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Investigation of Microorganisms in Rainwater Tanks
(Analytical Methods for Microorganisms and Their Identification)

Kimiko YABE *!, Maho MURAGISHI?, and Toshihiro KASAT"!
Department of Environmental and Food Sciences

Storage of rainwater in tanks has been recognized to be useful for sustainable supply of water. Especially, heavy
rains are frequently caused by typhoons in Japan. Although rainwater is clean when it is newly formed, little
information has been obtained about the quality of rainwater during its storage in water tanks. Investigation of
microorganisms in the tank is important in using the water for toilet flush, shower, drinking water, and so on if possible.
In the current study, as the first trial, we collected six samples stored in two connected rainwater tanks in Higashi-ago
Elementary School, Fukui, Japan, and then investigated microorganisms in each sample. We could finally identify six

kinds of microorganisms based on their IDNA sequences. We also measured total numbers of bacteria in each fraction.
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2. BHEEBHE

2.1 HEEH

K% > 7 NOBAEBORRIZIL, GY EREGH Q%7 /L a—X, 0.5% BT R, 2%%EX), vr/u7r7
Vo —n—AXHLr7nas 87 x=a—)VE KM (DRBC 28 RKE514 ; Difco Laboratories £1), £7-1%, 1=
YEFERIEH (Standard Method Agar ; H/KBUZE (BK)) Z /o, 858813 28°C, AT CiTo 7.

2.2 FKREVODLDY T T

REHNNLRE R WNFALDRAK S 71X, INFROEREHEORBIRIZETON- 3t Z U L, 20X 71Tk
ENF2t Z bR END (Fig 1). [RZ 2 71% 2013 4F 11 HICERE S, 2487 22 H BEH 2 i) Tz
2%, 2016 426 H 25 HIZH v 7 W& Teif 2 O a2, IrRINAKREBIZ A3 6 1T [3t 4 v 7 WKk H»
S 10cm DERZO/K (3t 10em 1K), EIZ/ZE o7z ikBd GtR), X o7 NEHOBEOILEY GthEm), &
W2t Z 7 NEDFEK QtE£EA), KEHSK 20em DK (2t 20cm FRIAK), EOULEY QtIE)] e, *
NENSOML 7 7 a3 Fa—T 2RI LIz, KV 7 VA ESE, 2.3 5 L7 & O ICFREE AR - 1%
TTHELBIZ, RV EIDICHDTT, ENEN20CKRSCTRIFLT. 612, 7V E'r— VA Ny 7 &21E
L, -80CITRIFLT-.
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Fig.1 Rainwater collected from the gymnasium roof enters to a 3 t tank through a downpipe. (A) Outline of the tanks. A
part of the water in the 3 t tank flows into a 2 t tank that is connected to the 3 t tank by a pipe between the two tanks. A
ball tap is set at the inlet of the 2 t tank, and it regulates total amount of water in the 2 t tank. When both tanks become
full, the excess water is thrown away through a drain bulb. (B) Photo of the 3 t tank (left) and the 2 t tank (right).

2.3 MAKYUTLORINE, EE RUBMEER

KT AmL GEEOSEE 1g) % 1.5mL JRE RO LT, 15,000mpm, 2 7O L2, Eif 950uL
EHLWTF 2= L, EolcibBmaETeik (SopL) (1MRE#%, LLTFOFEBRIZHW:.

IEESY (FFEHD) 13 50uL & GY 551} (NDRB Bl zh 2= v T — TR, 28°C T 2 Bk Lz,
3t 10em HURIK, 2t KK, 2t 20cm FIRHIK, 2t EOILERE/3 DUV TS, Btk 20pL 2 2EREF ORI T L,
HAH TREIZAT T, [FRICEE Lz, 3L 3t BEmIXER 3T L A ERT2D, BEET—ET < W
T, EREHOMICES, ASFTREIZAT T, FE Lz, 2K, 3t StEOLEMIC OV TIE, 6T,
JEIAREE (400 f5) TEIZL-.

2.4 HOHEM

GY i ONDRBC £ K5 Can =—% Bk L7=iEm e b L, S on=mEYw 518K icon<, 7'
tue— LA~y 7 Z{ERIL, -80°CTHR7F L.
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2.5 DNA —4 D RIZ&ZMEDDEE

2.5.1 DNA #iHH

FHEoX 2mL fhEE LT = — 7|2 Tris-EDTA FEEHR(TE) & TE fafi~” = / —/L% 100uL 3o/ %, Yva=7t
—REDBINZ T, FREEM EOBEERERE TS TN T, #% Lz, TOMER LT = — 7 & fllamks
[& FastPrep FP100A (Q-BIO 101) (2t > R L, speed 6.5, time 45seconds D2 TR Z T 7=, Fa—T %
4°CC 15,0000pm, 15 43 L, B 65uL % 0.5mL F2— 7128 Lz, EEO—E (10uL) ZIKiEK T 4512
L, PCRICHELT-.

2.5.2 TaqBE#HRIZ& % PCR

DNA (4 {5#78), rRNA ¥EHHES0> 77 A ~— (Table 1), MUY Master Mix (Promega 1) % F\»T PCR %17~
7=, RS %, 1kb DNA ~—71— (Promega f1) & & HI2 1% 7 H v — A EXUKEN T PCR FEMZ T 5 Z &iC
£V, FRDNART T L— e LTE 2L 2R LT

Table 1 PCR primers (#1,2 for bacterium, #3,4 for fungus)

No. Name Gene Sequence

#1 Coml-F 16S CAGCAGCCGCGGTAATAC
#2 Com2-Ph-R 16S CCGTCAATTCCTTTGAGTTT
#3 LROR 18S ACCCGCTGAACTTAAGC
#4 LR5 18S TCCTGAGGGAAACTTCG

2.5.3 KOD E=IZ& 5 PCR

[dl DNA Z HW\C, XV EFEEED PCR E£3E KOD-Plus (TOYOBO £f) # M T, PCR #{7->7-. PCR EW %,
Gene Ladder 100 (= v Ry o—r4h) L EBIZ 1% T T —RAEKIKENZITV, Fl~v—h—0ON 2 ROREIZLL
B9 5 Z LICX Y, PCREMDIEE ZHEE LT-.

2.5.4 Exo-SAP JLERR UHE

PCR SUSHEHF DARIED ANTPs R°7' 7 A ~— % RET 5728 Exo-SAP (Affymetrix 1) & 7. FERFEICHE
VY, PCR EEMIOR ST d 2IREHIPHIC /2 5 X O IREZFHEE LT, Exo-SAP & ¥ 7L AJRE, PCR %L
W, 37°C  60min S5%, 80°CT 15 o425 = &L CER A RIS, 2OV T NE Ty —7 2 AD
72 Eurofins Genomics fLIZFIE L 7=,

2.5.5 WEMORERUMERERE

Eurofins Genomics #1725 BN TEZIWET — 2 #5512, 5% 5N TE @ aFiT — 2 2R - &
iEL7-%%, DNA Data Bank of Japan (DDBJ) ¢ BLAST fHRIRZRIC LV, ML e oM ARk L. 51T,
[FfAED % GY B L C, an=—0OREBRGLBIE L, RE OlEIC XY, MEBOREEZITo 7.

2.6 —EHERE

BEEFHCIERR LT 6 o 7D 7 ) T a—L A kv 7 ZRKTENL, TO—i %, EFAEKT 144, 10 14,
100 £i%, 1000 fi%, F721% 10000 FHIZATR L7, AR > 7L 100 uL %, FEEFREREM Fic a2 7 — DT,
28°CC2 HREEEE, ZTNENOHEREEICE ENHMEMBE I T N LT 7ok, REBRTIEK, hvr b
DESORILE LT, mav=—DOKE &, /b (EE 1~15mm) - F (1.5~2.5mm) + X () (2.5~4mm),
o (4~7mm), K (7~10mm)) « Kk (10mm LAE) O 7BEPECHTTCAH T ML, Imm AT (W) oon=
—FEEKICI T R LA DL LT,
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3. REMER

3.1 HWAEYOHREE

3tH T ROt X ND 6 0FT (3t 10em K, 3t 5, 3tHEmE, 2t FmEAK, 2t 20em FRIZK, 2tEK) 75
P TN EERE L, GY B} (N DRBC RIS TR L= & 2 A, R -, HixRpeomtman =—
DR ENz Fig2) . ZOZend, BMICAZAKEZCH, DT TSI PMEMNE TN TNEZ &
DHERSNTZ. 2 ZTiE, 3t 10cm KD 4 88, 3tEMNDS 1R, 3tBEmMND 12 k2 HEEL 7=, /-, 2t £
HKRDD 48R, 2t20em FFEIADNS OBR, 2tJENS 11 BRZHEEL, AsFSIHRAHEET - L Taz

A

Fig. 2 Microorganisms in the water tanks. Colonies of microorganisms from 3t-10cm-midlle water (A) or 3t-wall (B). GY

agar plate (left), DRBC agar plate (right). Undersides of the plates were observed.

ROV CHMEBILE (400 15) Z1T-o72L 25, WEME, Wk L Ebhsbo, $-aER %%
KETDIEHm EBbND LD Y, Bx REERDBIE SN2, FHT, 2 EOLRBEMITIE, ARy 7 A EHEE
SN EIMEMAEDDBIE SN (RER) . UEOZ Lnd, MRTPHEEIND K HIT, WKE 71388
T oM BT IA R, 2V NICERRUEEL T D b0 EEZ LS.

3.2 DNA P—H7 VR EMEHRRICKL IMEMDRE

% < OWEMIZHONWT, fENSEIRFNCTLE LT DNA ¥ —7 U AFERNEGE LN TEERHEILZ. hED
BE, EREHOa o == OEFSEEARERRL, 7=/ — AR a=7 ©—XFE T, MR
kL, 47/ 2 DNA Z [, Z2ffi7e Master Mix C PCR 24772458, 12& A EDTXTOH T IHONT
HfJE 9% PCR XV M55, 7/ ADNAWNT 7 L— b & L THEREST D Z LN S iz (Fig 3) . M
IZOWTHEREMIDO am == b+ EOEEEZHIL T, FERIZT / 5 DNA 2R cE 7

ZNBDS 7 A DNA DWW, KOD plus BEsE 2 VW TRIEED PCR 17\, £ @ PCR iEWE VT —r v
REAToT2E 2 A, PRI T — 4 K O'DNA BlFI3 5 bl GEERR) .« —J5, 272 Master Mix ¢ PCR 2
WaERWEBRICIL, BT —2%, BER NNy 7 770 RE—=BNHBLL GERR) |, v—F v AfHROYIT
Lotz

1 2 3 4 5 M1 M2

Fig. 3 PCR products of the fungi (lanes 1-5) isolated from the tanks were analyzed by agarose electrophoresis. PCR were
done using Master Mix enzyme. PCR product was not obtained from the microorganisms corresponding to lane 3. M1, 1kb
DNA marker ; M2, Gene Ladder 100 marker.
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LIk, $72% PCR ERZHIWTC, T Lv— =y 7 ey —7 0 ZAMD 2 A0 PCR KIS EATVY, $%ET
oIz PCRFEMZEANWTY—r v R%A(TH 2L & L. Fiz, ¥ —/  AITiE PCR FEY OREFHREN NI T
HDHN, W ORHITEIENEMEC 72 D Z £ 0vD, PCR FEMDOBEKIKEIOBRIZ, 100bp~2,000bp £ TH H /3
—7 % DNA # 4 A~ —H—B LU~ A~ —H—Td % Gene Ladder 100 v —H —% &2 9 = & T, PCR #EY)
DEZRMbLZL L L. ZHUTKY, FEROBIEEZINZA L Z LR BEAMbL 2 2 LRTE, HE)HOHuE
IR TV AIRE & 7 o T

AWGE T, ATEISRATE S HEOMAMIZ OWT DNA > —7 VAP Lz, MHERRERIZE Y, ZhubiT,
Rhizopus sp, Alternaria alternate, Cladosporium sp, Penicillium sp, Penicillium oxalicum, Bacillus sp T&b 5 Z & HRIE X
Nic. Fio, TR EOK 2 v =—ORERFHEN G, DNA BSIDLHEE SN DAEMOZEI S & FJE L7z
Z LR ST (Fig. 4).

Fig. 4 Colonies of the fungi identified based on their DNA sequences. (A) Rhizopus sp, (B) Alternaria alternate, (C)

Cladosporium sp. Colonies were observed from the upper side (left) or the underside (right) of each plate.

3.3 —HERE

6D ) Er—/LA Ny 7 H 7L (3t 10cm HREK, 3t)E, 3tEEmE, 2t FEAK, 2t 20em FRIAK, 2tEK) 12
ONWTC, 10f5AIRAEMRD KL, HEHEEREEMAFAWT, 28°CT2 AMEE#E L (Fig.5). 0%, £Ukan=
—DOEEAT MLl an=—8E, U7 TN K VBREICRZR Y (Table2), KIEHTITEWNTHK
EMPBRHEINTZ LG, AT L L CTHHAT 2OIXZEMO R CHER S EEZE X L. —F, Ik
BZ1E, < OMEMNFET D ZENPALNNIRY, ZHOMEMOZE RNV ETHDL EEZ BN
L. AEIOWPET, 2t X 27 OMEEDOTH, 3t 2 2 7 IR THEE Dotz BRI TZANET 3
t X U IICEREN, IR N—EREBRTFHIOD T2t X 7 ~OERMPEED Z LD, RANEG LT
&N EDIRBIOMEDNL 3 t X7 IR Uiz EHEE SIS, BEOMKS > 7 #EFNCWE_TBICE, Eh
ENDEZ T DIFEFEETEONT, [ERIOFH B Z Rt 5 ATREMED mE STz,

Dilution rate 100 X

1000 X 10000 X 1X 10 X

Fig. 5 General bacteriological examination. Each fraction of the tank was diluted as shown, and 100 pL aliquot was
inoculated onto a General bacteriological agar plate. Left, 3t-wall (left), 2t-surface water (right)
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Table 2 Total numbers of bacteria in each fraction.

Fraction Total numbers of bacteria
/100 ulL
Surface water 13
2 t tank Middle water (20cm from the surface) 3
Bottom 4500
Middle water (10cm from the surface) 240
3 t tank Bottom 90,000
Inside of wall 1,400,000

4 & =®

AWFIETIE, EBIZEEH S TCWDRAY 71220 T, NEOMAEY O HiEk & RE HIEOMNL, K OWAEY
HOPEFEEBRS LT, MEDORIEIZBWL T, I =—EA»HEE DNA &2 BT X 3 51Nk
SER, SHIT, FHEORRZ 2FOBEEZANT, 2BIEO PCR 2D 5 2 LT, Wb TR, M ORER
Z DNA FeHIDPIENAREE 7oz, Fiz, EHEEFIEMOFIFICL Y, 2 an == T, FHE
Bré LCTHRRMERMNE DI, RIFFETIE, 2 t 22 7 WO OGN, 3t2 v r70xn kv, BEED
W EDBMER SN, DD, HEOX 7 BRETHERCE, WAKY 7 2EANCERET S Z LT,
BB D52 7 ORI, MAEWRINITRNIALET D2 7 OKEVITAERIZEGEE 2D LHESND. 20D
ZElE, WARIAZBET HBRICITEERERTHY, 612, BROX 7 OREERFTT BRSBTS
LS.

RIEBRTIE, MEMREORED O, EEEREMAE O T BERAE 2T o720, ZOFETEIY
SOFERE R E OBEREEM ORE 2 JH D120 LTV, Uk LT, JUAERENIINS 17 DRBC 2 KE;
X Z S OAEORINIZE LT b, F7o, KT OTLEY) 2 B CBIZE L 7-BIIE, EEEOFEN
MRS, ESm R PR Sz, Lo T, lKICE ENDZEE AW 2 AT 5120
BRI L & DICHETEEMAEDE D Z EnnELEbS. —F, 2L OFEEMAEDEHL LT
TFIEPEHEC /0D 2 &1, WIEEOTIZ/RY 5 5. Lo, BMEFHROBEEMEICIWO IR T ED3 2
Bl btHEIND.

2FEDWRAKS 7 DWNTHUZBNT S, KEHS T, MAEMOIFERHR S, BRAIIERTHY, £7-,
BT T ORI L TRWE S ITHEEICERRIL 722 005, )b OIRAD ATREMEIIER W & bt
L. LIemo T, KEEDZIE, WREOT RN SIEMNFET 2 alietEn @<, KEHnz2RWET 52 &
SEH-BRICRHT A Z EITEXTIEZ I BRWEBDID. £, lKY v 7 OKRPEIEERET 7T,
HOLRRERLAITH S & TREL TR, AR TE L OFEMHMAEMNBE SN, 2 7RIz TH%<
DOFEDDAFIE L, FRIBEMEYSCIRILEY O FIIINA I 7 4 )V W73 EALFICE IR BEREE 2 EE L TV D AlRE
@75%5. RIS R OBETH 5.

WIZASRCE) DRI B A 5 2 DA B HEET H 2 LD, K 7RI HENE OEMNRAT
5T f$75>3?)é’> AMFFE THERIZRIE LI AEM OHRIIE, RS L S 2 2IWEMEEZ AT 23t Sz
otz BIZIE, Rhizopus 1 TI0- ToAEMRITCEF R L, REICAICHREHINO T ETH L0, iR
OTHVONFETHY, EEREOREDFN AR D L0 L, JBER L IS, Alternaria alternate & H R

LENZOAA L, BEx Y ORE LD OBES D E T, THIXTRERE, 4 FaBIRE RS LTHM
SIVEYIFEFE & L THOEINDW, Cladostorium HWAWARBEE TR ENA T ET, AOFRKOBEREIZT
52 EITBDTENTH DWW, Penicillium oxalicum 1L, JEAEETHY, FFEIZLD b~ FORERHRESNTH
2000 Pl b, RBFFECIE, BEESEZSISE TGRS0, TS, INERICERE SN X v
7 ThDHZEDNEBRLTHNDONE Lt

JREHIRD TR 20 & A RBRBEICRRE SN TV DR S 7 TlE, GENDMANPRESRRY, F72, B
BEIZHRAT U TRk 2 e EDNIR AT 2 Z E BRIBE ST A0, il 20X, TR T 5 Legionella fEFI LN
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AKTERLBHENTEY, BESLETHS. LEN-T, AKEZ 7 OAFRIZONTIE, oz 7128
FARPNMLETHD. BIE, Foxld, BEHEZEREMZ AW —RERE CE LN EERMFEICOWVWT, S
HIZRIEZRATEY, ZOMENELIIUSE, BREEE RKY > 7 NOBAY O BRI O CHEAER N LA
ENHLOEHIRFENS.

5. #& ]

FRI7K 2 v 7 WNEROTRAEY) O BB T 15 & RIE 7R OB A OWE T L& et LTz, B Blca e =—2JEk
TOMEMZIBNTIE, 2u=— L EE DNA NHEECTE, 612, HEDORLD 2 FMOREL WV 2 B
@ PCR %179 Z &C, DNA BLFIREIZIE L7= PCR BEM)DOAERMNFIREL Ipo 7o, Fiz, MEMEREREHMA HWT,
AV ORENAIEE L 72 o 72, A, MAEMORER O EZ HMEMORIEEITH Z L2k Y, k& 7N
DAY OFEF K OJRTE, FT2BRE & OBIRIZOWT, &2 ED 5 Z LR ARETH 5.

B 2
ARFZEIE, R TR 28 HEFEENRFRIIFTEE OB 2 % TITo 72 D TH Y, HEltEF L ET. DNA
ENTIZOWT O T E 2 W72 WL ESRR I G LET. £72, fIKZ 7 03B OBUZ BN T I TN
7277 & F LI-fee BRSOV IEE o8 X F \@#ET W - L E T

X 3
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