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Evaluation of the in-sifu activity of ammonia-oxidizing population
in biofilm by quantification of amoA mRNA
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ABSTRACT; The relationship between ammonia-oxidizing activities and amoA mRNA (encoding ammonia
monooxigenase) levels was investigated by batch experiments with nitrifying biofilms taken from a lab-scale bioreactor.
RT-PCR technology was applied to determine copy numbers of amoA mRNA in total RNA extracted from the sludge
sample. Ammonia oxidation rates and transcription levels of amoA mRNA were monitored throughout the experiment
that ammonia was fed as the concentration rose abruptly up to 20 or 100 mg-N/L whenever ammonia was consumed
completely. A large ammonia turnover rate occurred immediately after every ammonia shock load, although the amoA
mRNA level was still low. The tumover rate gradually reduced with decreasing ammonia concentration, while the amoA
mRNA level increased until several hours after every ammonia shock load. The tendency of the amoA mRNA
transcription changed a decrease as ammonia concentration dropped as low as Km value of Nitrosomonas. The
induction of amoA mRNA was detected under the presence of low ammonia less than 5 mg-N/L. However the amoA
mRNA level was not correlated with the ammonia turnover rate in the range from 5 to 100 mg-N/L. It was indicated that
the amoA mRNA level in the nitrifying studge was not directly connected to the in-situ activity of ammonia-oxidizing

bacteria.
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1 KL®IC
TFHEKD b DA EMERRERSOERBEE CH AL 2 EICED 2 72D, UG
STWAT E=TEMEHEO MMEE). THu. TER R EOEBIFRZICETOILENL D,
168 RNA %A A=—H—L LR TFEMFHTEOERICLY . BEMEYRTH LEHERAI
FET L7 e = TBCREOEBER A IHURT 2 Z L SAREL 2R o T 129,
~—77, T, RTPCR MM HEREEITE 2B £ 20572 2 L DIlEERIE T mRNA FRiTOER
DELY, TYEoTEBERIGIE 3 2OV 7 a=y M OERIND TV F =7 B LB (ammonia
monooxygenase . L% amo &BED)OMEAERIZ L VT L WD, LOT RS TEERITHNTS
BIEFE LT amoABC 2350, ZOBGFENT T = T GEOHIAN TO L oDA~m b LTH
HLTOAZEBRLNATNA Y, TUoeoTRBEILZOAn 288 L9, #hFho4~2a T
* R TESEEMER  BREEETT TR (Dept. of Civil Engineering, Nagaoka National College of Technology)
o ETREEHMT  REERT TSR (Dept. of Civil Engineering, Kure National College of Technology)
ok gy T RS ARTE RS a2 5 A TS Dept. of Civil Engineering, Kouchi National College of Technology)
sk EARITRIERSE BB AT LA T5%(Dept. of Environ. Systems Engineering, Nagaoka University of Technology)

.63 -



BEMRR - THBZ EBRESNTNE ™,

LR ZE S 0t X 2 RE T ABEHFRECRIRBRECHRT 2= 7RIEEICH LT, £ETHS
FURZT CBHBREOA N AEEZXD I LIIRD, TNOORERFICL > T anA BEFD
mRNA BEEEZFHEINTHND Z LRI E TICHE IR TWA 20D i AR
T amoA mRNA ZEE U COOHEESREASLIEVWELTH 2 EbMbNRTWS ¥, o), 7o
TARNTOT =T BACHED insim EELEET 5 2 &IIREEEEM 2T 5 L CUERRIX
THbH, BEFITONTEET 22T 2GR Sy FRB T insine IEHETMIT2 2 81X T
Ripotz, Fio, HIERNICET 2 =R X—HETHD ATP 7 —V & VT insin {EYEOFHE 9T,
IEMIBTRD & 5 7B A MAEW RO T—HOMAEMBENRED ATP [ZHEBE L THHMET 2 Z &1L TE -
72o —77. mRNA [IBRET 7Y 7 LR BICBRRHCEEN T&, PCR BfERWVWDZ LICL Y BW
E T AHBERIET O mRNA OWERE cDNA 2RRIRHT 2 N TEDLZ L0 insim 1EHEEFT
L OBLDEHEREND, EBI2, AU F VT D mRNA OIS & STBY ., VR
=T B OTEEELE BT A 2 E b AL B2 LD, Stin HIX, amoA mRNA,7 €
=TBMBERER L 7 R S T BRI BR N S D EHE LD 1,

AFFFE, AR VHIERICATE LTRETERIC T B o T 2V ARICHEE L, 7 = TR R
& amoA mRNA B BOEEZEHTHZ L1250, amoA mRNA 1T VEER X —/UzisnTT 8
=T BALAED in-sin TEEETHEL 5 2 b O THAIDENERIETL5HDTH D,

2 EEHE Table 1. Composition of synthetic
2.1 7 R TRCEEORIE wastewater to develop
T =T B GRE OB T AR 320 12 lem MO AR nitrifying biofilms
VxR a—THREERA LI RRS A T 7 X —% (g/100L)
N, 200, REFTOEIRENTEE L, V774137 NaCl 1.01
T T RFEEN 625g-N/md/daym 12725 & 5 12 A T4EHEEK KCl 0.47
ZHEEERA LT, Tablel (2 A TSIk OME2 TR, CaCl, - 2H,0 0.47
NaHCO; 93.72
2.9 /Ny FHER NaHPO, - 12H,0 2.31
3y HIChi BRI L > T 7 0 S —DT VE =T FeN“ED;A | 42“:4
LA B L7910 Tablel O A TEHHEK QA5 MgSO; 7H,0 167

NH,Cl % B - SRk & 3 B E 72437 B RBERETA &8,
IHIRND amoA mRNA #VHHKE®7z, 0%, 300 BIFEFORR VHEZERYH L, v FEBRIzH
Ule, Ny FRBRIIBIARFOT B THREN 2mgN /L OEBER S 100mgN /L OFEERD 2 %51
EfToT,

RBERTIE 7 AMO7 =T HERGICEE Y 52, BENICT B TBESBIL, ARV
BENGIERARR Lz, 7ot 7EREMETE, 22mgNL OB LVEHIZAHE L, “hi 3 B
DRLT, BBERTRAY TRBFOT7 VE=THILEEZRBER RV T B0l AR
VUSRS LTERMLE, 3 BEIOT BT HMRGICEEY S 2. (RBRER L E UHERITo
7

Ny FRBEFEOT e TERGEERY Y IEROT =T BN LEME L, TR
TR EEDRITEIZ I HACH #( PROGRAM No:380 )& fiV V2,
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2.3 RNA #iHd
Ay FERERTEERL LI2i5IRY L 7/143 pHS Ibuffer (S0mM sodium acetate, 10mM EDTA-2Na)iZ THE %
BH1T 571, EHIZ RNA later (Ambion)~875 S RNA O #EEEHIE Uiz, 0%, F2—7~0.2mm
AT A —X% 05g %, ISOGEN (Nippon Gene)igi& F TE--R &—F 1 1 7 (5000rpm, 2min)%1T -
7eo 60°CT I0min fREHIZHOEGEGE C—AY—F 1 L7 & 75Tz, 7 raR/L L% 200ul MZIRE
L72#%. 305 BE(10000rpm, 20min, 4°C) % 1T -7z, LEHERIN L, ©F /=L ik, <Ly O
ATV, 100l ¢ TE(M Tris-HCI, 0.5M EDTAVERE X W=, 7 VHRIZRA LTV 5 DNA HHIE
\TEEAS KT -0, %I DNase #4881 X DNase 1 buffer, SOU DNase I (Takara), 13.6U Ribonuclease
inhibitor, 37°C, 40min)&{To7m, #OHK, BT =/ —b, ZaogibsEZRO0THr IV OBRE T
Tro BONTZ ) —000iR. Ly hOER, TE ~OEREITO, fi L7297 /10 RNA JRE % Gene
quant pro (Amersham Pharmacia Biotech) Fi\  CEHAIR T o 72,

2.4 RT-PCR
WEEE RS TIE Random Primer % L), Total RNA % ¢DNA ~##55 LTz, ZDEROBIGHEOMAIL
(5.0mM MgCl,, 1 XRNA PCR buffer, 0.25mM dNTPs, 2.5pM Random 9 mars, 0.34U Ribonuclease Inhibitor,
0.25U AMYV Reverse transcriptase(Takara), (9.83ul.—X uL) RNase free ddH,0, X pL RNA templete, Total 20uL )
T 7, WIEEREHIR AT S RNA templete Bl 3ZEEE T 40~120ng & L7z, #5751 Takara
Thermal Cycler MP % FiV>, 30°C(10min), 55°C(30min)., 99°C(5min), 5°C(5min) TIT -7z,

2.5 Real time PCR

WHERE L7= cDNA B2 7D amoA B{GTFHamoA ¢DNA)% Smart Cycler % JHV /= Real time PCR {2
FVBEIE L7, Real time PCR OHGHAEHE LT SYBR Green 1 ZRA ¥ —H L—& —EEEHA
Lir, EEHFOIMBEMEREGET L LTIE Newopaea (IFO14298)0 DNA % Nakamura® & DHEZ LDk
HiL., amoA BEGEFHIEE, BRLEZ%EO PCR EYZEEAARL, BERL ULTHV HBIET DEHC
BT 4 <—i% amolF, 2RYTH %, EBELIFEETFEOBEMNE U THEEERERT IRNA & H
WAFEMBR SN TEY 19, SENLIEE L7 Total RNA Ing (2343 % amoA cDNA @ copy $ &
LTHELZ,

Real time PCR EFOBE3EI713 R-PCR Version Takara Ex Taq™ 2 VY, T OFED PCR USROS TR
DHPAR -T2, PCR 75 A =TI amolF, 2R ##A L7z, PCR UGz E T 95°C2min) DB
BTN, FO% 95°C(10sec), 59°C(15sec), 72°C(15sec) DEEIERG% 40cycle #7577, SYBR Green 1 M
FHARL 85°C(6sec)l TR E LT, PCR FUSKICHRIIARZ MR U CIERFRANBES R Z > ThignZ &
FHER LT,

3. EBRHER
31 {EREy FHER
Fig] {ZRBEZ Ay FREBRIZEIT A7 e TIREOEE Y, EEAVINES S 15min, 45min, 2hr,

4hr, 6hr, hr BB UIZEATH I ERE L, TUESTIRERD, BERARCIK 2mgNL TH
ST HONK 9 BERIEIC 3mgNL FLICETIER T L, 10 FfE, 20 BRERIRICHT LS AR X
7o BT LEHINZ U72 0-10 BERE, 10-20 BHME]. 20-30 B§if % Z41E 4 Phasel ~Phase3 &%, £ Phase &
HICHIHIERPE TIL T B = TEMUEE SR E WA, BEMET T 218 2R TBRLEE T LT 5,
Ny FERERGIMO pH 1 8085 Tholz, AR THIUIEBHIRIHOT L& = 7 BB OHETECEM
OB DNV THER T HVER DS, L., 7y TEBRGHEEOEEEE TGO TN, EhiT
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Fig.2 Changes of amoA mRNA copy number in total RNA during the batch

experiment by low ammonia stimulation
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Fig5 . Changes of amoA mRNA copy number in total RNA during
the batch experiment by high ammonia stimulation
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