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This study aimed to develop the innovative process for material production

using functional diatoms based on the biosilica engineering, in which biosilica cell wall of diatoms
were engineered via genetic manipulation. First, genetic manipulation technique for stable
cell-surface display of recombinant proteins on the frustules was established in the pennate diatom,
Fistulifera solaris. Subse?uently, cell aggregation-inducible functional ﬁeptides were displayed on
the surface of the cell walls (frustules), and the peptide-mediated cell harvesting was
demonstrated. Gene knockdown technique was also established in this study in order to efficiently
disrupt the cells for improved material extraction. Furthermore, structures and chemical
compositions analyses for organic matrix associated with biosilica cell walls were carried out.
These outcomes could pave the way to develop the novel bioprocesses for efficient material
production in diatoms



B X C—19. F—19—1, Z—19.

1. WFZEBIA Y DY =

PR X, R A A v (GhAR) oA
FEIR 2 LRI A HYE A ED
HRARNELTHEENEE > TS, BITE, il
BEFHAE 2 A T D HciEE A R LT, Wit
KA FRERCEIE L Z D LT 28
B OAEFERAN & B ST kA B E NS & R
DOTREANTHED 5TV D, IHIEEED K
OFEIE, COp MEHERESE R E OB ERS
TICE S TaR IR EMTHILZ L ThH D,
FMBENOERED % %5 5 ERIAN
THWZ U RIEERT DI LT, ZonRy
BAFE ORISR AT, AL
F V=N EMEN D AN H KT E TR
LT, mERMESEMZAEEE LTS, =
D XA, BHMEEOWEAEFERA ME LT
DOEBEENZHICILR L T DI b
5. WEAEFES v ADORIICE LTk
A NLIEITIFE A EHED BTV,

Loy L2 S 2 W - WE A e
Tav AOpE¥ElE BT LTI, Bl
DOEEFRE TRRICIZ T, BAREIL, AEFEY DK
WAl 2E0 2T REMAMICEHEL ., K
TRAX b, KA METHZ ENEET
H D, WHIEEEE AW AL T T 4 — B
PECBITDI7A 7Y A I NTHEAALNT
WX, MREIR A 2T RO XL —IEE O K
oy E LD, LR THL ERREEIND
BEEA 2 WA BV TE, K2 A b
(ERFREL 72> TS, D NG, FEA
EIUZ B W THATOLBIEIZ DD, 2hFEH
AR FEOBRBE N EEND, Fo. B

SEH AR BRI b R0 LSS, BRI,

T HINE & R I SRS 2 AARBE 2 A L, flia
NN CTd 5, HFk#EE Chlamydomonas
reinhardtii ClTMIfRBE %2 B 7= 72 WA RER O E
HRZ2 S TWD RN, £ OO I f)I LS
STV, Zhid, AR EICnER
T FR RN ICHESL TE TR
Wb TH 5, 1989 4D TEEE OB
SH D BAR T LA 2 BN 3 e ST S AU T RARE
FOETNVEIETH S C. reinhardtii 2 F1.00C
VAW FHTFIERHL SN TELR, D
fh O B OMMESEIIXEH c& v b
MU,
INETICYFIE T NV —T TIEAA VG
LFEEEPE Fistulifera J& JPCC DA0580 k> 424
J MMiEFEEE T L, FUZ U Y NERRERE

EFOHERBEOIEEKRZTVD, BT,

TAREAEETIX 18 B H . JMIE BT
WD T & 7R D An TR X SR DRESLIT AR
DL, Mg oM, SAFTV I FERRIK,
INEIR T2 EDF N T R T RERE e H D
EERBNAREL 7o TWA, F 2 TCAMET
VY RERR 2 PR A & LT, IR
A RS L CE AN TS
EH U EROYEESE T 514 42U h
TS5BS 52 LT, MiEeH VR TE,

CK—19 (Jtm)

PR VW E O L PE 2 RS DT
BAEET o ARRET D,

2. HEOEK

AWFZETIZIMAGIE K phase & BEREAIE K
phase 23 fil1H FT6E 7 A FHEE#E Fistulifera J& 2 A
RWEAEERA R E LTRHY, ZOHI%ZE
IEEROMMEE L E T HNA AV Y BT
DOFESL L. FRL OB e A E LT m
TAOHEEBRE L, ZOHFEEM S A
IV I TFEOMENL % EiT 5,

3. #rFED L

AFIEE I B B M E 2 5
Fistulifera J& OBERFEIZI T 2D RFE X R
7 BRI O 2 B Lo, F IR R
Fistulifera J& DA 42V W RBIZR/ET
BRI ET =Dy FiRat B T, &
) R a— REnb 20,455 @inFDH )
5. BEE O in silico 27V —= 7 EICES
WTT X BB DOIR D 2T L. N A A
U ERICEET D Z ENTFHIESN S &G
T OB =T -T2, H|Z Signal P THATY ~
FIBBHEND L OEEROICT 0 —
M L L, GFP G 5BUC X 2 JRTEMAT
ATV, T —& LCOFRAMZTME L=,

N L7- BB R m i m L O 7 v —

SRR LT, FEBRICHE ORHE & 7584
DUHEME X R B DR iR AT, B
WZIE. BEEEME X X B AR SRR L
IR OEH 21T - 7=, fEHL7=2h
O OB Z B8 U, BEEMEO A R
HEREOBRNEITo T2, BRI TR O
R EHIE L, HZ BB D )
v BT AT T AR O RS 24T o
Toe WIaT/ v 7 &7 U 3hFR % BN G
T B2 MHERIC GFP 2 38819 5 IR E i
Bk E Wiz, Z OFREEBHRRIZ, GFP 7 v
T AEEE Iy NEBINTEALR,
F IR B E R RV ERS, B
ik DOREIE MR TR BE DO E 2 3k AT, BER
TOFEEBIZONT S| Mk & LTS Ofif
Wzt T,
Fistulifera B2 XU &9 5% < DEERKED
HERTICAERENFET D Z 2l LT,
COBFKBIZEENDD O ITERE
BT AL A @ o THIBAMZ W S .,
A REEICE 5T A RN H D, TDTD,
ZOAEMBOE TS Z LT, Bkl
DO ) CHREMEI 2 R AT,

B % IS EAE R A M 2 H Al 2 v T
Fistulifera J& OMIRINIZ IS T 54 AWE A FE
WCOWTHAFFEZHEE L, ESECHENL L=
AFT VD TFEOMAEDLTICIDHAEH
WYEAEFET vt ADA S R LT,

4. WFFEALE
(1) 7o h—4Fo%RE



AR L7280 . £ T HIOICAMEREICE
T B EAERN & 72 B Fistulifera B OB EH
BT D EFEL Ry R BT OWeNT &
H¥gL7=, #Z CHEHE Fistulifera J& D/ A 4
VY ARBIZRTET D22 NIET VI —
Dokt # BB LIz, &7/ AZa— K&
N3 20,455 B F-OF N5, BEAO in silico
A7 Y == PIEITIESNTT 2 BRMAR
DR Z T L 7o iR, ZivE THSERmIC
fFET % 2 78 L [EERIC Gly, Lys, Ser
RIEDEIENZ N LRI N, YLEX
D, NAFTY DERICEST 22 ENTH
SNHBEHOBIETEKY AT Z EITHY)
L7z (K1),

&
o

u G7408
m G19907
= G7406
m G5605
m G12405
= G5639
" G12444

[
Q

Proportion of amino acid residues (%)
— — ") (] W
(=] W (=] w (=] W (=]
Ala Bl
Arg B
Asn E
Asp e
P
u f—
y [ —
S H
e B

Cys E

K1 &y "7 EDOT I BT

BV A A TG TRED D HIZ Signal P T
Ty 7 FAPBRHEEND L OEELMICT
U=y FER E L, GFP AR L B )H
TEFRAT 24T > 7=, GFP B EHBANR Y X — %t
HL, TNENWREBRAITV, SHERER
Bk ZEH L=, T8, EdkEm i
GFP #Ye B S, EERRmICT v 1 —47
FRRENTNWBEZEROT o —50+
ELTCoORAENERESNZ (K2), Zh
{2 Z BLAST (Z K DEERR Y v /R0 B DT
HATUV, FIRRICEER% BT GFP 3t MRl L
77

X2 7 h—ToOMiamo RESIEE

(2) Toh—rFERVi-gEEDm E

ZZETORTICB W TCERE R LIZHR
RTDBEDT T — 1 DREE K OVREE &
VR E B EREEICI R T A EIN AR L
7o FEWTAEME T 1 —5F%2FIH L
T, EBRICHIAOEEL FHE T DEREME S v
NI EDVERERAR T, fEH L2206 D
EHAHUARZ B U, BEEEME O A O RREE SR
DRFIEAT o2, TORE, V) IiEESF
ZEERR RIS R LT TR B s A 8 45 H
Krm, ORI MR TFETML, 1
SEFET A ECRENMEEINDS Z L

NHERTE (M3 L), EBEDRLIEL
ToARER, 5 g/l DV ki f- T 80%LL_E DR
HLFRER LT (M3T), ZibDERKIL
FEI 7 e ADKa A R - R=x ¥ —{b%E
RAD D,

Transformant
(GFP-SAP)

Wild type Wild type Transformant

(GFP-SAP)

100

B Wild type

[ Transformant
i (GFP-SAP)

[+
o

&
o
T

Flocculation efficiency (%)
S 3

(=]

1 2 5 10
SiO, particles (g/L)

X3 7T h—ar T a iR LT AR AR D B R A

(3) EERH v R0 B OWE K O AT
TICHI AR e TRE DSR2 B L7 B
RBRHDOLEHELIT> T, Bk LB OHE®%
2R EEIE T ERIC ) vy 7 X
HLEDTEDLT vV F R RAEEHFE L.
Fistulifera J& OHIRN CTRIAT S Z & 2 A
Tme WBIGT/ v 7 B0 R A E R
T 57912 MBI GFP 2384 2 W E s
Rz Wz, ZOREERIRIC, GFP 7
Fr o AEER Iy PEBINTEHEALRE,
EH L= Bkk D GFP e GIREE 2 FV T /
v 7B R A LTRSS, 98% L1 E#
HENTWDZ EnfERINTZ, b Dk
BRIV, BEROHEZRY L IED ) v XD
VIRE[RETH D T L SR S, MR
ROmEICFELSTEDZENEZLNT,

DL EORED &SR m R s B o z
BRI OB AN S SISk, 2D O
ix, LICEERAE WA AW EAEE T e
ADRBMNVFRy 7 THDHEIR T vt XKL,
ek - i 7 220K = 2 b KRR LF
—{bxE RiAD DA, FEFITHEERENTH S,
FIEABBFICBOCIET I —5FD )
A VEONESRE L RNIBED ) I H
WZEE LT3, #iliEEIc W T v o A
VER ) v I X O FICESI LTS
BlL, Az EOBFIOARLORE L 72->TH
D, ZOZ L HLARMEICH T D KRE 7258k
RBO—o>ThdHEEZLND,

e B EER R T~ O PR K OV
M T, L VFEMICER TOAEKREIZ OV T,
W& & O DR 21T > 72 ZHVETO
Wb X0 BRI U T AR EE 1T X0 i



EHE L, TOMAEELZRITL T 5 A8

diatotepum DTFFENZ < DEERD HFRD B AL,
R ~oRBERBERINTE L, LiL,

Z DR BRHNT D 2 < L BB G Ok
(B E > TW\%, % Z T diatotepum DOFEHESRR
BT 75 & U CL SRR B O RE
oSBT o T,

26 T DEEHED & 15 A7 diatotepum | /L
AT —TYa I N D SHEFH THRER S
NG Th Y, L ITMEERREETD
THERTH -T2, £ LT, KRBT
(X BEEROREE, diatotepum 2 IEHIIREE D
WANZTFAE T 2 M 2 HE D B AR 1E 23 AT
fELTz, —F. KiROZWNCED 5 /EET T
I% diatotepum (Z/NLOA Y B METE L T2,
NS O#EENS . diatotepum (21X HIAREE D
T < Wagg e BB 2 fHBh L. HifE & 5F 5 &I A
B S NT, BIZYR/KPEEEEE Pseudostaurosira
trainorii (233 T diatotepum oD BB #A K ARAT
BT o1z, T ORER, ABEFIEIC X > THIAR
WZITbT MR R R oNnRn, EE LT~
v I)—=AEATrya BRIkt EN, £
7o RRITAMEARIC LV BRENT-HET
726 b diatotepum & &AL T A FRRIROA
FEJE NS DTz, 4L 51 diatotepum & HiEHH
I B RE 22ERIIRBO NS, UGS
ERINTWE OO EDR —ME 27T
ERTHoT,

(4) HHYEEEN R EEOED

B BB TR 2 Bl R OVRE #B Sk
i kIZ & v . Fistulifera J&OMINIC 1T
HHBWE O AFENER EICBT 2098 e
H U7z, BEIC Y 30K & BE R A Fn s b e
(PUFA) AJEFRA R E L TOHFAMENRE
NTW5s, a1z BRIV T
PUFA G RICHIT A2 HER T2 FFEL, 2
O DBE T OB Z R AT, 5 L%
FRRD PUFA A FEMEITBFARE D 1.7 {5 % Tl
ETpZ RIS N, — T, KL
DOWEt & Efi L= & 2 5, PUFA OAFEMN
23 fEm BT A Z ERMERINEZ, ZniE
ZIE TOMMESEZ V- PUFA A 2128
WTIHRKDAFEEE R LT,

(5) £&

AR W TER X X7 E & [
EL, A AT BN EZRE L, K
FiC L 0 EEmEERRm oMM Z2 & L,
Bk % 72 CHEEE - PRI A TR T D M REME
TTFROT 4 AT VAT LTZZ &0 b,
AQUNIN N BT RioFae ) OAEIL) S ah= iy caZ 7))
MEEICHFEARETH Y . o MlaoRECH
K8 DRI 21T 5 Z & T, MamkREgh R b
VAT 72 FERBEAN 72 B0y S OVEn L & 4845 L 7=,
FilomERATAREOAEIZB VT HE
ot LM R ORERE T2 TFEEZ WD Z
LTI E TOMGMBEREZ AV 7o & A AR
FONENGER AEPED R Tl K & 72 D AEPEME A 15
TWb, LEDZ Lt A Tioz
HRIE, A ATV DRI K D EHA
i EpE 7T o ADRBIZKEL FE5T 5

LDOTH D,

5. ERFEERLHE
(WFFEREET . WFFE o4 M O SR 12
=)

UdEssam ) it 10 1)

(b v FEESFR S0

(1) Mitsufumi Matsumoto, Daisuke Nojima,
Tomomi Nonoyama, Kiichi Ikeda, Yoshiaki
Maeda, Tomoko Yoshino, Tsuyoshi Tanaka,
“QOutdoor Cultivation of Marine Diatoms for
Year-Round Production of Biofuels” Marine
Drugs, 15, p94, (2017) doi:10.3390/md15040094
(2) Kyoko Osada, Yoshiaki Maeda, Tomoko
Yoshino, Daisuke Nojima, Chris Bowler,
Tsuyoshi Tanaka, “Enhanced NADPH production
in the pentose phosphate pathway accelerates
lipid accumulation in the oleaginous diatom
Fistulifera solaris” Algal Research, 23, p126-134,
(2017)
https://doi.org/10.1016/j.algal.2017.01.015

(3) Nakamura, Noriaki, Yuasa Tomoko, Mayama
Shigeki, “Morphology and phylogeny of the
marine bipolar centric diatom Pseudoleyanella
lunata (Cymatosiraceae) with special reference to
the diatotepum” Diatom, 32, pl-10, (2016)
http://doi.org/10.11464/diatom.32.1

(4) Tsuyoshi Tanaka, Yoshiaki Maeda, Alaguraj
Veluchamy, Michihiro Tanaka, Heni Abida, Eric
Maréchal, Chris Bowler, Masaki Muto,
Yoshihiko Sunaga, Masayoshi Tanaka, Tomoko
Yoshino, Takeaki Taniguchi, Yorikane Fukuda,
Michiko Nemoto, Mitsufumi Matsumoto, Pui
Shan Wong, Sachiyo Aburatani, Wataru Fujibuchi,
“Oil accumulation by the oleaginous diatom
Fistulifera solaris as revealed by the genome and
transcriptome” The Plant Cell, 27, pl162-176,
(2015) http://dx.doi.org/10.1105/tpc.114.135194
(5) Masaki Muto, Masayoshi Tanaka, Yue Liang,
Tomoko  Yoshino, Mitsufumi  Matsumoto,
Tsuyoshi Tanaka, “Enhancement of glycerol
metabolism in the oleaginous marine diatom
Fistulifera solaris JPCC DAO0580 to improve
triacylglycerol productivity” Biotechnology for
Biofuels, 8, p4, (2015) doi:
10.1186/s13068-014-0184-9

(6) Yoshihiko Sunaga, Yoshiaki Maeda, Takashi
Yabuuchi, Masaki Muto, Tomoko Yoshino,
Tsuyoshi Tanaka, “Chloroplast-targeting protein
expression in the oleaginous diatom Fistulifera
solaris JPCC DAO0580 toward metabolic
engineering” Journal of Bioscience and
Bioengineering, 119, p26-34, (2015)
https://doi.org/10.1016/j.jbiosc.2014.06.008

(7) Mitsufumi Matsumoto, Shigeki Mayama,
Michiko Nemoto, Yorikane Fukuda, Masaki
Muto, Tomoko Yoshino, Tadashi Matsunaga,
Tsuyoshi Tanaka, “Morphological and molecular
phylogenetic analysis of the high-triglyceride
producing marine diatom, Fistulifera solaris sp.



http://dx.doi.org/10.3390/md15040094
https://doi.org/10.1016/j.algal.2017.01.015

nov. (Bacillariophyceae)” Phycological Research,
62, p257-268, (2014) doi: 10.1111/pre.12066

(8) Michiko Nemoto, Yoshiaki Maeda, Masaki
Muto, Masayoshi Tanaka, Tomoko Yoshino,
Shigeki Mayama, Tsuyoshi Tanaka,
"ldentification of a frustule-associated protein of
the marine pennate diatom Fistulifera sp. strain
JPCC DAO0580" Marine Genomics, 6, p39-44,
(2014)
https://doi.org/10.1016/j.margen.2014.01.006

(9) Masahito Hosokawa, Masahiro Ando,
Shoichiro Mukai, Kyoko Osada, Tomoko
Yoshino, Hiro-o Hamaguchi, Tsuyoshi Tanaka,
“In vivo live cell imaging for the quantitative
monitoring of lipids by using Raman
microspectroscopy” Analytical Chemistry, 86,
p8224-8230, (2014) doi: 10.1021/ac501591d

(10) Yoshiaki Maeda, Yoshihiko Sunaga,
Tomoko Yoshino, Tsuyoshi Tanaka,
“Oleosome-associated protein of the oleaginous
diatom  Fistulifera  solaris  contains  an
endoplasmic reticulum-targeting signal
sequence” Marine Drugs, 12, p3892-3903, (2014)
doi:10.3390/md12073892

(%K) G 27 1F)

(EFRF=)

(1) Takuma Tateishi, Yoshiaki Maeda, Masaki
Muto, Tomoko Yoshino, Tsuyoshi Tanaka,
“Cell-surface display of interactive proteins on
the oleaginous diatom Fistulifera solaris for
biomass harvesting” The 2015 International
Chemical Congress of Pacific Basin Societies,
2015 4= 12 A 15 H, (Honolulu, USA)

(2) Yoshiaki Maeda, Masaki Muto, Yue Liang,
Tomoko Yoshino, Tsuyoshi Tanaka, “Molecular
insights into  oil accumulation in  the
oleaginous  diatom Fistulifera  solaris as
revealed by the multi-omics approach”
5th International Conference on Algal Biomass,
Biofuel & Bioproducts, 2015 4-6 A 7 H, (Sun
diego, USA)

(3) Takuma Tateishi, Yoshiaki Maeda, Masaki
Muto, Yue Liang, Tomoko Yoshino, Tsuyoshi
Tanaka, “Cell surface display of
heterologous protein onto the surface of
Fistrulifera solaris for the recovery of
cells” 5th International Conference on Algal
Biomass, Biofuel & Bioproducts, 2015 4F 6 A 7
H, (Sun diego, USA)

(4) Tsuyoshi Tanaka, “High rate of oil
accumulation by the oleaginous diatom
Fistulifera solaris and Its biological mechanisms
revealed with the proteomic analysis” 3rd
Asia-Oceania Algae Innovation Summit, 2014 4
11 H 18 H, (Daejeon, Korea)

(5) Masaki Muto, Asuka Ujiro, Masayoshi
Tanaka, Hideyuki Kanehara, Hideaki Naruse,
Tomoko Yoshino, Tadashi Matsunaga, Tsuyoshi
Tanaka, “Biofuel production from the floating

microalgal biofilm: an easy method to harvest the
microalgal biomass” 3rd Asia-Oceania Algae
Innovation Summit, 2014 & 11 H 18 H,
(Daejeon, Korea)
(6) Kyoko Osada, Yoshiaki Maeda, Yoshihiko
Sunaga, Tomoko Yoshino, Tsuyoshi Tanaka,
“Rate-limiting factors of lipid accumulation in
the oleaginous diatom Fistulifera solaris JPCC
DAO0580 as revealed by the transcriptome
analysis” 3rd Asia-Oceania Algae Innovation
Summit, 2014 4= 11 H 18 H, (Daejeon, Korea)
(7) Yuta Niwa, Yoshiaki Maeda, Tomoko Yoshino,
Tsuyoshi Tanaka, “Incorporation of titanium into
the diatom cell wall towards biosynthesis of
photocatalytic materials” 10th International
Symposium on Electrochemical Micro &
Nanosystem Technologies, 2014 4 11 H 6 H,
(Okinawa, Japan)
(8) Shoichiro Mukai, Masahito Hosokawa, Yue
Liang, Tomoko Yoshino, Tsuyoshi Tanaka,
Masahiro Ando, Hiro-o Hamaguchi, “Lipid
compositional analysis of marine diatom
Fistulifera solaris strain JPCC DAO0580 using
Raman microspectroscopy” The Second Taiwan
International Symposium On Raman
Spectroscopy, 2014 4£ 6 H 23 H, (Hualien,
Taiwan)
(9) Yoshiaki Maeda, Daisuke Nojima, Tomoko
Yoshino, Tsuyoshi Tanaka, “Identification of
novel oleosome-associated proteins from the
oleaginous diatom Fistulifera sp. JJCC DA0580”
The 4th International Conference on Algal
Biomass, Biofuels and Bioproducts, 2014 4= 6 H
17 H, (New Mexico, USA)
(10) Tsuyoshi Tanaka, Masaki Muto, Daisuke
Nojima, Yue Liang, Yoshiaki Maeda, Masayoshi
Tanaka, Michiko Nemoto, Tomoko Yoshino,
“Multi-omics approach to reveal the mechanisms
of  lipid accumulation in  oleaginous
diatomFistuliferasp. JPCC DA0580” Asia-Pacific
Marine Biotechnology Conference, 201445 H 6
H, (Taipei, Taiwan)
(11) Daisuke Nojima, Tomoko Yoshino, Yoshiaki
Maeda, Masayoshi Tanaka, Michiko Nemoto,
Tsuyoshi  Tanaka, “ldentification of the
oleosome-associated proteins from the marine
oleaginous diatom Fistulifera sp. JPCC DA0580
for elucidation of oleosome dynamics”
Asia-Pacific Marine Biotechnology Conference,
2014 %5 A 6 H, (Taipei, Taiwan)
(12) Takuma Tateishi, Yoshiaki Maeda, Michiko
Nemoto, Tomoko Yoshino, Tsuyoshi Tanaka,
“Expression of heterologous protein onto the
high triacylgriceride accumulating marine diatom
Fistulifera sp. JPCC DA0580” Asia-Pacific
Marine Biotechnology Conference, 2014 4-5 H 6
H, (Taipei, Taiwan)
(BAZE=
(1) WSH AL, B, EE A, HA
“YRPEVEEERE Fistulifera solaris (28175 o3




desaturase DFRFHIZ L DA a2
Ul (EPA)DSAFE” B ALY 2 5 97 K
2 2017 43 H 16 H BEFRFAKR T (&
JIRE )

(2) AT, EILEE, ERREd, “VUKE
H:# Pseudostaurosira O #iik A EITHT 5
FHRE OREER), A CFRREC HAREEEY:
2 W A1RIRE, 2017 4E 3 H 23 H @Ak
(v em B i )

(3) HH W, “VEEEESE D A A A T
ICESL RS T ak 248 5 18 [\~ U
VAT T ) a P —FaRE 2016 4E5 H
28 H AdtigiE K (AeigE AL )

(4) 8 HEXL, RTHKRE, HBE-, HE W),
“rmt RS — VR ERRE
Fistulifera solaris (28757 vw A% 75 0
VOERE” 18 Hw U NA AT o ay
—Ee R4, 2016 4 5 H 28 H dbidiE K
(A& AL 1)

(5) FHPHK, RiHFZE, David Kisailus, & %f
g, B W, “BEREtERTF RET 4 AT
LA LT-EEMEERS 2B T DM T/ fh dh
DER” AARF S 596 BFFL, 2016 4F 3
H 24 B [REAEKRE LB AR )

(6) FRPIfEK, “EEEED L U DI R TV E—
a Y EFIH LRttt B R O RIRY 55 4
Bl HARAEY ¥ RAARZHBae XU L4,
2016 = 3 H 1 H A TLHEKRT GRAUEHE R
X)

(7) HAER, EL/EH, Mathew Julius, “H:j#
D% BT HT D AHE OB LM H
A F R 39 Bk, 201543 H 22 A Ju
PN (i o] U A o] T17)

(8) ELILISEME, MaAOLS, MRABET, & HIEE,

HBEIERS, 8L, ok & B W\, R
AR BIFE DY — WfECHIEEBE Fistulifera ot
b HARHE:#EY2 6 35 K4s, 201544 A
27 H AHERY (BHEL LR

(9) LIANG Yue, MUKAI Shoichiro, ANDO
Masahiro, YOSHINO Tomoko, HAMAGUCHI
Hiro-o, TANAKA Tsuyoshi, “Imaging analysis of
biomolecules in a living microalga cell using
confocal Raman microspectroscopy” H A&A{b:
2 005 FFEMFE, 20063 A 26 H HAKX
5 (THERAE )

(10) B Sk, ATHZRE, SE% A+, HH ],

“I A VEEFEEESE Fistulifera solaris JPCC
DA0580 kD F A NWVARTF 4 D7 0T F— L
B> 8 A AR LY AR YT A
2014 49 H 11 H [ LR (B (L R ()

(11) rffsnE, ®ERER, f%a, | @,

“I A VE L FEEESE Fistulifera solaris JPCC
DA0580 ¥RDEA 11 Lo v 7 Hifi o
NEYOB 8 [EINA A BEA LT AR T T A
2014 4F- 9 H 11 B [ LRy (B (L SR L)
(12) REEIERT, Hb e, F8a7, AN
L S I S [ R e G = S
Fistulifera solaris JPCC DA580 ¥k glycerol &
fbReD M £ 5 66 Bl B ALY T ra R,
2014 429 H 9 AfLiR=> X v a v ¥

— (byfgE AL )

(13) AIHFES, RAM -, REE, S5
o, B W, e S REEEEE D D OBl EE
kA NI EDRIE” 816 B~ U 2 NAg
TU ) a UK, 200445 H31H =
AR (ZERHT)

(14) EHET, AiHKE, 2UKEZ, S5
o<, A, B BB TICE
7 % Fistulifera solaris ® k= A7 U 7 [ —
LR BleEI~ ) oA AT T ) nT—
RS, 201445 H 31 H —EKRY (ZHE
WA HET)

(15) #ENES, ATHRS, S8, HY W,
VAR =B FEHEERE DIERR R~ DAk & XY
BREEAT O F 16~ g T
7 )aY—%a ke 0145 31 H =Z&E
KF (ZEIRET)

(B#E) G 0 14)
Hrz7p L

(PE 3£ P4 PEME)
Ok GE 1 1)

IR 7 FelE 2014-158749
FUE - BT E8 T ATHEE
AL, AL
A OLTR : FrlEEge s 78

K O OF|H
MREA © ENLRFEN RAUR TR
IR TR A

HFEH : PRkl 26 48 A 4 H
OBkt Gt 0 1)
iz L

(Z D)

R rl— s

http://web.tuat.ac.jp/~biomol/

6. WFITHEAR

(1) WFgefdss
He [l (TANAKATSUYOSHI)
WO TR - KPP L irgebe - 2%
95 %5 : 20345333

(2) WFge s
=l K (MAYAMA SHIGEKI)
WP EZRKT - BT - #d%
9535 40199914

#HE 40 (YOSHINO TOMOKO)
HARUR TR « REFBE LA 5Ebe - HEEL
=

FgeE 35« 30409750

(3) HEEMFIEE
L

(4) WF5eh 178
L


http://web.tuat.ac.jp/~biomol/

