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Physical Properties for Photon Emission
from Group-IV Semiconductor Quantum Dots

Tomohisa Mizuno"? and Takashi Aoki!

! Department of Science, Faculty of Science, Kanagawa University, Yokohama City, Kanagawa 221-8686,
Japan.
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Abstract: We developed very simple and ultra large scale integration ULSI compatible fab-
rication processes for group-IV (Si;«Gex and Si) semiconductor quantum dots (QDs) to apply
hybrid ULSIs with photonic and electron devices, using double Ge*/Si" hot-ion implantation
into an Si0: layer with larger bandgap Z¢ and post-furnace annealing. We successfully dem-
onstrated near-infrared (IR) photoluminescence (PL) from Sii«GexQD. Transmission electron
microscopy observations of single crystallized Sii«Gex<QDs revealed that the diameter and QD
density were 3.6 = 0.9 nm and (2.6 = 0.4) X 102cm?, respectively. The PL spectrum of SiixGex-
QDs was fitted by PL components of two QD structures containing Sii-«Gex and Si materials.
The PL intensity and PL-peak photon energy of Sii«Gex-QDs markedly depended on the Ge-
fraction. Sii«Gex-QDs achieved maximum PL intensity at x ~ 0.13. High PL-peak photon energy
(~ 1.31 eV) of Si1«Ge«QDs is attributed to the quantum confinement effect of carriers in QDs.
Secondly, we studied the PL intensity increase of Si-QD, using the novel process of hot N*-ion
implantation at 800 °C into Si quantum dots (Si-QDs). We experimentally demonstrated that
the PL intensity (/z) of Si-QDs increased with increasing N*-ion dose, because N atoms trapped
within Si-QDs terminate the dangling bonds within Si-QDs and at the Si/SiO; interface. Ad-
ditionally, 7z of Si-QDs showed the maximum value at the optimal N*-ion dose of 5 X 10" cm?,
which was 1.4-fold higher than that observed without hot N*-ion implantation.

Keywords: group-IV-semiconductor, quantum-dot, Si, SiGe, SiOs, photoluminescence, hot-ion

implantation
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Development of Single Particle Analysis of a Light-triggered Molecular
Release Process from a Liposome
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Abstract: We studied the rate constant of molecular release from single liposome particles
using optical tweezers and fluorescence microspectroscopy. Photoresponsive liposomes were
prepared by introducing photoreactive lipids into micrometer-sized liposomes. UV light irradia-
tion caused lipid degradation, leading to deformation of the trapped liposomes. The release pro-
cess of fluorescence molecules from inside the liposome was successfully traced by fluorescence
microspectroscopy. The time constant of the release rate was determined by fitting the time-
dependent fluorescence intensity with a first-order exponential decay curve.

Keywords: liposome, lipid, light responsive molecular release, optical tweezers, fluorescence

microspectroscopy
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Synthesis of Polymer Films by Electropolymerization of Chiral Salen-
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Abstract: Electrochemical properties of two chiral nickel(IT) complexes with salen-type Schiff
base ligands derived from (15,25)-1,2-diphenylethylenediamine and salicylaldehyde or 2-hy-

droxyacetophenone were investigated by cyclic voltammetry. Both complexes were electropoly-

merized on glassy carbon electrodes in the oxidation processes. The methyl groups on the C=N

carbon atoms, which affect the orientation of the phenyl groups and N-N chelate ring conforma-

tion, accelerated the formation of the electropolymerized films. To investigate the polymer struc-

tures, circular dichroism of the polymer films prepared on indium tin oxide (ITO) electrodes was

investigated.

Keywords: salen-type nickel complex, chiral Schiff base ligand, cyclic voltammetry, circular

dichroism
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Magnesium ion concentration in environmental water is effective for the
size and shape of Xenopus larval median fin
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Abstract: The median fin is a membranous structure that develops on both the dorsal and
ventral sides along the midline in amphibian larvae and teleost fry for swimming. In anuran
(frogs and toads) and urodelan (newts, axolotl, and salamanders) tailbud embryos, the median
fin starts to expand along the midline. Importantly, the shape and size of the developing median
fin are highly species-specific and stage-dependent, reminiscent of the fine tuning of genetic
control to realize the species-specific morphology of the median fin. Here, we hypothesized that
ionic composition of environmental water of the larval habitat is essential for adaptation and
optimization of the developing fin morphology. Therefore, in the present study, using amphibian
model organism Xenopus laevis embryos, by depleting the magnesium ions from culture saline,
we reared Xenopus late-stage tailbud embryos for several days until the early larval stage, and
morphometric analysis was performed to assess several parameters regarding global fin mor-
phology and its individual epidermal cells. Magnesium-free treatment induced shortening of
the early larval axial structure, and the effects on the ventral fin and its epidermal cells were
significant. Based on these results, we discuss the possible mechanism that affects the fin mor-
phology via sensing of the environmental magnesium concentration.

Keywords: fin morphogenesis, epidermis, morphometry; tadpole larva, Xenopus laevis
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41/60 (68%) Td - 7=, — . Mg*—free JLHL L 7=
FBRBEO A FHIL 1 A H T 56/60 (93%), 4 HHT
54/60 (90%). 6 H H T 26/60 (43%) T -7=, 4 HH

2. %R IEIE ) 5 Mg*—free ® N T K (10%
Steinberg [Kifk) Tl L7 SEBREE (TEL) & [RIE s PRAE
(LB oZEMimK. FEEBREECITEME 220, FRCIETHE

DERDFED L& < 72 HBIGINFRO B A7, Scale bars,

1 mm.
P<0.005 P<0.005 NS NS
10 1 0.7 - 0.6
0.6 - 0.5
21t { o8 * 0.5 1 * } 0.4 . :
6 0.6 '} 0.4 -
0.3
4 0.4 95
: 0.2
0.2 -
2 0.2 01 4 0.1
0 0 0 0
C E C E cC E C E

3. Mg*—free N T.ik/K THH L 7= EBREE (E) & FE X
FERE (C) DR E: (A, Hitlho AL mm), MEEEOE X (B, HAL
mm), HEOF S (C, AL mm), S R -REEcs
F 6?;%@% (D, T5HIfE + fEMIGE) OEIA. NS, HEZR L (P
>0.1).

Ff

Mg A AL REBRIETHE 21

F COFRBEDAAFRITHRI R, & TRl < |
RWNIZERE Lz Mg? A A v TAEERR I &
EZHND, M TSR LSRR, EBREET
IREFMEAED U, EREEOMBREIL, R %)
FEBE L W A< 72 o7z,

BIEND R & EREEOMRITEAEL Y L K
SHWERTH-7= (K2), 72, BIFITERR
DI HERHI R D> T2, JEIETIX, HRBECITE S
NV HE T DAY /N %%ﬁ@ﬂﬁ@% M A
PR E LTz, g LG HE%E S &2 Image J
TY ATV EDKRE (K 3A). B goms (X
3B), HfgEoEmS (K3C), MDD HA
mEfEOHFE (X 3D) M~ OfigR Ao mEfg (X 4)
ZRE LT, 7 —F 2 EKE 1% Ot BETHE
ZEEtR Ui, ZORR, FEBREEOERE T3 REED
HRELVAEICE» -T2 (R 7.25 = 0.96 mm,
XIREREE 8.01 + 0.76 mm; P < 0.005, #4741 n=60,
X 3A), EBREEOWHED E S & AH 2 OIS EEF KM
S IR REED Z 1 B I3 L CHEZED o 7273,
MEfECITAEZN D  RHREEL V L Em o7 (3
BREE 0.74 &= 0.12 mm, *REE 0.64 = 0.09 mm; P <
0.005, X 2, X 3B LXK 4, ZNZ4n =60), filx D
fEfEFR AL R X R O Z N L 0 K& Do 72 (52
BRiE 549.6 & 163.1(um)%, xFHERE 292.2 + 96.2 (um)*
Ip%h%hw0P<om5H@ LU, il fs

ZE O 2D SR EBOEIEIITAEEN R T
(3D, P > 0.1),
P<0.005
800 -
600 -
400 -
200 A {
0 .
€ E
IR ERTRIX

C: NEBELREEE

Mg : Mg2 + EERE# R
B = Z N 100/E4EA
ITOTH 5B,

X 4. % W R F W 5 Mg —free D AN LK (10%
Steinberg KifZ) Thilde L7 EEREEOIEREMAL (TE) <‘:
FREx BEBE O fEfEM AL (LB %, Fh 2 i eims
phalloidin THeth L 7z Yetafg. ML EH gD RKZIC
HBo TS, 7T 7 OHERO AL, (um)?. Scale bars, 50
pm.
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2, MEOMEICLRERENDY (ZNEh
n=20), KBt CF¥MHE 102.3°) OB nxiEEE (OF
%11 69.5°) OZN LV AENBEHNTW (K5),
flis, BRI x RETEA T, —#oA 2~
/%&/@@% IAKEBETT, ZOFDBE G

WCHAETET AR T, —HOFF~ Ty
7/®% (TR ¥ L7k s H T & 72, st. 43
RO 2RI & KRR D FE 2L FIRE L (TR D o 7223,
std3 M E D & FEEREEORTENRAIT B L,

PLEDREER NG, Mg*—free HTHA LY AT
TOVHHAETITRR CTEMEE WO BIRBEZ 5722
&ﬁb#oto%nﬁmtﬁﬁﬁé@#\ﬁﬁﬁw

—Z MBI T E R, LR IZARBIE O Mg*—
ﬁwﬂﬁ@#%kbfm%t SNTHEIEREDE L
WEABIZ DWW T, ZDORRICOWTELET 5,

YA H L O DI OV T, TRPM F v
/L (melastatin-related transient receptor potential
channels) ® 7 7 X U —I|ZJ& 3 5 TRPM6, TRPM7
BT R FEINTND, TbD5TIE
e B4 8% IR @ radial intercalation (TRP6 73 H %4 ),
mediolateral intercalation (TRP7 234034 ) (2B 5 L
Tk, BEATHY72 Mg*—on transporter SLC41A2 &
FHTHREHAEA O LRFE SN D 210, ZhIichH
LT, TRPM6 DREHES ) v 7TV b~ U AL
WY IR LAETEMFRENGET L2 L bHlES
nNTng W, Y 2 H T VFREIRTIE, Wit > 7 v
DOIET AR & TRPM7 & 322 LC. RGBT s
D UL % i £ ## B (convergent extension movement)
% GTPase @ Rac IKFAIZHIEI L T\ D Z LA HE
SNTEBY, Z2ZITMg* A T PEE5T5Z &0
RE SN TWD 0, FEF 5%, ALK 7 BMP-2,
4 (bone morphogenetic protein-2,4) (Z & - CTFHi#E <
AU RGBSR D R IR TE D IR - 125~ —
I —8a Tt & LTH LI, BHFEOHRESMRED 4 —
= 75T 5 2 LG STV D Xhox3 D%
BINBRBLAK T D Mg —free IZ B S, 1IE L Aif%
BCER TE RV BB X T D 2, 2 LT,
¥~ bV w7 2D lamin % 22— N9 % Imnbl 325K
BAERFOX I~y 7 VORIT, BAERM L LT
MAHICABEIZEL, RO e S TnDd ¥,
> T, Mg™ A A N2 R RN E 5 Z &
75‘3 Imnb1 \ZAEAFT 5 (7 A ﬁi/lxﬁj]{%@ﬁ%@ffm}i@&

(R 72 ) B2 D 253 & S B 7 R O TRk & e
MBS LIV, Eio, Y ATV JREIGIR \_io
VT, VR R SRR R (R T (platelet-derived growth
factor) & = D% ®{AD PDGFA /PDGFR o > 7L
ENHEIND & TIREEMR O 5 mMES L X
. Tl EORD A &R &b e, Mgr-

X 5. AR D Mg —free O ATk (10% Steinberg
Kift) Tl LI (hI) L FIAIERE (2B 0
AT ORGE. AU 278 %75 MF20 €/ 7 m~d‘ﬂ/1’“
& 1L RbUEE T2, faEaomMpEE Tk Lz, &
BREEOMEIL, <1 OFROFFEOR3MAMN TV,
SERH I PAT 22 FRAHERE 13 2 < OB T STV T,
—EBOREL TIIAAL TV 2. Scale bars, 100 um.

free ALFRIZ J. - C., PDGF > 7 v b 8B A 5215 C
WDHDONE LR, Y ATT)VOREOMHE, fiE
B L OBFEMILDFEEITIE Notch & 7Ly L B8 &
WS TW5 Y, RERCTEBIEINZAEDHKE
LRI, Notch 3 7 F LN E S -84 xt
JELTWDAREME S B 5,

MUT, 73U ARRITHIIATEME, 38 LU
MRIZ RN WL T2 > 7 WARTERR IR I R R % )
EL. AR ERRRIC T 2 ER b~ &
BNRDZEDNRINT, v RV T AAREOREN
gLV HHEREIC K E < e DT Fim Tk 7= i
DM RFE DEFEWIZER T 2 f[RetER & 5, JEfED
TR DOZEAGIZFR IR OO KIZER T 5 & &
bhsd (K2, X3B, X4, {KMg* A4 EED
RPLT Tl ELISMIER ~ 22/ e B 2 = 1 Tk
FNHAETE oo Te, FRICHE &L IO RE iy
Br bz EEIHES T RITENHD Z LRy
Mmool

BIEOT — 2 HMAEHNTE 25 L. Mg™ REDER
BECHA LRI TEA R T &3 2 N A355 <
72T, HIEE S MICHET 2035 2 &3
R ENT-, BREFEROMEIIFROMEICL -
TEREh S D 20, A% ITHEROME I Mg

NEEBESTDLONEBRTE L2V, F7-. Mg*—free L
PR TS D Steinberg FORIZ R T & 3AEMN E D
B MNERRD, BT, HEHE, FFICEFTHEO
FROFEEEORAEIC, BEKFO~ 7Ry T LRE

DB DO THRFT L2V,

i

AW H(TT H LT, SRR MBS 2THEE L

7o, BIRMEEOIERR S A, FEHES A, &

‘@%é‘/\/ HEARFB SIS LES, Y ATV
« $hE @ wholemount F 2 Yuta D HiE A # 2 T <
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Identification of microtubule-binding proteins in flatworms
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Abstract: Microtubule-associated proteins (MAPs) interact with microtubules and regulate
cell division, cell morphogenesis, cell motility, spindle formation, and intracellular transport.
Mammalian MAPs, MAP2, MAP4, and tau, have a repeat of the assembly-promoting (AP) se-
quence at the center of their microtubule-associating sites that bind directly to microtubules.
Recently, genetic analysis revealed that molecules with repeating AP sequences exist through-
out the animal kingdom, but it remains unclear whether these molecules function as MAPs.
The purpose of this study was to identify primitive MAP molecules and examine species of the
universality of their function in the animal kingdom using a primitive bilateria, the flatworm.
First, protein expression vectors were created based on Stylochoplana pusilla MAPs (SpMAP_4R
and SpMAP_5R) ¢cDNA that differs in the number of AP sequence repeats. Next, we cloned the
MAP-like gene of Dugesia ryukyuensis, which belongs to the same phylum of flatworms as
Stylochoplana pusilla. Finally, the protein structures were compared based on the predicted
amino acid sequences of SpMAPs and Dugesia MAPs. We found that the tail site of MAPs,
which is present in Dugesia MAP-like protein and mammalian MAPs, is absent in SpMAPs.
It has been reported that the tail site of MAPs is involved in microtubule polymerization and
stability, but the details are unknown. Future studies of the functions MAPs in Stylochoplana
pusilla and Dugesia might clarify the effect of the presence or absence of the tail site on micro-
tubule polymerization.

Keywords: microtubule-associated proteins (MAPs), assembly-promoting (AP) Sequence, tail,
fatworm

J¥ i

W NE I XEE A OB O—FETH D, Hiksy
2. AR NES, ML OBEMERTERE DR £ D EH
MM RE DR BLUCE D D, T b OEREZ BT
T HDITIE, UNE DA RUINERE S & N
H (MAPs) CHHAEEHTOZRENRDH D, TTH,
WINE DIERSMNE DAL, a4 & D4
e &L T8 INE O IEARGEIZ B 2 iFLFH MAPs &
L T MAP2/MAP4/Tau A—/3—7 7 2 U =511
5. MAP2, MAP4, Tau X\ 971 N AREHAC 22
E AL (Projection domain), C 7 i 12 % /N G
A EAL (Microtubule-binding domain) % & &, &

INEFEAIALIZ 7 1 U 2 E T Prorich fEI, #:V
W UGERG, BE tail I3 Hns (K1) P, #R0ik
LRI IE, VB REATEMEE 2 18 7 X/ k%
FOFHAMEE “Assembly-Promoting (AP) EFI” 73
BEED Y, BIRATZ A4 > 71280 AP ELA
D W U ENBE T D, HELEHO MAP2 (AP
Bl F Ok v i UK 318), MAP4 (51{#), Tau (4
f#l) OFITIX AP EFI RS & <. o Tk
W T, 1o AP ESIZ & Sy 0 EE LT
A, MV LZEZ SO MAP &0 F 234 L, £
D%, EEOHFIIHELIZEEZBNS Y, W
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Projection  Microtubule-binding
domain domain
| bro-ﬁch repeat Taﬂl

AP
1. microtubule-associated protein (MAP) o JAKE .

N K2 22 i 5847 (Projection domain), C Kuil 12
W NE TS AL (Microtubule-binding domain) & o,
Microtubule- blndlng domain (71 Y 2 (Pro-rich)

FHI, WUNEREATEMEZ £FD assembly- promotlng iRe7l(2)
0L (repeat) fEIE, B (tail) BT HND.

i MAP4 @ AP %07 2/ iddIE@ 2 i Lz
MEMERZRIC LD . AP EANZERLI L ik = & 6,
WHFLEE MAPs & 109 5 MAPs & s 25l i A daY
TITT 4y aRWEEHT 7Y Y AT A
BT v VR T AT T BIEE O R PR
RAEMRRIAAET D2 LWL LTERY, #
A&, [HO@i ci@ L T AP KA E Lo 7+
FAE LT Z &b, MAPs DL F138 0 &,
B OB D RNCHEBL L, Z OEARN 551
11 & HERE DS (LI ERAT STV 2 ATREMEIR B,
FrlZonE Tz, O, 15O O
ATHLE T 2 e b AR 72 /e AR R BN ©, HAK
fbEnipt (RN 26 SRIEEWM A Y KU
t 7 LY (Stylochoplana pusilla) % T AP E2%1
% & e MAP-like i/ (SpMAP) #[FEL TV 5
2, SpMAPs (T AP ELAI D%k B 2 2 Tl FIE S,

Z2543—N a
RNAseq ATGGAAACCGTTGTGACCAGCGTATCCGATCTG 33
SPMAP_4R GAAGGAGATATAGTACCATGGAAACCGTTGTGACCAGCGTATCCGATCTG 50
SPMAP_5R GAAGGAGATATAGTACCATGGAAACCGTTGTGACCAGCGTATCCGATCTG 50

RNAseq
SpMAP_4R GAAGTCTGTGACCGTCGGTCGACAACTTCAACTGAGAACAGCGTCGACGG 100
SpMAP_S5R GAAATCTGTGACCGTCGGTCGACAACTTCAACTGAGAACAGCGTCGACGG 100

GAAATCTGTGACCGTCGGTCGACAACTTCAACTGAGAACAGCGTCGACGG 83

RNAseq ATCGACGGGTCAACGCAGTCGCATTCCTGTTATGGCAAGTCGTATTCCGA 133
SpMAP_4R ATCGACGGGTCAACGCAGTCGCATTCCTGTTATGGCAAGTCGTATTCCGA 150
SpMAP_SR ATCGACGGGTCAACGCAGTCGCATTCCTGTTATGGCAAGTCGTATTCCGA 150

RNAseq  AGCTGAAACCTCTTGGACCACCGGTATCGCTGGGCGGCCCTGCCTCGATG 183
SpMAP_4R AGCTGAAACCTCTTGGACCACCGGTATCGCTGGGCGGCCCTGCCTCGATG 200
SpMAP_5R AGCTGAAACCTCTTGGACCACCGGTATCGCTGGGCGGCCCTGCCTCGATG 200

RNAseq
SpMAP_4R GGTTCCAGCTCACACGGCTCGCTTGCCTCCGACGATATGCCCGTGTTCGG 250
SpMAP_5R GGTTCCAGCTCACACGGCTCGCTTGCCTCCGACGATATGCCCGTGTTCGG 250

RNAseq  ACGTCCAACCTCTCTGGACTACCGCGACAACTCCGACTCCTCCTCGTACG 283
SpMAP_4R ACGTCCAACCTCTCTGGACTACCGCGACAACTCCGACTCCTCCTCGTACG 300
SpMAP_5R ACGTCCAACCTCTCTGGACTACCGCGACAACTCCGACTCCTCCTCGTACG 300

GGTTCCAGCTCACACGGCTCGCTTGCCTCCGACGATATGCCCGTGTTCGG 233

RNAseq CTACCTCCAACGGACGCACGACACCACTCTCGCCAACGTCGTCAGGAGCT 333
SpMAP_4R CTACCTCCAACGGACGCACGACACCACTCTCGCCAACGTCGTCAGGAGCT 350
SpMAP_S5R CTACCTCCAACGGACGCACGACACCACTCTCGCCAACGTCGTCAGGAGCT 350

2. SpMAPs & HE BB~ ¥ — Ok GEh. B
AYRIETLAVDRNIF VAR YT FN—LT—4. ¢
B¥ : SpMAP_4R. T E : SpMAP_5R. BHA = R DI
Ncol, #&th=t Ko DOALEIZ Xhol BEEFRRRE LN &
LHEINTTTA~—EHF LI

SpMAP_4R 1% SpMAP_5R @ 4 3% H @ AP Bl A3 73
WA Lo T 2, RBEIWIT R bR 7R A
FRHEMTHD Z &b, RIFED MAPs 73 /£
FHFAFREN 31T D AR MAPs Tdh 5 AlHEMED E W,
L7 L, SpMAPs @ AP Bl D D K LELDE A
BEEEIC ED X 9 R E 52 5 DN bh> TR
v, F72. SpMAPs #Z et MAPs 7 7 I U —

A?%?fﬁﬁﬁzﬁﬁ’@ T HEENY) D MAPs 2% 2 D
7 L— Ko i b7 &L [AE LTz SpMAP O %
BPEIZIE R SR E-> TN D, 22T, IAFY R
Ve 7LV ERIUREEMMICEL, LVET - %
FEINER S T, REPBESL SN TN D Y 27X 2 v
I U ALY (Dugesia ryukyuensis) 7> AP Bl¥l %
Lo TRy r—=7 L, EAHEBRESICEIT S
1B MAP % [RE L. SpMAPs & U = U F =27 3
7 X5 MAP-like E AE OMREZ B 5025 2
EHRHME LT,

PR E Tk

P01 by )

AR R AR E R AT 3 K ORI IR = i AR %
IWHT 2 IR e CTERBRL 72 AP R BT AV
(Stylochoplana pusilla) 6 7 v — =2 7 L Iz
SpMAPs D7 v —=2 7 X7 Z —% fWTEE %
1Tole, Fio, BERBRT IR fk #EEER) O
HWii2nwiz) 2 v F 2 3 7 XAy (Dugesia
ryukyuensis) % FH\\Nz,

SpMAP &HITEBHIN Y 2 — DIl
SEATHFSE 2 THESRL L 7= SpMAP_4R & SpMAP_5R
@ cDNA % | BREEZ 2GR AL 2 N4 25 75 A ~—

RNAseqg TCTGGACCGCGGGCTCCG| 383
SpMAP_4R TCTGGACCGCGGGCTCCG| 400
SpMAP_5R TCTGGACCGCGGGCTCCGH 400
RNAseq AGGTGAAAGTGTATCACAAGAAGATCG 433
SPMAP_4R AGGTGAAAGTGTATCACAAGAAGATCG 450
SpMAP_5R AAGGTGAAAGTGTATCACAAGAAGATCG 450
RNAseq  ACGTGAAAGAT 483
SPMAP_4R ACGTGAAAGAT 500
SpMAP_5R ACGTGAAAGATE 500

RNAseq ACGTTCAAATTTTCGACGACAAACCAAAATTTAA 533
SpMAP_4R ACGTTCAAATTTTCGACGACAAACCAAAATTTAA 550
SpMAP_SR CAACGTTCAAATTTTCGACGACAAACCAAAATTTAA 550

RNAseq  GGAGACC! 583
SpMAP_4R GGAGACC 600
SpMAP_5R GGAGACC! 600

RNAseq ATGTTAAGATAGAAACACAAAAACTAAATTGGGAA 633
SpMAP_4R ATGTTAAGATAGAAACAC 630
SpMAP_SR IEGATGTTAAGATAGAAACACAAAAACTAAAT TGGGAAB' 650

RNAseq 683
SPMAP_4R 630
SpMAP_5R 700
RNAseq rATCTGAAGATAGAAACACTACAGTTGAATTGGGAT 733
SPMAP4R - - --ccccccccacanan TACAGTTGAATTGGGAT; 660
SPMAP SR MIOATCTOAAGATAGAAACACTACAGTTOAATTGGGATH 750
RNAseq GA 777
SPMAP_4R TCGAGEAS 710
SPMAP_5R TCTCGAGEAG 800
i =L TIS542—
SpPMAP_4R GATCCGGCTGCT 1Y 740
SPMAP_5R ATCCGGCTGCT 830



5 - GTACCATGGAAACCGTTGTGAC
3’ , Reverse; 5° - GACCTCGAGACCACCGCCTGG
3, FEWMY A X ; SpMAP_4R 687bp, SpMAP_5R
777bp) % M\ T PCR JETHANE L7=, Z O, Blh
2 R UZEDHE T Neol Ol REEFEFERECY 2N %
&1k = K O ERTC Xhol OFBFKALS A Nz, Btk
A RUpbifkiba ROOEMETEZU HED X5
WCERE L2 (K 2), pET21d (+) @ His % 7 % i [
THEOICKIEa FoZHIBR L7, PCREWAE 7
A0 L, pET21d (+) (Takara bio, Tokyo,
Japan) & 312l BRE% % Neol, Xhol (Takara bio,
Tokyo, Japan) TiH{tk L. DNA Y % —¥ (DNA
Ligation kit Takara bio, Tokyo, Japan) T#< Z
LT, SpMAP O Fiilc e 2F Y (His) # 7 %A+
U7z, Az 7=77AI K% DH5 a 2 BT
> hE/L (Takara bio, Tokyo, Japan) {2 hZ &
T A—a L, B 100mg/ml O Amp 23 20 u
18572 LB 7 L— M2 18 FEfs& L, bl

H=—% LB IRIAET AL Z Ak X 18 IRpfil ks L
72, QIAprep Spin Miniprep Kit (Qiagen, Strassel,
Germany) W T 7 A FEMH L7, 55
e 77 A X N DNA Zfil[REE#E (Neol, Xhol) T
HILL, BREKENCEVER L, ZOTTAIN
DNA O —7r o A &ATUN, BRI 2 il L 714,
identity X (ver. 14.3.3, https://home.hiroshima-u.
ac.jp/kei/IdentityX/index.html) %ff~T7 I / Bl
H 2T LTz,

(Forward;

Y2 ¥ 27+ I XA Y Dugesia ryukyuensis
MAP (DrMAP) 8z v D%
VaUXayFITORXLYDORNT VAT Y T h—

RNAseq

A Y Ml REBHOBNEESEABEORE 27

LT =06, OB MAP 7 7 1 U —#/s
FEA] L ARTEME 2 FEo b 0 % BLAST (Basic Local
Alignment Search Tool) % W TCTH#HZE L. DrMAP
IR T & Lz,

DrMAP #{nforu—="r7

HATHFRINE > CEIB 7 B—=2 T %7572 3),
BARHINTITRD L 51T oTc, WATY R BT ALy
@ total RNA % NucleoSpin RNA Kit (Takara bio)
Z AW THIH L7=, Total RNA OEEIZT / Ku v
" (Thermo Fisher Scientific, Waltham, MA) %
FHWTHIE L7z, Z @ Total RNA 7> & Omniscript
Reverse Transcriptase (Qiagen) % > T, &2
FE 10 ng/uL 1272 % X 9 12— A8 cDNA Z5Rk L7z,
Premix Taq™ (Ex Taq™ Version 2.0) (Takara bio)
& SpMAP & {7 2R B 72 7 F A ~— (Forward;
5 -GAAACGTATGTGAGGAACAG-3’, Reverse;
5 -TTAATTCGACCGGTCGCTGC-3’, FEMH A X;
DrMAP 1209 bp) % AT PCR #47-7-, PCR %
1Tol= o7t 2% 7 Ha—A7 L Cik#E L, Ez-
Capture II (ATTO, Tokyo, Japan) % N CTHg L
7oo VKENZE, BRUO Y 2810 H L, FastGene
Gel/PCR Extraction Kit (Nihon Genetics, Tokyo,
Japan) W T, 7 Hu—XF )5 DNA %l
H LU 7=, flitH L 72 DNA % p-GEM-T Easy Vector
System (Promega, WI, USA) % M\ C p-GEM-T-
Easy Vector [ZFLAGAATE, T DX 2 —% E. coli
DH5 o Competent Cells (Takara bio) @7 &= =
JVZHEVN E. coli DHB o \ZFLAGAATE, BIA P —
N b Oy Z—PEBIAE T B coli DH5 o %
LB 55 TR L. HEE L 7= KIS HE 2> 5 FastGene

METVVTSVSDLE ICDRRSTTSTENSVDGSTGQRSR IPVMASRIPK 45

SpMAP_4R RRYSTMETVVTSVSDLEVCDRRSTTSTENSVDGSTGQRSRIPVMASRIPK 50
SpMAP_5R RRYSTMETVVTSVSDLE ICDRRSTTSTENSVDGSTGQRSRIPVMASRIPK 50

RNAseq

LKPLGPPVSLGGPASMGSSSHGSLASDDMPVFGRPTSLDYRDNSDSSSYA 95

SpMAP_4R LKPLGPPVSLGGPASMGSSSHGSLASDDMPVFGRPTSLDYRDNSDSSSYA 100
SpMAP_5R LKPLGPPVSLGGPASMGSSSHGSLASDDMPVFGRPTSLDYRDNSDSSSYA 100

RNAseq

TSNGRTTPLSPTSSGASGPRA
SpMAP_4R TSNGRTTPLSPTSSGASGPRA

KVKVYHKKID 145
KVKVYHKKID 150

SPMAP_5R TSNGRTTPLS SGASGPRAPII KVKVYHKKID 150
RNAseq 195
SpMAP_4R 200
SpMAP_5R 200
RNAseq 245
SpMAP_4R - - - - . 221
SpMAP_5R GGDLK | ETLQLNWDITC 250
RNAseq 259
SpMAP_4R EDPAA 247
SpMAP_5R HEDPAA 276

X8, {E#L L7 SpMAPs & BB~V ¥ —. LBt :
SpMAP_4R. FE¢: SpMAP_5R. #4fiz K DRIIC

HAXYRKIETLAYDI T VAT YT h—ALFT—%, hEk:
EAF Yy (His) Z 706 EfmEns.
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1500 bp

1000 bp

4. VaydxayF I XL MAP-like &5 D7 12—
=27, UayXxarF IR AT MAP-like 5 745 R
W72 7 A ~—% = RT'PCRIZ L Y, 1200 bp fHiTic
Ny RgZEEN=. &£ ~—75—, 4 : RI'PCR FEW.

Plasmid Mini Kit (Nihon Genetics) % W\ T 7 Z
AI FDNAZMER LTz, ZD7 7 A KDNA D
U=l A BIT, AR AT LT,

T T I BRSO RESE & 53 1 R

BE# Y % 2 B L. Gene Bank |2 % & & 41 T\
HMAP 7 7 2 VU —D7 I/ B/ %| & SpMAP,
DrMAP, 7 X U XA D7 ) AL EELT-
DMAP &M As 7O TR 7 X 7 BBELS] (Dugesia
Japonica) % RN T RGN 21T o T2, FEHTIC
X MEGAX (ver. 10.1.8) % /-,

Wik

SpMAP HHEFRIINR 7 2 —OFT I/ B
A 2 AT X0 fiE#MT LT SpMAPs SEHLR 7 X —D
HHRERCS 2 b SR LT R BERLS & X 3 12K
9, SpMAP @ Fifitic His % 728 6 fEff s ni=7
R BERBEIEDL ZENTE T X —DERIC
%h L7z,

DrMAP O/ u—=—"7%

DrMAP # s 145521727 F A ~—% T PCR %
fTo72fER, 1200 bp fHIIC/ N> RBBIE SN (T
AR R A 201209 bp) (B 4), /N> REGID L,
Ja—= IRy Z— TR A TR S,
BB &M Lic, fER. A V¥ — M F = v 7RI
R & —|Z PCR EWBME T DA ENTNZH O
D, —7r v AENTTIL AP Bl & & B AR 1 D3
RINRhoiz,

DjMAP il s 1 D8R & 731 R B br
FTIUVRLTOT ) MMERE S LI AP RS Z ST
BT ERERLUIAER, APESIOME D KL % 4 {#
HLOBIE BRSO Tz, £ 2T, DIMAP @ T
T2 ERRe & SEICRIE L 2 D SpMAP @ T
T2 BEEA BEE O MAP 7 7 2 U —DT7 2 g
BLg 2 O CRIBIRT 21T > 72 (X1 5), & DfER,
FHEBNARRNE MAPs D27 L— R (18) & HFHEEMW
EHMEMAP © 7 L— K (f) . BEFFHEBIY MAP O
7 L— R (F) (Zhhiniz, FHEhEeE MAPs
DU L— RTIHMERRFROICREELT 5 MAP2 X°
tau ASECE S v, AERE LR BTR & FELL LR R %
LT, BFHEEM A PEMAP © 7 L— RN T
JHEWFLE O N, BRI MAP O 7 L —
R CliXmEE O MAP MRS IEF U2 L— RIiC
Bl STz,

SpMAP & DjMAP O Pl 7 I/ 8% o bk

SpMAPs & DIMAP & ¥l 7 X / BEBLY 2 7 > D
MAP4 BB &S L, 774 A2 EATV, T O
EAEE L7 (X6), DJMAP X339 7 3/ figh it

mrZEY

Stylochoplana pusilla 4R
[_ l_— Stylochoplana pusilla SR

Dugesia japonica

Cl is sinensis

S

floridae

Aplysia californi

D

Helobdella robusta

c tis elegans

REHEYIMAPS

Mus musculus MAP4
Bos taurus MAP4

Danio rerio MAP4

Homo sapiens MAP4

HHBMESMEMAPS

,_E Bos taurus MAP2
Homo sapiens MAP2

Mus musculus MAP2

Danio rerio MAP2

Xenopus laevis tau
Gallus gallus tau
Mus musculus tau
Bos taurus tau

Homo sapiens tau

BHEMPRIEMAPS

Mus actin

5. MAPs 7 7 X U — D4R BHENT. FHEEMMHRIE MAPs 7 7 X U — (1) & BHEEW 25 MAPs 7 7 X U — (%),
MR MAPs 7 7 X U — (Y 2) (ZHniie. /e - RIZEM) MAPs.




A

DjMAP MTDLS | CSPSVENG | EKFHDGSVP | ENLPVS | GVRPTA I PRLSSAISQRS 50
DjMAP SHNANGNGKSNKSK | PFSPLN I KPHRPKSVGSY | KSPLQESENFRDFLTS 100
DMAP PTYSKRSSRDTNMTQNSLTVDTNVRLRSNAKSLNRYDRATSEENPGRITS 150
AP repeat 1
DiMAP MESSYSEKTNNSGSAGSSNYVIITSK | GSLANSRHRPGGGNVK | FDRKVDF 200
AP repeat 2 AP repeat 3
DMAP SNIEAKCGSKKN | KHKPGGGVVE | RNERL EFNKKAQAKVNSLKNVEHQPC 250
AP repeat 4
DjMAP GGDVK | DNLKLEWNVHSKVGSLAN | KHKATGGN 1 Q1 VNEPLPWLKFNKPN 300

DjMAP LPPEE | AK INKKS | KDESKDGLHTVSRSCSNS | CSDRSN 339

DjMAP: 339 a.a. 11TSKIGSLANSRHRPGGG
A& 21 EAKCGSKKNIKHKPGGG

—
_|:I]]]] 3AQAKVNSLKNVEHQPCGG

4VHSKVGSLANIKHKATGG
SPMAP 4R METVVTSVSDLEVCDRRSTTSTENSVDGSTGQRSR I PWWASR I PKLKPLG 50
SpMAP 5R METVVTSVSDLE | CDRRSTTSTENSVDGSTGQRSR | PWWASR I PKLKPLG 50

SPMAP 4R PPVSLGGPASMGSSSHGSLASDDMPVFGRPTSLDYRDNSDSSSYATSNGR 100
SpMAP 5R PPVSLGGPASMGSSSHGSLASDDMPVFGRPTSLDYRDNSDSSSYATSNGR 100

AP repeat 1
SPMAP 4R TTPLSPTSSGASGPRAP[IQSKVKSFSNFNHSPGGGKVKVYHKK | DVKDVS 150
SpMAP 5R TTPLSPTSSGASGPRAP | QSKVKSFSNFNHSPGGGKVKVYHKK I DVKDVS 150

AP repeat 2 AP repeat 3
SPMAP 4R SKCGSRKNLKHQAGGGNVQ | FDDKPKFKETASSK | GSLKNTKHVAGGGDV 200
SpMAP 5R SKCGSRKNLKHQAGGGNVQ | FDDKPKFKETASSK | GSLKNTKHVAGGGDV 200

AP repeat 4 AP repeat 5
SPMAP 4R KIETLQLNWD- = = = = = = === e e w === m e e m e e mmmm e e TGSRVGSWON 220
SpMAP 5R K | ETOKLNWEVGSRVIGSWONVKHKAGGGDLK | ETLQLNADTGSRVGSAWON 250
SPMAP 4R |KHKPGGG 228
SPMAP 5R | KHKPGGG 258

SpMAP_4R: 228 a.a. SpMAP_5R: 258 a.a.

o s
- i1 L 1nn

1TIQSKVKSFSNFNHSPGGG 1I1QSKVKSFSNFNHSPGGG
2VSSKCGSRKNLKHQAGGG 2VSSKCGSRKNLKHQAGGG
3ASSKIGSLKNTKHVAGGG 3ASSKIGSLKNTKHVAGGG
4VGSRVGSWQNVKHKAGGG 4VGSRVGSWQNVKHKAGGG
S5TGSRVGSWQN I KHKPGGG 5TGSRVGSWQNIKHKPGGG

M6, F3 7 % A MAP-like 55 7 & SpMAP 0 #1487
2 RS OkEE. (A) 77 XA (Dugesia japonica)
DT ) KB TR LT I 7 XAy MAP-like EEEEO T
M7 2 aEds). (B) SpMAP_4R, SpMAP_5R O T4HT 2
J RS,

570 FLE MAP4 [FREEIC AP Fd 41 < Tail B
iz A LTz (X6A), SpMAP 4R (%228 7
J iR SpMAP 5R 11258 7 X J BRFEHE B 7
v . SpMAP 4R /% SpMAP 5R @ 3 % H @ AP il 5]
DD NG 4K B D AP ESI O K E THRRIL
I-HEECH -T2 (K6B), F7-. SpMAP (XM FLIH
MAP4 <° DJMAP & 5720 C K&#il D Tail FBALAS
EAE Lo 7= (X 6),

i

AEl, Fox % 2 fED SpMAP OE AE B X —
DOERZ kB Uiz, F7=, 777U 7 O MAP &5
F-OEFIITIZL Y, A7 KU e T AT TILMAP
BLFIANEN 5 TN B MO BRI I AF/ET 5 Tail i
MNRTFELRWZ EEHLMNI L, 4%k, b
JRIZEN) D MAPs OUNEEGREAZIET 52 LT
Tail HAL2Y MAP O 8D L 95 72 fEEEICBAb D D g
AOMNITEDHEEZ TS, £, L0 F&ERAE
¥ MAP & {512 8B1F 2 Tail EIAOFHEE TS
Z & C, Tail B2 S L= FAERICA D =

A Y Ml REBHOBNEEEEABEORE 29

EMTEDLEEZ TS,

HELIE MAP 7 7 2 U — TlE4 AP B O # R P
<. MAP4 X 58 d AP fid% % & 5. MAP2 &
Tau |35 KT 4 H D AP By %= &>, "HELIH MAP2
& Tau X MAP4 @ 2 & H D AP BLAI M 72 W %
DY, O AP BN Kb A & D v
HETIE, WHLEMAP 77 IV —& A YR b
FAYDOMAP 7 7 2V —Zi3 @t N H 5, ML
¥ MAP4 (X285 O THRIET 5 —F T, MAP2
& Tau [ TR BAIC 36 E L, MAP2 [3Mhik 2
E~—H—, Tau TR ~— T —& L THLIA T
%o RIGEMNIZ AL SRR 2 90D TG L
FEWEEZLNTEY, Lo Lz SpMAP_4R
PP MR AR A I 8B L. SpMAP_5R (34 5 4
WCEILLTWEO0E LAy, 5%, b0
SpMAP D BURTE 2 ffHT L. BHPE &AM X
S RAEDENEI ST T 5 2 & T, EAFETE
WINZ BT D IR MAP OFReE & AME, 2 PED 5y
(LA ST LTV E =LY,

MAPs @ Tail #0130 NE O BEAERLLEMEIZEE D
HEVIMERH DY, —FHT, APHFALNITL
7= SpMAP DEEHNZ 1% Tail HALAFLE LR D> T,
AY RY BT LAUITME - TEERa RS LT
57, Wb ENZWRNRTFIELRY, ZD®),
PSR B S D N 23 W BV BR D RS & D RIS
B S, JERHIC K VIERT 5 B2 b5, Tail
AL DR DMEAND [ OIEREMR L., @mERT
XARERRCMAE - B AR AR LT DM LiL72uy,
I AVET T T TIIRIUREEM TH Y 723 5,
MAPs (213 Tail S OATEE N D BEWEIRT, Z0D
72, Tail FALDOAFZEIZ 9 > THOF DET /LI2D )
B LALZau,

AWFFIL, 2023 4F AR RSB BRI ST AT 2L [A)
7B sk (RIIS202305) % 521 Tirbilz, V=¥
F o U I U RAVITBEER AR AR i HEBR
DO NN T, MAIRFHESEE BB At
REEEZ, MRINNKFEALFAMTE D TS %
ICIAARTEA L DORBELEZ L CWEE W, £7-, =
M L¥ERT G %, BT B9 BhBUCE
FERBIR 7 2 —OEREE T8I0 e, 7
LT 5,

D R I, R, AOKETT (2006) #U/NERBAE
HE OIS e, ZLOH  HF EF 51:535-542.
2) T. Oti SI, PT. Nghiem, Y. Hashi, N. Tsutsui, S. Kotani
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Sakamoto H (2021) The gastrin-releasing peptide/
bombesin system revisited by a reverse-evolutionary

4)

5)

study considering Xenopus. Sci. Rep. 11: 13315.
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Evolution of a Group of Microtubule-Associated
Proteins Sharing Partial Similarities in Their
Primary Structures. Sci. J. Kanagawa Univ. 26: 1-6.
Seeger MA, and Rice SE (2010) Microtubule-
associated protein-like binding of the kinesin-1 tail to
microtubules. J. Biol. Chem. 285: 8155-8162.



Science Journal of Kanagawa University 35 : 31-36 (2024)

BE ZW 2023 FEME) KT E B2 ZE BT L R 22 Bh Al G

WEBSE RO 20T 2AF 9 2DOBRAIZE S
BREG I O

BAREL AR YLt WY oo mul)mes' pEE O E' K Al
ok H? AN ? REHGRE ' BEE BFL° BURER

Study on Accidental Ingestion of Microplastics by Anuran Larvae

Maho Yoshimoto®?, Gai Naito', Hajime Fukano', Kazenaru Kouyama’,
Toru Satsuma’, Kazuya Hara', Kaoru Akinaga®, Kazue Mogi? Misato Fujita®?,
Ken Fujiwara’? and Ryuji Toyoizumi" *

' Department of Science, Faculty of Science, Kanagawa University, Yokohama City, Kanagawa 221-8686,
Japan
2 ReIs)earch Institute for Integrated Science, Kanagawa University, Yokohama City, Kanagawa 221-8686,
Japan

3 Torx)zvhom correspondence should be addressed. yoshi023913@gmail.com
Abstract: Environmental pollution by numerous microplastics is one of the serious problems
for all living things. We are apt to regard microplastic pollution as a matter of oceanography,
but many of the difficulties may also be common to freshwater environments. Aquatic amphib-
ian larvae may be exposed to microplastics. Based on this standpoint, we aim to create a model
system to evaluate the microplastic problem under laboratory conditions. First, we applied
polystyrene microbeads to Xenopus laevis larvae, amphibian model organisms. Xenopus larvae
earnestly ingested the microbeads and the developing guts were filled by the beads, and the
larvae of other anuran species (Xenopus borealis and Japanese Dryophytes japonica, Microhyla
okinavensis) also frequently ingested the polystyrene microbeads. Xenopus larvae feeded on
polypropylene beads, polyethylene beads, and glass beads, suggesting that, irrespective of the
material of the microbeads, Xenopus larvae tend to eat them if they are of an appropriate size.
In contrast, neither of the urodelan larvae of Pleurodeles waltl nor Tylototriton verrucosus
ingested the polystyrene beads, suggesting a difference in the recognition of food particles be-
tween anuran and urodelan larvae. As a first step to promoting the conservation of anural lar-
vae against microplastics, we administered cadaverine-coated beads to Xenopus larvae, because
cadaverine is known to induce escape behavior in the presence of teleost model species, zebraf-
ish. After administration, Xenopus larvae did not prefer the smell, but we could not succeed in
stopping the ingestion of microbeads. Taken together, anuran larvae have a strong tendency
to eat various microbeads, so we propose that we should continue protecting fragile amphibian
larvae against microplastic pollution.
Keywords: anuran, urodelan, microplastics, microbeads, environmental pollution
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SDGs OHRIGEOHFE L LTEY FIF BTN ~A TSI AFy 7 (LLFpP) .77 ATy
BRLTZ R X —EO I, FFOENSOWEOE: 7 ZHOPTHEES mm U TORE SITho72h
ME LV BEMER RSN TS, vf 707 DD LxET, —RpPE R pPIlC KBS TE
T AT 7 (TR EETE Y oY A )~ D BB )N B YR LR V. —RpPI3LRERRWEERHC G EN D BE— AR
DERIFEFE~ L EREICER L TS, AT T EICHET D N THUNRL 0 Z & &R,
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Z pP R AEERSICEDI D N TR T T AT
7 (RIAFLy, RI=F Lo, RUHEELE =1,
RIZFLrT7L7827—h R Fr L %)
DNERAMERC IR K DA AR /s Bl K-> TH1L -
RSN HDOTH D, pPIXEECH)I, Wl o
HEK « YAKIRDAERERIC KR E B2 KT L TEY
SEIERAEMNBRE, FIFEHE L BITRVIAAL
TNHEEZLND Y, FL PP RALTIAF v
(ZE EN TV D IR G AR ZEAIND 7 2 L—
MERERA T =2 /) —/VAZBFLERAT = ) —/)VER
EDlLEME KT 5, & HIZEHOWKRF DX A
x> °DDT (YZ7uery 7= r7un=x
2), PCB (RVEbE 7 ==)V) 78 EOIE4E
ZWE L. 10-100 % DT E TR T 2 ME MR
bV AR < ZEMIEN T - 2fET 5
ZENTERNWY, pP 2EA LAk
728 DM, TR LA b L AR RS (s F- 38 B
DOEAbZGIEEZ L, B SN iE W EIZ L 50
RO R, I RERE S, fTEHRFENAET S
AIREMEN B D P, pP I BWESE O FALICALE T 5 B
W72 o7 R DIERNTHIER SN TERY, 77
Y7 b X0 BLOE Y uP B A, AR
DEELFEIND,

AW TIE, AR OFRIREZ RS D T DIZHERYE
® cadaverine ZfiH L 72, Hussain & ® 2013 £
AT, I L 7R B3 B U D cadaverine X°
putrescine R EDTCT I UNET T T 4 v 2 DO
AT L, MOERTEIZ 5 2 232 LR
XN TS Y, D7~ microbeads | cadaverine
WG S5 2 & Tl AR ~ DB A
o, BEEREENFREZR O TIZ W E B 2 T2,

DDA TIL, WKEBROAEERTH S
WSSO pP~DRELERHT 272010, Bk
DR ZREIKIEE 2G5, MIRERSHFRNZAL
BETOREDWEEZLSEBERAT 7Y WY ATV
ZEIMEH L, MEOR2 % microbeads DFRERY,
AR DR B MR AP ME 2 34 L7z, ¥ 72 microbeads
\ZFE S W)E cadaverine & W & S WA R RLEE 21T 9
MEFRT, I BT, Y AT )VEOWASERE X
Db PREEERBEICE IS LB E 2 b oM AN A0
microbeads OFEEOAFMIZHOWT, RFEMN AALE
KEOH L, FREOAXIT MTFAEIRT A
ArARAEY ZHNTHAE L,

PR L Tk

FREY) - FEEOR

WAEFDOET VA THD, 77V Y AT )L
Xenopus laevis \ZVENRAIE AR /LE 2 (gonadotropin)

IS L, —BRE W THERER IR D D23 2 2/ L
137 W% FEBRIZAE 4 2 38 A B & T ALK (10%
Steinberg i) THE T2, O, 7~ H /L
D =K 7T <)V Dryophytes japonica, t A7 <
HTVEO v AT~ T =)V Microhyla okinavensis .
EANFoxx2T 7Y Y AT )V Xenopus
borealis &, HRBAEIVFROAL XY T NFAEY
Pleurodeles waltl, 7 * A v A ™A &V Tylototriton
verrucosus DH/EEFEN L, EBRICMHEH L9,

PP (213, Polysciece £ £ ¢ polybead® polystyrene
90/45/10/3.0 Micron Microspheres ( ¥ ¥ [H £%
90.72/44.16/9.634/3.0 um) . polybead® Dyed Red 1.0/
Blue 6.0 Micron Microsheres (F-#JH £ 0.964/5.75
um), polybead® Yellow Dyed Micron Microsheres
1.00 pm#% W72, 2, polyethylene £"— X (&
£% 27-32 pm) °#% ¥ A U T polypropylene & = —
T EHID K L pP, T A — X (HEAE
3-10pm) ZpPé L CTH W, - MEEO
0.1% phenoxyethanol Z {F H & & T2 6 I & % 1)
L., IBE 2R MNT LI L THREOFESCHERER
DIFEEB OB E 21T o T, £y AT =)L
%) 4 @ microbeads 7% £ [E] 5 @ 72 ¥, cadaverine
dihydrochloride (1,5- 7 2/ X & v "R
NUBRFLDT I B 1,52 Y
7 X v T, CAS No. 1476-39-7; RIS 7 4k
23ft) % microbeads (2 E S W, RRRFEBRZT/2 o
7

Fe i

VA HTNVIEDBRET 5 pP ORFDORG

FP. T TV ATZNHENRED X H 72 pP
AT DONERIAET D200, AFBEOME
DE—ARRFOBRBEBE LT, TNALHEAE
£ 0.96, 3.0, 5.8, 9.6 um @ polystyrene (PS) t —
A, polyethylene (PE) bt — X ([E £ 27-32 um),
polypropylene (PP) #i¥, &7 At —X (GB) %
10% Steinberg [KiKICIRA L TIREIRZ/FR L, v =
R MU ILICHE G LTz, #& 2T, st 47-48, 51-
58, 61 (Nieuwkoop & Faber o (1967) % /& Bk i 5%
Xk B) P77 YAV AHE AL LT
At 16 COMERA T—BaFE Lz, FHIZ0.1%
phenoxyethanol THIAEIZFREREZ 2T, IHE OBlE%
1772 -7,

X H TNV & FRR S 5 58 B

I A H T )V AEIZ 1T D microbeads 78 A D FE
BEE PRI EORGEZAT 9 723012, st. 39, 42, 46, 50
DY ATV AEZE G, 12 7 L— D& RIS



EESH

% 1IEF D> AT, £ LT, microbeads %= 10%
Steinberg Gtk T 10 5 AR L 726 D% 50 uL 4270
Z. 24°CT—BhEHE LB HBIEE Lo, BIE0E, st. 39
DIHAEIL st. 4212, st. 42 DA st. 46 (2, st. 46
DHANT st. 48 1THEA TV,

cadaverine W25 12 & % i)k A

WA A T = )V 504 @ microbeads 72 £ [FBED 72
(2. cadaverine Z W35 S ¥ 7 B — X & HW - EBR A
1772 o577 1% A% A 2 /L7 250 ul & microbeads
FHEORARE 2 SHE L, —FHIZIXZEDRAK
|~ cadaverine % 0.05 g {?JWJI] LIEfE LT, X7
L— MZHA & 10% Steinberg ik & AdL, & 2
cadaverine & ¥ @ microbeads & cadaverine 72 L @
microbeads % 250 uL 2oz T, 104 % L<1Z 30
SyHtiE L=, % LT cadaverine O A #2192 {4
DFFITENOE N D F M Z @22 T,

Wi ERRREIE I X B Rk DRk
TZUVAYRATZVUNOBERRICTE T D,
microbeads DB DHFEZRIET H 72 DIT, =ik
VTR, BRAT AT XET T TR
Hxn, AXYVT NFAEY, TALaARAEY
DHEEH N, =R 7~ /L4 TiE 10%
Steinberg iR T 20 (5 AR L7 2 fa v — RIEAK (F
E—X:E@57mn&55_f'ﬁ“96mxi
IR E—X: BE29um & HE—X . B
;m)%%ﬂ%ﬂanm#oﬁTL\ﬁwmmmZ
7o EAT AT VHEIZIE, HE—XLFE—X
Z 25 uL 0% F L, & 50 pL, H 25 WIdRE—
XLHF =A% 50 uL o % F L. & 100 uL N
RIea XBZT 7V AT AXYT NFAEY
TAAaARAEY THRBRICERZTRo72, Z

X 1. 77 VA AHTIL st 47 AR DENO pP
A:PS (H3.0um). B:PE (27-32 um) . C: PP (i~ 7=
R &5z 72D TY A X3k ~). D: GB(3-10 pm). Bars, 0.5
mm.

B BEAWMAESNEDOYA 7 0T T ATy JFRA 33

D& x, FREERRIT 1 ERTORREEE L T microbeads
DG 517>,

b3 R
VA ZOVIIEHNBEET 5 nP OMBIO BT
st. 47-48 O #] Wi &) A, st. 51-58 D 1% HI 4 4 1
BWTIE, 1T & A E D EAK T polystyrene (PS),
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2. T 7 VI RAITT)VHHAIZIIT 5 cadaverine (257
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DAF LI N7IZKT ATEI O, B: cadaverine & Y
DAF LIS DATERI OB, BRI AF LI NS
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I & > T opP OF X 2T BIEMEDMEN 2 & 8 T
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TY AT TIVHAED uP 2 IRNICELY JA L7z ik e
THAEZFICHEINS &, HEHEOENIZE TP
NERET 5 AN E SN D, ETARFROR R
MDY AT VAT uP ORPEIZEISRR <. AIZ
ALY A XA THIVUIMTHERLTCLE Y RMEEZ A
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O uP EF S| BRETHOREWNR D72 720 uP 3
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MAOEFEBHE L OB HOWT, LIS REE 4
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D uP A TN SIENIZ uP A L7722 &0,
AN O L7 Z ERRE & 13E 2 12< v (st 39 D
AR X)), —T, st 42-46 1ZIBE TR TH Y .
BLEERZHGT IR E 8T 25, BERAM
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A EEREE I BT D microbeads DAIC L B LL.

DT FTV kP BRE LENEE TR D
AT TVHENBRE LTEGE, BERBRICEEL
Z. BOEMELHBOEZTDORFE LR TLEZ
HID,

st. 46( BIZ2RF O R AL BT st. 48), 50 12725 &
MEE LT Z IRV RADEBEONAIZ E— XD
EESOTBENA LN m=12/12), 7=, &
L7- B — XEA 0.96-9.6 pm OFIPH TlZ, BE—2D
RESICLHEBHEEICERTIRON -7 (0=
66), FOHEDE—XTH, BENET - LY &g
AT 7= 4D F CRRET HEEN £ 572, st. 50
XTI REIEEE E BB ENER SN D EFETH Y
FEAEERITMEE ST, T7U IV AT
JTZERERT O EW TIIHAE TH D BREHEOIAT
TARTH D X H1T, ELBIRTRENRELT D
B TH D, EEMEMIIKEEZE D Lo RERTT
BN RSN DA, BRIKITKE O SR L TEAD
TOIZFEET D, 20X ITHAEMEREHOER
TENZHREREFEDRH D Z D, AEIISHED
R AEPA LR, LB ONE I =)L TR IR
AT D LB DRERITIR D E L,
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IR A e o 7 KO WTIREL L BE R TE AR L
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cadaverine |3V A W T /VINEITEE LY b % | Sk S
N ECH D LW Lz, L L PREICKL
C. cadaverine %% % L 7= microbeads 72 % %1 %2
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TH BN oTe (ENENN GRITREER) =6,n =
30; N=5,n=25) (X2C), cadaverine |£Y A =

MEFSHEDERRERER
FTAAA4FES4EY 270
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5. W/AEMER, ARBOFEL REICBT DA
HBOAT UL ATV st 46 IR & A D
microbeads # % 5- L 7= (2 fE¥H? microbeads %501
Z—r0 ;s 128D . Bl =R T AT VICHRA L B0
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L L7235 —J5C, cadaverine 7/ F C, iif
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HNSWTEOKEOZ S EFE LBREA BHIE L TEBE)
THEDIEESINTWD, AR TIIRE & HEaD
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DIERFETH 5 2 FITIZIEHERA Ao ol D . C
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ADORGENTOHMMPEEEZ TR LR, 1To& D
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Floral Development of Zingiber mioga (Thunb.) Roscoe with a Special
Reference to Labellum Formation
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Abstract: Flowers of Zingiberaceae have a large labellum on their abaxial side. The label-
lum is a petaloid organ, devived from of staminodes. It is generally recognized that two inner
whorl staminodes are fused to form the labellum and an abaxial outer staminode is lost in the
flowers of Zingiberaceae. Recent research, however, demonstrated that in some species belong-
ing to the tribe Globbeae in the subfamily Zingiberoideae, the labellum consists of three fused
staminodes: two from the inner whorl and one additional staminode from the outer whorl (the
third staminode). This study focuses on floral development in Zingiber mioga, a member of the
Hedychieae subfamily, whose floral development has been rarely observed, and was aimed at
elucidating the development of the labellum in this species. Our observations revealed that
three sepal primordia and a common primordia for a petals and stamen were initiated at first,
followed by a common primodium for two petals and a labellum. These common primordia
then differentiated into each floral organ primordium for the petal, stamen, and labellum con-
sisting of staminodes. Although we confirmed the initiation and development of a third outer
whorl staminode in a labellum, the third staminode, it becomes indistinguishable at later de-
velopmental stages and embedded between the two inner staminodes. These findings suggest
that the labellum in Zingiber mioga consists of three staminodes, with development similar to
that of Globba godefroyr in Globbeae.

Keywords: Zingiber mioga, floral development, labellum, Zingiberaceae, Hedychieae
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TUE, Fatkz RO RES T MEA O WERKESR 1 D720
ThHY ., TNLSORESII AT L CTERREEE L 720 |

WZAEFRRIE L T D, FriC, HEANC IR S
% 2 DONERRMELRD @A L TR S i fEmikas
EILZ7 LA (labellum) & Xidhd, v a v HFE
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Bl L7= X 912, 7L AN irE 3 5 2
DOANBRBIFEENMET D2 L TERINTEY,
B O BREE I TIRIE L TV T T L AITIEE
FRTCWARNEZIRETEZLNRTEZ?, LnL
BEOWEIZ LD v a v Ry a v HHER 7 1 oNE
O Gagnepainia harmandil, G. godefroyi T3, &
R OSBRSS IR 2N R U, BRI S UL &
BHMEIZRRR D 2 E N TED LW I BE/BENED
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Nic, 2L T, ZORENS ZOROIITEIT LT
AUV AL 3 O ORBESE (FFHh A o N BRI IERS 2 5
AR 1 90) 12X > TR ENTWA Z &n
AONERo7d, D, ZNETRILLTHEEL
RNEEINTERZY a UHTRO T~V AITBIT 546
RIS %2 T35 3 OIRIERS) & K5, Fz, WU
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TN 8 DIRIESE N RAET HZ LN LN E
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BT D OOFREET, NIVIRIEO F FFED Fel
A 3)

rasN#EEy, va v A mEHEMIZ ST HIEF
B LRIV ADIEEBIZOWTIL, ZAET
IZHER % < OIBREZLIIRIZE N TR TS P, L
L, Ya v RIS 9 1 2OKRERIET
HHNAT I a U HTHEFHIOWTIX, ZhETlanT
2 a U bE (Alpinia) O Alpinia oxyphlla DEFE
LMFZE S LTz 4,

Z ZTARBIE TR, ZhETITIEE A EBIERIN
RN F R a U RO g vl (Zingiber mioga)
DIEFRENZOWTOBEEITo T2, £ LT, FRIAK
3T 2 7~V L DOTREIERUCIER L, 5 3 DR
HEEDFERR SN D EDIZONTHLNICTH I L
AL,

PR E T5

L /LRSS

2 a v ¥ (Zingiber mioga (Thunb.) Roscoe; [X| 1A, B)
ERENNKFZMFO D ONF v 3R (5| FF
i) TR L. 2020 45 8,9 J1, 2021 4 8 1T
DRI DICF A BRE Lo, BE LTIEF DK
REEARIL, PRI RFERF A o sE = () 1R
RRIET) ICTRE SN TN AD

PR DIl

BHE LT 50% =& 7 — NV E 721X FAA (=
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~ U > 5%, BElE 5%) [ZAAL. T A B L—4& — (WJ-20,
SIBATA) % v THI 20 ol oK EE % 2 Bl &
B TITo7, £k 24 RV EER CEE L. BI52
W=,

FEARGE FHIMSE (SEM) DOilRHER & Blsg
HE L=t 2 =% ) — )L ZH Tk L. BieA
7 IVCEMR LT, ZOREHE BRI E (SYG
LCP-81, A £A) % HWTH 85-95 KJE, 42°CD
BRI CHIgE LT, Hntk, RBE T LI =T A
ABHE RIS L7z,

AEAF U 7o 3B 2 SE R B BE  (SZX16, Olympus)
DFTE Yy FEAWTHRI IV T L, AT —
COEDOHEENBETE DXL ThE, 44>
Ay Z—=4EE (JFC-1600, JOEL) % MW TH4/
INTG VG LRLATANY XY BT (1.2kY,
40mA T35f#l), ZDA/Ny 2 Y o7 LTcikk &
AEAE IS (SEM) (JSM-840A 5 L Ut JSM-
IT200, JOEL) % H\\T, MKRFEILE 5kV OS5 CHl
2L, BT EITo7,

M 1. I avh (Zngiber mioga) (A BHDI a4,
B) < a v AOTE. ia, NERIIEL s 1la, 7V A5 oa, MR

HESS s p, 1657 5 pi, MEES 5 s, %275 st, IEES. Scale bar = 1

cm.
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AEFF 53 250 D Fe s iz B — 2R OFEER I 8]
X, BRI OFEMAN RIS BN AR &
iz (K2A), 20k, FEAITHE T RIENAE T,
Z ORI KR E e dalF S Sz (M 2B), &
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LX) INAEFRIRED LT 52 &0
iR cEe (K2D),

S LITFED T & AR o ol RS SRR R
LSRN D IVTHE LT, £70, s o
EFE B IE, fEFp L ARESRE L (M
2E), ZOFF 2 >OWNRIMESIFEOMICEREN D
BT, ABRIESIF IO R bR Sz (X 2E),
Z D 2 ODONERIKEL & 1 DDA ERIIESRE CTF
RENDEENT IV A LR D, WRICHFERE, B
JFIEDAEZE ORI 2D KO ITsE L, fER
EORETDHZ & TRESIFRIIBETE <Y,
HESIF DR OAPBETX DREL o7 (K
2F), 728, T a U TIHEN2EHKIND I &
NElE s (M 2AF),

MESS IR L AN T AR U 7= BERE Ol PNBRIESE UL &
AR IES R L OB FIIARR TH - 7= (X 3A),
MESE DFEFEDM R A 25 8O T2 Be Pl T, Wﬁﬁﬁﬂﬁ
%k%f‘%ﬂi%muﬁ%@%‘; EYR @ e} % @ tﬁmu



2. X a UAOMERARRE WI» L. (A A
MoJFHE. (B) 2 sy JFE & ImFEN R sz, (O
HSEIFEEAS 3 D12k, (D) S B0 Fp Rk & 1
JFEED A, () HOl L) & HES R & (A RO 23 %
A (F) R0 & SRR ICE DL AE. b, 415 cp, $EiE
JRAE 5 1a, NBRIRIERS s k, %51 5 oa, SNBSS 5 p, 1677 st,
72’%}“{ Scale bars = 100 um (A—F). Scale bars = 100 um (A—
F).

o ZOBIRECITHELE DS MESE 2 B 0 P L O 1T R
LTz (X 3B),

S HITHAENHETe & NERIRBESS IR & S BRI
BFEOBER DA AR L . R 7B R O 7
MR TE 72 (KM 3C, D), Dk, WERRIEER
H & AMBRIEESS FIR O 55 R 1T 2 C OEIR TR
72o7 (K 3E), MENEED 2BEREOFHSET
R U738 B Cld, WERIRIERE UL & SN BRI
BFEREOERNTERIZRL 72D, FUVAF 225D
WNERRESFE TR SN TVWD Lo fERE L 7n o
7= (X 8F),

M
SEREE0Y (2L G AN 7 L))
EFREZFHEMIIBIRE LIRR, 7V DEKICR T
%R DA ERIRERS DI LALLM, 1FIE D
NWETICHEDN B D> a v TRHEY & [REkOIES A
T ZENHLMNE o7 (Alpinia?, Curcuma
9 Gagnepainia®, Globba>®, Hedychium?”,
Hemiorchis®, Scaphochlamys®), ZDZ L6 2 =
U TR, va U A RHEY O BRI IR AR AR DR EF
SNTWD ENZ D,

WM Al 0 X =2 O U OAERAEICE T DR FARIIE 39

3. 2 a vHOEOREBRE. (A) MENEK STt
3. B) HEE I E LB HEE OEIZ A>T 5. (O) Hff
EABE. (D) 56 3 OIEE AR TX 163, (B)
NERERS & 85 8 OIRBES OB RN ARIARIZ 720 >odb 5
6. (F) WERRIESS & A BRIESS IR OB RN AABRIZ 72 >
7246, ia, WERIRHEE ; oa, FMERIIERS 5 pi, MEES 5 st, HERS.
Scale bars = 100 pm (A-D), 500 pm = (E, F).

VANV IINDS 1 R - 3
Fim Chik 7z ~a VRO T L A TIEH
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Long-term monitoring of environmental changes
in the Sagami River estuary XI
Distribution of phytoplankton biomass in December 2023
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Abstract: We measured ocean conditions in the Sagami River estuary in December 2023.
In this area, three water masses are often observed: river-derived water masses due to the
inflow of river water, coastal water masses, and open ocean water masses. In this study, only
river-derived and coastal water masses were observed, and no high-temperature, high-salinity
open-ocean water masses were observed. Accordingly, the phytoplankton biomass was low. The
increase in water temperature toward the coast indicated the possible presence of open ocean
water masses offshore beyond 5000 m. The high species diversity found in the sample taken
5000 m offshore, closest to the open ocean water masses, suggests the importance of these

masses in maintaining the productivity of the Sagami River estuary during this period.

Keywords: bio mass, Sagami River estuary, species diversity, vertical mixing
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#1. W75 0 N RHEOTE

Speci FJE (0m) : #JE (0m)
pecies Species
O0m 1000m 5000m Om 1000m 5000m
Diatoms Cyanophyceae
Detonula pumila <w 39 Trichodesmium sp. 36
Lauderia annulata w 143 4724
Skeletonema costatum 1575 573 573  Flagellates
Thalassiosira spp. 286 573 1432  Cryptophyceae 380 380 1265
Stephanopyxis palmeriana <w 42 Dinophyceae
Leptocylindrus danicus 1432 Prorocentrum dentatum 143
Corethron pelagicum wo 4 18 Prorocentrum micans i 143
Coscinodiscus wailesii w 18 11 Gymnodiniaceae 143 143
Rhizosolenia bergonii ' 72 Ceratium furca i 4
Rhizosolenia decipiens w 54 Ceratium fusus 4 4
Rhizosolenia robusta w 4 18 4 Ceratium kofoidii wo 18
Guinardia flaccida 143 143 Ceratium trichoceros ~ <w 4 4
Guinardia striata 429 573 8876 Oxytoxum sp. 143
Cerataulina pelagica 429 Peridiniales 286
Eucampia zodiacus 752 91 161 Noctiluca scintillans 4
Bacteriastrum elongatum <w 859 Haptophyceae
Bacteriastrum spp. 573 154 859 Gephyrocapsa oceanica 30372 30372 32270
Hemiaulus hauckii 286 Coccolithophorid 143 286
Chaetoceros atlanticus 787 21 143 Dictyochophyceae
Chaetoceros concavicornis 573 Dictyocha fibla 143 286
Chaetoceros eibenii \ 14 39 429 Dictyocha speculum 143
Chaetoceros affinis 394  Prasinophyceae
Chaetoceros compressus 5297 Pyramimonas sp. 1139 380 759
Chaetoceros constrictus ~ <c 573
Chaetoceros debilis <w 286
Chaetoceros diadema 286 1,575 Total (cell 1 ) 31894 3160435898
Chaetoceros didymus <w 716
Chaetoceros lorenzianus ~ w 143 4,152 w: warm water region, <w is tended to have that personality.
Chaetoceros pseudocurvise w 429 6,442 c: cold water region.
Chaetoceros socialis 573 1,718 i: inshore or coastal region.
Chaetoceros tenuissimus  ib 949 380 380 b: brackish
Chaetoceros tortissimus 143 f: fresh water
Ditylum brightwellii 21 0: open water region.
Odontella aurita 107 blank: cosmopolitan or world wide, and unknown.
Thalassionema nitzschioides 3436 573 7874
Thalassiothrix spp. 18 18
Cymbella sp. 143
Navicula spp. 573 143 1,002
Pleurosigma / Gyrosigma sp. 18
Cylindrotheca closterium 143 1,432 1,288
Fragilariopsis spp. 1,002
Nitzschia spp. 143 143

Total (cell 1) 10400 6744 53292
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Data Reduction and Data Searching times Using Container Variables
Regarding Relations between News Documents and words used
in the Documents
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Abstract: Data reduction and its effect on the data searching time using container variables

were experimentally tested regarding the relations between news documents written in Japa-

nese and words used in the documents. The data size using container variables was reduced

approximately 43%. The searching time for documents using a word becomes much shorter

when data on main memory are used, whereas the searching time becomes much longer when

data from hard disk are used. These results show that the proposed data processing method is

useful for data from main memory, as using redis, which is one of the NOSQL databases and

records data on main memory.

Keywords: data reduction, container variable, data searching time, data on main memory
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Conventional method. Proposed method.

itemA itemB container itemA
1 1 1 1
1 2 1 2
1 3 1 3
1 4
1 5
2 1 container itemB
2 2 1 1
2 3 1 2
2 4 1 3
2 6 1 4
3 1
3 2 itemA itemB
3 3 1 5
3 4 2 6
3 7 3 7

Total 10 records.

Reduction rate 33.3%.

Fig. 1. Example of the data translation using the
proposed method.

Total 15 records.
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Preparation and Structure of Palladium(II) Complex
with N2S2-Amido Ligand
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Abstract: A sulfur-containing amide compound, which can coordinate to metal ions as an
N.So-ligand, was prepared by the reaction of 2-(methylthio)aniline and malonyl chloride. The
reaction of palladium(I) acetate with the N2S.-ligand afforded a palladium(II) N2S;-amido
complex, which was characterized by IR and '"H NMR spectra and X-ray analysis.

Keywords: palladium complex, N2Sz-amido ligand, X-ray analysis
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Report on the Public Lecture “Ginkgo Nuts and Humans”,
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Abstract: During the 26th Sobue Yellow Leaves Festival, the public lecture “Ginkgo nuts and
humans” was given in the Lifelong Learning Center in Inazawa, Aichi, Japan on November
23, 2023. Invited speakers gave speeches, entitled : “Coalition of a university with the neigh-
boring region and activities of student volunteers” and “Japanese Ginkgo researchers” .
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Organometallic Chemistry Based on Reaction Types
and Anecdote of Discoveries (12)
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Japan,
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Abstract: Organic compounds containing carbon-metal bonds are called organometallic com-
pounds. Such compounds have been known and studied since the 19th century and have been
widely used to effect synthetic transformation in modern organic chemistry. Many educational
benefits may result from the use of reaction types and discovery episodes for undergraduate
and graduate classes in organic and organometallic chemistry. Organometallic reactions were
categorized into several types of metathesis reaction, depending on the combination of o and
7 -bonds, such as 0-0 bond , o- 7 bond, and 7 -7 bond metathesis. Most early work in 7 -7
bond metathesis reactions was conducted using ill-defined multicomponent catalyst systems.
In 1971, Chauvin proposed the now widely accepted metal carbene mechanism, which was
described in a previous article in this series. Subsequently, in the early 1990s, Schrock and
Grubbs reported the well defined single component Mo- and Ru-carbene complex catalysts,
respectively. In this article, discoveries and the development of these Mo- and Ru-carbene cata-
lysts are outlined.

Keywords: - mbond metathesis, Schrock Mo-carbene catalyst, Grubbs Ru-carbene catalyst
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Abstract: It is important to encourage university students to study laboratory classes to

identify food plants with molecular biological techniques. The anthors of the present report,

created a video to teach genome DNA extraction from rice using the silica membrane column.

In this video, every experimental step was displayed on a large monitor behind the presenter

explaining these steps successively. Based on the responses of students who watched this

video, we consider that this teaching material can be used online for university students to

prepare for their laboratory classes.

Keywords: iPad, iMovie, genome DNA, video, silica membrane column
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