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Effect of carbon sources on nitrogenase activity of diazotroph endophytic
bacteria

Akiko Kawakami, Masato TANIDA, Tsubasa Y ANO, Sokichi SHIRo, Yuichi Saexi,
Akihiro Y AMAMOTO

Department of Biochemistry and Applied Biosciences, Faculty of Agriculture, University of Miyazaki

Summary : Endophytic diazotrophic bacteria exists internal tissues of higher plant without causing damage to their
hosts. Host specificity between higher plant and endophyte is lower than that of legume-rhizobium symbiosis. This
is desirable trait as microbial inocula, which may be used for the cultivation of a wide range of plants. However, it
was reported that the inoculation effects of endophytes were not stable and continuous. This study focused on carbon
source which is one of the important factors for nitrogen fixation and investigated the different utilization of carbon
source, and the effect of carbon sources on nitrogenase activity. Carbon source utilization of five endophytes
(Herbaspirillum sp. B501, Enterobacter sp. NoO. 35, Klebsiella sp. No. 38, Burkholderia sp. No. 25, Pantoea sp.
No. 18) were investigated using Biolog plate. These were incubated in modified LGIP medium including selected
different carbon-sources, and confirmed growth rate and acetylene reduction activity. Some endophytes utilized
citric acid, iconic acid, malic acid, sucrose, and showed nitrogenase activity that was lower than that of sugarcane
sugar. Furthermore, by combined use of sucrose and other carbon source, nitrogenase activity of all endophytes,
except Pantoea sp. No. 18, were increased. These results show that endophytes had different utilization of carbon
sources, and nitrogenase activity was affected by their carbon sources.

Key words : Carbon source, Nitrogenase activity, Nitrogen-fixation bacteria, Utilization
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oooooopooooo, obooboooobog
oooooboobooooo, booooooog
obooboooobooobobo, booboooobg
ooooobooobooobooobbooobg
(OO0 2005). DO0OO0O, bOobOoOogoooo
ooobooobooboboobogobooboog
0000000000 000D000D0 . Cavacante
and Dobereiner (1988) O, DO OOOODOODO
U0 D00O0DO0ODO O Acetobacter diazotrophicus
(O O O Gluconacetobacter diazotrophicus) O , [0
oooooboooOooobobo. ooobooo
ooooboooooOoboob0 (obooo
00000) 000oo00obO0o0ooOooOobooo
ooooooooobo. boooooobooo
ooo, boooo, oboooooobooo
OO000O0000 (Elbetagy er al. 2001 ; Weber
etal 1999). OO, DOO0ODODOOOOOODOO
ooooboooooooboobo2oo0obOonon
oooooOoO0O, OoObbObOOo0ooOooooo
(Yoneyama et al. 1997).

OO0 (2009 O, OOOOOODOOOODOO
oooooooooob, oobooooobooog
O O Enterobacter sp. No.3500 O O O Herbaspirillum
sp. BS01O OO ODDOOOOODOOOOODOOO
ooo00obOO0, O00OOobo0ooOooOobooo
goooobooooobo. booooo, booo
ooooooooooobobo, ooobooo
oooooooooooobo, cooobooo
ooooboobooboboooooobo.

gbooooobooooboobooobooobooo
g000. 000000bOO0o0oo0ooobooo
ooooob, oooboobooooooooog,
ooooobooooooobooboooobooo
OO0 (OO 2005). OOOoOoOoOoOoOoDO 10
ooboOOoooobobOoOoooobblgon
ATPOOODODODODOOODOOODOODO
(Burris 1991). 00O D0DO0OO0DOOOOODOODO
goooooooooobobooooobooo
ooo. oboooo, obooooooobooo
U000, Gluconacetobacter diazotrophicus] 1
oooooooobobooooooog,
Herbaspirillum seropedicael] 0000 O00O000OO,
o000oODODOOO0O0000o00ooooo
(Asisetal 2003). OODOOOO, DOOOOO

gooooooboooboo.

good, dobooboboobooboo
gobooboobooboooobooboon
gb, obooboooboob sbooboon
gobobooobooboobobooboob
goboooooooobooboonoo.

ogoooooo
0. o0oon

U 0O 00 0O O Herbaspirillum sp. B5010 ,
Enterobacter sp. No. 350 , Klebsiella sp. No. 3800 ,
Burkholderia sp. No. 2500 , Pantoea sp. No. 180
00 5000000 . Herbaspirillum sp. B5010
gobobooobooobooboboooboooo
00000000000 (Elbetagy et al. 2001).
Enterobacter sp. No. 350 U Klebsiella sp. No. 3801
00000000, Burkholderia sp. No.250 O
Pantoea sp. NoO. 18000000000, O0O0O
0o0o0o0Do00oobooooooooooon
(Tanaka et al. 2006).

0.00000000000
0000000000000000000, O
D000O0D0GN200000O000 (BioLog
Inc., Hayward, CA, USA) 00000000 . O
009000000000, 000000000
000000000000000000000,
00000000000000000. 000
000000000000000000LBOO
0000000200000, 000000
000000000000000000, GN/GP
INOCULATING FLUID 000000005200
0000000000000. 0000000GN2
000000000000000000100uL
0000000, 2800000024, 480000
oooooo.

o.ooLwepoboooooooooon
gooooooreipPoOg, ooooooo
oobOoobobooooouooDbOog (Res et al.
1994). JO0OO0OODOOOOOOODOLGIPO
oo, gobgoobogeN2oDoobooonbooon
0@y obooboobobooobooboo
gLeipoogogooo, Dbooobobobogoo
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Table 1. Utilization patterns of GN2 Microplate for
Gram-negative bacterium in five endophytes.

Genus

Carbon source

~

Acetic acid
N-Acetyl-D-Glucosamine
cis-Aconitic acid
L-Alaninamide
D-Alanine

L-Alanine
L-Alanylglycine
r-Amino butyric acid
2-Aminoethanol
L-Arabinose

D-Arabitol
L-Asparagine
L-Aspartic acid
Bromosuccinic acid
D-Cellobiose

Citric acid

Dextrin

Formic acid
D-Fructose
D-Galactose
Galacturonic acid
Gentiobiose
Glucuronamide
D-Gluconic acid
D-Glucosaminic acid
a- D-Glucose
a-Glucose-1-phosphate
D-Glucose-6-phosphate
D-Glucuronic acid
L-Glutamic acid
Glycerol

D, L-a-Glycerol phosphate
Glycogen
Glycyl-L-aspartic acid
Glycyl-L-glutamic acid
Histidine
a-Hydroxybutyric acid
-Hydroxybutyric acid
p-Hydroxy phenylacetic acid
Inosine

myo-Inositol

Itaconic acid

a-Keto glutaric acid
D,L-Lactic acid
L-Leucine

Malonic acid

Maltose

D-Mannitol

D-Mannose
B-Methyl-D-glucoside
L-Phenylalanine
Phenylethyl-amine
L-Proline

Propionic acid
D-Psicose
L-Pyroglutamic acid
Pyruvic acid Methyl Ester
Quinic acid
L-Rhamnose
D-Saccharic acid
Sebacic acid

L-Serine

D-Sorhitol

Succinamic acid
Succinic acid

Succinic acid mono-methyl ester
Sucrose

Thymidine
D-Trehalose

Turanose

Uridine

Urocanic acid

OoOoOoooooooooooooooooooOooo Ooooooooooooooooooooooooooooooooooooooooooooog|x
OoOoOooOoooOoooOoooooooOooOooooooooooOoooooOoooOooooUooooooOoooooooooooooooooogodim
e

OoOoOooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooodd|om
OoOOoOooOoooooooooooooooooooooooooooooooooooooooooooooOoooooooooooooooooo0od|o

Genus of five endophytes indicates the initial of H ; Herbaspirillum sp.
B501, E; Enterobacter sp. N0.35, K ; Klebsiella sp. N0.38, B ; Burkholderia
sp. No.25, P; Pantoea sp. N0.18.

Plus sign indicates utilization of carbon sources, minus sign indicates non
utilization of carbon sources.

gooo.
LGIPOOOOO, 000 1LO000, K:HPO,
0.2 g, KH.PO, 0.6 g, MgSO.[] 7TH.O 0.2 g, CaCl.[]
2H,0 0.02g, NaMoO.O 2H.0 0.002 g, FeCl:O
6H.O 0.01g, O OO 100g(Nissin Sugar Co.,
Ltd., Tokyo, Japan; 0 0 94098°, OO 0O 200
0,100g0 000000 98.8g, OOOODO 100
30mg, ODOOO0O 1003mg, OD0OOO 142
mg, JO0O0O00do0o 3020mg, 00O 1img, O
0.150 0.45mg, [0 0.0500.30mg), 00018 g0
0o, 00ogdo2mM KOHO OO DO Oo.50 BTBO
O05mlO000000O0. OO0 1IN NaOHO
pH68U DO OO0 ODOLGIPODODODOOO, OO
goooooooooooooiono (whv), 00
oo, wens-0 00000, ODOOO, ODOOO
O, o0o0ooo, o.-000C0O, L-000000
0, .-dpooooooogoooln (whv) OO
gooooooo.

ooopooobooooono (1210, 200) O
00, 000ooo0oooobooooDOg1smL
goooooooopooooo. boooooo,
00000000oooooooos0eLlnLBO
goosomLOOOO0OO0O20000001000
0ooo, 0ooog2sd, 100, 2,500x g0 000
goooooooobo, ouooodoodoon,
JoooooooooooobD. ODoooooo
ooooooooo, Doooooo 2x 108
cdlsmLl*00000. O0O0OO0O0OOOLGIP
dooooooooogsoeLoonooooon
0000oooooopo2800 200005000
ooo.

O.0oLwepOboo0ooobooooooooo
ooooo, Jobooooooooooood
LeipPO0DO0C0DO0OO0O0OODOOOOOoOooDoDg
gooLGpPOobobobOoOoooo, bbbooo
000 (Acetylene reduction activity ; ARA) OO
ooo. LePO0oooo, LeiPOOoCOooO
oooobooOo 2gbb00ODOOOOO. OO
LGP0 O00ODOOCO, OO0DOOOOoOoDOoO
gooogiod (whv), 0000, wrans-0000
oo, doogo, booog, ooood, b
gooo, «-0b0oboboo, «-Oboboboo
gooooad (whv) DOODODODODOD. O



16 gbobobooboobo oob boobooooooobaob

oo, ouooouooooboooooooood
0000 200000000000000ARA
OooopDooo, ooooos50 (w) OO
O, 0000, oooooo, oooo, ood
oo, 0oodo, ooooooo, oooog
oooooooold (whv), 00O DO 10
(whv) OD0OOO0OO0OO0DOOODOOOOODO.

LGIPOOODODOO45mLO000000000O15
mLOOO0DO0D0O0D00O000oO0ooooooo. O
oooooooooooooooooooo, O
oooLBOOOODOOOOOOOOOO, OO
O00000. 00000000 2x 10° cels
mL*O00000. 0000000000LGIPO
O00o0ooooooooooolooeLonooog
O00o0ooooooooo2800 600000
O. 000, OOooDoooowo (viv) OO0
Ooo0oooooooogou2000000. O
0 O Porapak N (GL Sciences Inc., Tokyo, Japan)
goooooodooooboooooooood
000000000 0DoDoOoOooOg (GC-8A,
Shimadzu Corporation, Kyoto, Japan) O 0O 00O O
goooioo0, ODOOOO500, OO0ODOO100
oooooooooooooo. oo, ooog
go0oO0oooOoOooooooOOoOooOoOoOooon.

O.0ooo

O0OO0000oDoOooOo, Tukey HSD testsOd
00 rtestsO 0 00O (KaleidaGraph 4.11, Synergy
Software, Reading, PA, USA).

o 0O
0. 0booboobooobooobooboo
ooooooobooobobo, ooooooo
cN20000o0ooooooooooo. 010
goboooooeN200000oooooooono
gooooO. 00O, ODbOoooOOoDoOooooon
ooooooodo2s0000000, ooooo
gob0. oDo0obosobooboboooboooo
oooOo, ooooooesunoonoooooi
gooooo. oDooboobuoooog, O
goooo, oooo, oooo, ooooa,
gooooo0ooOo0oboDooOoDooooon.
0 0O, Enterobacter sp. No.350 , Klebsiella sp.
No. 380 , Burkholderia sp. No.250 0 30000
gooooooooikboooboooooooon
U, Herbaspirillum sp. B5010 , Pantoea sp. No.
BOODODOODOOOOoOoDoOOorOoooOoOooDOon
gooooooooo. oo, oboooooo
0000000000000 (Elbetagy et al
2001) OO0OOOOODOODOOODODOOOOO
gooDooDooooobboooooooao
(Postgate 1988) O 0 OO ODDOOOOOODDOO,
09000oOoO0oOOoOobDOooDoOOoDoOonoon.
020, 00000000000 OO0ODOO0O
oopoDooooooDooobooooono.
Enterobacter sp. No.350 , Klebsiella sp. No. 38
0, Burkholderia sp. No. 2500 , Pantoea sp. No. 18
oooooo, OooDooooobooooo
0o0o. 00, Herbaspirillum sp. B5010 0 0O O
o0, 00400000000000000O00O
ooooooooooo, oobobDoooooo
0000 . Enterobacter sp. No.350 , Klebsiella

Table 2. Growth rate of five endophytes under different carbon sources.

Herbaspirillum sp. BSO1 Enterobacter sp. N0.35  Klebsiella Sp. N0.38  Burkholderia sp. N0.25  Pantoea sp. N0.18

Aconitic acid oo ooo
Aspartic acid ood oood
Citric acid oo ooo
Gluconic acid O ooo
Glutamic acid 0ooo ooo
Itaconic acid oo O

Malic acid oo ooo
Succinic acid oo ooo
Sucrose g oood

ooo oo oo
ooo ooo oo
ooo ooo od
ooo ooo od
ooo ooo oo
O O O
ooo ooo oo
ooo ooo oo
ooo ooo O

Plus sign (OO, 00O, O) indicates colonization after 2, 3, and 4 days of incubation respectively, minus sign indicates no growth.
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sp. No. 380 , Burkholderia sp. No.250 00, O 1
ooobooooobooogobobooogo
O, 0oo0ooboooooobooooogo
oooo, obooooooooo. oo,
Herbaspirillum sp. B5010 , Pantoea sp. No. 1801
O0000000D0ODODQO Enterobacter sp. No.
350, Klebsiella sp. No.380 , Burkholderia sp.
No. 2500 300 0000DO0O0O0ODDbDOoOoon
oooobo0o. oo, oooobooobooo
goooooeN2000nooooooooooo
0o0oobooboooooooboobooo
oooob, ObooDooooobooobooo
0ooo0oooooboooooooboooooo
O. 0000oobooooooeN2oDoobogooo
goooboooooboooobooooobog,
00ooboobOooooooobooobooo
0ddpHODOODODDOODODOOOOOOOooo
ooooooo.

0. 000000000000 000DOO000
LGP0 O 0000Oooooooooooon
goLGiPOOODOOO, DO0ODODDOOOO
OOARACOODOODO.
gooooooDOooLePOOO0ODODOOO
000, Enterobacter sp. No.350 , Klebsiella sp.

No. 380 , Burkholderia sp. No.250 0 30 00O
ooboobooooDoooDbUOoArRADOON,
Herbaspirillum sp. BS01O OO O OOOODOO,
o000, 0000000000 o0o0ooARA
gooooo (03). oooooooooobo
0 0dadgd, Enterobacter sp. No. 3500 , Burkholderia
sp. No. 250 00 ARACODOOOODOODO.
Pantoea sp. No. 1800000 0O00O0OOOODO
OOARADDODODO, ODOODODOOOOOO
gooooo. ooobooooboooo, oo
go0ooooooooboooooDooooon
oo0o.

doodooooooobooDooooooon
obz20000000b00boboooboooo
goooooooooboobo40000. 10
00000ooooooooooogg, Pantoea
sp. No 8O0 O OODOODODODODDODOOOOO, O
goooooooo0o. ooooboooooo
ooooo, 00DoobooooooDoooooo
00o0oo0oouooadgod. Herbaspirillum
sp. BR01O O OO OOOoDoooooooooon
O, Klebsiella sp. N0.380 000 D0OO0DOOOO
go0ooooooooboooooDooooon
gooooO, 00Do0obOooooDooooon
oo.

Table 3. Effect of different carbon source condition on nitrogenase activity in five endophytes.

Citric acid Itaconic acid Malic acid Sucrose Sugarcane Sugar
Herbaspirillum sp. B501 0.058+ 0.016° 0.134+ 0.001" 0.319+ 0.060" ND 2.36+ 0.103*
Enterobacter $p. N0.35 ND ND 0.008+ 0.001° 0.032+ 0.025° 445+ 0.059°
Klebsiella sp. N0.38 ND ND ND 0.093+ 0.040° 246+ 0.028°
Burkholderia sp. N0.25 ND ND 0.009+ 0.001 0.141+ 0.048° 295+ 0.112°
Pantoea sp. N0.18 ND ND ND ND 289+ 0.121

Data are presented as #mol tube™ and means+ standard deviation (n = 3).
Values labeled with same letters between carbon souces are not significantly different (p = 0.05).

ND ; not detected.

Table 4. Effect of combined application sucrose with other carbon sources on nitrogenase activity in five endophytes.

Aconitic acid  Aspartic acid Citric acid Gluconic acid  Glutamic acid  Itaconic acid Malic acid Succinic acid
Herbaspirillum sp. B5S0O1 0.583+ 0.049™ ND 0.688+ 0.025™ 1.240+ 0.356® ND 0.244+ 0.082° 197+ 0.035"° 0.632+ 0.018"
Enterobacter sp. No.35  0.840+ 0.071° 0.024+ 0.002° ND 0.286+ 0.017° 0.799+ 0.073" 0.273+ 0.026" 245+ 0.184* 0.354+ 0.041%
Klebsiella sp. N0.38 0.730+ 0.069° 0.015+ 0.002' 0.206+ 0.080" 0.464+ 0.036™ 1.470+ 0.205° 0.161+ 0.131* 2.36+ 0.183" 0.688+ 0.128%
Burkholderia sp. No.25  0.908+ 0.040° 0.029+ 0.003" ND 0.289+ 0.020” 0.823+ 0.057" ND 256+ 0.276" 0.413+ 0.071”
Pantoea sp. No.18 ND ND ND ND ND ND ND ND

Data are presented as #mol tube™ and means+ standard deviation (n = 3).

)
Values labeled with same letters between carbon souces are not significantly different (p = 0.05).

ND ; not detected.
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o 0O

0o0dooO00oUuooddUnd Herbaspirillum
sp. B50100 , Enterobacter sp. No. 350 , Klebsiella
sp. No. 380 , Burkholderia sp. No. 2500 , Pantoea
sp. No.18O, O OO 500000000000
goceN20000D00O0DOo0oDoooDoooo
0oooboooobooooo. oboooboooo
ooooooobooooLreiPO0ogogoono
O, 00bo0obooooboooboooobooo
OARAOOOODODODO. 5000000000
goooooooooboooooooo, oboa,
ooooob, obooooo, obooobooo
0ooo0oooooboooooooboooooo
ooo, boobooooboooboobooo
00000 (Elbetagy etal. 2001) OODOOODO
O (Postgate 1988) DO O OO . OOOO 500
020000000000000000DOODOO
ooooboobooboooooo, oooo, o
ooo, boobooooo, obooooo,
ooobooooogoboooooo, ogo
O 0 0.01-0.050 (w/w), 0O 0O OO O 0.02-0.120
(ww), OOOOO0ODOO0.05-10 (ww) O00OO
0000 (Assetral 2003). OOODDOOOO
oooboooold (whv) DOODDOOODOO
ooooo, Oboooooooobooooooo
00 (@3.000000020 wv)yOooo
oooobooooooooo, 010 (whv) OO
0o0o0o0ooooooboooooooooooon
U Enterobacter sp. No. 350 , Klebsiella sp. No. 38
O, Burkholderia sp. No.250 0 3000000
0.374-0.700 umol tube’ D 00D O OO0O0O0O0O0O
(00DO0bOo0oD). boopoboooOobooo
ooooboobobo, oooobooobooo
00o0obooboooooooboooobooo
0o00. 000, ooboooooobooobooo
000000000 OJ Enterobacter sp. No. 3500 ,
Klebsiella sp. No. 3801 , Burkholderia sp. No. 2501
0300000000 . Herbaspirillum sp. B501
0000 Pantoea sp. No. 1800, DO OO OO
0o0o0o0oooooobooooooooooon
oooobooob, booboooobooobooo
00o0o0oboobooDooooooboobooo
000000. HerbaspirillhmOd OO0 00O O H.
seropedicae]l 000000000000 (Straub

et al. 2013). O 0O, H. seropedicacll Azospirillum
O0oo0o0obOooboobooonodg, Azospirillum
0000oO0o0oo0oboooOoOgg. AdzospirillumO O 0O
gooooooo, obooboobooooooo
goboooooobooooobobo, obooooo
gooooooo. oboo, obooo, oo
ooooo, ooDooboooooDoooooo
gooboboooboooboobo, boboooo
000oooooooooooooooo @ 4).
oo0bDoooooboooobooooooao
Herbaspirillum sp. B5010 , Enterobacter sp. No.
350, Klebsiella sp. No.380 , Burkholderia p.
No25O0 OO0 OO0OO0OO0ODOOOODOO.
Pantoea sp. No. 18U D OO ODODOOOODOO
LecipPO0OooooOooooooooooog,
000094980 (wiw) DDOOODOOOOODO
gooooooooobooooboooo. oo
0000 Pantoea sp. No. 180 0 OO0, OO0O
gooooooooobooooooooag, O
goboboooooobooboboooboooo
goooooono.

o0, 00o0obOo0obOoboooooooon
goooooooooobooo, boooooo
goooooooooboo, oboooooo
gooopooobooooboooooooooo,
gooopooooooobooooogog (Sato
et al. 2006). 0 [ Oliveira et al. (2002) OO OO
500000000DO000DO0ODODOOOoOoOonog
gooooooooo, ooboobooooooo
500000000000DO0DDOODOO0ODOOg
goooooooooobooooooo, ooo
goboboooooobooboboooboooo
gooobo. oooobooo, boooooo
oo0o0ooooooobOoobooboooooon
O, 0000000000000 DOOoO0ooon
0.

00, 000boooooooooooooooo
gooboooooooboo, obooboooo
gooooooooobooboobD. ooooo
ooooo, ooooboobooboooooon
gooooooboooboooboooo. ooa,
goooooooooboooobo, booo
goooooooooooo, oboooooo
gooboooooooboob. oo, booo



gbobooooooboobonbo 19

oooobooboboboobooboobooboo
uooo, goboboobooboobobo
gbooobooboboobooboobobo
ooobooboboo. oogbgooboobo
ooooboobobooobooboo, goo
ooooboobobobooboobooboboo
oooobooboboboobooboobooboo
.

o 0
goboobooboooboobooboooobo
ooooboobo. boboobgoobooboo
oooobooboobooooboobooboo.
goooog, boboobooboooboob,
googobooboogobooboooooo.oobog,
oobooooboboboogooooooon
gobooooboobooooo, booooooo
gbooooooooboooboooooogoo
oboooooboooo, booooboooooo
goooobooboooobbooooooon.

00000000000 500 (Herbaspirillum sp.
B50100 , Enterobacter sp. No. 350 , Klebsiella sp.
No. 380 , Burkholderia sp. No. 250 , Pantoea Sp.

No.180) U0OUOUOOOODODODOODOOOOO
BiologD DD OODOODOODOOD. ODOODODO
gbooooooobobobooooLraipPb0gon
oo, bgobobooboobgooobobo
ogoooboobobooboobgob. bo
ooooobooboboo, oobgoo, goo
o, oobooboboo, boobgoobooboo
0o, doboobobooobooobgo. bgo 1o
gooobooboboobooboobobo
ogooobooobob, oboobgooobobo
U000 Pantoea sp. No. 180 DD OO OOOO
oooo, goboboooboobgoo. gobo
oooob, oboboooboobgoobooboo
oooobooboboboobooboobooboo
goooo.

goooboooo, oo, goobooooo
goog, ooogooo

o 0O

00000000000 Herbaspirillum sp. B501
goooooooooboobooboooooon
gooooooooooboooo. oo, ooo
go0ooooooooboooooDooooon
000000 oObooboooobDoooooon
gooooooooooooo.

ooon

ogoooo, oooo, oooo, oood
(@200 153 T A A O
oooooo-ogopoooooooo. Ood
good. 43, 12, 778-794.

Asis, C.J. Jr., T. Shimizu, M.K. Khan, S. Akao (2003)
Organic acid and sugar contents in sugarcane stem
apoplast solution and their role as carbon source for
endophytic diazotrophs. Soil Sci. Plant Nutr. 49,
915-920.

Burris, R.H. (1991) Nitrogenases. J. Biol. Chem. 266,
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T. Hamada, T. Isawa, H. Mitsui, K. Minamisawa
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