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Febul BAEEEES] et 195746 KTFE+HE b
o2 RS PHgehio) tkelo mfE=ge
o] o]0l A kB Hft REEEE WedA sz
B A KHEY BRI R RESIYTY
 FEL 98 & ¢x F vheh 2
T ofm| mEREERES] UL HREE=2A K
ERBAEDBAA A Heo == gosl

WA A HREEEYS SHBERT A
= 53 BES YdorE it

SFEREERSEA BT #EE Wi
£ Micrococcus glutamicusq] Y that LIRE 48K
o SFENBEER] H#EAZ A+ 23
¥ ol & MEES —MSE P21 LEE #HES
7R st S LS (Bl #IadAE £WE
Eel oet BfErt h2e] AT MRl 2B
22 AEHZ gt oe ERERIES £
BEERSIE M) Fg8 Coryneform bacteriao)] /8
st o] EMiEER EAdE BES (generic
concept) ol vt BIIFIT BARES}A] 1w Eo A
7) Elel g AF g},

o] &} zto) Coryneform bacteria = Z3IEEERYIHZ
b HHHAAA 71 Fo] = A ST g
vz letesl g FET o mE S8 52 I348]
35 [Coryneform bacteria® o] & MEA 7},
[MbfE el HAMGRE 198 A7 [Cory-
neforme o} BA SEHD FLAA G 2o
FHIAA ST 837 93] o) FEE shEst B
EE WRE @2 A gY@ Coryne-
form bacteria®) H#7F AL 97 W Fol 4
A Q¥ 92 71A R Coryneform bacteria &
HA B8 (basic microbiology it gen-
eralmicrohilogy) ¢ Riiol A Brseshe] [z
9] coryneform bacteria®] ke w3lr] od

g gets 449982 dvth
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2. Coryneferm bacteria

Coryneform bacteria = A2 oW 3 gl
ol vl g WHERAS AX 2B SFe o9A B
BlatgwrtE w2z ggvs. Coryneform ba-
cteriazt = MIEE-S BERBEDIBFIME 2944
BikE A Egrovt B HEpENR
o pBdAE od¢rd g#A didd. Coryn-
eform bacteria= %) Z 8] g o} (Corynebacterium-
diphtheriae) & 3=z ¥ Corynebacterium/g
WMET wEmeR ERES JHE MBS 8
oln] G watd MESESLS AFELS obd
ek,

Corynebacterium-&- 18964g¢] Lehmanns} Neu-
manne} A )2 o} EEERE (type species) 0 2
st =z HEMEE, Rtalk, EXTHREY 4£FH
ol w2t AT Bold ERe v 2 B
o] BEL R dde4th
1. FEEe] gAY Bl x A Ekel o,

2. MRS Aspee H2E  RER (club
shape) ¢ 2 =t}

3. A4HT (endospore) & FRA ¥eth

4. EBke] At

5. gramfgttel =, 73 THAG R4S Y
o}

6. JEHIEEME (non-acid fast)o] oF,

7. 7% (Aerobes)o] T},

oA 2% Bt LA R EEE: (s
prophytic) © 24 Ao 2 X ZelEotE R
— 3 4iEgo] sEEE o] o] A% Carynebacteriumol]
w&ARY) WEdd Corynebactertumz}= B
Ao) EAMEsY A zde ol 2L animal
diphtheroid®}= 433 b2 saprophytice] soil
diphtheroidg} 551+ ME 7R = Corynebacter-
iumel] &=, | gk 2@ Eo) MESEE L
eipS €57 @AE 9 o) &g —iE3te Coryne-

form bacteriaglz 22 gow GHAHG G

Coryneform bacteria

Aerobic Corynebacterium
Non-spore forming ] Microbacterium
No acid-fast |— Cellulomonas
Gram-positive | Arthrobacter
Rod-shaped bacteria J Brevibacterium

Table 1. Coryneform bacteria®] #E olo] =
FEH = B

P EEY

—gyo 2 Coryneform bacteriad): IF&EME
(acrobic), gramfEH:, JEiimEME, MEHETS AREC]
B4 Jensend] HfEo] w25 Bergey's manual
(7R E#=] 9= Corynebacterium, Arthr-
obacter, Microbacterium, Cellulomonas, Breviba-
cterium, 23 3 @SS Propionibacterium
o] Hass AdYr) o] EFES thA Mycobact-
erium, Proactinamyces, Nocardia§ 0.2 o]o]X| &
MRl stz AdE 2 g4y, ol &7e] Cory-
neform bacteriat EHET BE wEsc M
By, =d Corynedte T BEHFECH, B
Bk (club-shape), #}7] 2 k(Wedge), VFHlo]=}
L #ukE 7} Coryneform bacteriazh+= .
19234 0] ¢rskovot Loz HAGE T ¢aA
SERES

t} 2o Coryneform bacteria®d HEE Ed
Bme TEER P

(1) #BRARKE

Corynebacteriumel] &= w3 @& ulol o]
RER, VM, RS RIS "l A
o] fgol® E yFHGLeE 5k (branching)
S 259k M soil diphtheroid
9] Arhrobacter 7}-2-8] &= cyst(cystite) B}32.3F= X
o] BHRAEE e Rl dFyth

(2) Hel

Coryneform bacteriad] A&= ¥ #iIS gram
B g o] EFdE BBt (Weakly gram
positive) 12 s glom YRyl gram BEA AL
oli=A g oljrh = Corynebacterium-& Hifs#:c]
9= Ao ZA Mycobacterium} FEHIE 2 3=
Bi#e Corynebacteriumz}y RAZEH =z Qe HEF
ol piEEHS vEhE Aol dHAx Jivth
A o] ol@ol A B49s RYEAK (metachrom-
atic granules) & Corynebacterium®] ##cl 2t =
g At o]A%x EE CorynebacteriumBE o
#EHY BB H2E 5 Yy

(3) MAESYFER

Coryneform bacteriay snapping®] 2= EE
= fmsgRe s WEEE A0 dFE ¢
g4 g oL MRSt FEHELE A
B4 HuEE AR 2 BRV-FEE vE
ARAE Agch e EEEESE T A ME
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o] st S e A% PESNIL oS
B8 V-F#lolr} zigzag® FELF(El {RES sna-
ppingZPHE AR HFIEME e Aoz A
e

4 Egnig

Corynebacterium/@o] RIFRE QL dols o] &
HEEel glvta skl oy 2tk 1%, WY
ol snappinge] vt | -FHE ehie @HEE
MRz EHste EET SEE G o B
Bt 2 HEEMEEN m2t  Corynebacterium/Zol
Ba9a Qv
B el HmamEsAY Bhe shd e

(5) REYE

Corynebacterium diphtheriaer} =) Z 8] 2H4E9] #5
H#eyelete AL 28AE govh, Lehmann
7 Neumann® Corynebacterium<-2 £35S &
ol o] @Y HeEA AM Bipe] FEMKS
Aaatz g Ayt 2E R, R
HESAGA 58sE ¢ 237z et
2ol Jensend HMHERMAA Ll =& 2ol
BEES] #5771 &= Corynebacterium/Beoll .34
1A Fg-grh o] AR Corynebacterium®] [{]%E

& WEAT Bl g
6) £EHH

Corynebacterium/g-- =, 7}x] 22z 8 ujelz
o] = Mg MMk Wl o8 shA Ay
fpfgstel skevich Sdl, ARMOMES B84
X% Coryneform bacteriad] #if# (Category)ell =
FH e B Bz Qe #HA 2R
% 19194 ) Orla-Jensend FLEEESS) PEolA
A FLEES AR B snappingfrEie] S
T M o AR WS 292 micro-
bacteriume] 2= MBo2 BurAASUS. =3
W ORITY] Wl mEE oY it Bl
Yoo Witz Es A4t

19134¢, KellermanZ-& 44 2819 Cellu-
loses FfEsHe MHS SRESIA $vict, 2elste
192340l &= Bergeysl ol &+ Bl 48A %+
AL CelluloseE 7fEdtth= #HRZE Cellulomonas
B Bz AYg S i °1BE Coryn-
eform bacteria] categoryel] S 3at= HHS 7
A Q&ch ool S BBEE Y &
fReeo] BESTO BE BrANAL B A
IRAGRE et 44 Edwpee HES

o) A4 = Corynebacterium

I

AR = M-S —3E3] coryneform bacteriaztz
oA gow guHA Adda AAgve T%
=g dpel7te] coryneform bacteriazgtm EHAAE
—#re] MESEY BEE RiAD F/H4 B
£ corynebacterium/B9] AR AY =
AaBege s BUT WS MEN U8, 49
fE S AR BEIA HEBIGE iz
Fx =3 FEETY HRE WIAE ¥ B
BN 7 Aol E g o] dh o] FelA H
4w  BE] coryneform bacteriao] JE3E M
SEE A AR I3 EmHEgste oA FHE
(new species) © 2 FAAR & HEEEC 7t Wl
e 2y MELT HR $HER oWRY %
woll = HgrefEEel v 2te) Ml AEEE A
=8 Bgo o=AE 438 XIS
ALRE Date] LA ol He Aol B
WG A8A &7 Mol s €% H
Sl HZest olH Y= Befle] ARA R o A
T kel FRE Sl A4 olfEE AR
AAYY, zHzz $EdE AFAR 2nHel
4] = coryneform bacteria®] ke WA HoE
Ve peRsa I FEBGRE WA MRSHY &
%, DNA®] EiMR, Mysmsyy A7 2
Fad AQUeh, 28 vobrl Ry ER AL
Byt ES 8 BEe R s edsh A
3 HibE £ BRRIHE (culture collection)
oz8E FAY 120@FkRIh

Tested Bacteria

Genus No. of strain
Corynebacterium 37
Microbacterium
Cellulomonas
Arthrobacter 22
Brevibacterium 49

Total 117

Table 2. #:EREEHEL

3. BH£SO MEKE BN
Bee] 29 PR Wl TREAAS
e,
M) mRAR HR

Coryneform bacterica®] jiifisrZio] snappingo)
S HED BRE Uit e 24 29
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SYch zEd Aolsl e MEMRE wfis Bl
FEToA ZEE e 248 ERHE BED
e AL ¥ B = AESRE LB
oz Zez2ES v MEE Jddd. =
- & A %8+ microculture technigueZ A £3}o]
FitkEn® (microcinnematography) o] 28l #i
T RSHEY S FIR S

283 coryneform bacteria & [hle] A&3F
eubacteriat= 2 1A vieldutel Zo] #ias
29 HRAA hg 34 BoR ol i
C SRS

(a) simple type
o] type: #MEjEIt 2fEh fRIE  Shedlst
ZHANA MEeE] Aol 4o Mt F
Mode of Cell Division

Mode of Cell Division
Simple - — —
type
| Snapping y_. ﬂ_. -
type MM

= J-J-5-%

Fig. 1. Schematic mode of cell division of rod-
shaped bacteria. Gouping of bacteri a

on the basis of the mode of cell division.

Az B, zEse A5 BT ¥
Yo aA WP, oA 22 typeel B3t
L A= Escherichia coli ATCC 9637, Alcalig-
enes faecalis ATCC 8750, Bacillus megaterium
JAM 1030, Enterobacter aerogenes ATCC 7750,
Pseudomonas fluorescens ATCC 13525, Serratia
marcescens 1AM 11055-¢] 9184}, B. megate-
rium IAM 1010%& #fERREES 2 A7v iR
o)A Rz Frslez 3 EERE ey
ke

(b) Snapping type

o] Sz A Myl 2fErtE kst 2Ab
olel el kol [REEC] Al ZF AW
@% JFor AolAuA SAUTPYH, &9 sna-
pping divisiono] -4 ¢} t}, snapping typed] 4
2 simple typed] 2AE e} MRS hkol
# (constriction) o] A7 e ol HEgdh
Z, snappingo] o]®| it RS BEHAYel 2t ¥4
QeuhE B R AT HBHLALYS =&
Z 79 B F = ga oldAgz
VFERE Jeh ezl FEAYh o) FAS R
M) fEEE 90°~120° A=skE v o HERE
st A BEE F3 Al snappingd] 84 5@
Yo 2R zigragd] MRS == THEAZ
MRELFe]l Ak 2= BRERS- MES] s
Fop ol Doz WX 7 Eo] MY B
Be AR THRASA H4

Corynebacterium dipheriae ATCC 11913, Bre-
vibacterium lactofofermentum ATCC 13869, Bre-
vibacterium ammoniagenes ATCC 6872, Breviba-
cterium stationis ATCC 14403, Corynebacterium
Xlrosis ATCC 7711, Microbacterium flavum ATCC
10340, Brevibacterium divaricatum URRL B—
2311, Micrococcuo glutamicus ATCC 13032 9]
o] 7 EERES e}, Brevibacterium ammo-
niagenes®d 43248 Corynebacterium diphtheriac2}
52 5Z74e Y. snapping 43 25} A7l 2
@9 WHie 9o &= A7t sler o4
Sl V- EREFS Erdsyeh

Brevibacterium lactofermentum &-Felu] o4 E
golztzm <Al ot 529 £ corynebac-
terium diphtheriaes} $7+3dk, SHils F&
MiRn ot A SHEE EHEe o=z, M
fae A4 #AA sk o] #Ee] Corynebacter-
ium¢} MR 22ARE o)t BEigd A<
vtk EFEEBiEREozAd A 984 g

Micrococcus glutamicus®. Corynebacterium} -2

S3E e

o] A& $-#E-2 snapping typeo 2 ¥ 272 3
A5

(c) bending type

o] typee] HZE A ML F7 AolAHA
st FEe MR bk 22 54 &4
22} snappig typed} T2 FRHAFL Erdsd
o e Rl g TdA AAF Holw H
2 VFEHE Y,
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SEE 5E flRE & EE3ch

Arthrobacter ureafaciens ATCC 7562, Brevibac-
terium linens ATCC 8377, Arthrobacter atrocya-
neus CCM 1645, Arthrobacter Citreus CCM 1647,
Arthrobacter globiformis ATCC 8010, Arthrob-
acterobacter ramosus ATCC 13727, Arthrobacter
simplex ATCC 6946, Arthrobactor tumescens
ATCC 6947, Arthrobacter tumescens 1AM 1447,
Cellulomonas biagotea ATCC 486, Cellulomonas
fimi ATCC 8183, Corynebacterium aquaticum
ATCC 14665
%ol o] Typed 5L vepdch

Arthrobacter ureafasciens®] 4%1¢] &2 & i
= %z FolAHA AFTPV. 28z REES
#BaS] shgee] v} sub-terminal o A)xjv] et

Escherichia coli # zto] &38& 4 ¢4},
#aSl PREEO] Qe FolA AAG Foltmm V
GE EFIS B

o] 27+ M5 %-e Bending type® H-F4v,

amEeEAnezA 48 & corynebact-
erium hydrocarboclastus®. bending type®] Z3#iel
A% BEE P BT OTHES o] B
o] 4] Nocardia erythropolisZ FEE = Q& }.

BE BRENA mAlubeh o] FEES SR
< 37HAE e v

22+, EFEgles A2 simple types] 53%ko] 2
sted EFESFE AL &9 -3
Coryneform bacteriax Z =% @Sz}, &9
Coryneform bacteria’- snapping type =+ bending
typed] SZEA HIE  simple types] FHE
deriEe AL g8,

a2zl A g7 VRS HElfAF)-S snapping
of 93t gzvtm d= 13 F1ehsl bendinge
EAR AQHAE A& dFdSH

V-8 #iERcsle] e 7/‘1%‘!%_51- coryn-
ebacteriumel] Z A7) 4ot Higs =t A4
e,

Corynecoryneform ¥ Z¥F#E5o] =1 7F=] 4Rl
BEE veddeRe d3H dex ot =
F A E SEERD S 2y cory-
neform bacteroid& o] &= life cycle o] =}=} #Hia
fEVl #ete Ax glon = REEREMe] whet B
e A= d5HE

Z.8] 1} corynebacterium diphtheriael= o 4HER
ol Eolgle FHlA T s HAS BES

eubacteriao]

e A st FAXGRE] e Fid 274
snappinge] 9 8te] 5Z4F1 v}, = snappinge [
Aol P, WBMAANE B4gonz @
B MRz R A4 il SR %
Eolzt A7 g vy
(2) DNAg| GC-58
t}-2-o] DNA ° EEE: 4L (DNA base composition,
=+ DNA GCe 4E GC—content in DNA)<]
Hete] FEe ATk T HAEGEEEYE
EES Awste WHENLRE DNAC e
< HAsA dedsh
29AE 499 Figs %7 G DNAS
WS M EAe) AAEE g o
& e FHBl AR 24 ol APk
@3 DNAG £rfs] & Billi(base) o] BRFIE of
LRREEHLY] AR E Kk el vz A48
A5
o] 7] A1 DNAd1¢] guanine} cytosineE ndt &
o] Zf4e] Eirphe] dvlubE FteldtestE DNA
BIFEFIR =2 DNA GC—& ol ehel A fi4:4e)
Hig oA E (nde)z 4bz gl
DNABSAHR O] AW FiHits vebie B
mEA edRe BHEERAA G g
(1) DNA—DNA hybrid®} GC-—¢#o] 7t7h$
RoleloF gt
@ 2kde tES7Ee GC—EES st
o Az o] FAMSeh WA GO HEY 1
29 GC—&&e] FA RS
ohg LB 2 Bl A #He] DNAY GC—
BES HEE G797 T JnkdE Coryn-
eform bacteriad] #3 A= A F7A 24X «¢H
A A ke
Z2]Aq 227} coryneform bacteria®] DNAY
GC—& &S mEstdth. 23y HERBRA L
Z A2 BHX gl HAFIFIS, R
22 lysozymeol| FERESZH:Q] (insensitive) Fitks
glycine& Jndtedd wjokah=l lysozyme sensitive® 2
ol MIEEES lysozymeZ A 354 DNAS R
TR A HAAF ek
ol w Foll #340] AR,
bacteria®] GC—&&-& EHEMESA WER HES
BEAA $2)9) Agedel st A4V,
2 fERE 29 29 e

2.8 2, oA &g %0] coryneform bacteriad]

S

oA [

Coryneform
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Distribution of GC content of Coryneform bacteria

GC content (%)

50 55 60 65 70 75
T 1 T T o T
i 00 00 00
Corynebacterium 00000 00 00 © 00 000000000 o
©0 o
¥ T LS i T
Microbacterium o
T T T T 1 o
Cellulomonas o) ogo
o
T T T T T
Arthrobacter 08080088 8 o)
06 © o
T o0 T o o) T T
i 0000 0 000 0 000 0O O
Brevibacterium 0000 00 009 0G 000000000000
60 o © < o o

Fig. 2. Coryneform bacteria®] DNA®] GC—& & 57

Bs= B (genus) ol At 44T GO—aE
€ Ve EA L cellulomanasito] 99 & o},

Z, Corynebacteriuma}z o] 2531 E#ke) GC—
EGEL 52%0A4 74% ko)l 9z Brevibacterium
Fuste Bk GC—EE-E 53%o04  T1%AHo]
o sl Qg =, GC—4& &Ko AL
BRE ok o £ z3H = EikE 94
heterogeneouso] ] coryneform bacteriaZ GC—<&;
BY BEuo® BS BUALdTE 99yt

o] A& corneform bacteriaz} o] @] heterogen-

eous?| MEA/ME LIAFZ 9l AP

(3) MHBEERISY

chgoll REE (cell wall)9} Fsre2 £ cornef
orm bacteriae] 3|4 Tz AL} o9
Cummins#}i= A}#o] gram positive bacteriat} i
8 (actinamycetes) 8| AMIEES MKSHE opu
Mol Y e AR Bgs 48V e §
& ZAZ AFvhe RuE dhenr fEE
coryneform bacteriaol] a4 o] AL FAXKII) =
S5 5.

Cummins® A= F-—3F Hikoz HMfess
Fiustz ofvl kol b e B A WME
ft A3 L-lysine, meso-diaminopimelic acid,
meso-DAP, LL-diaminopimelic acid, LL-DAP
L-ornithine?} y~diaminobutyric acid, DABS] —
BEfii: o}n] 1Ak (dibasic amino acid) &) BfEE B
(genus) 9] AMEA EHA QE Aoz Ay
o,

28§ e BY ty-edAE 294 B
Rt eReE AV n. MfEEe ERE o)
Aoz 384 HHe d77 dd syt

Y3 x gMULEe MgEsae] typest A
Qs 23, Suksle HEE 94 A e
Z  {iBEZe] meso-diaminooimelic acidE &%&3h
t BEkE MBS = snappingel ojste] A B
Gfis}e] ute] lysine, ornithine, LL-DAP, DAB
£ 4HsE Bk bending typed] WS HMEA
BRFEAS SRS = ol TIHAT
829} murein®] Bi7} o) E ol xdE BRRF
JERAE kg4t

4. Coryneform bacteria®| grouping

x| Z7}=] coryneform bacteria®] HifsZiEER o]
1} DNAY] GC—&#& Masho] wgtert

coryneform bacteria®] & E il o aa S D
fevtt. zExz ol E AFst 6~TH] A
WorE & o HES o19A 3} FL7
we) 2 A ggtth wehd MEEEARS data
g Qgeds Faat #HAD A% G %
2 AeAA fuEelA mEsd et 2kl
MR MG Fobdg = vlaa o ME
grpes] SetA el gt Aol EREYH

283t e AFAAY dtaad A ESHA
S &, 28 3o vepiuiel gl el
WhREAEe] -E¥iolu] - Ak (principal amino acid in
the cell wall) 3} #fa5Z89] RS X3 DNA
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Mode of Cell Wall Type

Snapping Bending

Cory. callunae AJ 1518 Cory. hydrccarboclastus AJ 1379
Cory. diphtheriae AJ 1414 Brev. linens AJ 1520

Cory. herculis AJ 1543

Cory. xerosis AJ 1375

meso-DAP Brev. ammoniagene, AJ 1443

Brev. divaricatus AJ 1498

Brev. flavum A] 1485

Microbact. flavum AJ 1415

Micrococcus glutamicus AJ 1502
Arth. aurescens AJ 1530
Arthg citreus AJ 1423
L-Lysine Arth, globiformis A 1422
Arth, oxydans AJ 1425
Brev. sulfureus AJ 1478
Cell. biazotea AJ 1569
Cell. gelida AJ 1567
Cell. uda AJ 1568
L-Ornithine Cory. flaccumfaciens AJ 1400
Brev. albidum AJ 1472
Brev. citreum AJ 1469
Brev. testaceum AJ 1464
Brev. lipolyticum AJ 1450

-DAP
LL-DA Arth. simplex AJ 1420
DAB Cory. aq'uat.icum AJ 1413
Cory. michiganense AJ 1390
Table 3. #futes] Tyves MMAZS kR

9 GC—&ES Wt 971o0= HhtEs T2+ 272 groupel| FHEAI FEMHEE <Sufol =

MAE gl 2geunt. 2dus 2 EE B
3= 1B 4 (generic name) Fh #RH3HA coryneform
bacteriax= @74 groupo & ViEF A

2.8)5le] meso-DAPE #HfuEEC] GHIE A
Eic A (animal origin) ¢} Z o] #r}E} L-lysine
& st LEo Y A fElE e Ae ¢
AGA-evch oA Hzol g HElA R
Aol et B kA WiIkEe FERE A3t
nml 7 groupel Ju@ HHEHol e Fel A7H
sy

o)A ThA e JEREY, B, AEER
WES FFdeda e W2
o AEEE A B £l HstdAE 28
&) gEol HWete] FES L AR Hibikdl #

shel = 22ME3HS] FHEEA Bete] BESIA R

AR S PIEEY MKl meso-DAPE
EHI=R L strongly gramo] = DNasez gl otk
#ifrg ol L-lysined &7F3H= -2 M (weakly
gram positive)o] s DNaseZ 7}z ¢l Q-& o},

group 4 95 oJx=Z o]} M8k ornithine
2 HES oy AfbEpo R off temg
2F 02 etk olebge] st coryneform
bacteria®] U M9 group Z}7 Bird MHEE
tAe AE dgsvdh

Tt MY TaERl kNS 25 group

1o] 353 A thrh DNAS] GC—a ke 54% i
#A st

BT Fel 5 #59] BiEHE (phospholipid) o 73
ekl Rl HBkE Az dedsh  MHEY
BEIEE 2 ML (membrane system) of] fRfE3tE 2
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Fig 3. Grouping of Coryneform Bacteria

Type of Type of GC~-content (%}
Cell wall |Cell division] 50 55 60 65 70 75
- | 1 1 1 1 1
0Q08e L0 08000000
AOAQ® o [ 1 lelel )
*@ Q0
® [ 1}
Snapping : .
oL-DAP s
ry Group~ |
ry
. o [
Bending : Group~-2
(X Jel T T 1 Ju]
5255
Lysine Bending
Group-3 ggg
AR
Ornithine Bending
LL-DAP Bending
DAB Bending 90 [Group-7

O Corynebocterivm
® Brevibacterium

Q Arthrobactar
wm Ce/lulomonas

& Unidentified coryneform bacteria.

& Microbacterium
% Micrococcus glufamicus

3Table 4. Characteristics to differentiate seven groups of coryneform bacteria,

‘ Groulp 1 ( Group 2 l Group 3 | Group 4 | Group 5 | Group 6 | Group 7
Type of cell wall DL-DAP |DL-DAP |Lysine Ornithine LL-DAP |DAB
Type of cell division Snapping |Bending [Bending [Bending |Bending |Bending |Bending
GC content (%) 51-70 60-63 58-65 72-73 66-71 70-72 69-71
Gram-stain Strongly [Strongly |Weakly [Weakly |Weakly Weakly Weakly
positive  |positive |positive [positive |positive |positive |positive

Cystite: Cystite:

Strngly Strongly

positive positive
Motility Non-motile]Non-motilejNon-motile|Motile or |Motile or |Motile or |Non-motile

or motile [non-motile non-motile non-motile jor motile

L
Metachromatic granule + - - L - o -
Pl hi Not Not Remarkab-|Fairly ‘Weakly !Distinctive[Slightly
eomorphism distinctive |distinctive (le Cystite |distinctive Cystite
elongation
branching
Citrate effece + =+ + Inhibit — — —-
Acid production fromsugars | -+ or — — — +(stro_n%- + weakly — —
ly) rapidly |(slowly)
Utilizaton of organic acids -+ + + (widely) |- (restric- + + -+
te

Hydrolysis of gelatin — + + + (slowly) |+ (slowly) + + or —
DNase activity — -+ + — + + +
Urease activity + or — — — or + — — — —
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M Fge oTdT B7HA Fikolstm A%
ot7] WEY

BIRES A ol B Sl SHHERE (32p)
£ sl foste] £FE HEMEAA MRES
sl o] A& chromatography s} WiitgES] 27
oA BIEES RS ote HiEE BRI
o} = 8, coryneform bacteria®] 9% group
ot vhea
&t

5. Mureimi#Eeto| BRR

2.3l = coryneform bacteria® R F7tx] L&ET
gulel e AAow 473z g 594 Ka-
ndler 9o} HifuEES] peptuioglycan% gl A
coryneform bacteria®] 4L sz 9SSt
SR 5 28 @kke S0t Pt ¥
¥t A9 A-stdenz HES HREE HEH
‘e g eyd

HEEY MpEEE-e N-acetylglucosamins} N-acet-
ylmuramic acidst A 2 #E&8he] = Alo] 7} peptide
24 goE] gdEAom A4 L, £l
o =z BXEE VeV

283 = peptide brider= &#lo] =of el fut
sharel 2f@¢) subunitsh TR AAHE
eptide linkagez 1ol Fvivh, o F4-E RS
coryneform bacteria®] ¥ L9 REFHo] ¥t A
ohed Bgrgieh,

$2)7 grouping® 2% Sb‘wﬂ-"% o} 341
o] m~DAPo]= {fi subunits}= EEHEAHIYUE
direct type® -5+ =, groupt %n‘%ﬁ“] & group
13 B9 i @) Aol k A=k
o8] = group 1of = Corynebacterium diphtheriae
49 ESFenBEe] 2RE A e group 3
& 3R & ofm4to] L-lysineo]s] A. globfi-

Lo

ormis®] interpeptidel 3749 olgld oz =ojgl

phospholipid patlerm-g-

interp-

LYt} o interpeptide{— Bi#E (species) o] v}
AT wAmd M Hg e,
group 4% 3#A|, o}u]lx4lo] L-ornithineo]

5 sub-unitd], Ajoeo=
aspartic acid7} 1{EE¢] .

glutamic acid =&

St 283 Cellu-

lomonas7} o] #ikE  Yelulglg1t}.  group 5&
& Zggur

298 ofm| Aol TrE 4 WAL oln|x it
fisrohel 9E typeluith ol A& interpeptideo]
D-ornithineE 4743} o] groupdl® L&/} =
3= motile brevibacteriaz} o] 7]},

A Schematic Representation of the Organization
of the Infact Murein Sac

M m
/l /I /l /I
M/ / / /
G/l / / /!
Z M/ M’/I_M

M /
G/ G/ G/ G

M : N-ocetyimuramic ocid

G ¢ N-acetyigiucosamine

[Atter J. M. Ghuysen],

Fig. 4. Murein %] XM

Variations of Peptide Subunit Found in Bacterial
Cell Wall

Mur
1 L-Ala (Gly, L-Ser)
2 (3-Hyg) D-Glu « NH, (Gly, Gly NH,,
D-Aja NHay
3 m-DAP (L-Lys, L-Orn, LL- DAP,
m~-HyDAP, L-DAB, L-HyLys)
4 D-Ala
5 (D-Ala)

[After K. H. Schleifer and O. Kandler]
Fig. 5. #5Y #EEES Peptide Unit

98l group 49 group 5% %Zt} ornithine
& &FI £EY AbBHos ttEng 2zt
WA growpz Blgeh HHGESVT AR
murein®} fEiE7} Ao 2 Fhg

group 6& 3WAlS) ofn]:ffe] LL-DAPo}=]
interpeptidet= glycined & AU, 78

2@ M obelxAke] BHE sub-unitsh gEAste] ol
& subunite] L-DABZ- interpeptides] = D-DAB
% anHE AYY

o spgo) 87} o ei7h) EEIA groupingd
coryneform bacterial= murein®] —yk#:% (primary
structure) ol A Holx R0l HiE Aol ohgl e
iz
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Primary Structures of Peptidoglycans Found in Coryneform Bacteria

Groups 1 and 2
—G—-M—G—

L-Ala

D-Glu—> (NH,)
7 w
(NH,) «—m-DAP<«—D-Ala

D-Ala m-PAP—) (NH,)
]

Corynebacterium diphtheriae
Brevibacterium divaricatum
Brevibacterium linens
Nocardia erythropolis

(C. hydrocarboclastus)

Fig. 6. Group 1, 2,

Group 3
—G—M-—G—

sL-Ala
D-Glu—>NH,

U e,

L-Lys «—E-—L~AIa<—L—AIa<—L—A1a<—~j——D—Ala

__________________________________________ T

D-Ala L—Ifys

Arthrobacter globiformis

[After K. H. Schleifer and O. Kandler]

2 29] peptidoglycans, #iE

Primary Structures of Peptidoglycans Founds in Coryne Coryneform Bacteria

Group 4
—G-—M—G—

L-Ala

D-Glu

lf b
L-Orn<«—D-Glu«—D-Ala

1

D-Ala L-Orn

Celullomonas fimi

Group 5
—G—M—G—

Gly

J
D-Glu—>D-Orn<«—D-Ala

|7 f
L-Hsr L—T-Hsr

D-Ala

Curtobacterium citeum

[After K. H. Schleifer and O. Kandler]

Fig. 7. Group 3 2 49 peptidoglycansd] #iE

Primary Structures of Peptidoglycans Found in Coryneform Bacteria

Group 6
—G—M—G—

L-Ala

D-Glu—>Gly
|7

D-Ala LL-DAP

Arthrobacter tumescens

Group 7
—G—M—G—

Gly

D—GluLD—DAB(——D—Ala
|7

L-DAB<«— (Ac) L-]T)AB<—(Ac)

D-Ala

Corynebacterium michiganense

[After K. H. Schleifer and O. Kandler]

Fig. 8. Group 6 % 79] peptidoglycanse] #its
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6. Coryneform bacteria2| 738

A7+ 1}= Coryenform bacteriad] XE3H=
WS e Y Al @mEele &
Botozt: BY A4S HEA 5denz =
5iEe SEsnEEed A &5 2 DNAY GC—
SV MiHERS e RE BY BaS a3
g e dEe gt 2V EE &
EHREEENAA AR B Tl
A gz GC—g RV MEERST 22 (t281
d B4 HAste] HEAEKS grouwingd HE
sto] bt et

RS #Rse LBRGS Axestd &85
el AL chemotoxonomyst gtk =, o
#A7bA] fEdA RRERS EA% SR
£ polyphasic taxonomyz}z. iz,

$8E Lk HRAA
&l Eof elfiulel el HEE Aol TME
JEsoh e Y7t MREESY obvixA RS A
Az GAL o\HEel g e WHS FRE
A7 REG Ik

coryneform bacteria&-

"Coryneform bacteria

Aerobic, strongly gram-positive or weakly gram-
posiiive, non-spore forming, not acid-fast, rod-
shaped bacteria.

Key to the genera of coryneform bacteria
I. DL-Diaminopimelic acid is found in the cell

wall.

Strongly gram-positive. Non pleomorphic.

A. Snapping cell division is recognized.
Metachromatic granules are found in the cells.
Gelatin is not hydrolyzed.

GC content ranges from 51 to 70%.
Genus Corynebacterium Lehmann and Ne-
umann, 1896.
Type species: Corynebacterium diphtheria
(Fliigge) Lehmann end Neumann.

B. Bending type of cell division is recognized.
Metachromatic granules are not found in the
cells.

Gelatin is hydrolyzed.

GC content ranges from 60 to 639%.
Genus Brevibacterium Breed, 1953.
Type species: Brevibacterium linens (WeiS-
mann) Breed.

II. Lysine is found in the cell wall.
Pleomorphic, weakly gsam-positive or gram-
negative cells and strongly gram-positive
large spherical bodies, cystites, are frequently
found in older cultures.

No acid is produced from any sugars.

Gelatiu is hydrolyzed.

GC content ranges from 58 to 65%.

Genus Arthrobacter Conn and Dimmick,

1947.

Type species: Arthrobacter globiformis

(Conn) Conn and Dimmick.

III. Ornithine is found in the cell wall.

A. Acids are produced strongly and rapidly
from many kinds of sugars.

Organic acids are not assimilate except

acetate, pyruvate, and lactate.

GC content ranges from 72 to 73%.
Genus Cellumonas Bergey et al. 1923,
emend. Clark 1952.

Type species: Cellulomonas biazotea (K-
ellerman e? al.) Bergey et al.

B. Acids are produced weakly and slowly
from some sugars.

Acetate, pyruvate, lactate, and other org-

anic acids are assimilated.

GC content ranges from 66 to 71%.
Genus Curtobacterium nov. gen.

Type species: Curtobacterium citreum
(Komagata and Ilizuka) comb. nov.

IV. LL-Diaminopimelic acid glycine are found
in the cell wall.

Flongated or branched cells are frequently

found in ordinary media.

GC content ranges from 70 to 729.
Bacteria belonging to Group 6. (LL-DAP
type coryneform bacteria)

V. a, r-Diaminobutyric acid is found in the
cell wall.

GC content ranges from 69 to 71%.
Bacteria belonging to Group 7. (DAB type
coryneform bacteria)

Table 5. Coryneform bacteria®] 7338

A} 1 groupE meso—DAPE fliflEd) &H3 2

snappingel &3t FZsE MEIY AL GO—
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aFo) 52~56% Aol gomAl HiMlpo s
Corynebacteriume] #EE yYeeRol EIH
Yz}, Corynebacteriumy = A @5hullzto] 1896
fo] Lehmannel] oj3te] glkd @IV=E =%
A# kA 2 REREE Sevd

a3 $8 = &A%Y corynebacteriume X &
B HES JAE Bk fdAelstz A
Ao,

@B hEdl A GC—EES %7 20% Lk

= A2 DNASY Heio) 4 o] o] heterogenous
FeR§ Btz QgH=h 2 BE 9949
KBERAAE GC—4 8o & groupst W
group¥ FEEE HiE/l ooz HReE A
SEEYT. BRI $E% #IEH (phospho lipid)
o Mol A GC—&fol &AL Nocardiad] &
270l ohdrtx Az,

group 2+ group 13 SZEEAT MfgeEh e
el mEe 25U 292 of groupsl:
Brevibacterium linensy} £ 31}, Brevibacte-
rium= B #Eo] HESA domz ofF
heterogenousftye] Y, 2 Fol waste basket
genusztz 74X FEjolAz s =y ¢
2l & 1953l Breeds} o|Bg AP &4 &
9] aS BES) A7)= Brevibacteriumy o] &
e WEE b ke BeEdche A4

group 3 ] lysineS &F3E HHkel
Y 252 BHEE HESLY SEARES Y
gy o] A& 194740 Hir¥El  Arthrobacter
B Ao —HE T I BE ofF FAMEES
o] ko 1} $&]9 chemotaxonomical 8 FHFE A
HES B s AR vk A7,

group 45 fEEEC] ornithine® &HI= A<l
d A Bdtube} o] thg, group 59 MRfEE
o 445 & omnithinee] ik ] RsaHERel =
29 = ANMEEE FUS. 28, o group

il

ot

ol = Cellluomonaszlz [FH5Ed BEHE7F 285V

Z Y o]l & kol Cellulosed] ML Red
F7F T ol AL BARYT BT 23
BHREEENAA fES 2 dEE el 9
SRS AAT Aoz G4

group 59]& 287} 4EANAN 5HSS motile
brevibacteriag A #4538 Byt 23U, U=
1956488, EgMl = ERT gramfBiEe] MEHE
& otz 2HES RS EE SRBLS
EE wETTFF JSYTh SHEE 8o 1A

A 9= Brevibacteriume] FiBAZ oY o1
gpellA] o] & HIEH-S coryneform bacteriad] o}
groupd] & A fetteEdE €enz: A=
$ J§ Curtobacteriumz 3l BirA 7AYo,
=3 Curto- & 2 i gv| g,

group 6 #MiifEES] LL-DAPE &%t W
#9 glycineg 2HILE B streptomy-
cescl BT MBI A=,

group 7 HilgBEe] y-diaminobutyric acid% &
HEEA Y} EHECL Aong FHETRAL HF
RAAZ AATL QU

7. SFEIRIBHEN 25t

ol 3 9 Jpl TFREGEY FAEe HAE
e} & AL corymeform Dbacteriac] Bf
& A2o] wetn 25E Feedrl &l
g 4E=HEUd. 28 o974 57 polyp-
hasic taxonomy$] 7o)+ ¥#E Coryneform
bacterias] N A EAZow 49 TEEHE
e A HEA AnEAS. LES RBE
P Rl A SFERIBES Miekko] meso-DAP
& #4573 snapping typeo] 9% MRS S 3t
m DNA¢Y GCE 54% migkdywh. = 4B 4
LB =E ofF HELUF IS oA EA &
9 FEelul o] -2 Corynebacteriume] ZHE=
Aoz AZ4FVrh z# 1t 2 MH(species) ] RIH
o diAde Mt HRE AR SERY F
B @AY AEAGE & BmiEs
7t vtz AAFY

= AEkitges ¢34 & Corynebact-
erium hydrocorboclastusgi= $-219 5o =e}
Nocardia erythropoliszlz BREI 4 =

ERSLE R FEHAAE 49 HEo =t ¢
Fad eyl Ay Feeozr FA%N:
FIE A %S}l coryneform bacteria® 2.8 3
Yok, AFAA b E FEIA FU™ Ml
A LB SHAA EES SHAA B2
#ZH &t gevch. o7 B BAmS
el EHE T3 SRt Aeg mdYH.

#] temport =Rz AZF YT

z8 Y, BaHoEEe hapBe t Kl
s =AYk, 2Eln ZHEAES #KY R
B # (pheneotype) Thofl mHEZle] ofv 2 BEEM
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%, AR, UltastuctureS 9] RSB
A4S Farel BES T 2AL RENIRERSE
9 Aozdd BRAAA gonl 4
2217 GAAE BEHSE P FA%E A

S mele YA gomd F4F JFE
B ASE Bl LEN @R GAHY
Fxs A2 Bt pEsicte 424,

=, BEHSESS el pde [Hty
& ou @ Amste B AL Atee BHs
etz F4oevTh olARE MAHS Tk B
#e] FevA oh 3 o}F SEEMIE Aol
= BT 9e A

Holsb BARe) oA BEmY Bad
A Qe 2R (ecclogy) & FigEsA $onl
ook,

2R Rl ks 2 $88 3
G e FERE gebe AYYTh

Z ERBEDBO 2 AY BEHIEES 249
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