5 284 A HAMTEE 284S oA
3] ApAlshe AAA = PAISHA] ket

HAM2e 5- 254

ofg] QFATel o5t S-£FAE type IV pili[14],
fibril[1], A ZE 2ol £33} lipopolysaccharide2] O-
antigen[4] 5-°] FJsh= 22 ehr}, o]F F 53]
Ao kel H 742 type IV pili(Tip)= AT 3}
vl Myxococcus xanthus®] 735 17789] pil F3AE0] ol
o] A 2ol A3l Aoz B uFHAS(33). Thp7t
88 48] Hiel He olfie olEel HAATY s
FAol o] & ®ul olulel Pseudomonas aeruginosa,
Neisseria gonorrhoeae$} x>  wle|2]o}e]  twitching
motilityel] = Fredgheh= Zlo] delx] gl7] wlEe|=H8, 33].
Twitching motility= - uix]2] FHolA HE7} ¢l B}
glgjol HE2Eo] ASARY oFsh= 4L 7T,
TipE Hk=Al B o= i dteljlel AlE2] Eedel &3}
+ pilih AAELH 5T Aeleke A e AN
A71Ee) & A [5], old TAES 7R E TH7}
AT S84 FAHE AlTshe 57l
wxlo] A7 HHATH1S]. o) o) 9y PAA T AE
o) g ol -804 TipE ZH=d, ol ThHE AAsted]
2ol e o AEe] el FEAR F o]F £5F
2A 845 27 "ok ZelekFig. 2A). 2334, o
A2 2T oA Aol o) Tipe] Tl AA fAH
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Al Z1FE laser tweezers ©]-83le] T & A LAYs}
E e SATCEA THe] 45| Heg]els g3 e]7]o|
FEg FAHE WAARE dFESAHH23]. A S5 A
o] dour] e Tl EAFRE A EEe] A2 HE
& =kE Zprte] EASAYE o™ Hel= 2 um 7= oy
of Eafsledopit had|, o] A= Thrt AlAdsled =28t
T 9dE FHA Az Aoz AT Qo g, fibrils}
lipopolysaccharide (LPS)®] O-antigen ¥4 -F312} 284
2 Atolx HAMT S5 o] FAE ), olefd 4
I olF BAle] S-3-5Ael IS HedFH 1, 4]. Fibril
< Al R o)Al Al 2L B ME 9
F= F9E, LPSY] O-antigen AE o] EAs]=4],
ol2jgt 25| S-FAl ABA TSR] o}A7HA]
dA A e

HYMB A-25Y

A-EFAL -3 2 ThHE BL2 A ded
[14]. A-3-5A3) T3l 2129 (lociye A= 37707F &
HA s, AAEE olBy o B2 fAzlEe] #AF
AL o &FIL Ueh30]. S-&FA e vl A-EEA el
sl Al gt A7 oK 7HA] vlE3Hd], 1 Sl
AT7} o= AR o] F)3] cglBH aglU FAAES] 7% Al
Fote] Exf3he D AS AR Ao FAHT 9]
2ot oH 7FE TRl dElA YA dvh26, 35].
AT T1Fe2E Ax e AEd e R 2
7170 sl AT 2E, M ELTe] 5 9 Wy
< ksl &5l sl £53vle (18], Al (slime)
£ 2o A HAZR= 2l (36], AlHEAAY] HERAY
AE FHle o Aok 2H[16] 5 wekst 25l
A==, o5 F AL diAte] He F /A E AE
Ste] = gl W3S Fulsls &5 o8 e B
A2} AN (slimeyS FET2EM 2SR 2ot

A Eoe] 5 g By PRkl S5 o 5%t
the 22 Liisdorf 5ol &Jaf Ak Aoz, ofe) 2ahd
ZAAF2] periplasmic spaceoli= o8] 7p=te] A Al
(strand)e] 3P FHA AR vl =(band)7} EA| 3}
A E AAE At AR A gled], o] W=
Aol met A E ] 5 Y WIS ek, 1 A
I M E7F TS wet o] 3l A4S 7K He
= Aoo}H7, 18](Fig. 2C). °] 222> =S A3 7oz
A= A &4, 2|3 Mzl o5t o7 &
F5 AESAMe] W= el 7ubE 731 3, A
598 2] faMe BEAR s F2Ee] AE -3
ARA oz Foigitle 78 XY F871 Y

AA g FEgozA getdgopt F21H S dev=
2l olHARE A 2d= FHZo| filamentous

cyanobacteriao| A HAFEE2 Ho|= F2r] A A
AEHS 7EAA =HdeH13]. HAATA M o]t AR
ETE Hojy TE2E0] AR FEA LA,
Oster 5~ ol & vtz o] KZo] Halrte] F218

T & AR 2EE AEA AAETH36]. o] 2l 9

33 polyeletrolyte gel2 TAEle] Sl AW o] A x| 3
oA MiEE o pslE]e] Yshar MM o] F21
S AlF3IcH= ZolT}(Fig. 2D). 28T vl ulgko s 18y
SaAl & = S EETlM FHdo] wiEEEA 218
ulsko] v Al e Aolw

HAMZe 2534 =4

HellAM = dg3sldSo] HIYMFS 1.5~6 um/min T2
o] 3w vl 7~8% ZHAL R AlPuIFS UFHE A3}
(Fig. 30). 28| A EE AT ZA HAHLZ o
= owjeko g zleat ZA1A] ARk At Agelle A
AR od3hs swim F 5714922 MR tumbledl] ]
8 Aukgke] viA e, ASHE F2919] wumble A7
Heg dzqte] o= 3t AHe| MFEEF dl(Fig. 3A).
I3 "7FY of = gl flEA m AeEAe] £}
A HAd A o] F A3 T2l Wl tumble®
xS A B ARHoze fUEAR] EAl
uheF = AFEAe] Exlishe vk WEkeE o] F3 H
+ F3}A (chemotaxis) S ¥ ¢t} (Fig. 3B). Swim¥} tumblie
< W77} o= weko 2 sl fol] ulbe} WAYSh, 9
- E39] 73R} ole]] w-g3t M=) 3H weF AL Che
A ZAGA A 23] o] Fe]2e}3].

M. xanthus®] 7391 Che AZAHLAAZS o] F= vy
RS opm| Al Mde] AR o] ©AlS FA L gl
ez oA Qledl, 2 FollM AT Che AZHLA
Aot vlsgt A pPee A 15| Frz Al3AHE
AAE o] T A Lo TH34]. Frz AlZADA Al ojst
W3 A= 2 University of California at Berkeleyol|
¥ Zusman BHAF AFAIA] o] FoiF=d], Che AlZAY
AA 2} v R f 2T AEAE JAEk, 1 A
Zo wet 25A4E AT ISR HIsn
A A ZRE s HolA e FeHd-E HT 28, 39]. Frz Al
A7} Che AA <} ©}2 -2 Che AAZF B49] H=Tule
w2}t wmble WIEE 24 dbdel Frz AAle =49 5
EFujol wel R 2e] APuksF A 3l X (reversal
frequency) S A Sttt Zlo|v}, & A2 M. xanthus7}t
casitoned} o] Heo|7} Bz folEA o] Al LoZ o
T di= xlahlske] H3MIEr) dolr o ¥ske R o] F-
3 == "bA (Fig. 3D), isopropanols}t 72 AsfEAo| &
Ao wigko g o]Fd wi= Alaulske] A3 Er] o}
A 2 Ao EAjshs ui weko R o]l AHRE &2



3} [28]. Frz AZAGAA = Ae}t S-$54 A &
F g asic). wel Frz AA A7F A7 7Sl AEH
ol HelA| e el B = A EA] ofs) ZAH 6k
5 3R 3ap (28], Ao MEEL A ARAE
S3t3 FAF Melgiete] FeiAl At (frizzy) o2 BT
AL ARe FART38). Frz AAE ol2lg BXLE
3 2 o] &S 2 HKed, AAH AAE B
4l AE2) Fthe] wejrlet AR HHE of A
A JAs] A3 A AEEe] AMA FAARHS 7L
Y= AZEAS QA 3 Aes wE5urt oy
2A7b 3= o] Hie] 417] wEolga FolHr} WA
Sl e A felEAe] olu|xAlgl Zog wEHA
Ao, M. xanthus®] 735 AAH Q] FedEAlo] oH
7= obA] wA A ¢t = HAA TS H-Fell= A}
AAZS FAste s AAdA ] FAS dele A3EHe] &
ST Frz AA7}E o] BAHE QAT A2 A=A of
A7A] 2 A9 A weiA A 4ot o olEgt &
Al o fol FFE7|E e ARA ] ST AHAA
T ARle] U= EAY Alolekal o=

Dif B AL )22 Che WA Z} AR = of-E
WA 2502 Frz AlZAgA A oS3 AzAd
AAE o]Fo] S-2-549 ZA-ol AAT oz Higg]
371, dif ¥R 28 E S| IS A4
2 Aajolu} S-FA 2AHL HAPHORE o] FiAA] o
of 2PALA| Aol Z7lof| FAHTY. o ool = M. xanthus
£ Che sAF} FARE o8] ©AS BlEs FAAES
7R Sl A2 ElEgled, o 7HA] ol&e] Te
g3 A ko, ok AdA A A o] FoiA]
= o AszAge Hedsielet FAEHT 9l

8l A3 Y FAAAE A = S-5A
o] Bo)Fo]xat, mgidZ HEE 3 FAA= F S5
E5 87EG31]. wWetN mgld AR BEA4% | E
dol= S YL 7FssiRar 4F 2o Wk gte] F-
HlWEled o] Hlgko 2 & AER] X3l Alxje]el] &
2 gl FAS BAKFig. 1BD). MglA A& Ras
familyel] 431 GTPase® FAHW A¢}l S-$54 X575
ZAsed FAqF AR S ook

Filamentous cyanobacteria 2| #F2&

F2-5-2- AgA] wlelE]ele] filamentous cycanobacteria
o] dubx EALo=2 Aol vl FR whE £x2l 10

pm/sec®] £E2 BFE, @2 9] elglolrt e vk
S8l o] E-3l= F33A] (phototaxis)E ¥.¢Jv}. Filamentous
cyanobacteria®] &F-¢-5ol W L2 A F 77t
FAEIT e, 2 F shie AE Fdo A Qe
fibril®] ol o3 L= = AE o] &5l o3 A
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7} 328 E 7 fope 2do|#[11](Fig. 2B), v+ 3t
vi= Al Eeo) A e £ETE 8 a9 A
o (slime) S FE3o2M AE} o2 o5 FAHE
ks 2 e|uH13](Fig. 3D).

Filamentous cyanobacterial Al 8 FAJo] & 1%
A dtgElolels o 553 EZgd B, #A
peptidoglycan o] ©}2 I $4 wtelg]elel] vlsj A
FASH, AE flo] S-layerZ B2 E ©E 52 7t
213 gle}. 283 fibrile] 7ERRE] AH3ped FAR fibril
& Sdayer $lo A3 AR dFHA Y]
Phormidium uncinatumS-E2XE] do]2 Axle]] &}sh] fibril
2 6467119 ofu]:xAke 2 o] FoiAl glycoprotein® 2 FAE
o} alwl[12], +54& g FEo] oscillinelel FHE
o] ThAlg ZR L A e FAL- fibrils T8
oscillin == oscillin?} A5} iAo} cyanobacteria®] &
F500 It FAE A e

Al (slime) 2ol 23} cyanobacteria®] FF-2-5-= ]
ARE] A71E Fe|2 2= 2T Hoiczyk ¥AF AEA
o} A7Aztel] ol AlvjAde] FolAAl HAH. ol A
Agu7 A4 B3 Lo} N xo) AR Fxdel A
F3) gl Moo B27 FF(junctional pore)S 75}l
3, % Indian inkZ ARESte] A ulEe] ek} 4571 A
29| %3 AdXFE Ko F¢r}[13]. Cyanobactetriacl A
o) WA oo HAAHANME HALETZ FAEHE F
b F-27} A== (36], ol2g A A HZol
250N e FAH o2 Agslejeie 2] AW
A4S AT AT oA = HA Y EEe] BFETE
o] A AR 2483} ZQYA] od HEI} o)F
3 Aze) shiE Hoe] Erjg 7R TR ezt o}
v

& A E cyanobacteriadl Synechocystis sp.2] 54
ol M. xanthus®] S-2-§/33 o] type IV piliz} e s}
v Aoz dEzed), e pilid AAse dF
filamentous cyanobacteria®l| A& pili7} B5--5ol FHeig
Ve Hejgd,

Flavobacterium johnsoniae 2| BF2F

F. johnsoniae= F1A A2 Cytophaga-Flavobacterium-
Bacteroides 5ol &3l dleg]ol2 Aol FmoA
A 10 pm/sec®] &2 FFeF8ct M E2] Frde] vA
3 DFFE AN S o) 2FFe] MERHAA 3o
= B AR v Ho} o] ol A X Fdl &
ANk 57179 2AYE B8 2% & leE 4
HA gk 2 g Z1Ere dEA YA gH17, 241 F
Jjohnsoniae’s YA v]s] o] FE=rt mEw thgr] 4
7] wj gl T A7F % 2 A0 2 & I



204 Cho

AEE A 4 d A7 gl A3 ARl o
g Bt 719 gddedl, 2 olfie AN gAlE 98 el
gtejolell A o]8- 7last AT =750 HE %7
gl Eolglvt. 23d Z v]= University of Wisconsin-
Milwaukee®] McBride WA} AL F. johnsonieael] &t
A A7HYE JPdsle] gl A3 20970
o FAHAE 2 4 ddlen, o5 +ME FH £
Jjohnsoniae®] BF-$-5o| ATP-binding cassette(ABC)
transporter, exopolysaccharide2] &4, sulfonolipid®] A,
M EF-Gell Hedsis A, M E=3} periplasmel] S
Aoz FAHE iAol s W21, 22]. o]
g FARREL] WL oA o] HiEHE|ele] E-F
712kl 3t FEe AgS A FIAR eE ud
< 53l o] FoiA AR FAAE] g 98 -5 1t
g2lol2 789 AR} vlae F5-2-F )3l Hsk =
+ AEE AT E AR 7|yE

2 o

552 AR 2HEglo] A TS n|mEA] Kol
o] 53l wleg]ole] Ao R BRI} thofst 9
ute]ololl A AT A F7HA] w3iAl vle)| oJald 5
52 type IV pili(TH)E TLE 3= A4 o5 I
2 34 d= F7HE A 7EE F s, THE 2
87 sl Sl THel A 50 s o] FR=
twitching motility$} 2-57]2Fo] AL ALz A€
THE FSZE 3R gd= 525 dsiMe o8 kst
o] AAHAEHE, o] F 3 2L FFuteje]er} A
Ne HEFrorA FAHE do] o= AFyde= Y
ojrf, g THAEL oW AME HAE AR 57T
7} 2R3 = Aot} o9} o] HFFE Uukx o A
odejzl HRol| o3t 5= A3 v 2EHAol o3 o]
Folxed, 2 28 7)=}e] vl Fn| 2 whHel @
F-Eo] Zojol & HA|2 delgle] horl| dAFATAEo
7|9 €.
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