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Predation of heterotrophic nanoflagellates on bacteria and their roles in
the ecosystem
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Abstract: Grazing behavior of heterotrophic nanoflagellate (HNF) on bacteria and ecological roles of HNF in
aquatic ecosystems are discussed. Seasonal fluctuation of bacterial densities in the surface water of a eutrophic
coastal area ranged from 1.2 to 11 (average 4.3)x10° cells mi~! while HNF densities changed from 0.54 to 73
(average 16.4)x10° cells ml™!. Ratios of bacteria and HNF were about 260 in abundances and 1.7 in the bio-
mass. They showed almost similar fluctuation patterns with a time lag of about 1 to 2 weeks. Grazing rates of
HNF on bacteria were 4.8 to 17 (average 10) cells HNF'h™! in the surface in summer. Turnover times of bac-
teria by HNF grazing were relatively constant of 40 to 60 h, however, it decreased to as low as 6 to 7h when
the HNF activity was highest. These results showed that HNF play important roles on the consumption of bac-
teria and that microbial loop functions significantly for the turnover of organic matter in the coastal ecosys-
tem. Possible selectivity of prey-bacteria by HNF was then discussed. Several previous works and our study
indicate that HNF have tendency to graze preferably on bacteria with relatively large cell size and motility, and
on autochthonous bacterial strains. HNF also showed taxonomical preferability of prey-bacteria; they preferred
Pseudomonas spp. at most and showed lower grazing rate for Vibrio spp. Finally, contributions of bacteria and
HNF for the regeneration of inorganic nitrogen (ammonia) were investigated. In the environment with the level
of organic nutrient as low as natural seawater, regeneration of ammonia was mainly performed by HNF and
bacteria rather took up ammonia, indicating that bacteria compete with autotrophic plankton for the inorganic
nutrient and HNF play major roles in regeneration of inorganic nutrients in the natural environments. How-
ever, along with increasing in the concentration of organic nitrogen, the contribution of bacteria to the regen-
eration increased. Relative contribution of grazing food chain and microbial loop, and linkage of organic mat-
ter to the grazing food chain and sinking down and recycling of organic matter to inorganic nutrient in the mi-
crobial loop should be clarified in the future.
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KEAERERIZH W T, FEMN L RECEHY T 5
YO b ENGRESPHTE A WEEBAREY &
WAREE LTHRDAAL, Kbl Tnb, 2F0
MRIEHBEEL WS B THBOBENEREZ X -
THD, B, FHSIHMEHAHEYO “iiis
(transformer) " &MFHZ & AR L T3 (8K

& A THIRRITIEFREARY & R TR iR 3
5400, MOMBERBEMEHOME LTIV 14X
BHNRIF &S, L 2AD190FERDZBE»S, K
ARAREF -5 B REMOBNEER (het-
erotrophic nanoflagellate: HNF) O {7 28 % H X 1
(Lighthart 1969) , Z# 5 I3MIEHIAEL LTEE,
HEEFHC TV B Z e RSN (Haas & Webb
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1979, Fenchel 1982). ZHh o6 OMIR % & 12, BEH
HWER UL 2 ME 2 ERRBMERSOMAEY
RO KL &R - KR TR Eh, D0izidpek
OWBRVHPIZOENR > THBLENWIELHH
Azam H5IZ K > THE X7z (Azamet al. 1983). Z
DESIC, FERORYIESE (R AYEHEIFITh
%) OBETIZ, RAN “BHE shirhkIh
LB AR HMAEM OB & 12 L D ORI
ANRD &0V TR FE — DR & B A 8
(Microbial Loop) & PR, ZhEIR, HAEPOEKL
BRI W CHNF DAL BB B 3 AT bh T
X7, ThBIETTIIWLS 220RBFH Lo h
Tv% (Fenchel 1986). L2 L&A 5, ISNIFREA K
Pra MU TR L 2 MEOHNFIZ &k 58 - IHE
BHEMEMEMHO LA TEREEELE N TH 5
Ke22rbod, MEOERITEZE RO EH
£,

ZZ TARTIZHNFOMEMAEREAEAS » 0T
578, WBEAE B OICE THIE L HNFOSHZEH)
& i EDOBIRIZDOWTACE L, HNF O M b &k g
R F OIGEIRMEFIZOVTRN, %I ERER
DOWETERIZEH T B HNF OBRENZDNTHEEL /2,

2. RNEBEHICHT 2HE & HBRBEEN N EER
(HNF) OS2 EEHER

M & HNF OMARBRIZOVTH S 291213, %
THMEDFNEHEE ZOMBEW S A2 F 5 BEH
B35, %I TERENLL ZNBEHRO—D, SR
W NI F 1 B M & HNF O 534 & Bfi%shic o
WTEHAA A R A O KRR 16m (R I E R A&
BRE L, 19145 5 19924 12411 T, BB 1IN
DB CERG D & IR F TOTIEA b FRARE & R
WL, Mifis K OCHNFORSE - ¥ E1T- 7~
(Fukami et al. 1991, 1996) .
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DR AEIE DA% Fig LR L7z, ME#EE s H
- 8 L K UOR R 30l MKl A R L
Fo. TSI ENEFN, Skeletonema costatum G D
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Fig. 1. Fluctuations of the density of bacteria (@) and
HNF (O) in the surface water of a station in Uranouchi-
wan Inlet in 1991.

Table 1. Abundance and biomass of bacteria and HNF
and ratio in Uranouchi-wan Inlet in 1991.

BACTERIA HNF  RATIO
ABUNDANCE
10 cells 121 4300 164 262
EHO“LASE 86 51 17
ugCl
IFIFFBOFHLH LR L T Tho OBRKE

RAME L INFAHEE -HEZEOMRICHZ I L
ARDTORETEEDOTH O, R TIIHHL 7=
HIE 203 3 HNF O 81 4 05121310 H i #% O BERY
BUETHBILERLTND,

1991 123 7 NIB TR 6 h - Ml & L O'HNF O *F
BygE s K ORI MiRatk iR o, mEDOEWRILE
APE L7 (Table1). ZOE, BEOLIIHN2060T
Hot. T, MHEOFEYREEE % 20fgC cell™!
(Lee & Fuhrman 1987) & L. Z 7~ HNF O Fi5fllfaik
RABZEI mOBEE e L (RREF—-4) 20
HWARREY 72D OREEE % 022pg-C um™ (Borsheim
& Bratbak 1987) & L 7234, miH DB IZEIT 5/
A A2 iT17& %57 (Table ). ZHEFTDKL
BRIC kAU, ARG O FLid B TR 1000 & 72
AF22L L TZI0FE L ®EIN TS (Fenchel
1986, Sanders et al. 1992). L2 L-~K7T. JEFHEERIA
BlE WS NEERIZ BT, HEDSL A0
ZHA20B KU1 E VI EWEARE STV
(59 - (i 1084, IR S 1993). 2D X IEZH /A
BRWFTAME D BB L 22 AR
BT, #iBFHEHBEDEMBOEN D2
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BERETH-7-Z2 &%, fENEZHD TKE LRE
THRE - MBENTWBZEERLTED, 2000
SHEAIERIHR A TH DI L AR LTS,

3. HNFOMEHEREDRKEY

M & HNFO R — R e s e 2103 5
1213, HNF OMEHHEEE % F 5 »oFikclle T
SREN D 5. MR O R R RIC I REN
BHFEEHBNEFEO D08 5. BEke,
Witd 2 BR/FUTKD DS » U OMARE (HNF)
ERELRAKRB S UHEE 2 A LB KD
DEMUZHETEEL, MIEKOZEEHOES 5 HNF
OMFAMBEREAMETI2EDTH 5, —F, B
& TN R R L 7= 7 & Aok & HNF (2
HEB DAY, ZOBUARE # RfE 5 HILT,
MEY A D55 92 2 —X (Nygaard et al. 1988)
RHONUHENAKETHREL 22 MEFHK (FLB: fluo-
rescently labeled bacteria) (Sherr et al. 1987a), & 5 \»
IBHEHERIN TEE T~ U =M% (Wikner et al.
1986) #HWbehD., ThEThEREER1H 5.
BRI EE - HIHRE & L ICRAROMAYRE
ERS Z L5 XD BROREIOEVEETEES
23600, EIEETOREETIEMEKOEL
ZTHEEHETLEVHAESEL L, LITLITRIERD
WESBBEELD, ZTOMER, BBHEPOHINFEED
ZUEMPIOLRMA L SR B VHEENELCSE. 20
78 RIS BRE I BRI A R T L ST 5,
FoEEE, RROMEHEL IR S 50 F4H
WB728HES LU TEHNF DS KROMEEE L [[ERED
HARETHRDAZEVEANE L, 2008/
FHEZ B B IBAER ST EBHE N TS (Gonza-
lez et al. 1993). L 724> THNFIZ & 5l G4 £ i ps
DRV ETORICIR, ZOESAZREFND N
OB EL<HBLEETHO ZTEE s 20,

BRI AN TWAFLBEAHWT
(Sherr et al. 1987a, Fukami et al. 1991, 1996) , &40l
/ W THNF OME S NE U7z, SR
JBDO-5-10mEE A & FRELL 72 g Kal kb KERHT
WHEEDOR20%IZHY T 3FLBZ ML, BHAR
THE L 7. BREIZHARO 8% BB L , HNFIZ
HOAEFN/-FLBOK AL 7=, Fig 212HNFIZHR
NIAEN-FLBROBIA{LARLZ, ThETo
Mo & ERk, SEBBEAH 20420 L300 $ Tk %

F15 (1999)
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Fig. 2. Time course of the number of FLB ingested by
HNF.

WAHEBBEBRARONDE EDD, ZFhLl EOBRE
TEMET 2L, REICHED A LN 72 FLBD B8
HLTOK ZERSn5,. DFDHNFIZ20%0L 30
SRR IEIE & & & IZFLB # HUA AMRRNICERI L
T 00, Zhll LoD LHLd 50
PRSI & ) HNFHIRANO FLB 3 A+ 5 Z & %
JRL TV 5% (Sherr et al. 1987a). T D 7= HEEBEFRA
o B85 TOME X & HNF O FLBEUA R M % il
ELT. &6 U RARMBEEE I 2IFMFLB
OBEEZABZOVWTHELThE, fBonk
FLBHGAMEE & FLBO#IG THIS Z L2k D, HNF 1
iR 7= 0 BATRRRENY 7 0 M &R E (grazing
rate) HMETHTZ 5.
ZODESICLTHES N HNFOMEIHEEE B X
V' Z OEIZ B0 HNF O E & 4 21 TR 1= &
WO EE I (total consumption rate) % Table 2 1Z/R
L7, HNFOMEH &3 E s K TIREHY 20
HNF 1% 720 15~20MfdTH » 72, ThbsDfl
BuFhi kETchioh, BEOHMME & &I12WD
L 10mE@ Tia iRl 4 ML T5 cells HNF 'h ' BL B
DIENMETH > 7z, F-MENERE L, W/ NG
DFIFT43~99 (F-4537) x10'cellsml"Th™ ' T -
72, smiER10mE T ML ER < & 0 01~77
(F4915) x10*cellsml 'h ™! £ JEFITENMETH - 7=,
X5 I OMBHERE THRBOMEEEAH 5 &
BUBOMETE O HNF OB EHIC L D MEL o< &
N5 ETORR, T4 5MEODBIENFRE (turnover
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Table 2. Vertical and temporal changes in rates of grazing (upper) and total consumption (bottom) on bacteria by HNF
in the surface water of a station in Uranouchi-wan Inlet in 1991.

DT
Dlzr[n)l H JUL. 25 JUL. 29 JUL. 31 AUG. 2 AUG. 8 AUG. 12 AUG. 20
GRAZING RATE (cells HNF'h ™)
0 16.9 491 15.0 13.6 115 478 5.30
5 9.40 232 6.27 154 4.29 253 3.30
10 2.50 293 4.96 4.72 217 4.95 3.51
TOTAL CONSUMPTION RATE (x10*cells ml " 'h™Y)
0 85.8 209 50.3 99.4 192 6.98 4.29
5 7.70 0.394 3.42 293 0.399 0.633 144
10 0.875 0674 0.526 1.09 0.104 0.480 0.720
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Fig. 3. Changes in turnover time of bacteria by HNF
consumption in the surface water of a station in Ura-
nouchi-wan Inlet in 1992.

time) ARBEN B, ZTDESIZL TKDZZHNFO
HERIC &k 2MEORIERERIIL, ZRT69~131 (1Y
463) BB L NIz, 20 Z LIZBERTEBO
MR HNF O RERICL DB LR Sh b
AREHBILERLTHEL, SUROMFTEOMD T
MR A ElEEEE A TR E N, LA LERS,
2120 5mER 10mfE T REREB S R xn, &
<IZ10mAgTi£40~1910 (F¥4475) WemEl & &R I
BLTHIERLE VLS RSG5 (Fukami et
al. 1996). [FIRRIZU TR, 192%5H»512HD
A/ NBERBIZ B 5 MEOHNFH&IC & 5 [ol8iRg
fl% Fig 3138 L2, ZOE IS/ PBIZE T 54
EHOMEIERIE, &k D 200Hrftﬁﬁ< 2% B4
NHOENDZEDD, FHT 5 &IFIT40 70 L S0 0EE
?%5’&#%6#_&0t._®;&uﬁ/Wm
DO &) HEREFA L NBEESICE T, #MER
HNFOSBEMIZE O 245 0O AlHg Sh T

BILAENRETEEDTH, TOZELERAEE
AR, ENL 5 VDOEE THMEOEELITHRT
WARZEERTEDTHD, Kb, L¥BOERE
7 MU 00 ] dir b T 3 200 B PR < ISHEIT L T /e
BEIE, T 5 v o b YR E O 6 DRI
OB EE X MEORMENEZ 5728 DD,
FDIANE-NEFAHNFIZE THNLBHITH B &
Fibohie.

MF O EERE L, RN LR TINLEh
72F IV (CHTAR) OHGAEE #JET 5 Z &1
FOBNBS CHEMED I LN THS. KA
RALF 4 Y OERFEHIZEWT, Bzl nL 2Blo
fﬁ!ﬁ(ﬂﬂu@iﬁ HFE & HNF 12 & 2 I8 FE & e

ZOMOMAEEOZEE & I L 72 (Fig. 4) .
%@F% & 0 2 pE R IE & HERIE XU & A E )

CLRALTHDELLENKRESTE - AH LD
SR 2IEREDENT LW Z L, LArHIER
JE DRI 5 Z 83 E P & HNF I & 2 iHE R
DM E AN TIEEAEREEA TSI AR
&7z (Fukami et al. 1991). $ &b b, LHEEREH
HNFIZ & 2UHER I & Bl 5 T 2RI M D &8
AREMU , A EREN T - TP 45
ZEPMBIIRENBEZ N g, T LT
4 HFLB % HV THlIE U 72 HNF U2 & 2 5 2k
BOEBZNIZEEDHE KE LS B> T3 bl
TREVWIEERNETLHEDTHS.

I-INFO)é’J,lIlﬁ]‘ﬁiﬁ HJE (grazing rate) & BLGOHIE

KIS CHIB & 7 ORI ROEE % 135 720 I2HNF
ﬁ‘@*’&{lﬁn‘é 2§ 5 BE (clearance rate) 7#3af
HTE5., W iiud "BRFEME" [ZHNF H#E A
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Fig. 4. Temporal changes in rates of bacterial production (open column) and total bacterial consumption by HNF
(striped column), and bacterial abundance (square) in Lake Plusssee in September 1988 through January 1989.

MEATRERMY 72 0 IZHKE AT 2 2 & TEOMK
FOMAERETINHEEE L EZ 22 LMKk S,
ZO &I UTRD BRFEREIE, W/ PEEET
0.86~2.86 (*F-#147) nl HNF 'h ! & Gt8iahrz, &
IAREELANT &I, AN - MENERE
HBVITHEEEOWTh E BRI L TR
1IN B L 2R & 5 - 72 10m FE D HNF DR 358
J1311~31 (F191.99) nl HNF 'h' & £ & 12IFR
BE»OLAEWVMEEZRL T2, ZOZLIE10m
JEICAEB T AHNF IR L TEMES KRV DO TR AL,
THHMEOBEE AL 7200 L ATERITHEKL
THMFEE KD TN B Z EA/RL TS (Fukami et
al. 1996).

L2 AT, HNFOTHD K E & % 151F 3 um DERK
EREL B EZOMEFRIEZHN I um’E & 3.
U724 > THNF 2SR Y 72 0 1nl (=10°um®)D
WAKERTT S L0 2 EIZHNF A E & Ok
DR TIXIHEOBRBEAREURE T 5 Z & 48K L,
HNF OIEFIZE R A MEH A EE 18 gEh 5.

4. HNF OEBMER(CX 9 2 ARING
HNF O 8% 123§ 2 B RMcE L Tk, £

YIRLT 23R 120, & B D IZEE R
D& DM REN 2>, MR FZo0TE

ZOH A IR HEUEOH, X 5IZITFERICAHNS
FLBIHR DR OMMBEDOH E A EIZ OV THKRET &R
T EFIN ZnE T DB Eh T3,

HNF O i il R EDMZIZE G477 v o 2K
—ZIRLIFLITHW SR T/ (Cynar & Sieburth
1986, McManus & Fuhrman 1986). ZD# OIS |
¥ — %0 AA T 72 HNF D HIA R 7 OHGAHE
THIFE MR ERDAZELBALVES LZZn
&N (Nygaard et al. 1988). #5iE T v 572 2
= XA ERLMFET LT I ETIZ 120 L T
ZOEMEE LS 2I—F 4 F L, HNFIZkd %
DHGAWEM: % FITCTHE L 7-MiE FLBD % h & L
LT, TORR, 2HNFRICED S 7T 9
A= 2XERDAAZZHNFEDOHIAIZ2~29% Th -
72, 2RIt L, FITCFLB % H( DA A 72 HNF ¥U3 T
B60%RETH A2 &, Z-EMOENHNFIZE
=X EBDAALZHEHNFOFIABE N LAZ LA E
Mo EHYEOEVHNFIR E R FOBIRM A E L &
BILAETRLE, BETEIT v AE-%H
WTfR 5 M- HNF OMEH &R, < OBE.
BNGHIIC A S & Eh T3,

Lessard & Swift (1985) 13 “C-EH R B & O °H-F
IVVTENRTNBOLRERED B K OB R E W
THEITLL, EERBEMEOMEERICEDAE
HEREEET -, TOMR, »5HEOMMEEDIC



WA AR E RO R & 7 ORI 55

BT, HF IV TINL IR T L
PEDRAE R A o722 &2 5 REBFBEMO MR 712
T BBERMUAALN T LABREL TS,

—%, MEAED Y4 ZOmE» 513, PRAHD
ERF A X o b o MR E &2 BIREICHR X R T
WHEEVLWIRRNRLIFLIEME EN T35, Anders-
son et al. (1986) (ZHEERAIRMA X B2 ERLRFEL
P REZREI ER G L HEREATR O HIE W
a4 A4 ADFHEANRY b5 LAWK L., ZORSE,
WERROTEL ZEBRRATIE, EEREREA02um® 2L
LOMESTFROIIRDS L T D HRRIT O
MEOHAPEML7ZZ L E2HMEL TS, Z0Z
EEERMPER02um® ML EOMITE IS L TR
HEFRBEAAL VB I LATERTHEDOTHY,
SIZEEOHRHROENEAE < & 5 IR IRME
B OTFHR A 1 2 AVNEHE 5 H R AR
LXHEMBICHBILEFRBML T3, Gonzalez et al.
(1990) 13 5B+ 4 X A30.03 um® ¥ & U°0.08-0.1 um®
DFLBA 2N ENBHOMWE R L CHERTEEIC
Bz, ZOBORAREWK L. ZOKHE, HNF -
WERE 1200801 um* DFLB A & D #H P 2 IZHA
THIEARELTEHD, RIE Y Andersson et al.
(1986) & [RIB#IZ HNF (2 & % ARUHIEE (2 xf 5 580K
BAS, KBMEEO KT A/ NIOHRET LD
ERTOVAHEDO—DTH S LBRTNE, X5
IS, BEIMEAFLBICHB L TLERAIE, 20
HEE S REIECAME ITIHEEAEHEL BV
Laxv LT3,

& Z AT I N THNFOMFIEAEE DM
WLIEHWS T % - FLBIZ ﬁx‘uwéﬂﬁﬂ
Lt@%DMFtDﬁﬁ%@%éﬁﬁbTﬁ%Té
7%, HIEEEDS 4" OLDLITRELBE ST
B0, INFOMEMBEMHA2IEL S HME > Tk
WHTEEME A B B, F Z Tlandry et al. (1991) 13, %En%
M0 SRS I K D REBERE IR L T B 4
OEREMII R a2 O KERKE O — & 3
VAYFATT F— b (RITC) EWWHIHEEAHKIZK
B, AERRE L 72 FLB % HUy THNF (Paraphysomonas
vestita) (ZHUD A ¥, #kD DTAFFLBIZ & %l
fii e L=, ZOR, RITCFLBE & U DTAF-
FLBO it # % [0 12 P vestital2 5 A 72 2 A, [l
HNF (3 /E k44 L 7 RITC-FLB % S#RIVIZEL D A B
Z DEIZIFIZIZ DTAF-FLBOR 20528 DIF B Z &
EWELTOS, RARRE S IR T A B &

WIS RELE 52 5 L0 W3 Putt
9D Izk->TehEEdh T3, FRiZLFoxF
Vv (HYD) &0 ) HNGERTHEGEEL 72 1I5FHH
OWMMEEEE SHAOMERICID A Z ¥, kD
BAOLPE U 7- DTAF @I K Ak & el L 72, 20
WS K Strombidinopsis sp.iZ 77 v J ¥ Pyrami-
monas sp.% G- A 2BAITEWT, HERREEL 2HO
TIBRBAE L 22 K O R E R VR B AUR

Ehi-kLTna,

Gonzalez et al. (1993) 3 E B % R A T 2 MiFE kR &
LaunwikERWT, ThZ2hEULEE L 72 DTAFFLB
5 K UFITCIZ & 0 A thge@ L 2= FITCFLB 2 #%L L |
KIROHNFEHEIZ B 2 T2 OBUAGM & g L 7.
ZOFER, HNFIHEM O & 5 #lE 4 BIROGIZH &
LTH0, BULE L CHEEMEZHASES L HNFIC
KBHOAMET T 22 & 2R Thbb, EH)
Mo H BERIZB W TIZ, BAE L - DTAFFLB &
DISE BN & 2k - T WA KRG & M 22 FITCFLB
128V T clearance rate (BRF58U8) BB oh 3
to0, EEHEO L VEHKTIE, DTAFFLBT &
FITCFLBT® ZhIZERE LB AV L EHEL
7o, LEORREZEELTHSIZ, & LESHMEH
THOMFARHEO LI EZ LD 5 &5 A RARE
123\ TIZ DTAF-FLB T1% 5 4 72 HNF O #ll 4 i
FEIR/NGHEIZ % B2 TH A I, 1ZLALNIEET
HOMBEHRETEO LN TOIRBTERXRD
DTAF-FLB TOFERIZZ I L HOHEE 3 RE - T
AN THAH ETPHRLTW S,

Z O & 3 (ZHNF ORI FIox 28 IRM, v<
OHhOME, SHEARONSE, LrLENOHR
XN BB O NN TR 5 BRI C BT
LHERIE SO L ZAIE L A E R, Sherr et al. (1983)
BAZATINLDOF Y Ly bilfih S 8L 72 HNF D
Monas spIZHAI L F v 3 by M2 2BEL 72A
B # M B& Chlovobium phaeobacteroides ¥ & UF - - A% #H
Flkkz o AR B KUY LT L T HO 44k %
WMAIZEZ TIRLLEZ S, RARE S ML
73 CROD2HA D E D28 &L O HNFIZH U TE 1
FRBAG A2 EEREL TS, ZOZLF
HNF 234 M o Ml & 0 BLU O KRGS 5
WiFi% LA THBTATRESH S L ERL
Tk D, HNFIZ & 5 8#IF O BIRMIZ > TRy
W ld» 5 OEHRE 5 AL 58D L RGITH 5.
ZOMRRMETBHNEAHE - TO/RETH D,
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Fig. 5. Time courses of the number of FLB ingested by natural communities of HNF collected on November 4, 1991 in
Uranouchi-wan Inlet. FLB were prepared by either of natural community (NATURAL), or strains of Pseudomonas sp. (PS-
12), Micrococcus sp. (Mi-7), Flavobacterium sp. (F1-13), Acinetobacter sp. (Ac-1), or Vibrio sp. (Vi-6).

KIROHEHPHEIZY TIEINE I PIEEAMHTH
5.

Z Z T4 13 HNF O Sl 0O @ R 0 Jr i 2
X2 BNV RONDD2ENIT DN TG L
7. RABE»S 7L -WEDOS B, K5xHF
YA ZRHEAELC THEFNICE L 3 HKk
(Pseudomonas sp. Ps-12 - Vibrio sp. Vi-6 - Flavobacteyium
sp. F1-13 - Acinetobacter sp. Ac-1- Micrococcus sp. Mi-7)
THESIL 2 FLB B K U xdHd & L CHIBOME T E %
W L - A R B TFLB A& %I L 72 “KHRFLB”
& HER & IR T THUS O MR O 1213 20% 12
HBEIITHML L, - ERFREBSAKRTHEEL,
KARA KO HNF 12 & 2 K FLBOH D AL % L
RE¥52ET, ZOMBBREEP N, ME,DS
AT TOERIGH 2 NV TEBR & Kal =g L
RER, RIEBMHEROER2 T O N, TORMR
D —Hi % Fig 51/ L7, BUOAAEBRIZHA L 7=
FLBO 55T, BiimE <MD hizoi
Pseudomonas THRB XN -FLBTH V), ¥l Vibrio T
HBENAFLBAR KV E LIRS h,
FHBOMEHTHAR AL “KAFLB" &
Pseudomonas {2 R <" LB i O HUD SA BOEME % 20
LTRTIZENGM o7z, ZOMOIKTHE A
7Z2FLBIZZ AT EFGOHD AR WGEE G- A 5 h - 72
A BEIZIE Flavobacterium O FLB A & & WOELD 3A L

WEEG A LBEYR S >, 2T, Pseudomonas

DHLD A A D L Vibrio TIZ R VWO A EERIZAH W 7=
BROBIZDOVTORREDODEBLRLTRONEH
REDhERSHIZ, ThEhoBizgdsh il
OWMTFLBABBIL , HROERATT>7. Z0D
P, R0 Pseudomonas 735 < Vibrio K &0y S
BEsEohz, LEOER, S, HNF O FBF
I 2 BRSO YN A EIC k- T
HHET BAREMOE T & AR S h iz,

HNF (2 & B I ORBIRED 2 = 41243, D7
VE LI AATE & & AE Y i & PR QM B A
5D 5y % iRk U E LM 2 R T OBMIC & 2 MliF
REOBNEG, W OrDEMELENS,
T I A= ZD KD KALERNSATE M SR ORD
IABGHEE 12y (Nygaard et al. 1988) Z &%, i
A BVLEE X M- FLBIZ T % L REHIZ MAMRIZ A DR
RMEA < %5 (Gonzalez et al. 1990) &S @&,
5, WERMLEL VY —% &5, MFFRKEL» LA
B - e S h A RBEDHEZ O & »OfLF W EDR
BHAREFRC LD ZTNIZHEF N SN TE I LR
&h 5 (Sibbald et al. 1987, 1988) . % Z "CHll i MK
ZPEEIRE U -85 S T 2 B R O LM
DVTHANT, REHROBERRLF 7 ) -
IRE L THNFORBETRICHA L, —ERFBGE L 7
BFErETY-NEBICRAL CEXHEERON KA
Ty, MG & 4500 U 2 i & o 72 0 HE2ER & b
BRL72, ZOFR, BEALOEBKTIIRBX S

7
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BaEirRohT, HERIMEOR MBI L
TEDEMHESEDEMMERE A7, 2D
T Flavobacterium sp.0 1 MO BEFRIRIZXT L TD A
IEARICHNF A ERL 72,

AR (Fig 5) O & 5 IS MFIC Rk 5 MlE kT
HBLL 2 FLBIZ & 2HUGABEE DV, FLB 2L
AN -MERATHB TSR E, HIFEMR
76 ORBEDEDLEFMBA L ZNIEG I Eh 31l
FEMHOBRLZFTLONT, ZOMOME 1D A
HZZXLEBELDLRETH A, WEROMME I
HT5RREBIVOZD A =X AIZETEHRIZ
ERMBESREH»DTHD, SHRICKREIhAEEL
WATRETH 5.

5. REEBEE LU TOHNF

koM A ERYEMI TR, Y
EOMLUTRBIRAHET 203 F L LTtiERE
MME & Eh Tk, LArLass 7y B THREF
vy VR VRO IMEEL L E T 5 v
7 by, FRCHEEMDIRERY T 7 2 VD
THEDRELFESELTHEDTIREVA LD
A 1960 FEACFI1LI2 & & #7z (Johannes 1965, 1968) .
ZOBOLELOMEHER» S, MFHEIC & 5 EER
BEEORAREIBD TN SO LARBELADS
> THIEEL T 50 2 F Y IdBABERIZS 52
& (Gude 1985, Bloem et al. 1989), L 7 L HNFH D¢
BRBEROREMH T 7 v o b v RET B RIS
KD RFHOFEEREAKE (RIS Z &AW
5 M»IZ7% - T &7 (Caron et al. 1985, Goldman et al.
1985, Andersen et al. 1986, Berman et al. 1987). LA L
BEHRLEINODIFEDIZEAEIR, BNERIZES
Mg g n - H—-MoE/EEYM 77 2 b 2D
WTORETH O, Mo BBBERAEAAGN, L
MEME - TS o by BRI TS Y o b

VOBRBEMK B O — T WKREEICE
FABRAET > ENIEE L B,
FITRAG, HEBOWRET T Y PRREPFER
OEM T vy MERICE O TN A SR AT
Sz (FER - FE 1995). TOME, 7uv PO
BT LI LISHEESHNF, 55037/ %
ZT7Rruu7 4 LaDRENTAMKERT I L
WAtz EHICFHFLLZOARERITL TAS
&, ML HNFOSHIRBIMNI TN TV I BELSH
200, 7 ¥ EZT DGR KITHED o AR K
ER—HETOLAHNFO S E ~ T 2BAMNL
HULEBREhLZZ Lo/, 2O, A
WO RME FRIZES 7y E7OBEES, HMFH
OB ELLUTHNFIZKDITHONI TS Z & &R
THEDTHD, 22T, ThETHERIILTE-
oz, REEMIFEL L TOREIZDOWTHNF &
FOHIE # LB 272012, KOG ER LT - 72,
NiEx XMW E 0K % L1 3 um- GF/F
07um) BET02umDET (L X—THML, %
NZ N HNF & M AHRTE L 22 THNFIX | - it Efl A
DAMWEIET B [HIEX ] L OBRE L 72 [HEEX]
Ll Zhe3>0KRAH & —ERFEREEL,
T OBBRRIZRB O B2 KR L, AEF
V7R - Bl - RO SRE L L UME
BE HNF AL 72, 2ofHR, [EFEKX] Tt
REEREOENIIES A SONT, [HNFX] Tidb
Thahrod 7y T2 TREOHMMNARSA0DIC
U, [HMFEX] T3 LAT7 VY EZTHEF Y ViIBE
PP LT OREREN, ZITHREF v
JELTO/AA I VEEEOLO»OYIHIRE TAR
NSRRI L, FMORRET 7. F O
B, mmMULEZsL 8 I VERRBEMEOAIZET Y
T 7 O/MEMEER TMEX] &Y [HNFIX] O
MEN 7DD, PIHRER0uMIZZE S &9
ML T THIFEX] 0K T [HNFIX] kb gu

Table 3. Regeneration rates of ammonia in [Bacteria] and [HNF] fractions along with increasing in concentration of
glutamate added to the natural seawater collected on July 3, 1995. Both fractions of [Bacteria] and [HNF] were prepared
by filtering seawater through either 3 um Nuclepore or GF/F (0.7 um) filters, respectively.

GLUTAMATE CONC. ADDED (uM)

FRACTION
0 5 10 50
REGENERATION BACTERIA -9.25 18.8 38.7 99.2
RATE (uM h™ HNF 15.8 60.4 95.4 70.4
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TvEZTHBGERE SO N (Table3), 2D &
i, BEROHBEBEESROEAIZET Y EST
DFEFEE L THEAZHAELZHNF2MT»> (&
D, WMERWHT 7Y o by ERBEEEDS ST
LAGFABBRIIH DI, HEMEENEL &
BII 0N THRORER IR T 2F50E< &
53ZLERETEHEDNDTHS.

6. £&D

IhEFTHRNTERA LR, S, WBIFEERSR
DYERRIZE T 2 MEMAMEEESR (HNF) 0%
HIZOWTER L. HNFIRBEW RSO L
WaFfEe LT, —HCIRIBTHEED AR L TH
ML -MEEAHAELAL S S BITKEOHASRIC
KDWEIND I L IDBETFEBRY R RYE
IZHRU DT B1RE AR L T2, ATIEIMHA
U7zl % 77 i - L5 2 & CREEOHAIC
RELHFEL TR I LML EL -T2, HET
BHERIZ L ZMEH RO, REHDOALLTH
BWROF v v ET "EE" T2L058E8H5
(Nagata & Kirchman 1991, 1992). U2 L &6, #
EMRYESIC BT SHNFE2 LA LE—-T 0
—RRBIHOBHERE 2 KARBIZ BV TEBAL
ERILLAMRIIVEZIFEALEEVENSTER
5 Tid &y (Hagstrom et al. 1988) , #BIERWIIED 4
RERIZBEWT, 75 o b Uik DEEIRS
AR EOREMERYEHIIELENI S 0LD
BB BREMBWESUCA > TV B0, it
MEMEECHN I ILF—DI 5 ENL SR
HARMEHIIEY > THE D EORERE LS
7y by OEERICKDBOREBRICOR SN
TWBD0, Thbbyb®? “link or sink” #H%F
(Ducklow et al. 1986, Sherr et al. 1987b) =%} L WIRE %
EAERTIER, AR 2WENEREAS
FTEBICEELSZ L THS, LrLars g
BT 2ZD& Az 2L ¥ —-DOFNAIL, M
REHDHIVBEEFIIL > TAREL BEBEZLH
FREIND, SHREBINLDIILF-DFNAEE
BILT 5L L1, MEBEEMFLOBKRIZDN T
M FEAHERO 2L TS BERH S,

FH46% H1s (1999)

7. #H F

KIFEEFITTBIIH0, BRIKFRED KR
RFBZMREFONERLS - Fletld - ¥ % - /D
Wk - ERZO#K, 50Ty 22T 5V
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