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Microalgae continue to attract attention as a renewable energy resource with favorable characteristics. However, there are many barriers related
to technology and industrialization, leading to a high cost of algae-derived biofuels. One solution is to establish new algal strains with high oil
productivity from field samples; however, the conventional methods, such as capillary isolation, seem to be time-consuming and labor-intensive.
In this study, we optimized the flow cytometer-based sorting of high oil-producing cells from field samples. Here, a new type of cell sorter, “On-
chip Sort”, which employs a microfluidic chip, was used with Nile Red staining, a fluorescent dye for neutral lipids. Field samples collected
at Nanbu Dam at Tokunoshima Island, Kagoshima Prefecture, Japan, were used in the optimization procedure for isolating high oil-producing
algae. The newly established isolates were identified by cell morphology and 18S ribosomal DNA sequences. We compared the biomass and oil
productivity of the newly established strains with reference strains of the National Institute for Environmental Studies. This study shows that the

target strains can be efficiently isolated by using Nile Red fluorescence intensity as an indicator.
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{EEBRELOKE P bR B HN G E 2R E LT,
oA R 2 b oA TREEIR L L QEHINLT
W3, L Lo, WllEED oIR8z 4T % Him,
B, 2 L CLEMICIEERLS  OERED D b,
WA X BB DK a 2 MMEZzHA T3 (Davis et al. 2011, Su
etal. 2017), ZOREDRRLTERE LT, FHEEDO T Rk%E I
C®, BIETREEMSCERE L EDLIEIcb 27 7 —F
ZRHWT, kO EIRISEENAL A 2 A& BINT 5 5
I N T 3 (Georgianna & Mayfield 2012, Vitova et al.
2015, 5~ 5 2017),

AR TEE 2 b DWGlEER 2 B 540 & Filc Rk 45 2
ElE, BEANA A AMAREIICH > TRk, HEEEAN
ELCHEHETHD, L LaDs, Fiblkiird 5701213,
TP OLERA - AR - ot - BEEE - FEAME (- 0 SEEIAIE
OHETE) R &, FBHbDAT Yy 7WBETH D, HTAE
ZHIC Lk v €2 —IC X 23S L, 16k 5 Hw
LNTVREFED—DOTH% (Andersen & Kawachi 2005),
COIIEIFTEAE T TR Z A L 3o fFETE 570,
SRRSO TR FHN E T 2 AR TIIAER b %
WS, HBREAMEET 5, —), RIEEEEROHREZ L,
y =7y b ET R F OO > T EE5E1E, 2ok
HiHe2EDTReVY =5 — (V=T 1 v 72 A 7
7a—%A FA=F—) THEEZIT) 13 DEIRB L,

— MY 22 VY — & — OIS HE VR i T USRI
SNTW325, ZOHEICKZ0MCRBATE 5> — 2]
BRENT 2, —J, A7 0ifiigkFy 7 - Ly —F—
Td % On-chip Sort (A > F v 7 XL AF27 /0y —2X)
1%, ZRIEEFAL 29V 2 7 v =K X b ERHIIEZ
Y F—=N—2y —F 4 v 7§ 570, HlEERes — 2
WIERORHIP Ny 7 7 —DMHHTE, WEfaE TR L
BLCHIlENDF X =YD nt Ins (RES 2011, /h
-8R 2018), 7, YV TNRBED Ty FARY 2 — 4%
001 uLFTHbY, YEOY Y AR TH %, On-
chip Sort ICk 2V —F 4 V7 EBE L HoiETcoes 7
ik v 7HTHEMLTED, 7V —r Xy FNTHHEAT
Ep0, AaVFIF—2avDYRILLBL, TDL)
BREME b Ok, BEY¥SrE % H0IT On-chip Sort % V> 7:
BN L B8RS T\ % (Watanabe et al. 2014, A5
2018, Hasegawa et al. 2019), % 7-, % & Lo % On-
chip Sort TERIITER T 2 EDHFE SN T2 (Ota et
al.2019), %k, v A 70T A A M L - mEY
SEHIC BT RGN & L TlE, HHEY: D Chlamydomonas
reinhardtii P.A. Dangeard < Tt & 1% @ Botryococcus braunii
Kiitzing D 8 EEFEME % N4 AV — 7 v b Tl § 3 /5%
(Kim et al. 2016) °, /NF R FKIZE N5 MPFEMEY O
A (Maw et al. 2018) 7= EW3dH 5,

AWFFETlE, On-chip Sort % FH > 72 A5 BL A e 1 S ae d
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DREBTIEICOVTHET 2, TNET, ERkO7n—9 4
FXBRY— (FCM) I Xk 2858EHRCEREDY — T4 v 7%
HiYE U722 132%> (de laJara et al. 2003, Doan & Obbard
2011, Manandhar-Shrestha & Hildebrand 2013, Velmurugan
et al. 2013), HETIREFIREAKGEND & DF FED Zr Bl
b S e (Katayama et al. 2019), AWfZETIE, <A 7
BHt#Ic & 54y —4% — On-Chip Sort ZFIH L T, BFIHE
Kkt & SR E A EEE I T 2 L2 HINE L7, &
I, o7k L 7o RE R o BEhERE IR B AR\ BY 9 % PRREETHI,
W NS Z DRI IE 2 A L 72,

mRlEAE
FEFGORE

ENZ BB e Y Rbi R gk (MCC-NIES) (ICfRfF
I T\ % Parachlorella kessleri (Fott & Novakova) Krienitz,
E. Hegewald, Hepperle, V. Huss, T. Rohr & M. Wolf NIES-
2152 B2 AREN R IFEEEEH L L TGEY, Nile Red %05
2T, AR CIEMENOIEEREZ A 70 7L —T
V=¥ —ETHEELL, 94 7u 7L =Y —=F—THIEL
7z Nile Red #06ff & Bk CHIE L 72 HZERDIEE EICIIHTE
PEDEZR Z 1 C\V> % (Takeshita et al. 2015), Nile Red & + v
7 W IE, Nile Red (HEALRITZE) 2P A F IV ANLEF T
F (DMSO) TiAfiE L THHBLL 7z, P. kessleri NIES-2152 ¥k
7 BHIG AN 12:12 W§E, SR 7% EE ~30 umol photons/m’/s,
20°C O 4 TH5 # L, Tris-Acetate-Phosphate (TAP) 5 ih
(Gorman & Levine 1965) F7:13%#% (N) =% 1/10 &Il
MR U 7= TAP ¥5Hh (N HIFR TAP $541) <9 HREE L 72, 2
D, ¥EEE 96 7z <A 7n 7L —1 (lumox multiwell
96, YL A ¥ v +) 12200 ul/ 7 = V24 L, Nile Red
DIALIREESY0.001 mM, 0.005 mM, 001 mM, £ XLU0.1
mM & 7% % &) Icgft L7z, Nile Red ZHINE, MEE XY
F—=TERy T4 7L, BRTIOZMA v Fa—F L%
#%, HOERy ¥ —TERy 717 Lk, oy 7%
7L —1Y—%— (SpectraMax M2e, EL ¥ 27—« T34
AT ¥ Ry) ITTHOEE (BEI%RE 522 nm, cutoff < 550 nm,
WG 590 nm) ZHIE L7z, Bon7lo %z L h (n=3,
TI7ZANL TV r—1), ¥ 7V 1 ml b7 ) oHObE
[Nile Red fluorescence intensity per milliliter (NRF/mL)] %
BH L7, &8, ko Nile Red (#1635 650 nm f31)
E RV 7YY FNO Nile Red (GG 590 nm f{31) &
TlE, BIEINIHLEEPRE S 2 Lo, AFATIZT
N T DFERT Nile Red Fefatg Dl LRz 40 L 72,

K12, Nile Red Ml fE i ic 5. 2 2 &2 A7, L
D&M TR % L % P. kessleri NIES-2152 ¥k & Chlorella
sorokiniana Shihira & R.W. Krauss NIES-2169 #:#% 3 mL ¢
DZNZF N 50 mLIEINE IS L To, EBRX ORI 0.1
mM Nile Red A v 7% 150 uL i L, 726 HiX &
L CDMSO % 150 uL N L 72, $HR#%IC =R T 10 2 A
¥ axX—1FL, HwWOHohE (1400 g, 2 min) {7V, ki

Fig. 1. Photograph of the sampling point at Nanbu Dam (Tokunoshima Island,
Kagoshima, Japan).

ZAETH8%, MlE%Z 30 mL o TAPHCBm L, KM 7
SZ2a Q5em’ ¥ TNy —NF¥ vy S, AGCF7 /) 7J A,
Iwaki) (2L 7, 14 HiEEEL, WERICZhEFhoyy 7
W6 200 ul/ 7 = VAERL, 7L — bV = —IZTIRLE
(600 nm) ZHEL 7z, BoNFMEDOEEE =3, 77 =5
VLTV r—1F) 27y L, B2 R,

BARKOFIRISE

AWFFETlE, 20194FE8 A 13 HICHREREZEOME s
2 (27.790429°N, 128.946855°E) 12 &\ TERAK L 7 B4k
B L7 (Fig. 1), $RKaeZ X ClRL <, HHI12 10
mL ® AF-6 551 (Kato 1982) ® A - 7z4a U MERERE 12 500
uL OFAGARIZ I L, —fzBgMIc8 vy 7L —F
IO L 7288, JER TR E ~30 umol photons/m’/s, Wil
JAA 12:12 Wi, 20°COGMDT, TMRFEWE 21T 72,

On-chip Sort TOHAREH Bt

Pl APERIA 11 HHIC, 302 B SEi oz L,
BHIED Chlorella AN DORTE = HEZ L 72, 2 2 CaliE ©
MRS L 2 Pk s 5 3 mL 2L, £XE&E%2E
WD V10 IZHIR L 72 C #5 4 (Ichimura 1971) (N IR C 5%
i) 2327 mL Ao 75587 7 A2z 2, KETH
%% ~30 umol photons/m?/s, HARFFAHA 12:12 Wi, 20°CH5
ETCREL, BB S HHOY Y Va7 ) v 7 Fa—
702 1 mL L 72, EBRIzIE, BHICA > TH 5 9 ~ 10 I
Mg oMz v 72, 47HLY > 7Lz 1 mM Nile Red % 5 L
ML, 7y ey I XD EHRL 2, BT 1000 A v ¥ 2
R—F L7, v Vze~A7afifgsy Fica—74 v
7L, w4 7afiEsy 7 2Ly —4— (On-chip Sort, 4
VF T RN AT/ aY—X) X DHlEL 7=,

On-chip Sort % > 72712 51>, Nile Red #% (3 FL3
(R 591.5/43 nm), 70w 7 4 )VEAKEOGIX FL6 (B
R 775/46 nm) % {HH L CHIlE L7z, FL3 & FL6 DMK
FA—=%— (avhru—)EL) 3Z210E 055 L X045,
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& HE /1% Main Push : 1.5 kPa, Main Pull : -0.6 kPa I3%E L
7o CHEHBICIRIKIBIEDS | <1272 % & 9 I Through Path Plus
Ox (XvFov7-RNLLF77/0Y—=X) ZHEMLT—
AW EMH L7z, 70— 4 b X FY — ORI, @Y 7
I 27 (OnchipFlow ver. 1.790.) 12X h XL Fvy b7
Oy FELIFEA YT LEFRSHE, Nile Red H#%(H (NR)
Eruna 74 VEOEME (Chl) »3icE w7 — +, Nile Red
FOLMEAE 7 v a 7 4 VEDGEEAME 7 — T+, Nile Red
JEMEC 7 v g 7 4 VEDGED ST — 26 Z 2l
flel% 53 U 72, ARFEERTIE On-chip Sort Df#FY 7 b7 =7
(OnchipFlow ver. 1.7.90.) oftkkic kb, Mgy — %z H
OFERICEE L TV —F 4 ¥/ Lz, 7 — FNICEEOE
DNRAEL T2 EEE 2B R L C, 208 L 723 E S ic 48
VEY Al R NEYE Rl 5 Uk BN oy il 5
CHHT, 1/4~1/4 D8 BB DML ZZE LT, Fhiks
LM U P OHEM L 72, Y BEMEE T CHETH B
CLERMERTEL Y 2 VNDY v 70V h GHRESL L 1Rk %
Z N Z N NIES-4411 ¥, NIES-4412 ¥k, NIES-4413 8k & L
T MCC-NIES &Gt L 72,

FRMk & NIES BRD RS

C Bt & 721 N IR C H5Hbh% 36 mL §°o 43 L7z ) a
tUfEDZMA7 5 A a (200 mL Pyrex, Iwaki) (CHTHES
¥k (NIES-4411, NIES-4412, NIES-4413) % 4 mL 3 O £
A, =177 A3 %R THREE ~70 pymol photons/m’/s,
IS R0 12:12 5[, 20°CO%&AFED T, 75 min ' CIRE S ¢
ISR L 72, 32 HEIRGER L, JIERRIC 200 uL 2 96 7
oA 7 7L — MRl T7L— Y =8 =TT
(600 nm) ZMEL, F¥HE (=3, 77 =ANLLTYr—F)
Z7ay 95T EE . £, TOLEOMIE
%, £7=znIiZ1 mMNileRed % 1 uL iz, EXy & —7T
S5HEEHEL, |RTIOHA v Fax—F LA BOERy
F—T5 AR L T 590k EE 7L — b Y — & —THlE L
7o BoNIMEOVIGZRED (=3, T 7 = ANL TV — 1),
1 mL &7: 0 OHOEfE (NRF/mL) %77 71Zm L, HigZ247-
7

BBLkR O PERE L2 0 72 ®, MCC-NIES 77 #R 1 D v T
b FABEDYIE % 1T > %, Chlorella 8 X X Z NIZiE# 7% 4
¥k (P. kessleri NIES-2152 ¥k, C. sorokiniana NIES-2169
¥k, Chlorella vulgaris Beijerinck NIES-2170 ¥, & X O
Micractinium inermum Hoshina & Y. Fujiwara NIES-2171 #)
(Fig. 2) #MRFEMRE L GEY, CHHbE 7213 N HlR C i
36 mL 3oL 2BHOYY) ak v HED=A7F R
(250 mL Pyrex, Iwaki) (C 4 mL 922 %%, Filibk&EL
SeECREEE L 7o, 22 HIMESEE L, WIERFIC 200 uL %2 96 7 =
w4 ru 7L — MWL, 7L— Y= TR
(600 nm) ZMEL, VMl =3, 77 =ALL 7V 7r—1)
70y b5 L CHE S, £, FU TR
DPER, %57 )W 1 mM NileRed % 1 uL A, €y ¥ —

Fig. 2. Light micrographs of MCC-NIES strains, shown at the same magnification
throughout. (A) Parachlorella kessleri NIES-2152, (B) Chlorella sorokiniana NIES-
2169, (C) Chlorella vulgaris NIES-2170, and (D) Micractinium inermum NIES-2171.

WCTSHEIEL, BRTI0ONA v ¥ 2= L7t HY
MEE Ry ¥ —IC TS5 EREEL T od0EEEZ 7L — Y —
S —THEL 7z, BoNTMEDOEHE LD =3, 77 =)L
L7 —1), HigEiTo 7,

BEERERER

Sy HERE & BEAARR O T RE 2 HEGR § 2 7e ), G 2Bl
KRITo T, HERTHEE ~30 gmol photons/m™/s, B
12:12 K5lE, 20°COSMETT, CREhcisE L 72 7T HisER O
i % Bl 1o v 72, Nikon ECLIPSE Ni-U I 7 8#EE (=
AVA VAT Y 7)) KWATETY XLz v, YL A
WZCFL 77 v 7 VA=)V 60XCIZ &k h#i%E L 7z, DS-Fi3 7
CINVARXT (ZavA v ATy 7)) Ik hligEREL %,

On-chip Sort IC & 2#T#RED FCM f#ifT

PrEEE (NIES-4411, NIES-4412, NIES-4413) 226 207
N3mL 2L CNHBRCEM 2T mLOASKMA7 7 A
2IChEA R Z, JGRTHEE ~30 ymol photons/m’/s, BHESSH
W 12:12 5, 20°COSAfFCRE L 72, BEES HHOY v 7
NEISMLY Y 7Y v/ Fa—712 1 mLaiEL, Liogk
¢ Nile Red 12 & b %ff1 L T On-chip Sort 12 & b fi#hr L 7.,

B ERO D TR

Polymerase Chain Reaction (PCR) #E& 5 4L 27 by —/r
vV ALEERFGT, HBHED 18S ribosomal DNA (tDNA) o
ALY 2 P L 7z, NIES-4411 e & O NIES-4412 #Riz>
W, iz & LR 2 HE: PCR UG ICN A T PCR
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Table 1. Primers used for amplifications and sequencing of 18S rDNA.

Designation  Position* Sequence (5'-3")

FA** 1-21 AACCTGGTTGATCCTGCCAGT
FC##* 458478 GGGAGGTAGTGACAAITAAATA
RD** 570-550%%%* GCTGGCACCAGACTTGCCCTC
FE** 1,112-1,132 GGGAGTATGGTCGCAAGGCTG
RF** 1,202-1,182****  CCCGTGTTGAGTCAAATTAAG
RB#** 1,799-1,774****  TGATCCTTCTGCAGGTTCACCTAC

*Coordinate numbers from the Chlorella vulgaris 18S tDNA (Huss & Sogin 1990).
**Sourced from Nakazawa & Nozaki (2004).

##*Sourced from Nakada er al. (2007).

***kReverse primer.

ML 72, NIES-4413 %D PCR 1& Z DA LTI L 7%
Do 77z, Fawley & Fawley (2004) OTFkIfE - CThliH -
f5 % L 72 DNA % PCR (Z f£ L 7z, PCR & KOD One PCR
Master Mix -Blue- (B07¥#f) 2w, ffEO 7w a—iu
ICHEBLL CEMEL 72 [ 77 4 v—: FA 8 XU'RB (Table
1)1, BRIKEC & 2R, PCR #¥% FastGene Gel/PCR
IIANI v avEy b (HAY 2274 7 2) 12k D KR
L, BigDye Terminator ver. 3.1 Cycle Sequencing Kit (Applied
Biosystems) #JH\7c>—7 v ARG L 72, = v A
KIS ED 7 b a—nicfg-> THEML, ERDO7 74 v—
(FA B XU'RB) I2iMZTFC, RD, FE, 8 XU'RF (Table
1) AL 7. ¥ —7 v ARIEY) % BigDye XTerminator
Purification Kit (Thermo Fisher Scientific) % F\»-CTHE#IL,
3730x1 DNA Analyzer (Applied Biosystems) (Z & 0 ¥ JE il
%2 PTE LTz, 156 NTFIND 72~ 7Y 12 1% GeneStudio
220 (http://genestudio.com/) % > 7z, fi\> T, KIEIZ
Y TS #H 2 » 4 — (National Center for Biotechnology
Information) 3F&ftd" % Basic Local Alignment Search Tool
+—E R (BLAST) ZFIHL T, &E#EHKD 18S rDNA fic
F% GenBank I2 BRI LTV 2 IFREYI T — & LIRE L 72,
7 VD B % eI HRAMRERICE W T R b
U — L 72 Bes D 2 AT RIS EE D &, REER O R
fiziE 2 H#EE L 7z,

R

4 BtfE o Nile Red AFURE (0.001 mM, 0.005 mM, 001
mM £ X V0.1 mM) 12X D P. kessleri NIES-2152 ¥k % 4t
L, Sz R L 72 & 25, Nl TAP 55 (TREER
&) 2o Nile Red DRAKRESY 001 mM O, &l
L7 (Fig. 3A), —J7, IREERESEE - JEHELCHK
T2E, 001 mMIREDIT T Nile Red #6072 B #
M7 (Fig. 3A). AW% <l Nile Red DRI~ S 2
LR, Ny 2 7oy FiEDtEERL, 00l mM XD —
BPEREE DMK 0005 mM 27 — % > ZE & LT HE
Bz fT o7,

On-chip Sort I2 & %V —7 1 > 7% i d 51, Nile Red
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Fig. 3. Comparison of different concentrations of Nile Red and their effects on living
cells. (A) Nile Red fluorescence intensity was compared under nitrogen-limited and
non-limited conditions. Values are means of three independent experiments (n=3),
and error bars indicate standard deviation. (B-E) The growth curves of stained NIES-
2152 (B), unstained NIES-2152 (C), stained NIES-2169 (D), and unstained NIES-
2169 (E).

et BRI 5 2 2 B 2 FA T, FEERICIE P. kessleri
NIES-2152 #k & C. sorokiniana NIES-2169 ¥k Rk E LT
A7z, 0,005 mM Nile Red THth L 7 Ml % 2 FERTRRE L,
Z O WIR O WSERE % J5E L O %2 1572, detafiifia & 3k
etz el L 72 & 2 5, Befafiifaic 8 v CEo HE
ooy, MEX EFAEOWEEZ R L %2 (Fig. 3B-E), 2
DFEHR 5, Nile Red 12 & 2 M4~ DHBIZIZ LA LR
wEEZ N,

LR oRBEEICD LOF, BB o Sl 4 e
fiel > 43 B % 3 & 7z, Nile Red et L 72 B 41 ikl 2 On-chip
Sort IZ X DT L, REBBDRLZ3 D50V —F4 v 77—

ko5 05BEL 72, ASEERTIZ, Nile Red HEEE S LGB I
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FL6 (Chl)
=
2

L B R R RALLE L A nd]] L A R ALl LB ALl

[ 1.00 10 100 1.0K 10.0K
FL3 (Nile Red)

(B)NIES4411 | (D)NIES-44
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Fig. 4. Flow cytometry dot plots of field samples and light micrographs of the newly
isolated strains. (A) A typical sorting dot plot. The black frame indicates the sorting
gate of interest from which each strain was isolated. [a] NIES-4411, [b] NIES-4412, [c]
NIES-4412. (B-D) Light micrographs of strains NIES-4411 (B), NIES-4412 (C), and
NIES-4413 (D).

s 2, HBwviEzan 7 4 VEHEDEE DS |
fEAHEA T (Fig. 4A), V=T 4 ¥ 7 v PN ARG L 72
£ 23, & TOTHEEED & Yk 2 LT 5 2 L3 TE T,
Nile Red #05fii & 7 v 7 4 VHDEE IS E W7 —  [a]
250, EEKS pm ORLEBRIRMINE T H 5 NIES-4411 #E,
Nile Red #OEEAE < 7 v v 7 4 VHOEELME 7 — T+ [b]
6%, BN 3 um OFEFHRO B EMIETH 2 NIES-4412
Pk, Nile Red #HYGEAMEC 7 v v 7 4 VHEDEEDE /S — b
[c] 251k, Ef&9 10 um OFEFHROFROMIETH 5 NIES-
4413 MMt s s (Fig. 4B-D),

P O RO IE % #E T 2 72 ®, NIES-4411 #,
NIES-4412 ¥k & & O'NIES-4413 ¥k 2> 6 Z N FNRE L -
1,705 33N, 1,369 HEHEx & X O 1,734 $E3E%f 0 18S rDNA
7Y IdH% HvT, BLAST 12 & 2 MRV % 9206 L
7eo ZOFER, 3HRIZVTNHARORETH 2 2 L3DH D,
NIES-4411 #iZ Mychonastes J& (fkiffl, 227 3 FuH),
NIES-4412 ¥k\& Choricystis J& (VA7 72 7, risH
ABH), NIES-4413RizAA X274 A% (FL AT IS 7

Table 2. Top three BLASTn hits of newly isolated strains based on 18S rDNA
(excluding introns).

% of .
identical Query Accession

coverage number
matches e

Description of top three

Strain/Query length BLASTR hits

Mychonastes racemosus

NIES-4411/1,705 bp CCAP 222/52% 99.94% 97%

GQ477051.1

Mychonastes racemosus 99.94% 97% GQ477043.1

CCAP 222/35
Mychonastes timauensis o
COAD 205/25+ 99.94%  97%  GQ477055.1
NIES-4412/1,369 bp gghﬁjfy‘”” sp-AS- 99.56%  100%  AY195972.1
Choricystis sp. NIES-
2349t P 9930%  94%  AB488587.1
Sc_liiﬁfiy stis sp. AS 9920%  100%  AY195970.1
Oocystis sp. CAUP
NIES-4413/1.734 bp 1] 110***{2 99.17%  97%  KY038331.1
Oocystis marssonii
UPNIC G084 98.50%  96%  MT039383.1
Chlorella” sp.NIES- g¢ 135 930, 1C129522.1

Each BLASTn result was sorted by % of identical matches. Sequences from uncultured /
environmental samples were excluded.

* Authentic strain of Mychonastes racemosus (Krienitz et al. 2011).

** Authentic strain of Mychonastes timauensis (Krienitz et al. 2011).

*##* For phylogenetic position within the genus Choricystis, see Kulakova et al. (2020).

*##% For phylogenetic position within the family Oocystaceae, see Stenclova et al. (2017).

fil, 7uLvI7H) OERE, 2RZUERTH S Z LR
BX N7 (Table2),

PERE ST O K558, HIRLICHEST L 72 3 ¥k Cid, NIES-
4411 %H3x D Nile Red HOGEDSE K, 22D, A A~ AL
P LB IE > o 72 (K ODgy = 1.35) (Fig. 5A), Atk
17 HE?2 5 EHICA D, EHIPIZE T 2 Nile Red #OEAEIX
BE & Z 5300-8,600 NRF/mL TH#Ef% L 7z, NIES-4412 #kid
CHAHUZ BTN A R E C (IRK ODgy = 1.65),
N HIRR - JERIRES IO 26 128> T d Nile Red H0O%AEIE 11
H B LU 1,400-2,700 NRE/mL ¢#tf% L 7 (Fig. 5B, D), —
75, NIES-4413 #RizRs&M 11 HE CEREIIOEL, EHF
DRI B D & TRTEMRRIC R & 22 bid -7 (Fig. 5C,
D). Nile Red #6113 CH b 12 9 235 £, 6,000-8,000
NRF/mL TH#t® L 72 (Fig. 5C), N HlIFR - JE IR & H
RARNA A2 A (JKODgy) % MHiET % &, NIES-4411 Bk
& NIES-4412 tk i3 & B IT NHIRSEAFE T ICE TS A= 2
(ODgyy) DUEMEL, Z2NFN20%, 44% TH -7, —7H,
NIES-4413 ¥R CILEFERTRICE W TH A 4 < AEIZ, N
HIBREEIC L 2 b0 1.1 fFREICE £ > 7% (Fig. 5D).

PiBLENTFR @ Nile Red #%AH & N4 4 < 2 A PERE % Fig
9 %780, NIES kDt &3#A 2 Chlorella £ & X% U
& AN e vk (P, kessleri NIES-2152 %, C. sorokiniana
NIES-2169 #, C. vulgaris NIES-2170 £, E X UM
inermum NIES-2171 #k) 12XF L, #rkibk & FARIC MRS Lhig
o7, SHEFAE L 4HIZET, PWHRIhE) CRi
B WA F v AEPEEDE D> 7 (Fig. 6), Nile Red
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Fig. 5. Time-course analysis of absorbance (ODy,) and Nile Red fluorescence values in the newly isolated strains. Bar graphs show the Nile Red fluorescence intensity (NRF/
mL) values and line graphs show the mean absorbance (ODy,,) of the culture. Values in the bars represent means of three independent experiments (n=3), and error bars represent
standard deviation. (A) NIES-4411, (B) NIES-4412, and (C) NIES-4413. (D) Maximal ODy, of the three strains from the data shown in Figs SA-C.

YA B L Tid, C. sorokiniana NIES-2169 ¥kA37E # 3H DU
KBV TCHHIIC X 2B CTR» > 1D, Z20bsto 3k
13 N HlRR I 1F 9 25 FH %2R L7z (Fig. 6A, E-G), P.
kessleri NIES-2152 ¥k ik Nile Red HOEAE X N HlRES b
22 HHIZE W TR 57,989 NRF/mL %7~ L 72 (Fig. 6A),
Z DIEIRFTHRMk O TR b Nile Red #5625 2> - 72 NIES-
A4 FREIEL TS, F6T SRR LTz, 20N D 3o
Nile Red #EfE X393 10,000 Al Td - 7% (Fig. 6E-G).,

STHER ORBIR DR ERORBE T O I N T 2D %
MRS 2720, Fdibk 3 Pz iR & W—4thchs#E L, On-
chip Sort 12 X Y Al —4&fF 70— A + X b —f#r %17
oo ZORER, 7uouo 7 4 VHEEICEIL T, NIES-4411
& NIES-4412 Ok 12 53 fERs 0 7 mm 7 ¢ L& L AR O
M%7~ L7 (NIES-4411 > NIES-4412) (Fig. 7A), L» L,

NIES-4413 ¥k Tld, Z7m v 7 4 LVOHOL R WM &RV
M2FED 50, HiFeE L T2 o0HEMZHK L T\ (Fig.
TA), HOEIZINA CTHIFEELGIC X 2 Mlllay A X &R L7 &
Z %, NIES-4411 & NIES-4412 (Z i — D EM DR I N7z D
WAL, NIES-4413 BRIZMREY £ XD Rie 3 2 LERIDEELE L
TWw3 Z Ebh -7 (Fig. 7B), NIES-4413 Hkick 1) % 7
a7 ¢ VEOEEDEEN (Fig. 7TA BHRN) 1%, My A
RDNEGEN ERE L T2 (Fig. 7B K1), %7, Nile
Red O #HAHAY 100 au. ML EOMEDOE &% T & 2 3,
NIES-4411 # i3 N il R C ¥4t D 85 & 51.7%, CHHo 86
315% TH b, NIES-4412 #ix N HllFR C {5t o 84 52.2%,
CEMDLGE 26.1% TH -7, wTttd Nl I X 255
#0139 23, Nile Red #EAE O E Il O I 423% 0> 5 7 (Fig.
7A), —77, NIES-4413 1B L Ti, NIBRCEho G &
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Fig. 6. Time-course analysis of absorbance (ODg,) and Nile Red fluorescence values in MCC-NIES strains. Bar graphs show the Nile Red fluorescence intensity (NRF/mL)
and line graphs show the mean absorbance (ODgy,) of the culture. Values in the bars represent means of three independent experiments (n=3), and error bars represent standard
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739%, CEMDEGE44T% TH Y, TEHROIETH %K
\» Nile Red #05E % #ERF L Tz,

EE

AT, Whte o mREREREEME 2 OHd 5 2 &
Z HICHEBR 21T > 7o, AW L FARRD Hikimc X 2090 L
LT, $ERD FCM % Hv>TESM - 770 S W PERIAISEE O
TR A PERK%E Nile Red ISk > TA 2 Y —= v 7 L 720f%E08
WG I N T2 (Katayama ef al. 2019), AHFZE T, ¥4t
WK INENREL, A 7alfilgFy 7 - Ly —5—
Z M U 72 S E A e S BIRE O T B X OBk D 1 RE
FHiiic oW THE T B,

AHFE TRV BT, Nile Red 8L X+ V7 (AL
T®H 5 DMSO MBI 5 2 2B XA S h - 7 (Fig.
3B-E), #k#: C. reinhardtii <%, BODIPY 4 {fulif 13 4y £
~79% DMIENEFICAEE L7z Dicxf L, Nile Red 6Tl
EEBHR NG - 7 EPREIN TS (Velmurugan et
al.2013), ZOEHETIENileRedD ¥ * VU 727 21—
NaflioTk ), KEFOREM EIZRZL 225, HIERMAE
Nannochloropsis sp. T3 7))t u—)L% % ¥ 1) 7 & L7 Nile
Red 0 THAE DRI N TV 23 (Doan & Obbard 2011),
SRR S G ARIVE 2 b OHMilEEZ 2T 2 88
bEZLE, SHBIETE Y, DMSO, 7V tu—lLtwvo
THEDX v ) 7 OWET b METH A 9,

BBk O BB OMEICE VT, NIES-4413 Tk v
7 4 VDG LY A X038 5 2 MRS 5 i (Fig.
7B). ZOFERIZE D, ABRPITEBOSERIRAL TV
TREEbEZ o, L LA S, KL il
HEIODFT—FICLD, ARIZEERTDH 5 2 L PHER
7 (Fig. 4D, Table 2), AP AR T 5 LHEES N A A
¥ AT 4 ARtOREEMIEE, MEARER I HARTEEZ TR
T2 2 EDWE SN TS (Stenclovd er al. 2017), fiE> T,
FCM (2 X h @23 /- 2 6MN%, SeEEfiie (Z w7 4 v
el h-flE £ AN L BAERTE (Fuv 7 4 VHOBEK-
A A4 ZAK) L Twes EfEEL 72, FEfilae A4
N2 T Nile Red #GIHIC K E 72034 5 L7 b o 72 P
LTI, REMIEE ALRTFEOIRERENIZZFEL TH
2 A[REMEDYE 2 5T,

NIES-4411 #RiZ N A A < A 4 FEHE & Nile Red H %Al T
EINDREAERI L b ICHED» > %, AKX =1 [a] 2
SaHES I, SEERICHIRF S N B R A ok BT &
Too BEAFRR ELHEZ L 72 & 2 A, NIES-4411 HkD N A A< R4
PEREIE, mBEEERE R b 2 & TRIS LB C. sorokiniana
(Lammers et al. 2017) 2SI L7z, —J, 7=+ [b] 25
STHEL 72 NIES-4412 #¥RiZ, /N4 A < A EpEMETIX NIES-4411
FRIZFERIL TV 7223, Nile Red HOEAEIZEY L Tl NIES-4411
RO 1B BETH 7%, ZOf5HIZ, NIES-4412 #RiZ 5Bk
ICEWT, BRI L T304 & OMEAE
JIC X O IEE A BT 2 R G L S e v 72 mleg ik 7

g, BB OEIC X 2 AP RRE N, 7= [c] »
5 il & 7z NIES-4413 #kix, A F < R LMD - 72
73, Nile Red HOGME THEE S 2 IEE A FERBICBI L CTldmRek
#7 8,000 NRF/mL % 7~ L 72 (Fig. 5C), Nile Red #{)tHEE %
B L2y —F 4 v 2ZIcB T, Nile Red #OEHME DE
F— oL BRI, BRIEL 28D THllad 72 D @ Nile
Red HOUBRIED R W Z LRI N, 2L, BERH 7
H (NRF/mL) THL 72856, BAEEMANORBIM L HE
HoEHMOEH L RD s, 5%, BENLEFEZLD
Mz X DIEMEICY — T4 v 7 C&E B &9, AL oEEEH
WITHHER OREBRERC T — T 4 ¥ 7 ORGE{LE MR T % 4
Wb 5,

HHEACERE D EE IS 2 a2 b 2T 2 I A
% 0, B4 R BENILE L Tw b (Scott et al. 2010,
Vassilev & Vassileva 2016), %, HHEICB W TRELE
FHET 2 GE I REERRE 255, 20 k) R
TIBHIMR ORRE A EEDR T 2 D ISREDEF D
FLAHESIN 2 —AERNEEE (FL—F47) 255
T\ % (Mairet et al. 2011, Adams et al. 2013, Mizuno et
al. 2013), 2 A MHERICIE, BREAREN L N1 4~ R REN
BT 2 HEROWEER2EZ D I EVBHAEATHY, 207k
DO AR E LT, FTEMEN -7 LA T 70—
FIT X WL TON, EFE, L OMANEMINO>OH
%, 17213, C.reinhardtii DY v R ZIGEMRIRE & BOEG
T 7 ue—5 — LMIEEHUEE T 2456 L T Nannochloropsis
oceanica S. Suda & Miyashita IZE AT % 2 & T, EH &R
LODOREDEREZRMTE L 2 EPHEIN TS (Iwai
et al. 2015), —JC, WEOMRFNELREEICER L
T7a—FL LT, SHBLHRRADLONA F 2 APIRE LR
HORTEIVENHEEZ b ORMERERT 2 2 L HRET
H ), BETOFMLALL)IL, 7a—HYA XY —%
FUH L 7 s o o BT 30x, SEE, e iclHvwsins k
> TETED, ZOHEHEPTEHIN TV S, K%
THOHES N FEEO IR, N A e 2B L T
D NIES FRIZILHS 20k b RodoTE Y, RFEHEOHR)
PR WD THERT 2 2 EMNTE L, SRIIRESEMN, ity
et e b D2 2B, K D IAHI R WfR L L
a5 2 LT, X DAERNDOSRA NERTEE O 5y
HEASHIBEIC 22 B 2 E DI E NS,

SEE

AP EAT I IS 7D, ESIBRETAITE Y R R
BOFBIG, GAREM, BAREKICIIROTH L FIET
Y R—FWwiwni, 7, ENBRBEVIZCEEREY 2 LR
WIEHEME R D FIBEEEEICIES ) MMENT SO/ IZ B
THR—FPLTAERE 0w, LRoBERIEE#HOE
£, KR O—EIE, ISTEEEA T 7 v F 7 4 —L3ELMH
ettt 7w 7°5 2 (OPERA) & & " AMED o i % =
JP19km0210117 OHEIC & - THEMEI 117,
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