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Isolation of Ammonia Oxdizing Bacteria and their Characteristics

Myung Suk LEE and Jee Hyun PARK
Dept. of Microbiology, Pukyong National University, 608-737 Pusan, Korea

This study was carried out for isolation and characterization of ammonia oxidizing bacteria (AOB) from
aquacultural place and sludges of waste water collected in Pusan.

One autotrophic AOB, Nitrosomonas sp. and 8 heterotrophic AOB (2 strains of Bacillus sp., 2 strains of
Acinetobacter sp., Xanthomonas sp., Alcaligenes sp., Pseudomonas sp., and Sphingobacterium sp.) were isolated
and identified. Variation of total ammonia nitrogen (TAN) and NO:-N in mineral salt media containing 10 mg/¢
of NH.CI for 15 days in differents 9 strains was measured in order to examine the ablitity of ammonia oxidation.
TAN was started to reduce after 4 days incubation and ca. 2mg/¢ of TAN was decreased after 15 days incubation
by Nitrosomonas sp.. At that time, NO.-N was produced to 0.023~0.036 mg/¢. Heterotrophic AOB showed the
low ability of ammonia oxidation, 0.02~0.04 mg/? of TAN was decreased and NO»-N was produced to 0.01~0.51
mg/? after 15 days. When each strain of 8 heterotrophs was incubated in mimeral salt media containing 10 mg/?
NH.CI and 50 mg/¢ glucose, and 50 mg/? NH.Cl and 5 g/¢ glucose, the diminution of TAN was 1.12~3.38 mg/¢

and 1~20 mg/2, respectively.
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drvel AstH T B B 29 FFETH
A% 2240 A9 B o, 21 dR{E A
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HA dA %Y AEE 5mM9 HEPES7} d7te ¢
Tyo} Arslel ] (pH 8.0, Watson, 1965) 200 e 3%
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WA (1/4 ¥= nutrient broth® 1/4 ¥E¢ TSB)dl
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2] (I), NH.Cl 10 mg/¢%t glucose 50 mg/dE H7+s ol
A (1D, 282 NHCl 50 mg/Ls} glucose Sg/t A7}
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AL 114 WA d e g4 4% FFH Ao OD
o B0 0.02~0.04 (F 10? cells/m) HEE 2AH A

4) I2ujofy el oMY Ao HE

dryelyd AA (TAN)E NH; A9AZ (Orion
Research Inc, 9512BN)¢] ¥ Z¥ Ion meter (Orion
Research Inc., 420A)E o] &3t o] HAY A3Y
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% A3, 2% T N twbedl A FHFUTO LG
A FEE e g o] g =¥ JEHY
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Fig. 1% 2},

RYFL Gram 422 Fee Bo] ¥ 2
T2 intracytoplasmic membrane”} multilayer
Aatnglon AXWR carboxysomeo] B2t o
Zyo} AstAlEE AES He9 intracytoplasmic me-
mbrane® 819 Je)o] @2} Nijtrosomonas, Nitrosococ-
cus, Nitrosospira, Nitrosovibrio, 223 Nitrosolobus sp.
72 EF3a 9tk (Koops and Moller, 1991). £
TF% intracytoplasmic membrane¢] B H HFo=

offt A

-0 o—
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Fig. 1. Transmission electron micrographs of Nitro-
somonas sp. GM7330.
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#e glow HEWY carboxysomes®] BRI 3t
79 g Yehl e A 22 1 Fo Nitrosomo-
nas sp.ol &3 A2 A T Nitroso-
monas sp.= N. europeac$t N. cryotolerance® €A
ALt Koops et al. (1991)€¢ DNA homologies$t
G+C¥F, vATx el Gr ot dof WAHd o
2 8% Nitrosomonas® F7t2 £% B o}5
o] Bad o3 A XY carboxysomeS e AL
N. nitrosa, N. eutropha, 12|31 N. halophila®]1 °©|%
ol Al N. halophilat A EWA°) $ThL E3sgth. 1
A1 YA F Z9 gy g vus] YW N ni-
trosax 84 (pleomorphic) 22 T &2 7% &
Aol 2gE Jepded M3t N eutrophat T
& Eo] 2 ¥ vedx ExndE v ¢
ol Az u|Fo] Byl B AYolN EAF F
carboxysomes 7HAR YT AYG WAL glen (B
uAA) YR Fe e Bo) 2 ATFLE Rol N eutro-
phadl 7t7H$1 DNASH A W @88 2459 40
Hgsojol ¥ Ao 2 AtgHo & £ & Nitrosomo-
nas sp. GM 73302 B3l 2 Age FTA gdF2
AHg-3t i,

£ FFd 9 drYol A5 AR Htd
10 mg/€8] NH.CI& #7138 mineral salt medium (pH
80)ol TFE HFetd 159 B¢ WU EA T F2d
g GEYoly Aig ofAaA Ahe M E FH3
A2 2 ZAFA= Table 13 Zoh

dEYol AT L HY 49 FRE FHE g
A7) AFSFER FA GRU} A& Ex Wt
dryol AslE&Eze 292~7.61X1077 umoles/cell/hr2
Jegdch dtdo s 59 AT L T 9T
H3le] @EYel A& Est WE A2 HA (Focht
and Verstraete, 1997)512 3127 AA N. europaeat
0.5 ymoles of N/min/mg of protein.® 2 2.1 (Hollocher
et al, 1982)5 2 Uk, 123 Nitrosococcus oceanuse
2.16X107* pmoles/cell/hr, B F3 GBYorAE Nitro-
sococus sp.E 143X 107° umoles/cell/hr2 B (Castig-

oft

s

o

Table 1. Ammonia oxidation by the growth of Nitrosomonas sp. GM7330 in mineral salt medium containing

10 mg/¢-NH.C
Incubation time (days)
0 2 4 6 10 15
Cell number (cells/né) 2.1X10* 22X10 9.6X10* 1.5X10° 24X10°  3.1X10°
Ammonia oxidation rate (umoles/cell/hr) - - 761X1077 627X1077  443X177T 292X1077
Total ammonia nitrogen (mg/£) 10.00 9.99 9.62 9.27 8.62 822
NO,-N (mg/2) - - 0.023 0.035 0.036 0.028
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netti and Hollocher, 1982) € HIE Ut 2 FAFFE
9= w g S 10mg/le NHCIL o% 159 &<
oF 2mg/l AT FASHNUR olFAAN FiE 0023~
0036 mg/l BE SAEA.

2) 35 gYUH dmujof MM

drYol islwe] ¢ sAFE EEstq ATB
system reader (BioMerieux Sa)Z &, 3% Zd3e
Table 2% 2t 191 55 Xanthomonas maltophila,
2¥& Alcaligenes xylooxydans, 3% Bacillus sp., 49
< Bacillus mycoides, 51 Pseudomonas putida, 682
Acinetobacter baumanii, TR-E Acinetobacter iwoffi, 1
2|2 §d¢ Sphingobacterium multivorum ©1$1 2.1 o
oo FAAHA XMl F7 AF HA 47 o
€9 % (genus)BUOE W] Age] AFaHd

2% 9948 ASATL 1926'd Mishustin®] Bacik-
Ius sp.7t F71AAZRE nitrite® 4% A& 2A
FE2AM ATH7 AFE ol A& AFH ] heterot-
rophic nitrification 24-& 7} Ad & Arthrobacter,
Xanthomonas, Alcaligenes, Bacillus, Pseudomonas,
Acinetobacter, Thiospora, Streptomyces, Mycobacte-
rium, Aerobacter, 59 AFF 4R F%o| (Asper-
gillus sp., Penicillium sp)$%t EXE (Saccharomyces
sp., Candida sp)olNE L Zgo] B (Focht and
Verstraete, 1997) 93 it

FEd saFY gRYol AL 43y 43y
mineral salt medium®) NH,C1F glucosed] A7t4& 2
gate] T AFHIL 159 FU 30CAA vt 23
Table 37 Z4},

TE3 WA 244 gt ¢rYo} A FxE A
o7} AR WA, 10 mg/le NH,Clo] A7 wjA o} A
< WY 595U dRYol Farwo] I F713k9
o7l 2% 104 §¢L 4% Fhdde AEE YR
oA FAFE WG 5~109 el A4
NAGHUR 3 Fe FFo w7 G Aol g
olde Az uFo] 99 §TFT WY 15Y FA Y
RBUotg AslAA oA BAE AAEe Ao B
o} heterotrophic nitrifier® AFZHTh Choi et al. (1994)
T EYA £EE heterotrophic nitrifier?] Xanthomo-
nas sp.% Alcaligenes sp.2 mineral salt medium®] #
%3t A9 o} Aae WY 5~8Y Atojd] A H
71 A F3te] 1494 Hool g3ttt 1 F 4t g4
e A%S Jveuddn Badg.

128X mineral salt medium® NH,Cl 10 mg/€9] el

G490 2 glucoseE 50 mg/l A7FE B Sl glucose
T A7bl vt gtRYely AAS A ATt F
R FA T FAFE SRS oA AL
AR 238 o3 #ade FFE e 8T
#% Xanthomonas sp.9 Acinetobacter sp. 117} $2Y
of At3tAde] 7b4 wob v 159 el o 3~5myle
dRYopy Fa FAE YEHAAT

8 NH.CIH glucosed F713E 2% 50 mg/lst 5
g/lo 2 o] W A% FA e g 159 5 £
Z4g 9o TdgE gryoly dAi AirFe A
3¢ Aozt Jeldth &  Sphingobacterium sp.$
Alcaligenes sp.9] 7%= W% 158 Fo & #xYo}
A ALTFL 1~3mg/lR St HEo o] F AS
vl d gx el iatAgol $4Y Xanthomonas sp.
238 FEo} Aside] vkt 2 s op ALY
A AUHOZ Qo F Aol v P4 24
Aol 478 WA JeEbgch ol& #WAF glucosed
o] EolAW, # F47 NHCl #aFe] F7He
22 wjFo} FFF NHCIol TAY T4 AR
& RoZE Aot 283 heterotrophic nitrifi-
cation® autotrophs®E H2A FFF  nitrogenous
substrateZH-E nitrite 9| £ nitrate, hydroxylamine,
nitroxyl & AAE F glon {7 A4x99 2B
hyxroxylamined] W-8-3= amine®lt amideE A4
4 9okl B3 (Focht and Verstrate, 1997)E 3 319}
nitrite®] FAF Ho 2 FrY ol M3 HH vad}
e qHE Aoz AAREY, Brolyz} Bock et al
(1991)¢) 9J3}9, heterotrophic nitrification autotrophic
nitrification 2.t} nitrification rates7} 433 W& #ul
ofdgh dARgE A EFHed, ol heterotrophic
nitrifier’} ammoniaE nitrite$} nitrate2 43 A7 F
Alel nitrate® FYAF)E denifrification®] Fold F
7] W&ol AR B} nitrification rates7t Fobd 4+
g Bag ul o £ MR olg n#dte
nitrateE 33 Boy AEHA = gt

o]#{ 3t nitrification® F 7FX mechanism% 3F3<]
autotrophic nitrification®] W# A& LA FA A
o] 77 o] @B3T autonitrifiers] & welt A
YAEH 54 agn el FPE AeolAT,
heterotrophic nitrification®l #¢ A7+ oo HA H
HA YoM, in vitro GA Y AFE dSd v A
Zoltt (Bock et al, 1991). ©JA ¥ heterotrophic nitrifi-
caiton®] B 77t ol Yoz e FAY FA4H
2% BAGle] AdFARo] gojutn Yuke Hold
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Table 2. Biochemical tests of the isolated ammonia oxidizing bacteria
4

Gram staining
Catalase test
Oxidase test
TSI test

APL 2E
Aﬁ;une
Dosne

e

Oynsllinthine

Sodium Citrate
H:S

Urease
Tryptophane Desaminase
Indole
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L-Arabinose
Propionate
rate
Valrate
Citrate
Histidine
5-Ketogluconate
Glyoogene
3-Hydroxy-Benzoate
2-Ketogluconate -
3-Hydroxy-Butyrate -
4-Hydroxy-Benzoate -
L-Serine -
Lifrolne . Alcali Bacill Bacillus  Pseud Acinetobacter  Acinetobacter  Sphingobacteri
. ] s flus  Pscudomonas Acinetobacter  Acinel um
Supposed bacterial name Xanﬂzs%t.nonas casgen “ sp. [ sp. Il 5p. sp. [ sp. II i p.

*not detected
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(Verstraete and Alexander, 1972). 281 #lzAcl\t  heterotrophic nitrification® Al AGA, 2a ¢
WA ne AT} g2 Jedde A& & EYAME nitrate’t AAHA oy 2THA ¥
4 9tk Z Schimel et al (1984)& EY¥ WelMe  EFIME nitrate’t A=) EF ol nitrate B3-S
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Table 3. Ammonia oxidation by the growth of bacteria in different composition of mineral salt medium

Mineral salt medium

Mineral salt medium Mineral salt medium

Incubation
Strain time NH(CI 10 mg/? NH.Cl 10mg/2+Glucose S0mg/8  NH.CI 50 mg/¢+ Glucose 5 g/¢
(day) oD pH TAN'NO-N* OD pH TAN NON OD pH TAN NO-N
0 020 780 1000 - 021 78 1000 - 002 780 5000 -~
Xanthomonas sp 5 016 818 1035 - 019 807 965 - 007 805 491 -~
' 10 018 840 984 001 023 801 851 - 014 790 4250 -~
15 018 851 960 002 027 795 812 001 010 794 4045 001
0 023 780 1000 - 020 780 1000 — 002 780 5000 —
Alcaligenes sp 5 0.19 820 1041 0.9 021 798 944 0.9 013 792 4340 -
’ 10 023 836 1020 0.12 021 784 898 0.09 028 602 2520 002
15 029 856 996 0.13 027 768 720 0.11 028 407 328 004
0 020 780 1000 - 022 780 1000 - 003 780 5000 -~
Bacillus sp. 1 5 019 816 1075 0.04 024 805 985 006 018 795 4060 -~
’ 10 022 850 1058 004 029 801 945 0.06 021 783 3120 -—
15 021 856 998 004 027 79 886 0.10 027 755 994 005
0 012 780 1000 - 020 780 1000 - 004 780 5000 -~
Bacillus sp. II 5 020 772 1050 014 021 79 960 0.16 016 418 1613 001
) 10 019 818 1018 0.15 021 796 900 0.15 019 358 1289 001
15 021 850 975 013 024 791 868 0.4 020 330 1154 007
0 020 780 1000 - 022 780 1000 -— 003 780 5000 -—
Pseudomonas sp. 5 021 820 1011 030 027 800 982 0.14 008 455 3759 -~
10 022 829 978 051 028 791 951 0.0 012 439 3032 —
15 026 847 960 022 033 789 825 013 022 435 2815 002
0 022 780 1000 - 023 780 1000 — 004 780 5000 -
Acinetobacter sp. 1 5 025 824 1037 009 024 803 920 012 009 470 1866 —
10 026 778 988 0.12 031 796 892 0.12 011 465 1602 001
15 029 846 936 0.13 03 788 876 0.14 016 452 1498 005
0 024 780 1000 - 021 780 1011 - 004 780 5000 -—
Acinetobacter sp. 11 5 027 817 1050 062 030 798 935 014 012 503 2869 -
10 032 836 991 080 035 791 829 0.15 0.13 458 2526 001
15 032 844 976 0.30 037 781 1784 0.15 0.14 403 2480 0.05
0 024 780 1000 - 020 780 1000 -— 002 780 5000 -—
Sphingobacterium sp. 028 812 10.65 0.02 021 780 917 003 016 418 621 001
10 024 832 1016 003 024 782 769 004 014 365 208 001
15 023 855 985 003 028 775 615 004 014 35 143 001

'"Total ammonia nitrogen mg/¢; *NO,N mg/; *ODat 660 nm.

ZAA71e AFE F9 oF unidentified substrates7}
AL Az A wBydn ¢d. =F ¥z F N
ratiot} 7|8k A% 2 ferric irond ¥ =Y organic subst-
rates &, carbonaceous nutrientt} ammonium %ol @z}
s 57t @@t AtE B3 (Verstraete and Alexan-
der, 1970 % 31t} 223 heterotrophic nitrifiers] 45
% 93 C source2 A glucose 019l pyruvic oximeo)H}
sodium acetate, sodium citrate F2 uj Ao} 7} I
(Anderson and Levine, 1986; Castignetti and Hollocher,
1982)E #3to] Hol, Castignetti and Gunner (1980)&
autotrophs® heterotrophs®} 54& Rejste o] F F
& & dgstd HAIAEE FeFor 2AY &

Ae Ao HZso] APF AF heterotrophs? Alca-
ligenes7t M T4 $E2 FHFBEAN drYotE b3t
AL ol AAHE o}AME FHEEI =&
autotrophs$! Nitrobacter7} $o]o] &3 o o}ANE
AdGo g BFHANIER autotrophsE: TF H Y o
i A £x7 wada 23 g

E AgdA 2eld 2543 WA 24 wtg
A% Ao} ael7k ARy I BE QYT JE @
AE 217} ol en g dadelyd 7 A&
ng Ast HrE AY dtofob T A2 ArFHAY,
#or obyet ¥ ¥ autotrophs$} heterotrophsE & o)
AN AAARE F4 AL 5 e Wi 27
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A% 4L £9E qAoIT,
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FEYo} 43 HAES RAZE FeAEF 2y
g FolF AFHetoA R A o9 Ymuo}
e gt SHEY dRYol s Ee
2+ Nitrosomonas sp.& #8533 L L J4A
TL2+E 2% 9 Bacillus sp., 2% 9] Acinetobacter sp., 2
2l Xanthomonas sp., Alcaligenes sp., Pseudomonas
sp, L8| Sphingobacterium sp.5 9 8% EFaa g
EHFFEY dRYcl A4S 47 HdAE
mineral salt medium® NH.Cl 10 mg/¢E 37}3 A
ol A 28T, 159 l¥d A3} Nitrosomonas sp.e W%
44ATYH T} F7HEA GE Yol 4tate} obF A
dol AZE ] 159 WFFole oF 2mg/le] FEYA
Ao A7t o FAlo] 0.023~0.036 mg/Le) oF
A4 A&7 4509 Heterotrophs 873 FF
o wet thh zole ey WY 1598 7 F
A A dojuA g 38 It Fadte B
< Yehidoh a8 ¢rYol 4 E Yol 002~
064 mg/l B AP o} A3 Are HYFS
0.01~0.51 mg/¢ B = °IAct. L&t heterotrophs 87
#& mineral salt medium®] NH.Cl 10 mg/¢%}
glucose S0 mg/8E H7IA7)E TFUE Folx1 =
Yot AT F713td 159 MY Folle drYory
AAE 112~385mgl AE ZAHYY. NHCI
50 mg/8%k glucose Sg/f 2 ZAE WA E ¢RY
of Astdol U FolA 159 WY Fell o 1~20 mg
/28] RO AAT} AT

Ab A}

£ d3e FAUER dRdAE ATFHEHE £
gx AT SFATAE AT 2t o)Fo] o
o] oo} 7} =YUCh (FAME: 97K3-1506-02-03-3).
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