





Figure 4. X-ray diffraction (XRD) pattern of the Cu nanoparticle loaded carbon materials derived from (a) Quercus
powder and (b) coffee ground.
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Figure 5. X-ray photoelectron spectroscopy (XPS) spectra of the Cu nanoparticle loaded carbon materials derived from
(a) Quercus powder and (b) coffee ground and associated deconvolution in the Cu 2p regions.
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Figure 6. (a) Thermalgravimetric (TG) and (b) Differential thermalgravimetric (DTG) curves for Quercus powder and
coffee ground at a heating rate of 10 C /min.
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Figure 7. (a) Polarization curves of the CO,RR on the copper-loaded carbon electrodes derived from the lumber of
Fraxinus Americana at a scan rate of 5 mV/sec. Column plots of the yield for (b) gaseous and (c) liquid products by the
CO,RR on the copper-loaded carbon electrodes derived from the lumber of Fraxinus Americana.
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Visualization of mRNA encoding glucoamylase via MS2 system in

Aspergillus oryvzae
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Abstract

The regulation of subcellular localization of mRNA is one of the fundamental mechanisms underlying cellular biological
activity. The multinuclear and multicellular filamentous fungus Aspergillus oryzae secretes to produce a large amount of
useful enzymes, but little is known about how a secretory glucoamylase is spatiotemporally and intracellularly regulated. In
this study, the MS2 system was used to visualize glucoamylase-encoding glad mRNA in living 4. oryzae cells, revealing

that glad mRNA exhibits dynamic intracellular behavior.
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Figure 1. TCS SP8 Confocal Laser Scanning Microscope
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Figure 2. MS2 System
A 36 X MBS sequence was introduced downstream of gla4 and the NLS-MCP-2XxEGFP vector was further expressed.
glad mRNA is visualized in the cytoplasm by the fusion of 2XEGFP to MCP, which binds specifically to the 36 X MBS
sequence introduced downstream of glad mRNA. Note that NLS was added to the N-terminus of the MCP-2XxEGFP in
order to reduce cytoplasmic background fluorescence when gla4 mRNA is not expressed.
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\ ¥
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Figure 3. Microscopy of the gla4-MS2 Strain Cultured Figure 4. Microscopy of the gla4-MS2 Strain Cultured
with Glucose with Maltose
In the glucose-containing culture, gla4 mRNA was not expressed, Maltose-containing culture resulted in the expression
so no fluorescence was seen in the cytoplasm. The visible of glaA mRNA and numerous dot-like structures in the
fluorescence was due to NLS-MCP-2xEGFP localized in nuclei. cytoplasm.
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AT L 72k % Table 1 127”76

Table 1. Statistics of glaA mRNA Dynamics

Number of Spots 1,570
Track Length (um) 3.99+0.108
Track Displacement Length (um) 0.499 £0.009
Track Duration (s) 3.59+0.09
Mean Speed (um/s) 1.63£0.02

n = 3 hyphae
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Figure 5. Dynamics of glad mRNA
The glad mRNA dynamics were observed over a period of about 20 sec. Tracking images are shown approximately
every 5 sec. Note that the glad mRNA trajectories are reminiscent of the microtubule and/or ER-like structures.

4. BE

REFZEIC LD, EHWICBUTD20WEY YV EO 7 VAT I T —E¥THb glad ® mRNA % EMILHENT§ %
FHEDPREE SN2 LIATOAALFEI R ENTRE R S HHE ST W2 L 9 12, glad mRNA (X 77V 0 — AR Tl
FEHET, VIV = AFRIZBWTHERT 5 2 LA A SOk o7 gladida -7 I 7 —F
(amyA/B/C) BEXWa -7 NVvay ¥ —¥ (agdd) & & HICHEEHTTHS AmyR IZL > THIFHIS LT 5 20 F
7oy OV b= ZUGHBEAICI) sAF 2B A VY RIV b= RAZEHE NS 2 LT AmyR 2 EHALT S Z L AUR
BEINTVD, 29 L7727 37— BRI T S ELFIIIH S NI SN Tw 5, SREEAL
72 mRNA T HAERIC & o TOMlaAEY 7RIS b REZER B 2 T DS BRI 70 o 72 SIS B IS BT 5 7 I 7 —
VREEIED, VWD - L2 T EOL ) ICEEHB SN TO 2000522 SN Tn L S D IfF S b,

HHEIZ Va7 I 7 —E#lfaT L LTglad & glaB %4 L. glaB \ZFEBEOFEREE OBV 515 [EE
Brag RO B2 I 728538 BRI J B A 2 I T B Y, 4% glaB-MS2 ¥k 2 1R 5 2 & T
R 2R IR 7 glaB FEHINEIZ OV C O MW R BT RECH b0 T 72, SIIENT L 72 GlaA O &
) BGTUWE YR ETIE R L MIRE Y 282 B LT mRNA THLR A EAT A Z & T, mRNA 4 F
DIFENZ & B FEZERIY 2 BRI O 21795 2 & 23T & %,

SIS 2212 L7z glad mRNA D5 A F 3 7 ADMUO530bI#FR % 3 — F 9% mRNA CHlBE & /37 HIZh
RONLPIZOWTITIRE N, SHICEHEER 2 L L L C.mRNA BIEOA I EZRL BIREO A #E & B L T,
E D mRNA 75 FDEBRIZHRZ 2T TW 200w ) Y 5, T EIEFERTHALR & LT SunTag &
AT BHPEI ISV TEA SN TWS Y, 20 SunTag ¥ AT A % glad mRNA EITRIZHEA L, 512



/MEAE S I TTHET 2 2 L 12Xk o T, HHAEAIRO WD & 2T glad D5 S NFIRE N TV 2 9% B
EMNITHIENTELTHA ),

FHA I RS SH CHOO N TELMENTH Y, Va7 IT—Bl o AHBELE SRS
WHEERET B Y, SOX ) KBRS Ly B E A S THEEO—iA. mRNA OTHALITZED 54
BELICHLNI R > TV 2 RSN,

S

AEFgeix. B Emiha G (B) @ EH 5 22H02245) 7% & ONZEISZHFZE B 56 AR H Al
PRELEERE (JST) KRR EFERBTZE 7 0 7 F & GREE S JPMISP2136) OB %2501 CHEE L £ L7z,
PANPXP-Cre N7 ¥ — % 433 L T\ 72 72\ 72 UL KA R BT S W ZE R 2R 1 7 S Bl BB B B S8 I A= 1) 5
25 B O R HAZ AL L B E 3 F72 B L — - 2 % v U BEE TCS SP8 DFIHIZH 721 |
A FE e BB R v ¥ — OBIINEKRRICE R SH 2B ) £ L2 2 SR CEFLB L RIFE 3,

23 Wk

1) Das S, Vera M, Gandin V, Singer RH, Tutucci E. (2021) Intracellular mRNA transport and localized translation.
Nat Rev Mol Cell Biol. 22:483-504.

2) Higuchi Y. (2021) Membrane traffic in Aspergillus oryzae and related filamentous fungi. J Fungi. 7:534.

3) Higuchi Y. (2021) Membrane traffic related to endosome dynamics and protein secretion in filamentous fungi.
Biosci Biotechnol Biochem. 85:1038-1045.

4) Kitamoto K. (2015) Cell biology of the Koji mold Aspergillus oryzae. Biosci Biotechnol Biochem. 79:863-869.

5) Tutucci E, Vera M, Biswas J, Garcia J, Parker R, Singer RH. (2018) An improved MS2 system for accurate
reporting of the mRNA life cycle. Nat Methods. 15:81-89.

6) Zhang S, Ban A, Ebara N, Mizutani O, Tanaka M, Shintani T, Gomi K. (2017) Self-excising Cre/mutant /ox marker
recycling system for multiple gene integrations and consecutive gene deletions in Aspergillus oryzae. J Biosci
Bioeng. 123:403-411.

7) Hata Y, Tsuchiya K, Kitamoto K, Gomi K, Kumagai C, Tamura G, Hara S. (1991) Nucleotide sequence and
expression of the glucoamylase-encoding gene (glad) from Aspergillus oryzae. Gene. 108:145-150.

8) Hata Y, Kitamoto K, Gomi K, Kumagai C, Tamura G. (1992) Functional elements of the promoter region of the
Aspergillus oryzae glad gene encoding glucoamylase. Curr Genet. 22:85-91.

9) Kuratsu M, Taura A, Shoji JY, Kikuchi S, Arioka M, Kitamoto K. (2007) Systematic analysis of SNARE
localization in the filamentous fungus Aspergillus oryzae. Fungal Genet Biol. 44:1310-1323.

10) Egan MJ, McClintock MA, Reck-Peterson SL. (2012) Microtubule-based transport in filamentous fungi. Curr Opin
Microbiol. 15:637-645.

11) Zhou L, Evangelinos M, Wernet V, Eckert AF, Ishitsuka Y, Fischer R, Nienhaus GU, Takeshita N. (2018)
Superresolution and pulse-chase imaging reveal the role of vesicle transport in polar growth of fungal cells. Sci
Adv. 4:¢1701798.

12) Gomi K. (2019) Regulatory mechanisms for amylolytic gene expression in the koji mold Aspergillus oryzae. Biosci
Biotechnol Biochem. 83:1385-1401.

13) Hata Y, Ishida H, Ichikawa E, Kawato A, Suginami K, Imayasu S. (1998) Nucleotide sequence of an alternative
glucoamylase-encoding gene (g/aB) expressed in solid-state culture of Aspergillus oryzae. Gene. 207:127-134.

14) Yan X, Hoek TA, Vale RD, Tanenbaum ME. (2016) Dynamics of translation of single mRNA molecules in vivo.
Cell. 165:976-89.

15) Higuchi Y, Kitamoto K. (2021) Traditional and latest researches on Aspergillus oryzae and related Koji molds. J
Fungi. 7:1075.



Mg T I A=W T 2 N F-ERICBIT 52 L7 at 2ol
e 22, H Ef#EK. Zhang Kaiwen. ST
JUN R AR e LA ge e

Control of Nitridation Process in Induction Thermal Plasma

for Functional Nanoparticles Synthesis
Manabu Tanaka, Yuta Tanoue, Kaiwen Zhang, Takayuki Watanabe

Faculty of Engineering, Kyushu University

Abstract

Transition metal nitride nanoparticles were successfully synthesized by thermal plasma method at high-throughputs.
Comparative study of metal nitridation processes by N, molecule, N or NH, radical were conducted experimentally and
thermodynamically. Obtained results revealed that the injection of NH, as counter flow into thermal plasma region had
important role on nanoparticle formation of metal nitride at high purity. Refractory metal nitrides such as TaN, NbN, and
ZrN, were synthesized at NH, injection conditions. These remarks exhibit that thermal plasma processes is a promising

route to achieve mass production of functional metal nitride nanomaterials in industrial fields.
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EDORISFHAEROED M EORRE AT 5720, Hha RICHGE~NO RS SN T D, FRZET
FAREHVLEE L TOLy v v 7 LTH I RTFERD D5, 8T T AL 5 /R FERud, B—1
FECHEEMEAG S > K F A E TR ERT 2805 -/ R RKRERET O ATHL I b, EERD
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Figure 1. Schematic illustration of nitride nanomaterial synthesis system with induction thermal plasmas.
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Figure 2. XRD spectrum charts of as-synthesized nanoparticles in Ta-N system under different nitridation processes; (A)

N radical dominant, (B) N, molecule dominant, and (C) NH, radical dominant.
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Figure 3. Relative XRD integrated intensity of as-synthesized nanoparticles in Ta-N system under different nitridation

processes; (A) N radical dominant, (B) N, molecule dominant, and (C) NH, radical dominant.
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Figure 4. EDS Elemental mapping of as-synthesized nanoparticles for condition (A) with N radical nitridation.
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Figure 5. XRD spectrum charts of as-synthesized nanoparticles in Nb-N system under different nitridation processes; (A)
N radical dominant, (B) N, molecule dominant, and (C) NH, radical dominant.
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Figure 6. Relative XRD integrated intensity of as-synthesized nanoparticles in Nb-N system under different nitridation
processes; (A) N radical dominant, (B) N, molecule dominant, and (C) NH, radical dominant.



4. BE

SR T R T O % M5 5 729012, Girshick 5 25208 L 723 — A E R " 2 wvwb 2 &
T, BAEREREZEH L7z, Ta-N RIZDOWTIE, Figure 7 12779 X 9 12, BRI Ta BKIZ 7T X~ b —F 12
s, 779 ATOERMTELT S0 TOH. Tad 3586 KIZBWTEBARK L, Z1Ule b B, BoH
PHIZd B Ta BRDEHET Ho TNELATLTNIFIZ L ) BILUSHIHRR S B, B, 2O NED N ERNT
HBICEoTEDLY, B LT 7 RTFISEEL NI, 79 XATERAT AL LTN, ¥ RAZHEIMN L 7254-Tld,
NIVHANVBION, BFHREEE2RI T 7TV FHAELTN, HAZRML 254 TIE N, 07728
ELUSEHRE T, 7LV FH AL LTNH, HAZRIMUL7Z5EMETIE, NHZ PV BXUINH, 7 VW&
IS ZHR T COEETaENTVAIVNE T VHNVBIONH, 7V HIVORISIZ L 58165 >~ % )V (TaN,
Ta,N) OAERA GIZETH Y &1Ly ¥ ¥ VOARBOMEEFEMIZHEIT L, 81y > ¥V I RTF2HERT 5.
LT, Tad N, T TORIBC L A8/L5 %)V (TaN, TayN) OAEKA GlEEH S D 0kl/mol TETH Y . &2
b7 v VOEROSMIET LIZS WS EnS, J 2V FHALE L TN, TAZRIML725E1E, NH, T A %
WML 7235 a L i L ¢, &by v 2 VOB E S o7t £ A 5N 5,

Z O, NbN &, ZeNRIZBWTHFEFROBERDSH LN T WL I eh b, 2T F7 A~ x w8t/
KA OREEEIZBVT, NH; HERO NH, 7 77 )VOTEHD RO THERITH 5 Z LA 5115,

High (a) N, sheath gas (b) N, quench gas (c) NH; quench gas
(“ WE @ @1

N radical/N, l l NH/NH, l

.QC‘ .0.... radical .‘..q
e %g ? Qe o ® %9 o
° %e °* 00 ® °e 9
- 9, o o e , P

» Ta vapor Ta vapor Ta vapor

¢ ! ! !

‘ 3586 K ° 3586 K 3586 K °

g_ Ta nucleation o Ta nucleation K"} Ta nucleation 'Y

g Ta vapor

- . l P N, Ta vapor NiAH, l

N radical/N, / radical T Ta vapor

Q-°

/ .
Ta nuclei l Ta nuclei l Ta nuclei l

Tantalum nitrides
Tantalum nitrides nanoparticle Tantalum nitrides

nanoparticle nanoparticle
Tantalum

Low nanoparticle

S
o @ : ° . /
Q L)

Figure 7. Formation mechanism of Ta-N system; (a) N, sheath gas, (b) N, quench gas, and (c) NH; quench gas.
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