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SUMMARY

Picoplankton with a diameter less than 3 wm 1is composed of
prokaryotes, photosynthetic- and heterotrphic-picoeukaryotes. Among
them, prokaryotes play an essential role in microbial foodweb by
transforming dissolved organic matter to particulate organic matter as
well as in elemental cycles by participating in diverse biogeochemical
processes. The photosynthetic picoeukaryotes play an important role as a
primary producer in marine environments. Especially in oligotrophic open
ocean, they are known to represent about 50% of primary production.
Despite these significant roles in marine ecosystems, a large proportion of
these picoplankton has not been cultivated yet, having been one of major
obstacles to reveal their physiology and ecological functions. Therefore,
this study was conducted to develop a technique to isolate a single cell of
microorganisms and cultivate them using a single-cell sorter which was
introduced by the Open-Lab program of KIOST. Using the cell sorter,
single cell of autotrophic picophytoplankton could be successfully isolated
into each well filled with 1 ml of medium in a 96-well deep plate and the
growth of the cells were easily tracked with the naked eye or by
flowcytometry. A live-staining method was developed to isolate
non-pigmented heterotrophic bacteria as well as to prevent co-cultivation
with unseen microorganisms during the isolation step. Using the
techniques we obtained 11 groups of photosynthetic picoeukaryote
cultures as well as 5 novel bacterial cultures. In addition, a simple
technique was also developted to store a culture of photosynthetic

picoeukaryotes in —~70°C deep freezers for field application.



(KEYWORDS : ©AIX £g7], 949 E, JFFAAZvE2FAIHAE, &7, oY
/signle-cell sorter, prokaryotes, photosynthetic
picoeukaryotes, isolation, culture
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19 4. LavaCell €4 & TAlEx Egd Alxe AAS H

FE 96-well ZHo|EL ALzl GAIE7} S Y FEe
welloll A Ao Ade AT + A+

A =4

B8 2rAx 2ol & 19 HlAE o] &3 AT 7Eol A ESHIAE
o] Hjgkel dWtH o2 ALEEHZ f/2 MRS FYHS VRO E ¥ A S wt
T A= A e AHEstATH g AR A9 WY 588 BAE] A8
10009 A€ FFAe H7HE v = (SW-£/2-1000D)
o, Fal ARdAE g 4 2TE SIA] A8 derdo R AEEHIE
o] vjFel ®ol o] &H= Al F/H MAE EF3F WA (AM-100D)E ©] &3t th
o=l Zae] ek AlFods BSASE 0.05%= H7hg £f/2 wiA|(f/2-BSA

i
4y
)
ok
£
=
o2
>
oy
ok
8
(o

Wl
o

893t sorting &<t laser = ¥ =T|3] FTAHCEREHY IS o wWEFE A

=3kt

9) Marie D, Le Gall F, Edern R, Gourvil P, Vaulot D (2017) Improvement of phytoplankton

culture isolation using single cell sorting by flow cytometry. ] Phycol (In press)
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F 1 PR ETY EYd ol gH WA FTFH
Hl] %] = Hj A=A o] &8 AR
£/2 f/2 =]  FA 5 (1B)

0.1 ym 3 3l £/2 wWjA] 9
SW-f/2-1000D o %A 5(IB)

dokdS 1/10009 ¥o 2 H7}

1009 3= /2, L1, Pro99, Pro5,

AM-100D . w3l Al 5(B11)
K-media®] E&ujA]
f/2 v} Aol bovine serum albumin< v = A 5(TS),
£/2-BSA
0.05%2 A7} A QA E(KS)

20163 94 OJAMFZE o] &5t dE AME B Held ARoA TAE £V

[e=]
o] &3sted 6712 96-well EFC|E £ F TR =oA witstd. wiF
3

i

T, °F 27d Fol SW-/2-1000D°] S FYFE wACAA wigFdF AEE
flowcytometerE ©|-&3 AlFE Tl mAEFY AFS s, /2 wjA

A Rk AR Bfoe oF & 2 ¢ AE WA= AA AFE T8 AES

‘l__

FAstATE F 528719 @Y AEE EEsiRon, I F Aol Fld FAAEE
nAXAYEL = 1Be/l2 ZEE AT F HH 24%A4 Ao Flxqdrt. 3
H, Wik wjx el SW-£/2-1000D H Aol Al f/2 wijR|ol HI3) ©F 358 H& HEE

[e)
=
mAl Rl A4 BlEo] =4 yUEty, W19 WA Wi ZEo] dFHel =2

WA vle) o = bsAe AT
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3 2020169 9del w3 FFPEPAERT Lo-ulF Ao acof

No.
DATE Samples growing well Media %
( /88 wells)
Sep. 12 IB10 56 SW-f/2-1000D 64
1B10 16 f/2 18
1B9 20 f/2 23
1B8 21 f/2 24
IB7 9 f/2 10
IB6 14 f/2 16

2016 129 3l F3 B11o EZREH 75 m FAZAY 67 A zolA zhzt
8872 TAMEE Este] AM-100D2] HiA] 1 mlS 92 96-well Zd o] E] uj

—

FtATHE 3). £F A EE flowcytometer Al WHOE I 819 Alse A= 3

b
ol

ZEY AY FFE Sl AES AT floweytometer= s FQUgH
29 AT oF 36%°] welloll A Gl UelEth 1 vre] ARolAE 6~137

welloll A wlAZ=77F dAsted Al A=l F4=UT

b

#® 3.2016'd 12¢ F3H FAAA VAT E8-wSF Ao 29

No.
DATE Samples Depth (m) growing well
( /88 wells)

Dec. 6 B11 0 32

10 9

20 9

30 13

50 6

75 7

of¢

2017'd 1€l divt= H5& s Algel thal £/2-BSA WA E o] &3te] A
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EN

El
flo

gl FS AESAT. 28y, BE welldl A vl 27 432 e
LF9 welldll A= Aol Aol B&EFH, AT mAz=R o]
BSA H7tAoll Aol AsiHi dF vAlzRFol F2d Aol AR
BEAT. wEpA, ARk 50 mAlzFe Z2/Wde fsids H3Z BSA
z2 9t R Aol A JAIE AT FAA e A 5 WEA iAol 2a

o2 AAZIH.

38

A

‘g]

H

L

=)

&
flo

o

P
o L
b

N

Y E BN ZFY GUIHAE B4 2 AF

43]9] ZAo A F 212719 wellZHEH FFAAXHAY

=
= A2 185 rRNA 42 A7 Ag BEAS EdA F3=EYT. 44

Az B E Tl

_ﬁ_‘:_
dutA o g At ol N SR ABIEFAEORA, $HeE 1FY MAZF
AR B e Beld Row «AAY

FEF H3E MFAE 67] & F sl SakE AoE germgion, dn

Al FH-stE %< Bathycoccus, Ostreococcus 2 Pycnococcus®ll 43131 20.H,
Picochlorum®} 7}7h% AlF9 WA E dojFoh

Sk, 2017@ 9€ AlBRIANE THIYAY YA EESQ Centroheliozoadl <3t
AES G7IAdo] Ao, ol SollA A3k niet o] g A= &
NEE o] &3 vAEFe YAl FFS HA Fe dAsEC] A EEEH

A A7 MEo® AAZIY.

flo
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1529

I»%&S{ém"a'"a renzeli AJS3BA50 Ske’etonema ]

=) ABS!SM
o5 KFH21285

Fhalassicocs angusteliiments AJE10854

15 S | Minidiscus

Cyclotella

ﬂ‘%a’céﬂ:’a choclawhalcleeans JFTH09TY

JETA0HAS
?c: e JFJ&“SSO

Si5a | Chaetoceros

R

1 aanstia sranana HOGTZETD

T Hymiosia sp. COMPAES AY4855
18051
12654

Minutocellus/
Arcocellulus

Bidz . .
ﬁq;?%dé’é st sspdets NS ] Pseudonitzschia—

w8119 o
Pssudo-nilzatihva microcors KPTOS0E2
B

HgGmonas mutabidis AYOEDHRZ
BSHGOTIGNES L;ggzndwa s AYDREITR

— Centroheliozoa

wncuitured sukaryots GROE3A0T
thycoeous prasmos KT878714

CCHP1205 KP925345
CBoE clade VIA XFS22631
-fomr (0”’"iCDFnEAYCE3346 -

1145
F'Vaswcpﬂycnesg 5

Braudoando !‘em«.ﬁ s DQ1G¢.P"
Bivospeca iwr KMB15648

—_—

7o

Bacillariophyta

Prasinophytes

Chlorophyta

a9 5 wAERE Jge Fa Hel ueE agAe] ABS Uea A% Bedo)

2 ATolA Eed A

_22_



4) dPAEAMT) Y 8 F ujF
a. TAE B8 =31 &9
oA AFTE vle} Zo] AdFS AUEFS zEA %] o
M= 279 RYS WY 3= FSC @ BSC A'@S o] &3lojof dit}
Ty, ©] 4% noisest FElo] TREEA ool & &&o] o
He SR 8 ATS live % GG sgon, olF T A
Aagdy BEd 4 AAHAH 6). 9 F AlFS PES FITC Ak
AT FES & AT
- - 0ul/ Syne
:I:L?:‘k | | g=
o 4 ; | =
&P R L #7 ke i A X
] Bl [= Ry
e
Tiot 102 108 10t 105 108 1072 10! 102 100 10* 105 108 1072
(9.367 : 7596.961) PE-H 4 FITC-H 1
- 01l 0.1 ul / Syne
‘:‘9_ Pico
o 1.83%
2 #
= CHAHS
“ = R b oo
E—.i-
- _ | Prokaryotes
"o 152 153 '154'155 m 1572 _m'-' 1'62 10* :r'r‘ 155 155 15-’2
PE-H 4 FITC-H 4
I9 6. LavaCell G4 A7 2o AP ES] flowcytograme] =}o]
debd 28, 44 Foll A8 Eo] noiseZRE Feld F oe

HAF
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b. HiA =4
Aol SAlEZ 28 & wid=s A WA =Z= i) B &<, i) 01 gm o3 )
T, i) B3l + marine broth (1/10 3]4]) + 01% BSA + trace metal (f/2) +
vitamin (f/2), iv) 0.1 mm 335 + marine broth (1/1000 34) + 0.1% BSA +

trace metal (f/2) + vitamin (f/2)¢] Ul T/7} o] &= AT

c. Alee] & vt

o] 4742 SYBR Green I ¥4 % flowcytometerg ©] 83t AFstAU, ME A7}

=9 F5FE Tl BHEon, Aol &Jdd F 59709 welloll A Al e

2  YEhE Gammaproteobacteria 2 Alphaproteobacteria®l] &3} S.H,

Flavobacteriia®ll &3l % £ HATH
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Vibrio .

Moritella

= | Glaciecola

Gammaproteobacteria
Marinobacter
Marinomonas
Alphaproteobacteria
Loktanella

= | Algibacter — Flavobacteriia
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&3t AL AT B4E Y5t AT AFE Fotsidth. KS3-1-2-F7 +F
Algibacterdl] &3t T & #7534 7HEHE branchE d435t AMEL TY 7ls

1po K83-1-1 D8

K831-285%

Loktanella sediminiiiforis KC311338
Loktanella maritima ABE84236
Loktanella tamfensis DG533558

Loktanella maricola EF202613
82— { oktaneila rosea AYE82199
Lokianefla agnita AYBE2188
Loktanella vestfoldensis AJBBZ226
| toktanelia salsilacus AJ440887
100 Loktaneila afriutea AB246747
Loktanella fryxeflensis AJBE2225
| Loktanela litoreg JNB8BH19Y
r Loktanelta koreensis DQ344498
72— | oktaneila sediminum KJ620885
Loktaneifa ponticola KJ855314

Brevirhabdus pacifica KC018457
Loktanelia aestuaricola J-TF4 KJB55318

Loktanella byoseonensis AM383542
t cktanelia cinnabarina ABBB8112
Lokianella variabilis K3588528
Loktanelia hongkongensis AYB0DG300
Loktansila spesokkakensis KC887358

42
a9 8 HAE ZYudd Al AF Vs Ade BHAFE AET

(S o] A Al<)

_26_

[

o,



38

G4

88| Paraglaciecola agarilytica DQ784575

Paragiaciecola oceanifecundans JX3106203

Paraglaciecola chathamensis AB247623
FParaglaciecola polars AJ2893820
Paraglaciecola mesophila AJ488501
Paraglaciecola aquimarina JX508596
Paragtaciecola arctica BSs20135 EU365479
99

Paraglaciecola psychrophila DQD074368

ﬁ|:3.‘acieco!a nitrafireducens AY7870G42
Glaciecola pallidula U85854

IKS3-‘¥-'E FH1
100l KS3-1-2 F6

Glaciecola punicea UB5853

og - Algibacter lectus AY187689
68 | L Algibacter wandorensis KC987358

7\l aigibacter undariae KC261664

&7 Algibacter mivulki KC662118
Algibacter alginicilyticus

— Algibacter agarilyficus JNS64027

—— KS83-1-2 F7

— Algibacter amylolyticus KP136798

—— Algibacter pectinivorans HM475134

Algibacter mikhailovii AM491809
Algibacter aestuarfi HQ405792

83 Algibacter aguimarinus JQ259559

— Algibacter agarivorans JNB64025

—— Algibacter psychrophilus KJ475138

0.05

el Ao AF HsAe HolF
(&34 o] o] A)
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FAFSHAl KS3-1-1-F113% KS3-1-2-F6 5% Glaciecola® 43t 4#H 2 FE534

TEHE FABAE el AR T AeAel e Aow Yegor (2
8B), KS3-1-1-D8%} KS3-1-2-B6% Loktanella 49l 43t= th2 TEF F33 +HE

)% branch® BAste] AF0 2 o ZHATH1Y 8C),

6) FEE mAxFe 2E GH A
dA7A AFe FZAAZE, glycerololyt DMSO (dimethylsulfoxide) &<
anti-freezing agentE ¥ $ -70C & A EL B 5o WS F3) vl
2 REFHE Zor A An au, R mAlEFE Al Hle] A4
e T HELZ W AR AFAA AT AoE dHA Jdow, Tunt
A LdF IFe HES S ARREE WHe A& HdMs kel 2AR

YsrE AH7E dasith mebs, ZEde AEAHR] Al v Fdl EAE

2
r

AL oy, ol AEFHoR ¥ wijA Fo EF°] FAHAF ] wWE
of HIZZAZQl Wol Atk B AFAE -70TY A2 YFLE ©] &3t &
A Yge Tl = AEZE HEY F s Aoz &E3 Mr. Frosty Cryo 1T

Freezing container (Nalgene)E ©]&3dt] 2] -Miefd HANZRY WFHE 7lsA
= BAEAT

A4 AAsta Q= wdA 09 mldl DMSOE 01 mle 22 3 2 mle
Cryovialoﬂ 2o], container®] AFE WO wl AL WYEsao Yol 4417 GAFA
o2 dd &, &dFuF Edol A AL Y AL BEs. BR3EE vial
= 1,3, 7 10, 15, 20, 259 F°l sh Aol a3 &o] Ao AEARE Al
otttk AW vials A9 &l Yol 453 = 3, 20 mlY #WAZE 59 A+
50 ml HiFHOl HiGAE ¥ &dFHE LIE Ble AdEd & AA 2= Hjk
710l 24A1F SheieF SkSth olF TS BIAA b/BuidE Frldl A wi kR

o

or], Azke] A F MEe] ARE AA
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Ao o] &3 =ZF Micromonas®t +ZFF2 Skeletonema 4&-& 25719
o AHF RS w, =F & A= A= Yy, HASH

;?;
T Fe ool UF YL Bl MFA PJFRE| EFL HAY & AN

IBO1S  Micromonas sp. IB029  Skeletonema menzellif

25 days 0 20 25days

7 10 15 20

- <= YE HEH #FY A A4F 2 mx2=R/o t2{F 2
d AL YERE Fo AR WA gA HAFsAe W AR

5 2= 919

AR =]
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nufof/ Gl vl = Hike Bl AW A &H Tes AlEsta, oY A

AH 2L AT B SNE ATE S AS

_IN
J[m
ox,
ftlo
)
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%
(o

e Al s-Hsks vadEe MGAE FEsto] A A 73
24 AEAA =Y 983 ee ATEr] A JEke Aled AoR

. AFARATe Bgge

[

O

[

O

A& A= Ad T2l 2§
A WABE T 0% odel olg Aoz dEHE maEl] -l

rfe

AT ANE FEFOEA AR AU B2ol HEY 5 UL
AejAel 543 7% dste] 4 e WF AT T8
CRFE T Plag R tE A Sustel AR AR Bgde 35 Mago

28 Ao gkl YA 7 AT Tl 28
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