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Studies on the Diagnosis of Foreign Bacterial Diseases of Quarantine Significance VI. Preparation
of selective medium and antiserum for the detection of Clavibacter michiganensis subsp. nebrasken-
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(Yokohama Plant Protection Station 5-57, Kitanaka-dori, Naka-ku, Yokohama 231, Japan) Res.
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Abstract: A selective medium (NSM) was developed for isolating Clavibacter michiganensis subsp.
nebraskensis, the causal agent of Goss’s wilt, which is seedborne and of no occurrence in Japan. Also,
antiserum was prepared for diagnosis on it. On NSM, Cl. m. subsp. nebraskensis formed capitated,
smooth and salmon-pink colonies after 3—-4 days incubation at 30°C and blackening of the medium
around the colonies was observed. Depending on this colony characteristic, Cl. m. subsp.
nebraskensis was easily distinguished from other bacteria such as Cl. m. subsp. michiganensis,
Curtobacterium flaccumfaciens pv. flaccumfaciens, Rhodococus fascians etc., which could grow on
NSM. The colony forming efficiency on NSM was 72-177%. In gel-double-diffusion test and
slide-aggulutination test using the antiserum against this bacterium and various antigen of the other
bacteria, it suggested that there was a relatively antigenic homogeneity among all 13 strains of CI.
m. subsp. nebraskensis. the antiserum absorbed with the antigen of Cu. f1. pv. flaccumfaciens, which
had a weak reaction with crude antiserum, had become more specific on subspecies level. There-
fore, NSM and the antiserum are useful for diagnosis of the disease caused by CI. m. subsp.
nebraskensis.

Key words: isolation, selective medium, antiserum, Clavibacter michiganensis subsp. nebraskensis
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1882) Winslow et. al. 1920) K&k ® 1981), 4 v
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Table 1. Bacterial strains used in this study
Bacteria Strain Host Origin
Country
Clavibacter michiganensis ATCC 27794, ATCC 27795, Zea may L. U.S. A
subsp. nebraskensis ATCC 27822T
ICMP 3294, ICMP 3295,
ICMP 3296, ICMP 3299,
ICMP 3300, ICMP 3301,
ICMP 5367, ICMP 5368,
ICMP 5369, ICMP 9112
Cl. m. subsp. michiganensis YPPS R-1, YPPS K-4, YPPS K1-1  Lycopersicon Japan

Cl. m. subsp. sepedonicus

Cl. rathayi

Curtobacterium flaccumfaciens
pv. flaccumfaciens

Cu. fl. pv. oortis
Rhodoccocus fascians

Agrobacterium tumefaciens

Erwinia carotovora
subsp. carotovora

E. herbicola

E. stewartii

Pseudomonas andropogonis
P. avenae

P. marginalis pv. marginalis
P. syringae pv. lachrymans
P. viridiflava
Xanthomonas campestris

pv. campestris
X. oryzae pv. oryzae

YPPS U-18-1
MAFF 301003, MAFF 301004

esculentum Mill.
Solanum tuberosum L. do.
Triticum aestivum L. do

NCPPB 178 Phaseolus vulgaris L.  U. S. A.
NCPPB 1751 Romania
NCPPB 2344 U.S. A.
YPPS Y-3, YPPS T-4, YPPS T-90  Tulipa gesneriana L. Japan
NCPPB 156 Chrysanthemum U.K.
morifolium Ramat.
NCPPB 469 Fragaria chiloensis
Duch.
YPPS T-1 Rosa sp. Japan
YPPS C-1-1 Solanum tuberosum L. do.
YPPS E-6 unknown Japan
ATCC 8199, ATCC 8200, Zea may L. U.S. A,
ATCC 29231
MAFF 301116 Tulipa gesneriana L. Japan
YPPS P-1, MAFF 301141 Eleusine coracara (L.) do.
Gaerton
MAFF 301519 Cucumis sativus L. do.
MAFF 301315 do. do.
MAFF 301326 do. do.
MAFF 301076 Raphanus sativus L. do.
YPPS X-3 Oryza sativa L. do.

ATCC: American Type Culture Collection

ICMP: International Collection of Micro-organisms from Plants
YPPS: Yokohama Plant Protection Station

MAFF: Ministry of Agriculture, Forestry and Fisheries

NCPPB: National Collection of Plant Pathogenic Bacteria, UK.

T: Type Strain

DEFZITV, S DISEREM THOBS Wl OR
EICHLMEOF A AT RE» A BE L7,

WHRUFE
TS
Cl. m. subsp. nebraskensisiXAmerican Type Cul-
ture Collection(ATCC) K UfInternational Collection
of Micro-organisms from Plants (ICMP) 7 & E#kk
ERKEHFTEEBTEALCISER (BHWKERES 2

5823728 - 582502%) #HEA L (Table 1), %7-,
SIBHE & U TSR RME 7 Bl 42E R AV
7o TEBLL7-PMBOREMOREICIT, ThHox
FRAHES & O CARBR TBAZR L7 BIRESHx iV Tl
ArTEnavETr o0 L/cHBEEZEEA L7, Bt
RMEILIY ~ MM BERERERMERE® (PSA) (B
A, 1955) ITBHE L, 30°COERBEMA TU~480H
B Lok, £RBRICAV
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Cl. m. subsp. nebraskensisiz -7 a3y & —¥Hk
BRIUT7SLRENPBE TH S I L(Dye and
Kemp, 1977) IZ&B L, CNSKh, F~<FhunkD
REOZHOSMCMMEEH (A1 - 4K 1988),
R R Coryneform bacteria?’ BIFIC 4 HE ¢+ 55235
# (Kado and Heskett,1970) O xSE L L TE
R aBE L, REBFEE LTV Y v, HER
F o L TEERIFE AL XUNEA ViK% an
L, B-7VayF—YERR I A7 U v OMmKsGi#
BEEREY$HI L Lic, 275 LAREHEEDCE
BriH+ 5B THRBRRY IF VB EF Y VFY
VBB L UT VT MU AOEMAERR Lz, SRR
HOHE MG 5720103y 7 anF Y I FOTRM
RRE L7z,

RIREH DO FIRM & & U FARGE

HYRERETBISEALERZBREKICLX10
cfumlE a5 & D ICRE Lo MEEO0. Imla EIRES
HFER BV S—VBECTRESER L/, 30°CT10
AMREE L, £EUROFES JUEEOERICIOW
THREL, FRYELRDK, HbHE TCNSEH)»
S b)) F 7 A L Bravo 6F (tetrachloroisopthaloni-
trile) ZERW /- B BECNSE K U'D255# (Kado and
Heskett 1970) ZXIB L L CERRA HE L/,

miESa R

Cl. m. subsp. nebraskensis ATCC 27794%PSA#}
WM T25°C, 24RpfIEEE L /- BE v A B AE
KIZBEL, BLEERVETI L CHlERLTHELZR
B, REANOREL, FENZL. 0x10%cfu/mlD#
HEEBERK I mlt B0/ SU— T VanNVET
R L=y s VEGREH L, ZORIIFEKE
E1. 0 x 10%cfu/ml DA EEEK 1 mlz—ERERETL0
EREIREH L, SEFRED 7 ARICLERm L THILE
B, FnEOIMEIIRRENESE TORERM
KL ORDI, R LTS5 ABMEYREHEEOR
BROMERIGICOWTIE, 254 FIREELERY
VA= Eih#E (Ouchterlony ) THRE Lz, £/,
Kadota® (1996) DJ7ik CCurtobacterium flaccumfa-
ciens pv. flaccumfaciensDEE A& TR L= Hi M

(ATCC 27794) %=fER L, FAHFIZHE L,

BIREWICED FYEQILBEBFHALOMEBED
B
FRHICEAIhZ b ER oYV EF0gE MR

L, £EAEK200mITHRE L, AETHRLT
BB L T OIMEFRE T o, BT
BES N7, £EOURBS LT ZORBORERD
BE B-7vavid—tYEl) OFEYBE L/,
WS ODIEAN SN EE» LRENLLDOEHE
L, PSAMTEER L/, ChOLOBEMEORE
W x B\TCCL m. subsp. nebraskensisOHIME & D
RiS%EA54 FREETHE L,

&5 R

FIREHOHEMK

FAEOFRBEERM, 75 LBREMER ZURRE
R AHERSICOWTRRA L, -7 Ilaya—
YERZL 27 LBHEMEEOT L AL LR
REEH A PERR L, NSMESH & #6517 (Table 2),
Thbb, BRIFRA5.08, H¥A VK #EY2.0
g, 77Uty 10 ml, #HILF FU T L5.0g, TRY
J/1.0g, 7 TV 8k0.5g, ERIGgn 7K1
%R, pHT. L% L CBERE (115°C, 155D
#®, ¥50°CIcBH L, Yy7uan+y 3 F100mg, 7
SABEMEEZNH T 5 BN CHREBRYIFV VB
(8,000USP/mg) 30mg, 7Y Y+ V/B40mg% &
BEECHEm L, FUYFY VR, 0. INOKEBL
F U AKBRICHER L THEML,

NSMigH F(CE(T 2 FEMAEOTRAMER

NSM#z#h FDCI. m. subsp. nebraskensisit, 30°C
THE 4 B HIERR, AF, 2& 8, KEF
BTEXEZFCLER I~ 208 %KL, 4, 5
ARIIIEZEORBEOEMZBE LA (Fig. 1), &
Be L THALLEKDS B, Cl. m. subsp.
michiganensis3s X U'Cu. fl. pv. flaccumfaciens\ 3B
4 BB TREEDHVIZEE, A, && +8 %
PR CEBXEHOLERE Ll ~ 2mmOEE Z K
L, 4BEACREZEOABEOEMYBE L7, ¥/
Rhodococcus fascians bNSMEEH L CTHE L=, £
OEFRIA VB TZORBOEMOERII L, -
Too ZTOMOBERERITEEB Lizh > 72 (Table
3

R EYES

NSM#z# & 5B & U7 ZEBCNSE s & UD255
123313 A Cl. m. subsp. nebraskensis 6 EEEDFEHRENR
PHE L-HER, BEREICETLELID S0, NSM
B TI72~177%Th VD, BHECNSHEHIL58~118
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Table 2. Composition of selective medium(NSM)
for isolation of Clavibacter michiganensis
subsp. nebraskensis

Yeast-extract

Casein hydroxy lysate
glycerol

Sodium Chloride
Esculin

Iron(II) Citrate
Cycloheximide*
Nalidixic acid*

Polymyxin B sulfate(8,000USP

Units/mg)*
Agar
Distilled water

5 g

2 g

10 ml

5 g

1 g

0.25 g

100 mg

40 mg

30 mg

15 g

1000 ml
(pH7.1)

*: added after autoclaving

Fig. 1 Colonies of Clavibacter michiganensis subsp. nebraskensis ATCC 27794 on NSM

%, D2EEMITIL 5 ~60% Th-7c, F/z, NSMEGHL
TOHEEDOHHIT 3 ~4 H, EECNSEH TS ~7
H, D255 T3 7 ~10H TH -7 (Table 4),

MEFRIME

FBL L 7P, BBICHWACL m. subsp.
nebraskensis ATCC 2779404 BEEKICK + 5 HBEN
BERMIZ LD, Hfiid640f5TH - 7,

A4 FPBREE TR, AHIMEIZCL m. subsp.
nebraskensis1 SEHED$ N T E G L, CL m. subsp.
michganensis 3 Bk & Cu. fl. pv. flaccumfaciens 2 B
BR & BRI L7,

EXT VA EILEE T, 13E#RDOCL m. subsp.
nebraskensisfl TN L EFE T B 1 ~EAOWRER
IR L, 3EHEDCIL m. subsp. michganensis &3
— BT L 7t 2 TR L7ze Cu. fl. pv. flaccum-
faciens 3 Eikk L 1252 E T B kMR # B L. (Fig.

2), RET LIRS L L1=Cu. fl. pv. flaccumfa-
ciens NCPBB 1751 DA B & CAFLIMNE % BRI L TIE
B 7RI BN, CI. m. subsp. nebraskensis?H
AREITNTELEE L | KOWEFHFZER Lz, %
7z, Cl. m. subsp. michigenensis YPPS K1-1% 4
Bt Lot 2 TR L7z, CORMBIZAS A ik
BECTLERFIVAZERHE EABRICRIE LK
(Table 5),

FIREW(C LD PYEQ DL EFHLOMEED

B

FyED oV ET A GNSME# TABES W7/
i3, EHEOWRY» L 7THEEICEFI Sz (Table 6),
FhZzn» GRERNZ 1 BEAHE L, Ryu(1940)
DHETT S LARIGERNIER, WInb 7 SLE
HHETD > 2o 72, A5 A FBREETIICL m.
subsp. nebraskensisOPLMLIE & RIG L7z H - 72
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Table 3. Growth of various bacteria on NSM

Bacteria(No. of tested strain) Growth Properties of colony
Clavibacter michiganensis + salmon-pink—color,circular,capitate,smooth
subsp. nebraskensis(13)
Cl. m. subsp. michiganensis(3) + yellow—color,circular,capitate,smooth

Cl. m. subsp. sepedonicus(1) —
Cl. rathayi(2) —
Curtobacterium flaccumfaciens +
pv. flaccumfaciens(3)
Cu. fl. pv. oortii(3) -
Rhodoccocus fascians(2) +
Agrobacterium tumefaciens(1) —
Erwinia carotovora subsp. carotovora(l) —
E. herbicola(1) -
E. stewartii(3) -
Pseudomonas andropogonis(2) —
P. avenae(2) —
P. marginalis pv. marginalis(2) -
P. syringae pv. lachrymans(1) -
P. viridiflava(1) -
Xanthomonas campestris pv. campestris(1) -
X. oryzae pv. oryzae(1) -

yellow-color,circular,capitate,smooth

orange-color,circular,capitate

Table 4. Colony. forming efficiency of Clavibacter michiganensis subsp. nebraskensis on NSM

Medium?
Strain
NSM D2 CNS NA
(modified)
Clavibacter michiganensis
subsp. nebraskensis  ICMP 3296 102» 21 82 100
do. ICMP 3300 33 85 100
do. ICMP 5369 5 58 100
do. ICMP 9112 14 81 100
do. ATCC 27794 60 101 100
do. ATCC 27822 177 14 118 100
Days needed for colony formation 3~4 7~10 5~7 2~4

a) NSM=CI. m. subsp. nebraskensis semi-selective medium

D2=Kado & Heskett’s (1970) medium D2

CNS (modified)=Gross & Vidaver’s (1979) medium CNS. LiCl and Bravo 6F removed

NA =Nutrient Agar (Difco Lab.)

average number of colonies on selective medium x 102

b) Colony forming efficiency=

(Table 5),

e S

NSMEZHOVERIC 7= - Tid, BYRE TONE
HErL FERaVETHLORMEOKREICER %
Bx, BRMELOBREEHOEMELEEL L, 20O
7o, BHMOCNSEMIZMZ TCL. m. subsp.

average number of colonies on NA

michganensis DFEINEEH TH 5 SMCMMEEH TDAE
BB I UBRE 2B E R 21T - 7o, AMEILS
SLABUHMETH LI L E-I VIV X —EEEE
BHITHI b, ThbOENZEIREMOHEICT)
R+rZLE L, g-ZNVayX—¥E®kiZ, TA
U VOMKGEEERRET 720D (Sneath,
1956) CHERTHILEL, ThiEAEs LR
L7z, BIREMORFERIL, 7V U V/BAZO—
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Fig. 2 Serological reactions in agar gel double diffusion test

The wells contain:

Center: Antiserum of Cl. m. subsp. nebraskensis ATCC 27794 (Plate 1)
Antiserum of CI. m. subsp. nebraskensis ATCC 27794
absorbed with Cu. fl. pv. flaccumfaciens NCPPB 1751 (Plate 2)

A: Living cells (antigen) of CI. m. subsp. nebraskensis ATCC 27794

B: Living cells (antigen) of CI. m. subsp. nebraskensis ICMP 3296

C: Living cells (antigen) of Cl. m. subsp. sepedonicus YPPS U-18-1

D: Living cells (antigen) of Cu. fl. pv. flaccumfaciens NCPPB 1751

E: Living cells (antigen) of CI. m. subsp. michiganensis YPPS R-1

F: Living cells (antigen) of CL. m. subsp. michiganensis YPPS K-4

ALV LAREOEFICHL, HEETIL, BRIFA
L NEA VARG RGO A G DRSS, BRIFEAL
N7 bvoAELE LD LHE L T, RRREB &
U7 5 LEEMEOLEBTMEIO/-OICy 7 aF
B, 7o4F UL, BRI IFVVBZLTTH
U VFY VBROTINEBR Lz, iR Y I+ B
EFVVFEVUVBOMAGDRICIVHERA LA T A
e EREMEOEFTIZIMZ 5h, Cl m. subsp.
nebraskensisi¥ 4, 5 HCEEZHH L7z, £ T,

COZEREEMER LoD, EHEOHEEFRDH/DIC
CNOCOHNEWEDOEHRNEZH L, BBRY I+
VB (30mg/l) :FUVFEVVEE (40mg/l) HEEET
HY, U ETHENIAMEOAETAIRE L7,

Cl. m. subsp. nebraskensisiz, NSMEsH# - Tid, &
BCNSHE#, D2RSHICHANEFEDOEH A 4 H LR <,
T/, BHECNSEH ETIIERICL D XE IBAY
— I IANSMEE M T3 — T EE 2 TR L7,

NSMEs#h | ClRBED 7 5 LG H Y R A 255
HEwT LIy, ZOEEDOBELERFEOROR

B OHEH SCL m. subsp. nebraskensis & 45512 1X 3
T &7z, FEWBETIE. NSMESHII A ECNSESHY,
D2EEHIIC N T 7,

Cl. m. subsp. nebraskensis ATCC 27794 DI E
13, WFNOHERISERICH L TRt 2 TEm
LizZ énb, MEBECHERE S, EREMNCHE
THUREWEOFENHE SN, ABORIEIZFIAT
LMW LA, LA LAEAS, Cl m. subsp.
michganensis & |3 —EFE T AR AR L, i
Cu. fl. pv. flaccumfaciens ¥ | 325723 A VkkER & HH
TAHIEND, RPLLE DR x BEER 3 572
ORI TE 2 (EBL L 7=, Cu. f1. pv. flaccumfaciens
NCPPB 1751 T L 7= piifygid, CI. michiganensis
DO LT EAERIGE L L 72> 7h, CL m.
subsp. michganensis YPPS K1-1 & |3t L 7o P
B L7z D/, ABRIRPLIME % B CFIH
BT EICIIRIEDP B 55, BFR LA NSMEEH & &
HFhELZLICLVAMEOREICFIATES DL
E2b, Eic, ERTFIVA_ERBERSIUATA F
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Table 5. Slide agglutination test between other genus, species
and pathovars of bacteria and antiserum of
Clavibacter michiganensis subsp. nebraskensis ATCC 27794
Antigen® strain antiserum® absorbed
antiserum®
Clavibacter michiganensis
subsp. nebraskensis ATCC 27794 +2 +
do. ATCC 27795 + +
do. ATCC 27822T + +
do. ICMP 3294 + +
do. ICMP 3295 + +
do. ICMP 3296 + +
do. ICMP 3299 + +
do. ICMP 3300 + +
do. ICMP 3301 + +
do. ICMP 5367 + +
do. ICMP 5368 + +
do. ICMP 5369 + +
do. ICMP 9112 + +
Cl. m. subsp. michiganensis YPPS R-1 + —b
do. YPPS K-4 + -
do. YPPS K1-1 + +
Cl. m. subsp. sepedonicus YPPS U-18-1 - —
Cl. rathayi MAFF 301003 —
do. MAFF 301004 - -
Curtobacterium flaccumfaciens
pv. flaccumfaciens NCPPB 178 - -
do. NCPPB 1751 + -
do. NCPPB 2344 + —
Cu. fl. pv. oortii YPPS Y-3 — -
do. YPPS T-4 - -
do. YPPS T-90 - -
Rhodoccocus fascians NCPPB 156 — —
do. NCPPB 469 - -

7 colony-type-bacteria
acompanied with corn seed
15 other bacteria

a) Positive reaction
b) Negative reaction

¢) bacterial concentration was 1010 cfu/ml.

d) Antiserum was dilluted as 1/20.

e) 1/20 dillution of antiserum was absorbed with living cells of Cu«. fI. pv.
Sflaccumfaciens NCPPB 1751 at 37°C for 2 hrs.

BEETOBREB—RTHI L20, HOEDORILIZ
IVBERAS A FREETHALREREESELNS
LD LPRFETE B,

BAZ L /- NSMEs# 35 L UERBTIME OFIHIC >0
TiE, BFHOHDCL m. subsp. nebraskensisDEH~
OFBEAPZEINAHZ LD, NSMEHEHWTEH
AbvenavETFrOMAETAMETERYSHEL
7o, BHEDEIICL m. subsp. nebraskensis &3 R
D, EAHMEEREKRE LD 7, ThHDT
LG, ANSME s X UHMEITET H» 5 OKHM
BOBRHDI-DICED b DB ERIFTE S,

] =

Cl. m. subsp. nebraskensisD5FEED 7= DEIRELH
(NSMi#g#th) & S BEBRORED /=D DOPIME % FR L
Foo BEHIOMBL, BRI A5g, H¥A ViINKS
#2.0g, 7Yt /10g, #EILF FU D LS 08, T
27 Y V1.0g, ZIVEBE 80.5g, Y7 ONFY
I F100mg, BEAHRY I+ /B (8,000USP/mg)
30mg, J VU VY V/M40mg, FEKXK15g, FEHKI, 000
mlTh b, FMEITANSMEE# T3, 4 BTHEHR
fa, PEOEE YR, EROREOEMTREL
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Table 6. Properties of bacteria isolated from corn seeds on NSM

Type of  properties of colonies hydrolysis of Gram
colony esculine reaction
1 white-color, un~circular, flat, rough —3a) +b
2 milky-white-color, circular, capitate, smooth ++9 +
3 light-brown-color, circular, capitate, smooth + +
4 milky-white-color, circular, capitate, smooth ++ +
5 yellow—color, circular, capitate, smooth + +
6 white-color, circular, capitate, rough — +
7 orange-color, circular, capitate, smooth + +

a) Negative
b) Positive
c) Positive (strong)

7oo MMOEED Y S LABHEHREMEOEE LEF
FTHEB, WINLEFEOMR Lp-INVay F—EE
HOFETHRI TR, NSMEH ETOAMBEDF
HWRRIL, ERETEWIARETHD, £EVRA
Bit3, 4R TH o7, fFE L/ACIL m. subsp.
nebraskensisDFLMEIL, X514 FBBERILE LU
K& IVAH B EE TCL m. subsp. nebraskensis & it
DTS5 LB EYRIFEEE L G Lich, BRY
IVAZEREE CREMEXMCH—TH 5T &5
RBIN, ZTDH, APMELZET LGS
MR L7=Cu. fl. pv. flaccumfaciens® 4 EHE TR
L7-#58, Cl. m. subsp. michiganensis® 1 Btk & K
I3 5, Cl m. subsp. nebraskensis® 3~ TDHER,
R LICRILT A0 L0, MEFMZREICFIA
TE5HLDEHARFEI NS,

51 R X B
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