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A study on characteristics analysis of autotrophic denitrification microbial

community using sulfur granule
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The representative microorganism of autotrophic denitrification using sulfur granule, oxidizes the reduction from S and

performs denitrification by reducing NO3-N to N2 gas. The sampling of autotrophic denitrification microorganisms has been

performed from foreshore sludge, condensed sludge, and active sludge, but the analysis of autotrophic denitrification microbial

community characteristics has been lacking. Based on the separation and identification of each sample using the PCR and

DGGE methodologies, many types of sulfuric microorganisms and autotrophic denitrification microorganisms were found.
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Fig. 1. PCR amplification reactions carried out in an automated
thermal cycler.
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2.1. N2 xH

ol& g EE A8l AH 9=y MEE
&, A=A J AR 55 SR, Y skeA Y] &
A& A= AA sulfur/limestone ©]-8-3ko] S E 0]
I Sl= XS AHFIEAL, v=8] ATCCollA =3t T,
denitrificansg =St AEe F7|SEHE HESH]
AFAR 2RFsFATT

2.2. DNA =&

MEBEFH 55&HA, SHEHARREE total
genomic DNAE 7] $5}% bead—beatere} FastDNA
SPIN kit for soil (Biol01, USA.)E ©] &3t &3}t
%225 DNAY %9 &£%X Nanodrop (ND—1000
spectrophotometer, USA)E ©]-83}] 260 — 280 nm?]
A skt Aol DNA A|BEE2 AY A7kA] -20C
oA Bysigict,

Table 1. Sequence and target site of the primer used in this
study about 16S rDNA

Primer Sequence(5' to 3) Position
9Fa GAGTTTGATCCTGGCTCAG 9-27¢
1542Rp | AGAAAGGAGGTGATCCAGCC |[1522—-1542
GC 341F| CCTACGGGAGGCAGCAG 341-358
786R CTACCAGCGTATCTAATC /68-786
a. Forward primer

b. Reverse primer
c. The number of position is based on E.coli 16S rDNA

——] 674

2.3. PCR &2

PCR ¥Fg-2 50 4 ¢toll 1 x PCR buffer, 2 mM dNTP
mixture, 1 uM each primer, template DNA and 2.5 U
Taq polymerase(Intron Co., Korea)E& #7}5t%] PCR&
S35ttt B2 941 9470l A] 5 min ¢ DNAS
HAAA, 947TolA 1 min, 50TolIA 1 min, 28|32 72°C
oA 1 min®E 25 cyclesE Al3g & 72°Col4 7 min -5<t
final extensiong sttt 2+2t9] PCR AHE2
ethidium bromide @4 3 1% agarose gelollA] <1513
th. Table 12> 16S rDNA®] tigt H7|AE& Hehd o]
t}, Fig. 1. PCR " 713 18-S UehfaL gich

2.4. Zt Al29| functional gene (nirS, nirK
nosZ gene) 24

Z} A|ZA functional gene®] &21-S $I5H nitriteo]l
Al NOZ 9] L nitrite reductase(nirSe}t nirK)oll 23|
Sl =X}, nirS gened ERIsH7] 938t primer® =
nirS—1F(5'-CCTAYTGGCCGCCRCART-3")2} nirS—
BR(5-CGTTGAACTTRCCGGT-3)& ©]83t3ow nirk
genes #elsl7] 3% primerZE nirK-1F(5'-
GGMATGGTKC CSTGGCA-3)9} nirK-5R(5'-
GCCTCGATCAGRTTRTGG-3)& ©]-&3}o] PCRE =35}
St} gHH NOoJA| NoZ 2] 32 nitrous reductase(nosZ
gene)oll 23| Zull H AW nosZ gened 51| 3
nos661Fe} nosl772R< o83t PCRE =3¥3}9ict. PCR
WS-z 748 94 95ColA 5 min 52F DNAS HAAA, 94
ColA 1 min, 50CoI4 1 min, 72CoIA 2 mine & 30
cycleZ A%t & 72°CONA] 5 min <t final extensionS
35Tt 2122] PCR AME-E ethidium bromide G4 &
UV trans illuminatorol| 4] 2ela}sict.

2.5. DGGEH

DGGE analysisE 913l Muyzer et al. 2] W& HYs}
of AAJstott, &% DNAE IF(GAGTTTGATCCTGGC
TCAG, E. coli 9-27 position) primer®} 1542R
(AGAAAGGAGGTGATCCAGCC, E. coli 1522-1542
position)& o435} 1X}2 direct PCR & 2X}2 nested
PCRS AAI3HE), oldl, 40-base GC clampZ} -5
341F-GC(CGCCCGCCGCGCGCGGCGGGCGGGGCGG
GGGCACGGGGCCTACGGGAGGCAGCAG, E. coli
341-358 position) primer2} 786R primer(CTACCAG
CGTATCTAATC, E. coli 768—786 position)S ©|-&3}]
o] A2 2 nested PCRS =351t

DGGE+ D—Code 16/16—cm gel system (Bio—Rad,
Hercules, USA)Z o83t 60TE #X1H 1 x TAE (20
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Fig. 2. The direct PCR amplification using 9F-1542R primer for T. Fig. 3. The nested PCR amplification using GC 341F-786R primer
denilrificans isolation from DNA. M: 1kb marker, 1; sludge for T. denitrificans isolation from DNA,
in Young jong do from sample 1, 2; sludge in Young jong
do from sample 4, 3, 4; sludge from concentrated sludge,
5, 6; sludge from active sludge, 7; T. denitrificans.

3. Mgzt Y 0¥

mM Tris acetate, 0.5 mM EDTA [pH 8.0]), 60 V, 15hr

B9 5Lt olul) gels® 8% acrylamide(37.5:1 = 3.1. 16S IDNA 0|z 22| ¥ 54
acrylamide: disacrylamide)E &3 A2+, 3.1.1. ZH AlIZS0] thgt 16S 1DNA 22| & 55
40%-70%2] gradientS ©|FE== urea?} formamide?] NEEY} s=&8A], SAAEHA] ol oHst njyE=
&2 2HEskAT 15 AIZE & gel ethidium bromide® o] #3 BEE o|F Y=A| dotry] fJste] F&3
307 GA & kst DNAZHRH AgEFEAem I{3 E4L 7HA= 168
rDNAE 5Z3}17| 9151 9F-1542R primers ©]8-35}] 1
2.6. 16S rDNA E7|IME &M 2} direct PCRS =333} c}, ﬁﬁi’ﬁ 1538bpellA] ZZo]
DGGE geloll A 2 2e)9 bands= ZE A2 & ek Fig, 2= 168 rDNA 22 A4S Lpebiict
341F—GC9]- 786R primer set& ©]83l] ASES AA| 16S rDNAQ] EXE S ZE35l0] DGGES 3T o
3t & purification(PCR purification kit, Qiagen, Z o A3t s EYFEE opetsr] st 12;
Germany) 82 AZ o2 ABI automatic DNA Ao g FE% PCR AES Y2 = 40-base GC clamp
sequencer(model 377, Applied Biosystems, Foster, 7} e 341F-786R primers ©]83}%] nested PCRZ

CA, USAE 7148 AH3Ich ZAH 16S rDNA & 2%} PCRE =8¥31%ich. 1 A3} Fig. 304 yebdl Aatet

71498 BLAST search(www.nchi.nih.gov/BLAST/)= Z+o] 440bpollAl FZo] F3It},

Al RS = GC 341F-786R primer set& AMEsto] $-2% PCR At
=& °l83te] DGGES +=¥3t9lom, 16S rDNA| 7]

Table 2. The primers to analysis the functional gene(nirS, nirK, nosZ gene)in this study

Primers Sequence(5' to 3) Specificity
nirS—1F CCTAYTGGCCGCCRCART nitrite reductase
nirS—6R CGTTGAACTTRCCGGT
nirkK—=1F GGMATGGTKCCSTGGCA nitrate reductase
nirk—5R GCCTCGATCAGRTTRTGG
nos661F CGGCGTGGGGCTGACCAA nitrous reductase
nos1772R ATRTCGATCARCTGBTCGTT
TD—-F TGAACTGGCAGTCTAGAGTGCGTC T denitrificans
TD—R TGCCCGAAAGGGAATTGGAAC ’
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Fig. 6. Phylogenetic tree constructed by Neighbor—Joining method
using nirS sequences. The branch points are bootstrap

support values higher than 50% obtained 1000 replicons.
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Fig. 4. DGGE profile based in 16S rDNA generated from all samples
The DGGE bands (No. 1-27) were excised and sequenced.,

514bp —

Fig. 7. PCR amplification of the nirk gene from each sample.

Fig. 4= DGGE 59| 272 hehiict,

3.1.2. HEEY n|ME

N HEo| = AL A& £91 Halothiobacillus
sp.&F 99%U AT Hlx —rﬂﬂ—."@ =YY vd=2l
Rhodocyclaceae bacteriumell 43lHA {38 o]88h=

T thiooxidans, A& o]83l= T, ferrooxidans®t 92%
Fig. 5. PCR ampiliication of the nirS gene from each sample. AXE-S BTk, T3t Thiobaci llus sp. GA| B2 A3)s)
= AlEEA 100% YRS Eoct &R0l T
Mg B4k Al = 374 sampleOl NEEYF & A=) R) = F =Y G 418} n)AE2] Comamonas sp.
S&eA, SR ZEE oudt eSSl A :‘vj::‘TE TA-307} 97%BX 3= B3k,
2 0|21 g=x B4 6‘}"‘3} DGGE profileof|A] 92 z}
eS| tiste] g7 ES AAste] NCBIY Genbank 3.1.3. S&&8X 0|d=
databaseE ©]-85}o] Table 35 HH & & %ol & 27 J kA e FEET R olA= pH 29 AMellA A&
7He] MEEC] sl Aa/ds vl A e 161 st FAE AR oA Wo] HAE||R]= Halothiobacillus
of thalAl= olH FUA A7IMES 24T 4+ sl sp. WJ18% 93% A RTHS BT o]F2] Aol 7|5k
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Delfiatsuruhaten sis®} 99% YU X
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Fig. 8. Phylogenetic tree constructed by Neighbor—Joining method
using nirk sequences.

3.2 EEl oAM=
u| 59l Acinetobacter xiaminensis®} 95%U A& & XHH 3 = HHEYF
A B EEY + BXE
7L—4 Ao Tolst= B4
gene®] W3] PCREZE & n]AY
s}t Fig. 5, Fig.

F

T U E, AEHY o &S Ao o)
ul &= %—01 Azoarcus sp.&} 96% L x| &S H Tt

3.1.4. Sulfur/limestone0|l oI5t £2{X| 0|4 AEE 24

=232 w1

Table 3. Identity of the bands obtained from DGGE profile of all samples

xl=
=i

HJ

H
m
. 0X

23
=

mfef

FEEA, S4EA el 23
oti7] flste] Ealaty 7}
AR nirS, nirK, nosZ
o] 9 st ¢
7, Fig. 9 2 AlEE°l H

Band no. Closest relative

Accession no .2

Similarityb (%)

uncultured Acinetobacter sp.
Thiobacillus denitrificans
Halothiobacillus sp.
sulfur—oxidizing bacterium
uncultured thiobacillus sp.
Rhodocyclaceae bacterium FTL10
Thiobacillus sp. 100B-B9
Thiobacillus sp. 100B-B9
Rhodanobacter sp.
Comamonas sp. IA-30
B—proteobacterium

2500 N o wN =

12 Thiobacillus neapolitanus
13 Halothiobacillus sp. WJ18
14 uncultured Acinetobacter sp.
15 Acinetobacter xiamenensis
17 Azoarcus sp.

18 Alkalilimnicola ehrlichei

19 Halochromomatium sp.

20 uncultured p—proteobacterium
21 y—proteobacterium B2

22 Delfia tsuruhatensis

23 uncultured a—proteobacterium
24 Arthrobacter oxydans

25 uncultured Actinobacterium
26 uncultured Acidobacteria bacterium
27 Gemmatimonadetes bacterium

DQ130041
CP000116
AY099401
AF170423
AY082471
DQ451826
AB210275
AB210275
AF494542
AB247270
BPR17285
AF1731369
AY096035
DQ130041
EF030545
DQ851175
CP000453
AJ401219
AJ318129
AY902202
AY302438
AY711784
AJ871301
Y124390
DQ139451
AY217504

373/409 (91%)e
419/419 (100%)
416/419 (99%)
402/428 (93%)
377/377 (100%)
366/394 (92%)
418/418 (100%)
419/419 (100%)
411/416 (98%
417/427 (97%
405/427 (94%
407/429 (94%
398/427 (93%
334/354 (9
400/419 (
408/424 (9
379/419 (
340/377 (9
(
(
(
(
(
(
(9
(

%
%
%
%
95%
99%
99%
96%
95%
90%

2%
99%

49
959

6%
909

09
407/426
415/419
427/428
283/294
375/393
356/393

393/424
410/411

a. Nucleotide sequence can be accessed via, www.ncbi.nim.nih.gov/entrez/
b. Sequences were aligned to the closet relative using BLAST
c. The part of the total sequence used in alignment
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Fig. 10. Phylogenetic tree constructed by Neighbor—Joining method
using nosZ sequences.

St nirS, nirK, nosZ2] PCR 4~ 23+& Yehfar Qlct,

PCR &30|% SE =X A& ©]-85}9] 16S rDNA
cloning= AA18} nirS, nirK, noszel #ojsh= &2 0]
AEES 5459} Fig. 6, Fig. 8, Fig. 102 nirS,
nirK, noszel| #olsl= &3 nAPEES phylogenetic
tree® UEtW ZAdtelrt, vt tfREY] nAEE0]
uncultured® AHZ Uelgon QG7|4E9S vugos
M 71 fARRE mldEe |t ddE oA vEeEs YEt
W Aolct,

nirS primer set& ©|-8-84 PCR& 5EA17] 23 Fig.
504 K= uke} Zro] 890bpollAl FEEollA ] 7iH E ok}
Y sheA oA o] s A R SHIGEE o] &H
+ "A=olA PCR AREC] SEE S-S & 5= S

0]& 16S rDNA cloning2 5319 nirS 434l =
NEEY v|YEE2 Fig, 69 YEFNAT. Pseudomonas
stutzeri®] 542 GAU O R 493} BAE o] 85 37

e nER 54 rlsieEd 5o etk e

3 A=l Uk, Paracoccus denitrificans= £4%
FrBER DAL FYPsks SF AAFOA R 27 4
, S9E & I3tES AHSRtth. Pseudomonas
aeruginosa= 3714 |AAER vgwlidy} 22 o3 Bk
= B3 AE SAY o2 ARSIt Pseudomonas sp=
714 g nBER AAaAAE A SHIFEETH
O8] AAG Aa9] FETt FTIslol e SEgo & I
S UERA] ko EE 22 C/NHlA {7158 F7tst
G2 wf 90% o] EEES e e Sfol g EAFH
of grdgt a7} it

&AM e 2714 nERE dRE SAU Sl

o

(e}
n =) ARE Faka: 2N E o] 7hssh B3 &
713, dERE 9t oR ANSlE Bacillus sp. TL2]al
AR 24k 2o JEE 3T 4= Q= 5HY
FulAE2l Marinobacter sp. 2} A YERLTE,
nirK primer set& ©|-&34 PCRS 5ZA1%] 27} Fig.
7o Vrebd vle} o] 514bpollAl 55 &8 A€t Y sk
oA &R R Syggddel ol&E= ngEel
Al PCR ARl SE =955 & 4= 318}, ©]%- 16S rDNA
cloning s &5k nirkK Aol W E v|AE5S 545t
Qo Aik= th Fig. 81 2oh 24&A A s4=
nirK ¥ v|BEES TS9Ol AR A Yol
A ABl= Alcaligenes dehitrificans®}; ARl UeERTE
Pseudomonas sp+ B3¢ 5 73 €ubdoln] Z4A &
gttt ®3 He, CH30H, ®3t¢a, f714F 43F,
benzoates, WHEHIT=E2 FHS F713d== AR5
L WL nitrateE TUAIZIA] 8 nitrite® @2 5}
= E40] At} s5&HA A E Pseudomonas sp. 2t 1+
ARBHA Uebor, e o s dFa) Ihdgh 12-%4
AMS AME5R= Hyphomicrobium}; SASHA| LR,
nosZ primer set= ©]-8-84 PCR& 524171 23} Fig.
90]| LR viet o] 1112bpollAl J St elge] 55 &8
A&} Y steA o] &R R SHITEE o]
S5 = vEol|A PCR AREo] S =SS & 4= AUtk
0]% 16S rDNA cloning= 539 nosZ 33l 3= 1]
BEES 5795190 A= th Fig. 100 Uetidict &
A& Ao M= Pseudomonas stutzeri, A. eutrophus,

Bradyrhizobium japonicum, Rhodobacter sphaeroides,
Paracoccus denitrificans®} +AFH UeRTh,
FRE7IHCRE BEgoA &2 AAlsie =45 4lslst
o] oUX S AN 4= A= A eutrophus, THEA 1t
e A 17 vteejotzM FakkEe] L& 34 dE|e
o}Ql Bradyrhizobium japonicum, NH4*2] &4 3}ojA|
F42E Adsts T4 v FFAL v EY
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Rhodobacter sp. Z12|3l Paracoccus denitrificans®} <+
AFSHA| LrERiTE,

2L x] o)M= Pseudomonas sp.&t dFollA dhaE o]
A TL5IYEE NP ERE =48 7/4E o835t

Marinobacter hydrocarbonoclasticus®} -F-AFHA| Ll wiet,
4. 8=

D) NEES)o = A4S nE &, F7188h 599
& AE, & Al vAE, F 5HYS
n =59 nAEEo] Ve,
2) J sk e FHEA oAM= pH 29] AHdollA
A& FAF T A o] WA EE vAE, o179
Yol 7| sk= ulAlE, AlERe]o] AYEsh dia
ol Fofsl= ndE F5ol ngEEC] UEST.
3 Y skrA ] SR =R SHIgFEE
A=A = EeAolA= otrlAkad
W71 SHAY nAE, deilstol dojsls 3¢
N, ey aiks o] 85ko] FEAHEE oF= 1l
AE T, 67 ES ARAI71AL Yo} 7‘1]7101] -‘r_’foq
gl Sl HdE T, 1ESY S T59Y
5o Uehith
4) o2 Fo] S| s SHIFEE
nEE AR FCE 3 unculturedd vAE
=0] Fol§ SHIFEEE 3T 7HedE A=
Ao AbmET

WAL MBS 2 (2000 B o8 SYerde]d

B, A% Q004) 3 A} BYGFRA vPRS o)§
e
5 W7, ofEHekEFeEIX), pp. 185192,

AL S8 oA, ZJQ14 (2000) BUAE ol 8t A

s g ngEe) 9 SAGHA W), SFEEF,
3

oledd, At A9, A AES 2004) e 4R S

ol 7123 SYGFTAL SPRA AL, FoE

 FIE, G, DA, oA (2002 B W ARA eAS

U
o] g3 AAtst B TAIY, gigEFFeIA], 24(2),

B89, 519, 7hA 2007) AAF B 9 wES ol

114:0] AR A, 4FSRESFE]A], 21(4), pp. 429-437.
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