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Two microorganisms, strain KH3 and KH4 were isolated from sewage excess sludge in Hiagari Wastewater Treatment
Center (Kitakyushu City, Fukuoka, Japan); these strains can decrease up to 30% of the excess sludge at 37°C and 50°C, re-
spectively. The 16S ribosomal RNA gene sequence analysis for KH3 and KH4 suggests that the two strains are new species
of genus Brevibacillus and Bacillus; therefore, they were designated Brevibacillus sp. KH3 and Bacillus sp. KH4, respec-
tively. Strains KH3 and KH4 had high protease activities when they were incubated with sewage excess sludge. A casein zy-
mography for evaluating protease activity revealed that KH3 released two proteases (32 and 40 kDa) and KH4 produced
three protease activities (30, 44, and 250 kDa). Nutrient-rich conditions (excess sludge plus LB medium) strongly inhibited
the degradation of excess sludge by KH3. Since 40-kDa protease was detected during incubation under nutrient-poor envi-
ronment (excess sludge without LB) but not during nutrient-rich condition, the 40-kDa protease seems to be involved in deg-

radation of sludge by KH3.
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¥ 1. The formation of colonies lysing excess sludge

W AEKNEL NI o2 D, ZOEREEED
FRIEETHDH EEZOND, Tibb, W, fH
L O TR TInd - IR AR L, SRS
BEHIBZI DV IZLDTHMTES LI oTcl AR
BIhb, core—%FHlLikan=—KonT, 7
S AP IO o — L 4 7 Y vESE T OF R
TiTote, TORR, RBRLize—vizeTr 748
HORE T, 7N UERBETHD Z EhbhoTe, K
Z, B hbor a—v g RAWTRETHBIEOER
WA T o728 &5, 2ODEBENDERE S BERY IR
FBILTWBZ EDbhofc, £ZTID2DDEKIC
DWW, 7 ES0CH B X7 ¥ 20E ZFIA L CAL
SRR A AT - oo TNENOWEEE 11TRT,
B, &rOERITOWTHNIE 2 A, KH3 Bt
30~50°C, pH 6~10 TAF L, ZEMWIRE 1L 50°C, £
pH (% 8 T, KH4 #ki% 30 ~ 45°C(50°C ThHh T2t tEH),
pH 5~11 THEB L, EMIRE L 37°C, EpH L 6 TH -
oo WEEE LA F o A —E¥R L OH 2 5 —ETEEILTE
ST, #BEEYL, RTEERT M ch s
T ENbh ot i, 16S rRNA E{ET O DNA A
MW AT -7 & 2 A, NN Brevibacillus agri &
Bacillus sp. Burl ICiT#g 3T AHETH A Z Edbho iz
(F2), EHLLOEKEL MR WA T TH-7Z &
POBFEBECH D LML, “ 3 Fh Brevibacillus sp.
KH3 k3% X OF Bacillus sp. KH4 #k & %4137,

3.2. WMEMICLIKRRBROBEM

HRENHIEL H 50°C THEEL 22T, ThE
NOFBREMBE XK L, 2R T X5
Brevibacillus sp. KH3 #1% 50°CC, Bacillus sp. KH4
13 37°CC, ehZEh s HED 5 Hick 30% O RFH TR
WAL LT ENHA L, 7, KH4MKIL
50°C CThHHTORFHREMM AR L0, Z OfE
1150°C ThTMTEFTTLE VS HE EHBEL T,
Wiz, THieic LB 854 & kO REFZ AU L LB- 75
VeBs A ERL L, B9RESM T OM B O H IR RN %
Mgt Ui, RERLPRIM LSS, FOBMEITIZE A
EHERT A ENTET, ERELMHTTE Thbo
HHRABRABBME TE LW 2 ENRB IR (F—4
AFEH) o KIZ Lowry R L OV 7 = 7 — AL & W,
SR VRE O LB OB L 2 v o 7 Him oW TRE L
7o (M3R X004, MEKEBEXICE T, HRFD



TARSFNG Ve = RS % M

% 1. Biochemical/physiological characterization of isolated microbes

Brevibacillus sp.

Behavior for oxygen
Viable pH

Growth: 30°C
Growth: 37°C
Growth: 50°C
Growth: 55°C

Aerobic
6~10
+
+
+

Test KH3 Bacillus sp. KH4

Assimilation Glycerol +2 -b

Inositol +

Mannitol +

Esculin + +

S-ketogluconic acid - +

Gelatin + +

L-arabinose + +
Biochemi(.;al/ . Spore forming + +
physiological characterization

Motility + +

O-F test Non-fermentation Non-fermentation

Oxidase - -

Catalase - -

Aerobic
5~11
+
+
4o

51

* positive reaction
® negative reaction
¢ slight growth

%% 2. Homology search of 16S ribosomal RNA gene

Nomenclature Base pair 16S rRNA Homology search Homology [%]
Brevibacillus sp. KH3 1370 Brevibacillus agri 97.0
Brevibacillus brevis 96.8
Brevibacillus parabrevis 96.4
Bacillus sp. KH4 1320 Bacillus sp. Eurl 97.8
Bacillales bacterium Gsoil 94.5
Thermophilic bacterium sp. MP3 89.1
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[¥ 2. Dissolubility of sludge at different temperature by Brevibacillus sp. KH3 (a) and Bacillus sp. KH4 (b). Reaction temperature are 30°C
(), 37°C ( A ) and 50°C ( @ ). Open symbols are without KH3 and KH4.
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3. Protein contents in the excess sludge reacted with KH3 and
KH4. Reaction temperature: 50°C for KH3 (black bar) and
37°C for KH4 (hatched bar). White bars are controls without
inoculation of bacteria.
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[¥] 4. Sugar contents in the excess sludge reacted with KH3 and
KH4. Reaction temperature: 50°C for KH3 (black bar) and
37°C for KH4 (hatched bar). White bar is without adding bac-
teria.
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X 5. Protease activity by Brevibacillus sp. KH3 (black bar) and
Bacillus sp. KH4 (hatched bar). Reaction temperature: 50°C
for KH3 and 37°C for KH4. White bar is without adding bac-
teria.
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7. Casein zymography of proteases derived from Brevibacillus
sp. KH3 produced in the nutrient-poor (without LB medium;
lane a) and nutrient-rich excess sludge (with LB; lane b).
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X 6. Casein zymography of proteases produced by Brevibacillus sp. KH3 (a) and Bacillus sp. KH4 (b).
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