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lotic systems

Etsuko MASUYAMAY", Ryosuke AWAYA ), Kanako NAITO?) and Ken-ichi NAKAMURA ?)

W E

TEAKRARERIC I DB & BR T 5 72 DICiE, HfifE L e DR E B> CWD A A7 4 VAR
DWLTWDEZOREEZH LT DI ENEETHD. A A7 4V AOEER RN, )0
KEIWIL Lo TED LS R BEZ T TV ENERRD O, BERLFME L OERKENIENTIEE AV
TR O E2AT o T2, ILONIKROKENR R D 2 #i8 (A, B) THIRANA AT 4V LAZHIRLT-.
RAFT 4 NV BIEERD 7 4 AT 7 4 —BIHHEE, KEBEREOE W BHS TELWME T RALNZ. P
AET T T 4 —HTTIE, A AT VAR EE R 2O 7 4+ A7 7 X —EN0 R (1, 1) »
2 WOSIZHFIEL, N RIOBEBSE 74+ A7 7 X —BIHEOE S &2 K LT\ /2. PCR-DGGE f#Hr T,
KEDRRZD 28 L BITHIE D DNA (¥ — 3 LSBT53, BEERIZ 2 A TEHE LI BARDZ
EEHOLMIULIZ, SA AT 4V AOBERIEHICEE L RIETREER 2T AHSONS A7 4L
DBEIREHEHESRETICEL &, N AT 4 )V AIREIEDO 7 + 27 7 4 —BIHHEMET Lz, RiFET
W, WRANAF T A IVEDT 4 AT 7 X —BIHHESAEERBE 2 SIS L TV D Z & 2R LT
W3,

F—U—KR: XA FT 4V L, THAT 7 EZ—F, KEFHEYL FAE7F5 7 —, PCR-DGGE

Abstract
An understanding of the characteristics of enzymes secreted by the biofilm on riverbed stones is important for
elucidating the matter cycling within biofilms in lotic environments. We examined the effect of water quality on the
biofilm enzymes by using enzymologic and electrophoretic methods.  Biofilm samples were collected at two sites
(Sites A and B) of different levels of water pollution in Gono-Kawa River. Phosphatase activity was remarkably low
in a biofilm suspension from the more polluted Site B.  Zymographic analysis revealed the presence of two common
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phosphatase bands (I and I1) in a biofilm suspension, with the strength of each band indicating extent of enzyme

activity. PCR-denaturing gradient gel electrophoresis (PCR-DGGE) analysis of bacteria groups revealed that DNA

banding patterns were similar within the Gono-Kawa River system but that the dominant bacterial species in the

biofilm samples differed markedly at two sites with different degrees of water pollution in Gono-Kawa River.

We

then examined the effects of different environmental conditions on enzyme activities of the biofilm. Phosphatase

activity of the biofilm suspension from Site A decreased under anaerobic conditions.

The results of this study

suggested that biofilm phosphatase activity is very sensitive to water pollution in the river.

Keywords : biofilm, phosphatase, water pollution, zymography, PCR-DGGE
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FHBISIZIBNT, WK OBEST b 2 RI2E
FNEEEWE L, A F T 4 VDT - WU E T
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ELTHEDAEND. TOMAEMITRBREIED EAEY
WX LTl R LD, F, I RAEEEO
EBICE > THAEADORERE LTHHASRS., UEoX
N, NAFT 4V LAORBHEENI) NI 1T 2 AR
DHEFFRC B EMICEERZREZ R L TWDH EEZXD
ns.

WEAT TR O IEE DAY & B, kD
NAFT 4V BTZEOHETEERE L TWETD, F0Y;
DABBREZKML WD EBEXLND. £, A4
T AV A OBERIGHEI TR E & R TRWZ E NS
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Fig.1. Map of the Gono-Kawa River showing locations of
sampling sites at which biofilm samples were collected : a)
locations of sampling sites (A, B) , b) the stone from site A
after the removal treatment of biofilm.
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A1) AV T, LRI LT, 2ETORE L.
MERRIEIE, BRI L7231 A7 4 v 2SEEE O % 4L
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=) =IVTH LA TH AT oA METITo T2, A%
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I 1.5% (Wiv) b U o X-100 IRiEIZE LT 2 [BlD{EAe
$aZ L7203 bt 60 sy Mvere Lz, Beiftk, o
FE =B AR LS E D720, FLEFEER (01M
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PCR-DGGE k(2 & B/31 4 7 1 L Lh O MIE H fE4T
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7= (Muyzer et al.,, 1993). {RIFRA/SNA T T 4 LV ADHD
DNA flitiZ, A 47 4 L LIRS A D 57
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L D& HAVIZ. PCR USRI (2 U100 pLt AY A F—
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LT Ze & b sea Lo 1%,

2= L72tk, XTFHX—BEEEIE L.
HBREIUEER

SIDNKFR 2 (A, B) ISBITE/34F4 T 14 LGk
EREELKE
X 2% A BHEORS G, i) BLXOKFHIATT
B LW S O ED AL 7 4 A 20K (i, iv)
ZRLTWD, LU OKER L OYELA B LTV 5P
SN DL ARARICH D A ST, BRI OFE
2, 3VRBAFZWTIEF VY, FAYEBIOZ XN
BIEL TV, ERINEOEEOKEZE 0 TSN Y
7 U TIZHET D IMTIR OSBRI 2 < B Eniz (X
20). NAFT 4V MFRRAICEICE L L, AR H
KT DB DIADIEIH B ELRBO LN TEZ (¥
2. —J, F4RI B HSIEa s U— MRS O
URICERTE S, HEIC K DI E A ETREN L, FIKIE
R EDETEH TN, Kl A S T]RET S &,
NAF T 4V BTRIRCTRESHERE LT (1 2iii, iv) .
2 LS OKEREREREHR LITRT. AHSIZHRT
B #5127 % pH 38 L OVBOD &% <, DO fEILE .
BREBITE RO EIERRE ORI 5 BREEHEE— )1
—) (BRI, 1971) OO BRE LEHBIZODW TS L
G sn L, AHSIT AARERT, B AT ASERIZH

Riverbed

X 2. A, B HSOR)IEE (i, i) & RS (i,

iv).

Fig. 2. Photographs of river channel (i, iii) and riverbed (ii, iv) at Sites A and B. Letters, Aand B, are the same

as those in Fig.1.
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F 1. ALDNIKRIZEBT D3 A7 1 b LEREUHLA
A (a1 & B (FHEINOKERA.

Table 1. Analysis of water quality at biofilm sampling
sites A (Saijo River) and B (Togo River) along the
Gono-Kawa River (n = 2).

Sampling sites

A B
pH 7.45 7.80
DO (mg L™) 9.1 8.1
BOD (mg L") 09 1.4
EC (mSm™) 6.1 22.0
ORP (mV) 210 202
Turbidity 1.1 5.1
Colorimetry 4.5 425
POs™ (ppm) 0.018 0.149
NO;s (ppm) 1.830 0.106
a) Phosphatase activity b) Peptidase activity
7008 B d 301'
E £ 0.08
£ 006 !
= ~0.06
gum gom
% oo % om
0 A B ° A B
Sampling sites Sampling sites
X 3. 2Hi5 (A, B) ONRAFT 4L LEREIR OB
RIEME: @) 74 A7 7 Z—EIEME, b) XTFFHF—F
TEME. BRZAEN—IIEERAEZL R L, %% p<0.01 T

BEADY 7T,

Fig. 3. Enzyme activities of biofilms from two sites (A
and B) : a) phosphatase activities, b) peptidase activities.
Error bars show standard deviations. The mark (3%3%)
indicates a significant difference between A and B at p <
0.01.

WLTWW, F72, BHUSOFRN AHLE LY, EC, WEE,
B, VUi VIREREL, MHBEERBEEITEL
SAEWEZRLIZZ &, TIHEMIZAIE L TWD B H
ROKEITEFEIKREIZ L DIEROER S D EE XD
no.
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2 ISP LE LTINS AT A NVEND T AT 7 &
—EBBIORTFH —BEEONER-RZR 3 IR T.
B HLRIZEBIT B 7 4 A7 7 X —BIEMHIL, ARSOK 1/6
DIEHEEZ R L, tREIC X DHEFHRITORE, p <0.01
LR AHLSICR L CHERBIIRNZ LB b, —
U5, RIFHE—EEMEDT, 3 RIEOFEHEICK VT B H
JERRLREME L Ao 72 b DD, -IREIC K D HEEHERNT T
XA, BHUSRENCAEEZIIRO e o7z,

EHANNZB1T2/54 7 7 1 L LRERO ERIKEIRT
NAFTTANENTEEND T A AT 7 X —EBIW
RIF L —BIEMIL, R—KRCBWTH o FHEO R
LB OBEFE B> TND 2 2:75@%&%%6;&7%6,
BRIKENET RO BYA ST 7 4 =T L BT 21T -
7=, ILDJIKFZD 2 #is (A, B) DAL T T 4L LFHFD
T AT 7 B—PRBIOXTF X =B OiEE N Rk
HL (X4).

da TRT X 91, A HUETIEZ L BSEALIC, B~
ERB IR LT STEED 7+ AT 7 X —E R RN (1,
II, ) RARH BN, £DH BN RIIAHEN-T-. B M
FIZAHSEORY RT, TEFUBBED N RARR
HiL, N RIDIFERORRN -T2, REITTRTEE)
FED/NINFENAY RBIFEEL Tz, E72, B HiRIT
A HUSIZEE AT, BB AN ROER D0, X 3a
ICBWTBHED T + A7 7 X —BIEMHES A EITKD
ST EEKMLTWDDOMNE I NIESHE, RN SBE
ThDHEEDLND.
RIFHE—EFAETT A (K4b) 1L, "M F 74
LAEBRBLZ A, B HUSE BT, WKEIE T T B
IZAAT—IABAR RERELTEY, XFFH4—8F
HERENZ EEERLTND. Fi2, EHORARXAT —73
YV RUSATHIEHE AV RRZ RS TE Y, BB
D/NEWVFEIRTY, KRAICRT LI 2 R E bR
DS R F3ARFIEL T D, FV BN
EEDR RSN Z D, NAFT 4V ARZWT 5
FEEXTF X —BEEma TETH D), EEZ 00k
ST O pH TIEBE LIC WHEEMZ V7B Th
DEVWHEEEMENREZ DND. 2 AL BITHEMEAV R
MENZ LMD, NAFT 4V SEAEDED D LFED~
TFH—BRHZWEI, &R E R BRREBN TN
TNDZ ERHEREND. M3 TRT LI ITATTFH—
PIEMEDOHEERIZBNT A, B #EOFEEN RN
Wholz LRI, YAETTT7 4 —Th, XTTFH
—BIEME O S CHHEIC A L B HUS TORBAI R EN R
WiER o,
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a) Phosphatase b) Peptidase
A B A B
I
=~
mn
>
_>

4. FAETTT 4L DNNAFT 4NV LERED
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Fig. 4. Zymographic analysis of biofilm enzymes; a)
phosphatase and b) peptidase.

Lane A, Site A on the Saijo River; lane B, Site B on the
Togo River.
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I

Fig. 5. Denaturing gradient gel electrophoresis (DGGE)
profiles of PCR-amplified 16S rRNA gene segments
from biofilm bacteria: a) agarose gel electrophoresis of
PCR products, b) PCR-DGGE profile. Asterisks
indicate the most intense band in each lane. Lane A:
Site A on the Saijo River; lane B: Site B on the Togo
River; M1 : 4/ HindIlldigest; M2: DGGE Marker 1II.
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b) Peptidase activity
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Fig. 6. Effect of aerobic conditions on biofilm enzyme activities. a) Phosphatase and b) peptidase activities were examined
after biofilm suspension collected at Site A in the Saijo River was subjected to no treatment as a control, aerobic condition
by bubbling with air and anaerobic conditions filed with argon, respectively. Error bars show standard deviations. The

mark (%) indicates a significant difference at p<0.01.
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Fig. 7. Effect of phosphate on biofilm phosphatase
activity.

Phosphatase activities of biofilm suspension collected at
Site A were measured in the presence of various
concentration of phosphate (from 1 to 1000 uM).
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Fig. 8. Effects of organic reagents on biofilm peptidase
activities.

Peptidase activities of biofilm suspension collected at Site
A measured in the presence of organic substrates (1%
(w/v) starch or 1% (w/v) albumin), respectively.
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