0826 EEREREEEAV-EEEY TS Y2 v 0scillitoria BORESE L IFERNA

MBS | —5h (ALK T
SRR W 0D (ke TA)
At S (MUK T2

VEREMINE D —D Th 5 Oscillatoria J& (LA Trichodesmium J& &HIE
NTWE) 13, BEROEBEEN TSI N 0—DTHD, BIRICER LM
EWVWRIRSD 2 WITRTIR THEIET 5. £< QWY T T > 7 b 2 hHEE, HRIHER,

T ORIV REDER LB UNFATERNDIIH LT, Oscillatoria EIE4F
KLBETTHTFROBEZEETDHEIND 22N SEVELATFELSNTND,
¥7=. Oscillatoria BOHIIIBHAEFICBNWTHREZHRT 2DDHBHA 5
T3, LHULEBRS, DK 7: Oscillatoria JBDFFTZFRRE - HARITREIL T
R EHSMCENTWEEY, —F. BHEESIIRE. ERRBEN DN EOHE
TEMSEE 2 RIE TX 2RI E H 15 %2%E K U (Biotechnol. Technique, 8, 242-254,
1994), T RRRE3%: (Membrane-Surface Liquid Culture; MSLC) & #4137z,
MSLC Rk BT IS AR EZREL, TOERUCHELLREREALTHEE
BBRETOHETH D, HERRAEEMN SEEZBL THRENZRIRL. £
MG IC M E NS, HEESIIMSLC ZHWT, NERK2EBESH
W DA R RN, WITNOBA bAEREE, EREOEEZEMNA LN
EEGTIRRL, HYRSA MU Ty ia rigmangZ Lznrliz, &
72 Cld. S OHMRICEDINWT, MSLC % Oscillatoria & DEEIZEA L7z,
MSLC T3 252 EIc kD, BRI -BILRFZELZEBRZEZFNSRINT 52 L
MARETH B & EDIT, MADEETHLNSKFATONRDOBFREIIERTES &
W FENIND S, AR TIE, 567 MSLC 2B W TR b EERLALMEZ R
TEDI, ENILBREOEE 2T /. BERITERBIIR O & IRALEI
KT 2H, FLED 0.2um B O LI OILBURBIIKER T TOED 1,710
BETHL, HEHEECEEZZEICANS EENYESTIROZEIIRET
X3 EMESMNCE N, NS DLIMEE AW MSLC SRFHERIZKD
Oscillatoria DEEZHATND,

_52_






10 12 3

9826 MEWHEREYBIEEN TS Y2 MV oscillitoria BOREE L IS YHRE

BOBARSE | I A (MK T
JeRSER © Wi W00 (LS TEn)
AF T (ke Ta)

BEMMERD—DTH D Oscillatoria J& (LI Trichodesmium J& & WEIEH T U
72) . FEEOBEEY TS L b D—DTH . BEkIC CERE LR VAR D
DWEARRIRNTIBIET 20 S DWEWM TS > 7 b U DRYEE, TEER. 72 E=7h Y
DERLEY LIrFIATERNODI I8 U T\ Oscillatoria JEIZIFREM T THFRODE
REBEETD8ADD2HADPEEVELIEESNTND, 1=, Oscillatoria EDH
ICIEFINEIHIC B W CHRIIZER T 2D DBMONT WS, LBPLEDS, S0k
D 7% Oscillatoria J& DFFAILFFME - BEEEICBI L TIRFALHHL IS ATV — .
FEEE 5 3B, BRRIED D 7 E OBEREE S RiE< = DHHARIERE LR ER
U Biotechnol. Technique, 8, 242-254, 1994), FEMEW{ALE &L (Membrane-Surface Liquid
Culture; MSLC) & #4117 7zo MSLC I3VBAE IWREIC S ILMEEBRE L. 202512
EULRRE L CHERHBIEET 255 TH B0 H EIMERIE D S EEE LT R
BTN U, RIS ISP IcwE b, FEESIE MSLC 2FHWT., A E
WL DBRCARMBOEEEZAA D, WINOBEY EHEE. £REDFEZ 1
MBHSNTZIZT TR ATRSA F) T L vy a Ly EMENE I a7 L5,
AIFZETIE. N5 DERIZESWT, MSLC % Oscillatoria [EDEZIEHT 2 &
2FM U MSLC THEETAHILIZLY ., BRI -BIREZEEES P, S IR
W2 EWARETH DL &HIT. BHEDEETH SN B KPTONDFEILIEERT
EDENSFRDIMD B o RIFFETIE. 5T MSLCICB W TR EBEL LI MELE
R 212D, BEPLERBOBIE 21T - 1= FEPILEEIREIT IEDTER & BRIk
TFI 20, FLED 02um FIEOSIEENIC BT 3 7))V 3 — 2 OIEEUREILK AT
MTOED 1V/2~1B3RETHD. WEHEEDRELZEICAND L EAYER T
MORBIZEEATE LI LWL PIZENE. TNODEILMEZ FLE= MSLC &
MARERIC K D Oscillatoria, Nostoc, Anabena 72X D5 L BIEDEE LR AT,
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1. JFreoic

KIFZETHLD S IEFEMHIEE 2D Oscillatoria J&° Nostoc J&7 & DL LTI,
1) it e kmEEOBAREICAE LCER - WHET 52 8, 2) MIRVWRRS
ZNEARHROEE L 22 . 3) FREH T CENERZAET 2RENDH D T L.
4) @2 - EEEERR L OEEEEYE R ERIMCAWT 5T L b BTN D,
— . HEEFOMBESE LTiE. 1) BHOER (RBAR) IZX D HMORDZE
CF BRI TREL. ZOEIMEEECEEERIET L, 2) KR TOXOR
I X D HEREDHET 52 L. 3) KHADERDBMRENENC Lk EDERHS
N2, CNHOEDEEEETLE. BEFLLTAVWSRATWAIREY 7 A IEHEET
1% Oscillatoria BASE D - MEERFIFAT 2 2 LIZRE T RWP EEZ SN D0 3K
FIFR Y EIETH B IEEMMEED MR B IIER T2 -0 I 2 EPT 2
YDOTEBFERIEREOEEDPLETH 50

B S I3 B A IS LI e E U2 S IMERE LT BRRMENTH 5
COMEEESBEEET S L\ D EERAEEE 2RI L. T OMEDRAZ
FoTWVD (1-6) o EREMAEEEORBIIED TS VIV TH D, B1LIITT £
3 MERE O ER FICSIEEEREB L, TOLTHERBIEE €5, AFETE
HEDRDDICS L EEEIEE ¥ 5, LB L0 CldERE L CORiEE b
BaesEi A B L. MBS EBES) S0 AL, ABEMIEL S TILHCERL
TR T BB T 5. BREEILAICEALRWDT, W&, HEihid BB ke
IR E N D, TRDb. ASEFEEIAERS pH % B RICHE TR RS EE
reR i L EGER F CHBEERTO BREERORERME LD, INETO
iR e & | JEERRIEEEIIRE 7 5 A IEEE L i U CREEY EREE O
st BALAHEEDINEI DR B TMIC T 2 ZEMEOKIBRIEMH A 5h 5 2
LB, HEOBEMEEE RIBETE EEEY LTRBEIN22H2 (7) o
KIFZETIE Oscillatoria JB72 ¥ DTV BOIEHE ~QEMEAREE RO B A 2R
Lo |

oo
X,

A fbIE

X1 EEREEEEDRE (EX) SAR (AR)
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2. MREERGE
1) {HEAEk

FABEME UTE, 1) Oscillatoria sp. ATCC29215 (JBiB/KHERDZ L) | 2)
Nostoc spongiaeforme TISTR8169 (#IKMEZ %) . 3) Nostoc commune NIES-24 | %
14 ) Anabaena variabilis NIES-23 D2 V8B EFER Uiz, 2) ~4) OEKRIE KK
FRFEEARMAEIED 6 5 THW =,
2) i

BEHb & LT, 1) Media #616BG-11(ATCC) & 2 ) Modified No.18 for blue-green algae
Z{HEMA UTzo  Oscillatoria sp. ATCC29215 (JeiB/KHskD T > 3#8) X LD 1) Dy
ZRAWV, DT U RBIIDONWTIE2) OFEERAWE, 22 OB Z TRl
ToWTNOBE D pH X 7.1 ICTHE Uz £ 72 LEITIS U TEER = F X (Yeast
extract) 2RI LTz 72, BEREME UTHERAT 2B REED 1.2%L725
LHICERZHRMUIzo

F1 (AU

1) Media #616BG-11(ATCC) 2) __Modified No.18 for blue-green algae
NaNO3 150 g NaCl 70 mg
KoHPO4 0.04 g KoHPO4 120 mg
MgS0O47H20 _ 0.075 g MgSO47H20 380 mg
CaClp2H20 » 0.036 g CaClp2H20 106 mg
Citric acid 6.0 mg Fe2(S04)2nH20 10 mg
Ferric ammonium citrate 6.0 mg EDTA2Na 70 mg
EDTA 1.0 mg NaNO3 (N-source) 1.50 g
Na2CO03 0.02 ¢ H3BO3 3 mg
Yeast extract 10.0 mg MnSO4H70 ' m
(vitaminB12) &
H3BO3 2.86 mg NapMo0O42H20 8 mg
MnCl24H20 1.81 mg ZnS0O47H20 0.3 mg
ZnSO47H20 0.222 mg CuS045H20 0.08 mg
NapMo0O42 H2O 0.039 mg CoCI26H20 0.037 mg
CuSO45H20 0.079 mg Agar (if needed) 120 g
Co(NO3)26H20 0.049 mg Distilled water 1.0 1
Agar (if needed) 12.0¢
Distilled water 1.0 1
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3) BERE

BEERHEELUI, 1) 79AT4 v I vy —LVEAWVWEHERSE, 2) 792
FAwI Yy —LERAWZERREEE, R3) BERX TV MEED 3EEET-
2o WTNDBEBIERIEEA > Fa2 =% (¥4 X 78 BNR-110M) Al
Sy —LEHEL. FOLEHDS 500-3000 Lux DEEDHGERBE Lz, BEIX
25-30 °C, MXHEE 9% Ll L. 4 > FaR—YADKBH XEEIL0.1-1.0% 122
VhO—= )W UETTRT A v Iy —LVIEAEIm DH D% AN IEHE = 25ml
CULER22ICT I AT 4 v oY v —L B AW HERSE R O R AR E OB X
BTRY MERAEBICCTHEAT2LIME L UTid, RERTHRES Uz LFUIEEIE.
DSE20 [ (BELEET7 4 )VA) . RCAERY =3 V7 14 v 7B D@Biodyne A, @
Biodyne B (0.2 pm). @Biodyne B (0.4 um), ®Biodyne C. ®Lowprodyne LP @ 6 f&
TP Do SE20 fEIX. OMFLE02mm ORY ANV T + VEOZIMETH b, KM
DEKMEXNTWD, Biodyne A, Biodyne B, Biodyne C. & U Lowprodyne LP &
WIhd 1o ®THh, Zh2hERE M. (NH;* CO0-) . (N*R3) . (COOY) .
R (OH) ETEHINTND, 25V P ECRIELEEE DEOEHEEKTE
BL. BB 05ml ZHEET S LICXDIEBREIBLE. WThOEA b B
EBE{TO.

0.1~1% CO,

99 % Humidi ty

2212 L,

(A) |5 ‘/ﬁl

(B)

X2 JERERA VFaN-F—LIEERE O
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4) BRANIEEIREBDBIE

JEER A S BRI BT 2L FUMEEN OEE D ZBICHN 3 2 ILBIRTID & 2% ST
THE0I2 ETFNVIED Y ) I —XDEMILEIRE 2 X 3 IR TRE 2 AW CHIE
Uizo BEWEFARY A—H 2 A NUT, LEETEHICZNZNZERAEZSE L. HRIZZA
MEZRET Do FEPZRICIEMAKE, EEBICIE 1 %7 )V —REBR TG Lz, £
HOBHEI T FFvI 2RI T —=IC L DEOPITEREIT o> /z. T HIT. TEBIERY
28 =R 7R AWTHRA 2.5 m/min TEIRS ¥z, =A7 2 23D 63 EHAR 2 #%
Hﬂm:mwuﬁyfuyﬁb TNWVIA—2BERZTIVIAZRY v MEIZLDEE L,
FTFOZEAFOWHIE. +AICBEINTWEDT. LI EREOBIEREO M ER
WCRIFTHBIERTEI2HDLEZIONS,

JEREREIRE. km (=D/§) %= H )N a—-2R
W3 & IRER M T LA ZER AR T | Y
DEERER (1) XTHRbEIN 2, -
‘ [ Vi C1/ ]
In (1-aC/ Cq) = TR R
- (aDL,A,/VaS) t (1) ,V, C
/
- . a= (HENSTRE TESE /
KEE) . Co=AEVHEE (LEBAER) . N
C=FERBICBI2AEEE (THEB bk \/
) . Dm—ﬂﬁP’\HfLﬂﬁd-ﬁ%Z A =IEEE. R R
Vo = THEWATRIAE. 0 =HOER ., t = VA g

RF R
X3 ZIIEENILEBGRECIESRE
EEEEIPSBESNDIn (1-aC/Ch)
EERE ticaLTay L. BRROAEE (2) XZ2HAWTD, 28H L=,

Afig= - (abDy * A,/ Vg 0) (2)

4. EEER

1) FERILERE

# 2 WCHREEICN T D ILEREE R T WINDERND V)V 3 — X DILERE
1.0 - 3.0 106 cm2/s QEFATH . KBEWF O FILEFRED 1/2 ~1/3DRET
Hoto 2 2D N IXEAMEBR BRI ERTE 258 OEIERE N T 2 EED
IEEEDEIDENVWETRT, TRaDB. nOEINNS VT ERAYMESBHIEROLE
DWREL, BRI EEET 2EREOEEREPEHHOBREL D HETT 5. K
W22 CILAED TR UV VR BB C DRETEEE DBIE 21T > TR WD T IEHER FFM I
HEETH 2D LLBNCIRET U= RIRE Aspergillus oryzae DFER (6) ZFAWTn &
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HUT &2 A% 2 IR HIC 1.0 1B WER R Lize Tibb, REERICBLTI
EW%E@@E%®%;1HE¢5 LRTEDT EATRE NI,

x2 )NV —RDWELZ DL INEENILERE

Z IR BB (cm2/s) | 7 (9)
SE 20 : - 2.7%X10%6 0.99
Biodyne A 2.5%106 0.98
Biodyne B (0.2 pum) 1.1 X106 0.98
Biodyne B (0.4 um) 3.3X106 0.99
Biodyne C 1.9 X106 0.98
Lowprodyne LP 1.2X10-6 0.98

(8% : 25°C)

2) BEOHKR

FERAEE UTiE. 1) Oscillatoria sp. ATCC29215. 2 ) Nostoc spongiaeforme
TISTR8169, 3 ) Nostoc commune NIES-24 . W4 ) Anabaena variabilis NIES-23 D =
VEERWE T I AT A v I Yy —VATOMGHBEREL T T AT A v I v —
LEBAWEZEIREEED 2 D05E (ERAESR) L VEERT . Y0
HWT®H % Oscillatoria sp. ATCC29215 12 DWW T, AR BEREE N O EERALEED
WITNDOHBEICBWTHIBIEDHS5NT, T~ 1 0 HRIZIER Uz, L DEEERM
TICBWT (JREEHRBE ; 0.1-1.0%. IRE ;25-30°C. HHRE ; 500 - 3000 Lux)
T2 DIRZ AWTHRET LzDPdETA LN R o7z /20 ATCCHHELNTE T2
REFEK & FFRICERIEM E CRHEREZT oD, MIEITZRD SN o7z, 20D
FEEIZEE U CIERA & 2 TR W D3, K Oscillatoria sp. DIEE I MBS B RIZMERLD D
RZPEBEFMDPTBEUTH 2 2T TRRL IEFEVROBEREEDP VRN Lz
EDEZOEND, TRDB, BEEDPDRWEDITIEIEFEMEOT B PAEER
RETIH T IZ LR RVADBEDRT E 5 LPEZ SN DD, RIFZETIEHS IS
THILIETERDP>Iz0 —7H. Nostoc spongiaeforme TISTR8169, Nostoc commune
NIES-24, O Anabaena variabilis NIES-23 (%, REE /T RIEE 1.0%. HE&EIEE 30°C,
HRRE 2500 Lux DM T WINDIBEEGET HEEZRIEED D Bj’bto 7z N
BIFFETICBNWTHIBIENRD SN jzo IOTEMEICEE L T, FHFICEIXRD 5
»olze K4 (a) . (b) IZi& Nostoc spongiaeforme Eﬂﬁﬁ(ﬁ%f“%ﬁ (Biodyne B
ZHERA)ICIDIBEZT - ZEOBELIHRE THEOBEER L OBKROETF 2R T,
2B, EEYIICEEER 2~3 mm OIROZ VEEMHE Lz, K4 (c) IZidtt
WO DITEHBEEEDOHR O T T EMERTIIH 205, EEMREEEED S HHE
REDZ L, BROLDPORELRIFTHDLI DD D,
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(a) (b) (c)
E4MmmqwmwMWe@%§(E%%%®ﬁ¥)

(a) MIAGHEREZE (EESHE) . (b) EEWmEES (Ex408)

(c) EmEMmMAIEE (BET7HE)

SRR RS RBE 1.0%. FEEIEE 30°C. YR 2500 Lux
L (Modified No.18) . ZFLM4ME; BiodyneB

5. mEIZ

AR TIEEE S IRREOEZEICER U SIS EEE2 S L BOEEIDE
AUJzo SR LI KD e 2RI 2 2 LIETERP o =0, BEED S
WD D IUEIEE N U TR 2 1B U S SAMIERE - CHIET 2 2 & 2918
THER L =0

(&% k)
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Membrane-surface liquid culture of marine blue-green algae

Kazuhiro Nakanishi, Takaharu Sakiyama, and Koreyoshi Imamura
Department of Bioscience and Biotechnology
Faculty of Engineering, Okayama University

Summary

For aerobes like molds, membrane-surface liquid culture, abbreviated MSLC, has
been shown to give excellent results of fermentation in comparison with ordinary
liquid cultures. This is because the MSLC allows organisms to grow on a porous
membrane set on the surface of a liquid medium so that they can keep contact with
air. In this study, the MSLC was applied to cultivate blue-green algae such as
Oscillatoria, Nostoc, and Anabaena, aiming at enhancing their ability to fix
nitrogen. It is known that the selection of the porous membrane is a point for
successful cultivation by the MSLC. To study the effect of mass transfer through
the membrane on the growth rate of the blue-green algae, diffusion coefficients for
glucose in several membranes of different materials and pore sizes were measured.
When the pore size of membrane was around 0.2 um, the diffusion coefficient for
glucose in the membrane was at least one third of that for glucose in aqueous
solution. Thus the effect of mass transfer through the porous membranes was
considered to be negligible. Most of the blue-green algae tested were found to be
well cultivated by the MSLC irrespective of the type of membrane used.
Furthermore, the MSLC was shown to give better cultivation of the blue-green

algae than a static liquid culture.
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