rREE $F40%E FE1S 2437 (2000)

X
NAF - AFN)FA VDI TRy —BER
S - HgMIT™

*SIRKFRFBEHRBIER R
BERAVANE S
T920-1192 )R & R ARHEET

Observation of Bio-kaolinite Clusters

Ryuji ASADA* and Kazue TAZAKTI*

*Graduate School of Natural Science and Technology,
Kanazawa University, Kakuma, Kanazawa,
Ishikawa 920-1192 Japan
*Faculty of Science, Kanazawa University,
Kakuma, Kanazawa, Ishikawa 920-1192 Japan

Abstract

Microbiogenic kaolinite (bio-kaolinite) was observed on the surface of microorganisms in cultured
biomat from water-soil system under natural conditions. The bio-kaolinite exhibits several different
structural and micromorphological characteristics from that of usual standard kaolinite. Optical and
electron microscopic observation revealed that very thin bio-kaolinite film covered on the surface of
microorganisms. This kaolinite indicates almost the same XRD and EDX patterns except its high
background. However, FT-IR analyses, exhibits characteristic absorptions of O-H (3651 cm™!), C-H and C-
N (2925, 1454 and 1420 cm™!) bands indicative of organic origin. Atomic force microscopic observations also
disclosed that orientated nano-meter scale bio-kaolinite formed clusters.
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Fig.1

(A) A schematic diagram of a natural cultivation system showing a biofilm formation on a glass slide, a
wall of beaker and surface of sediments. (B~F) Optical micrographs of bio-kaolinite showing mixture of
microorganisms associated with kaolinite particles (arrow, ®). B, D; Optical micrographs of mic-
roorganisms (arrows (D-@ ) associated with bio-kaolinite. C, F; Epifluolescence micrographs of DAPI-
stained bio-kaolinite (arrows (®)) and cocci (arrows ®). E; Microorganisms excited with light from 510 to
560 nm. (Arrows (D : filamentous algae, Arrows @) : spherical algae, Arrows @) : cyanobacteria, Arrows
@ : filamentous bacteria, Arrows ® : cocci, Arrows 6 : bio-kaolinite)



28 HHE— - R

TICHRTZEDHEKIZFW (FiglE), 72, %
RONZ TV T7RBELE - THBIKIWE,
%R 5 XRD R » S, "ML+ 74 VAL
TERLIAA Y F4 s OFERRT (FiglC F).
BB, ALV FA4 PIBEBOERENE DD,
A AV F A PIRROBBEOMIIEEC D 5 —FED
BMEE2Z T CERL TR ZEBAD SN
(Figl1F), ZhixfifagEe 249+ 4 r ORI
Ao OMBEVENDHL Z LBTRBEIND,

3.2 EBBEOLFHEBR U HRE OILHERN
NA X T 4 VAR BEOEOERORERIC D
WT, FOBEME 2 = 3NV ¥ —448RHE0E X
BoEE (JEOL JSX-3201, Rh-KafgiF) %
BnT, EMDHeETo7%., BEREPE C 0,
Na, Mg, Al, Si, P, S, K, Ca R U'§5\> Fe O K4t
BED LN, B, SOEESEZETH S (Fig2
A). &8, Rhovr—7 3omEBHEKOTET
b, REFOHOTIZ R, BERCAVWERS
B0y LAHEBYOBEK X REFTATICB VLT,
A¥EB.35 A), ZVARMNTA (405 R) RV
HAY F A4 N (7.23, 4.45, 4.26, 3.58, 2.494)
DR DH stz (Fig2B). h, A>3 b—
BO®EOBEHEREMIL, T—254 PORE(10.1,
5.0, 2.4 A) BRLK., Tkbb, HEYHS
pH6~7 THBRPIZCEZEDA A VBB HT 52 L
ZPRLTWS,

3.3 N F T 4 VLD R UL
IANF —SEBEHE X BAaEE (JEOL
JSX-3201, Rh-Ka#iE) 2HWT, N4 47 4
N ADEBUMTERIT 0T, /N4 X 7 4V AITIZEE
w Al Si, S, K, Ca, Ti, Mn & U Fe Offliz, 3
v C,0,Mg, P OR&HD iz (Fig. 3A).
¥z, A V54 bDOFESTHS Al Si, S, Fe
DEELNEETH S, B, FBROL 312, SK
DRBERPIZOZRBICEEL TS, 72, Z0D
WA X7 4 W ADHKR X BREFFHTICB VT,
HAVFA4 b (7.13, 4.43, 4.23, 3.55, 2.49A4),
A (3.33 &) RUZYAMNTA + (4.033)
DOREHBED sizfth, 4~3 AwchHiF TNy 2
779 v REL, FEEVEOFENRIRI N
% (Fig3B). &8, S®Fe 28D K4

i S

BEDOENR, T I TNAFT 7 4 Vv A ETERK
LichAVFA bEANAE - ALY+ A4 b ERY,
BRI OIA) F A b ERFIT S, kB, EiE
HEOHAY F A bk, 7.38, 4.45, 4.37, 3.57,
1.49 ARE:R b OEKBREDOA AV FAMT
b5,

3.4 FEVETIEMERE L TXLF DB
EREMR L 12N & 7 4 v A DEERE TSEM
BB BT, XFEHFEEECLED SN
RO 7Y T THRK S RS EE T
H3, B Lm ORIRONZ TV T7WBEE > T
TE OBz, B 6 m B RO BIEHHE
BMCEELTVW208EDH 51D (FigdA), B
HEERERIC X BBE TR, N A7 4 VAR
D7 T )T & o TEHEICAD A ZRREE
PREEL TWIETFREHES»TH S (FigdB).
7z, BRI 1 m LLTFORTFBRSEL THREY
PEOTWSE, NIJTVT7DORAR T ANVF—5
BT e, BWAl LS OREICZ,
g\ P, S CLK OREESD >Nz (FigdC,
@®). Zhii, BB XRD FHEER LY, N7
TV 7 OB S NI NA 4 « A A ) S A
FThBEEREZINS, 5 P, S CLK, OE—
23, N7T VT DOEI»OHELILTETH 5.,
%8, Figd TRLUINA A<y b eEofbEl
BN 7 7Y 7 EAOYE (FigdC, @) k&
T5L, N77Y)T7OMBEEmCIE, S & Feds
BRIz 20,

3.5 HBARNEFHEHERE

SRoNZ 7Y 7 (1BRL1.5 m) OFBEET
SEMSEEE T, MifgRmEIC, %50 nm FEHOD
HEOMITBEHRY T LS KEKL TS
OB st (Figh), i, BEE, N7 7T
) 7 OHIRERE DO KEI ALY F4 b OFMBIC
BxhrzohTwsbo (FighB) HifgED
BAYCEEREOLA Y F 4 FBEAMICESIL
TERLTBY, BTFHRFZDSNS (Fig5C,
KHD)., ZOHEHEBIZHTATHEZ 06, Z
NoOBBERZAAY FA4 N THBERIETE S,



B40% FE 15 (2000 NAF < AAXVFA DI TR —BE

29
A Culture solution B Sediments
S Rh
8 1
g -<
3 3
4000 4 P
[ o - -
v Kaolinite
500 ¢ Cristobalite
i < O Quartz
- 8 <
8 4% 2 v
2000 4 2 300 = 20 &
o v _<3 v
3] < -
Ca 200 M 2
K v :‘
Ca 100
4 Fe Fe
0 2.0 4.0 8.0 8.0 3 20 40
Energy [ keV ]

CuKa 260I°]

Fig.2 (A) ED-XRF analysis of a cultured solution showing contents of C, O, Na, Mg, Al, Si, P, S, K, and Ca

elements. (B) A X-ray powder diffraction pattern of sediments collected from Passo Real Dam in Brazil.
The sediments are mainly composed of quartz, cristobalite and kaolinite.
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Fig.3 (A) ED-XRF analysis of a bio-kaolinite showing contents of C, O, Al, Si, P, S, K, Ca, Ti, Mn and Fe

elements. (B) A X-ray powder diffraction pattern of a bio-kaolinite is mainly composed of kaolinite, quartz
and cristobalite.
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Fig.4 Scanning electron micrographs of bio-kaolinite. (A) Bio-kaolinite after drying under room temperature,
(B) bio-kaolinite after freeze-drying treatment showing bacteria as the main component, (C) living bacteria
with bio-kaolinite and the EDX spectrum indicate the main components of Si and Al (@). The EDX
spectrum of no bacteria area indicate the components of Si, Al, S, Cl, K, Ca and Fe (®).
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Fig.5

(A) Transmission electron micrograph of bio-kaolinite after drying under room temperature, (B) bacteria
covered with kaolinite clusters, (C) kaolinite on a cell wall. The high resolution TEM image showed
0.7nm(001) spacings (arrow in C).
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Fig.6 Atomic force micrographs using contact mode showing (A) bio-kaolinite clusters, (B) close up image of the
frame on Figure 6 (A) and (C, D) net-structure of organic materials on clusters.
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Fig.7 (A-1) and (B-1) atomic force micrographs using AC mode showing oriented bio-kaolinite clusters on silicon
wafer under air condition. (A-2) and (B-2) cross sectional views along the white lines in A-1 and B-1,
respectively. (C) and (D) oriented bio-kaolinite clusters adhering to each other.
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Fig.8 FT-IR spectra of bio-kaolinite (A) and standard kaolinite for reference material AP162(Cornwall, UK) (B).
Close-up patterns at 3750-3550 and 1500-1300 cm™! of bio-kaolinite (A) and standard kaolinite (B).
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FrioTEEIhbLEZOND, — BRI, 2
mE DNEL, TARY MHEOEOHFIRERET
¥ 2MERBH 5, KFFRICE TS - 4
AVFA VDI TR —ENA LT 4 V% B
SR ERREMAELLTEY, 3ARKERL
Tw3, Z0EIE, 7728 —»EAET 5FEHA
LT, BAEYOMIGECHEYE OREICN L
T—EDHBERERL RN AAVFA bD7
SAY—WERENDI A= ALDEZOND,
Thbb, #4YF4 FOEKERICBWT, #ME
YO MR R OREECME B H T HEYE &
fAsrOHEEERABHZ EEZ NS,

5.3

BAREBEERICBOTINA LT 74 VA ECAA
DFA4 b ONAF < HFVFA ) BSERLT.
INAF T 4 VA IZERL.S mfBORKRDONT T
VTWEELTEY, Z2ORMPRIYT/NIZTY
7 CEEK 2 m), KE (HEE 1mIT), KRR
(%7 6 gm) 3B X UBRIR (BERH 7m) OFED
HEL TS, FHEHALEMERER VT, £
DNAAT 4 NVAETNAZ « ALY F A4 MTE
BOEKEFKL, 24 )F A4 MISRROBEEOM
RaBtcEBARYE TICH 2 —EORREEZET T4

S

BLTWw3, Z0IE»sRROBFHOMITEE L
HhA Y FA bOCHASLOMBEYEEHS Z L
WREEXNS, £, 24V FA +OWHLEH
WWaRERONZ7 T ) 7ORBID RN & bR
Bahsd, Zhid, RROBEERRONZ T Y
7 OEMEPRBEAOBVICL I EFZON
3, N4 % «AZAYVF A FDFT-IR A7 F IV
12, OH,, OH,, OWINPEETOEERMORF
xR U, RTEAEMEC L > T, 32~
20nNmTHY, KEIBFELRRI AL XD (650~
500 nm) NA A « AFVFA VDI TR =
—EDHAZEAL TWB DR sz, 77,
FD7 7 AY—RKREIERERYEIBBERC
BAFLTWS, 77AY —HBEATIHEREAL LT,
WA OMIFEE KB ME O RE & —E D B
FTrbolehtVF4 NOFTHENEZ OGNS,

oo

L EFEEIARA > P —BOMIIBIT S
R BV, BETRECEHFTZIHEV .
FREGREICBVT, HEREFNA T v 7R &
HOBARBRKR U ERE—RICIAREBHIEC
otz ko, SIRKFHPIHIRFEE O RE
EEEtwciy, 7V cEBERNTHHEER
(Jasco, FT/IR-610) K& U Jii -7 il /7 B #% 8% (JEOL,
JSTM-4200D) i & ¥ CIHW. LEDAX
R L LT3,
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