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Development of a stable growth factor suitable for radioprotection
— Drug development-aimed R&D at a basic research institute —

Toru IMAMURA

We have developed a stable growth factor protein that is a promising candidate for a radioprotective drug suitable for treating biological
damage caused by high-dose radiation. This stable growth factor, designated FGFC (fibroblast growth factor chimeric protein),
demonstrates several advantages over existing drugs. Once approved, it can be stockpiled for radioprotection. We aim to develop this

protein into a drug at the highest possible level achievable at a basic research institute.

Keywords : Radioprotection, radiation-induced damage, fibroblast growth factor, FGF, stable, crypt, survival
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IR Y V80 E) BB T3\ G-CSF (Granulocyte
Colony Stimulating Factor) 232 #i2472%, G-CSF 1%
MEGRMNE, §Z2bbRIMER. ViR, vru77—Y
SFILHERR ) > 7 S oD v -C ) < it e o0 B Bl 73 AL L2 oD A
<TG Td bo FRITHRIER & W) i 15l %
RFZEDMOENT VD, SRR O FHAERRLZ Y
HILEHEZR>TWS, 61T, MERR - i RMllaz
B & $ 57 F V5T CTd % Thrombopoietin (TPO)
receptor agonist, Erythropoietin (EPO). Interleukin

(IL) -3+ IL-7. IL-11 A3 Rl sl & LT o B FE e il
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LLTEZLN TS,

LA L. FRCEREREMIC L) EELRELZITTE
PE TR DB 2 B TR 2R T2 TR LM TH
B BRI R A, AP B M, BRI, A
Hile 2 ORI W R RE S ER R & 1T K &L
Bz, LROY7FIVGTRMEHLRV. Zhbo
IR 2 B B 00 & Bl 3 C & B 5 F- SRR T RE T2
LI KRELRMETHY, FOX)REEEL OV
TORBEPEBETHDH, bHAA. INLHMHEOMASLD
B X BB R R DI E D T F ) FHTE S,

5 YFUFDORIEL —-YIFIVDFFGFDER—
FGF1DRBIREFRREMDFRIRE LS EFE

FBRO X BIRDUCH T, A, OB EHE
WZHED BIPER & LCOEN B R O IR E o FE il
JZ ZDRRM SNz [%) 72V IV ] A T aRRR
RN R A O E DG SN,

FIXZOERERM, AP REITIESTHBEI T2 K
AHE AT E 72 ML B 5l K F- : Fibroblast Growth Factor

(FGF) 773)—®—H7 572, FGF7 (KGF) &\w9) 45
T TdHbH, FGF 7731 —13 FGF1 %5 FGF23 £ T, 22
MEOBET /57BN ENL773)—Th
0. ZFNZNO5GTIAEE D AW IO T b E.
HEMGEM AR TS, T2 CTHAIE, FGF 773 =121
BB R E LCOBWERT Y XYV b 2720
ZLC. FGF Offitk % FIH LT, AR B & % 7 Bh-
BT 5720 DA RS A Z R T5 2 L
ZHETAIERIEZ LS L. SCRRH A B DR TR
WFZEHIEE RN ST A FE L 72,

FL®IZ, FGF 773U —¢ LTRIRICHELET S 22 Fl

1
0.95
0.8
0.85
0.8
0.75
0.7
0.65
0.6
0.55
05

U7 MEfaDERR
(GEERSY - EIERIBKIRSEE & DH)

Saline  FGF1 FGF7 FGF10

8 Gy

X3 #EFGFZHSHE g micfy- Lzt &0,
WXL 250 B DBE 7)) 7 MR EFER DL,
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BO5 T O SIS B S 2 MR T & 5 W 12D
WG, ENLOTENZEBREY <~ v A% TR L7,
BHRRBE E D RATIEA & LT ERZ BT HEREETDH
BN 707 s OMINBREE 2 EIRL, ThairEe LT
SRR G MR B L 722 2 A, FGF7 % FGE7 \2i 1
AHEPLL TV 2 FGF10 12 R T, FGF1 A5 1 5w g
MBI R AR T LS LR o7z (K 3) M,

L2l FGFLIZIZZNZERMELTHEATRIIH
VSIS 5720 I KR FGFLIZWHAL A1
HAEWEE ELARRETHILIETH I, TITRENL
FGF (FGF1) ZB%3 52Ny X EFrapEe L
TENPOLED 572,

6 RE(LFGFEEDYFUX ZD1—PG-FGF1D
MR ETTEMD I DRE

Fald, SESFRAWTHEOE A S FGF1 ORI
AL TEA, IS EORE RIEIZZ ORI
HDHEVIRHIITE-ST W2y TITERAIIZFSELRT T
U—FI2X->T FGF1 OZE (b2 M o7z TDHE—DKR
ELCOGFREDFHA MR IE DS W TR L AERLL 72
PG-FGF1 T %,

PG-FGF1 O4F Ol % JH§ 57201213, 3 FGF
DFEMFHDORA N = AL %2 FHIL =TI % LR, FGF
(IAE RO I FE LTV A FGF Z &R0y B
A HEE L. ZHERORELENETEEI LT FGF
ZRROMBEN AL AT EHF Y v FF—ELln)
B HR AL T 5 ZDBIC, FGF 4 FREZ Ak & Dol
A5 A L i RO AL 272012, MK 210 C 4% 81
DIERDLLEH D (K 4)o

CORESIE, BRERILZ ) aFI YA e ) BEE S

NINS UBREE
FGF
AU NINS VREE
FGF 1 ROAF VHR
FGF
Btk TAFETUNY

PG-FGF-1 (IS

X4 B FFGFOM I IIANRT VR E ) 2%
327 A RO EN B TH %o PG-FGFLIZFGF1& A
NG U E —RMEL 25 T Th %o

—145 —

HICEL, ZOHRTHIICANST UREEEE VI 45 T RS
FTho TITHTHEEITLOE, RESHEHKIIELTD
WAL EI 7 ikl BV TdSE s T2 uE L
WRREBTH S, ~NNT RS OB SHZ LA A L7
ARy vy BT T F 7)Y (PG) IS, A5
CHEEERESHAY FGE EfEA 352 LI2E) FGF O LI
YD RELDHEE DT LD, S OREGO B 2 1 B
D—DOThHbLEMHGIND, £ZTHAE, FGFL ¥ %
7B OREE LG AL A RE LT 57012, a5+
DNEEN BT LR, o8B ENIST AR % A
BT EEHIEEZT, TLT AT T47Y
17 & FGF1 #—2 045 L UTEY g2 LICHAR-THID
THIL. Th#%PG-FGF1 &é% L7z, PG-FGF1 1.
RRERWEOMIZ, SIEOBRBETCIVEELIE TS %
& EEELUTHEWN AR 2RO Z AR an: (K5)
EHIO SRR A & LT S5 T O I PRI TH
LEEZLND,

L2 L. PG-FGFL ZBU# B iR & LCTRM T 570
WIS RERES D o720 ZNHITKRHILTHESE
Wz Zo7EHE KR FOPE L LR LOFMIHETH
%o INHOMREIIBEEHE (VDY LHEHEEDR)
DHFEHE D) T 2 AT RETH D T ORI R
PUSIZF 2RI ETH D, EZTIOMIETIE
TFUF2LLT ABEIHE) RBIREENL) D
FGFC @RI L L LTze ZOREOFEMIIOWTIZND
R RTEIELELT ZOWMI,LHITERKT S,

FBATBYSTREY FUA 2L, KBRT&
FECTEDLHMY VI BHTHD7-0IHifEH & LTOR
AL WM TEBTEL LW SN b &R EL FGF

(FGFC : LAFIZRLaR) A LM E LT, TR bi il % B
BEHIEE LT RIEMEIZZDFGFC IZDW Tk %,
% B %13, PG-FGF1 & FGFC 3§ b I AfE» FGF
BEHE A TG RRB A & LRI L7 6K D bR TW 5
EEZEZTWD, RICHBEPEH LS E12E, 2O
BEFH DS PG-FGF1 ALV AR S WL T
b0 ZDXIHRFEZITIH-T, BAED FGF E3E4 V72K
BB, A % 45 1 R & L7z & &, FGFC %45 2 fit4L,
PG-FGF1 % 3 AR EALiEDIF T2 (X 6),

7 TE(EFGFEEDYFUA ZD2—-FGFCORHE
EZ D%
7.1 FGFCO8

5 BTz L9112 PG-FGF1 3R AR HI R HED W T
mbkRE L FGF oE AR Z HIWE LT 7 7 a—F
TR ENZzDITH L, FGFC R EL LD L VRITFED
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YL LTH LN -EEEILS FCTh b, FGFC &Ik
FGF chimera & LCT#E® FGF %/t » NEALTHFX51L
L KIBHZFIH LCTEREL AN TN V0 ETh b,
FALICIZEBOMAEDEDRH STz, ZZTRET
FGFC &\ iR % £ HO 5 T OB E LTIV 5,
FGFC O I AREE DAL 1988 412l 5, 2D A
(& FGF OE# L LTOFHMMHEDOFGILE T > TH 5T,
BB #EH E LCORAIE T 572 EB STV ad o

720 FAlX FGF1 % 38 i L 72K E @ Maciag L O W78 =
THERHEMEHE LT FAEYFIM LRI T2 LI
Teolze TDONKE, FGF 1X FGF1 & FGF2 @ 1 YA
LA EINIZERN Y 725720 FIFEARENTIFoT W
W98 C FGF1 & FGF2 OB ICHBPMEE ER B H L L
RO TW20T, KETIE FGF1 & FGF2 oW E®
ML D 5 TREE RO PICT ARSI A, £
LTRIE, BRIVt F ey b ory 7)) 07

60 - PG-FGF1 kDa 1 2
50 T 974 —
o~
5 40 +
4 2 450 —
0 x
41>_,§E[ g 30 +
<2 30.1 —
g 20 +
[
10 + -O- RNIE
-~ EF)URIERUIE
0« ! , , ,
0 0.01 1 10 100
EE (ng/ml as FGF1)
60 T FGF1 kDa 1 2
@% 1 45.0—
50 + '
o _
ﬁ 2 a0 4 30.1
%; M5 PG-FGF1id i P55 < 1 Pk
as 18.0— WG D (L) o SHIIFESHATE
<7 ' S R LCFGFLGTEBIC< 72 &
o< Zz26N0% (L4i) o RIRMOFGFLIE
P OBRETHML (F4H)
o AuE P oTLES (F) -
—— EFURERLE (Yoneda et al. Nature Biotechnology

0 0.01 1 10 100
2E (ng/ml as FGF1)

DSREE DFRFE ﬁxJJ IﬁﬁE_L (u’é”,\‘ﬂ @m}i‘k

E%uu@ﬁﬁ%ﬁxﬁé

Eu
BE
T
S
o
i)
Y
ML
i
: o
e
BRSNS i ;z@tﬁ@_u: R 5

(2000) D7 —% % — kK

% 3t
FGF %

P ot
| FOFER

D
: FOF E3

K6 FGFi&TEz AN LA MBI EA L LTD
P%EIC BT 5. PG-FGF1&FGFCOLEDT,
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FIZEYZHO FGFC DA T#E T (cDNA) ZHEZL .,
NI LTRIRLTZ D ¥ 287 B W) iG YR AT %
115720 WIZED & ETIEUR O BT Lol R %
EHRBEOREFIES L COMBEE L2 &9 <G
WA D240 FGFC O fn T O HEE L 72,
7.2 FGFCOXKE&EFRDMEIL

FGFC 75, ZOFEHAM LN 2 LB LTHLEBRS
T PG-FGF1 X0 b AN, Sh Ay o7 Y
THOTRBWEFHLCESIIRRAETELILTH
%o FEMEA DS BUEIIFE RSB FGFC ¥ »/%2
BOHEREIZIE, pET-3¢c LW T FTAIFRY Y —& T7 /87
TUAT 7=V O AL 2 KBREHTwE, &
DN ZEHEARICDIE KBRS R LHw
IRERT, BUETIIHAMICE R LTS5, FAEIo
R RIS L ZE B AN 2 S 150 THINCHR L o

RMZZF DL THHR I EDEETH -7, Th
ICEoT ZNFTOMAMIEZ & V7 BRI A
THHE~BEGLORBOMARR 7 230G 2 EERER
TS LR VBN ORISR 72 ZD720,
ZH0 FGFC # Kl AL, ZhZh otk wikic
Mo TS ERMHZTHI LD REE o7z T2
73 ZERMESIIERMDSRICFGFCOERMDERR
X X F RN VTSRO FGEC 124§ 506
BV RN 352 8T BN EE R AW IEEEZ R T
BHEZ BINT LN TE ZOHTH, WOHhD
GFAIOWTIE, A R TICEWIEEEZ RO 2
LML, TS 05T OfE#ED 4 H FGFC & IR
W2 O R o 72552 b FGF OIEARL 25T,
FGF % MlifaAs& i TRk 35 B3, Fud v F 4 —
CRIZZRAR L) MBI EGE 7 87 B0 S- Ly 2Rk

3 — 3 : 3 :
' Rlc | | R1b R2b
2 (8 2 5 ﬁ“#
, iy
1 11 3 . : >
| p ‘/A—'A
-8 =
Oe&ED— O&Ew— Oﬁ”‘ Nl .
(0) -10-9 -8 -7 -6 -5 (0) -10-9 -8 -7 -6 -5 (0) -10-9 -8 -7 -6 -5
3 7 REC ‘ } T 7 3 7 REb log, ,[FGF(g/ml)]
//’L’\:‘,nm’g“r}wﬂ’l,
~ 2] 2 O~ FGF1
il o j Y
R ¥ - A - FGF2
= 1
€
c
Q0¥ +——————— 9 S
O @© -10-9-8-7-6-5 (0 -10-9 -8 -7 -6 -5
<t
~— 3 . . . . . 3 . .
& R3c | ' R3b
o
% 2 . Br-m- P 2
& ;
Bl
1 11
0 " 0 T
(0 -10-9-8-7-6-5 (0 -10-9 -8 -7 -6 -5
3 T log, [FGF(g/ml)]
' R4 ]
2 L
—@— FGFC X7 FGFClt. &MOFGF3%
Zz wa | O FGFI AL %o DA TR AR
by ENTVBFGF2IR2bZ K
Qe—————— 12535 16 A kD TV,
© -10-9-8-7-6-5 (Motomura et al. BBA (2008)

log, ,[FGF(g/mi)]
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DMBHVEL 53 AHS FGF 451 % FERIGICERH% - 6550 ¥
L. ZHRAEOMBANISICNEINEZTFBY Y FF—F

EVIHBEEDTEAL T 5. TOXIILT, FryrFF—
Y FGF Z 2 AR5 ® FGF OFEAE & N D > 7
%)bkt’ﬁm%@“éo ZZC. FGF Oz FL VT
FEICRR 572012, CNOZAEREZAEICHRIETE
5Z kﬁ‘Z%Ta’béo FuT v ¥ F—¥M FGF %24 4l
P LTA BHOBETPHFEL. IS0 TIX
7 MOEE R FGF /5Ky VX0 Bk a— 55, €2
T BADZHEMRICE DY T FIRER BT 2720 DM
JAR—ADAZ) == 7 a1 TOFEBREH
WO RVEZ T L7 R, BdR&Z LIS, R
B FGFC 13, FGF1 &FBRICE 721380 7 3 XTD
FGF 2858 o3 B2 L ) 2EE 2 AL TWA T
ENGrIrotze UL, MOKRIKE FGF IZIdEWEE T
BHo (7)1,

—7Jiv AR FGFC OAMIEMEIZ, ~/ %) g0k
o TRESELAENDZEDN RV EVHI B IZBWT
FGF2 LM TH 70 KIZ. FGF OiftEEFHE 5720
(Z B8 R O ZRICHEE DLREMEZ BRI Ko T
Tz T5 L TARTGMT TOHEAR FGFC ORI
FGF1LIZHART5 FEIFEEW I EAHL7ze ShS Rk
W o, AR FGFC 28 FGF1 L bt md, &
T LTENRTEZ o TW A 2 AR R SN2,
74 EREREZEREATCFGFCOIEBEDEEL

HARR FGFC 234 BV DI AW 6 M 2 F50 RICREE
ThoHI bR, EEMBICELLRGFTHLIED
WO o70 2T T ROS SR T L% A
720 $hbb, HE%%)J PR 72 FGFC 4 7 HE Cld 4150
HM M EIR D72 DIBRTE R D o728 PAOFLE %
wMETHI L, &//\7% AT N RN | A )
CLOTOFHBELT MO #LE K572, éu
WO FIIE FAT DB OO R EHEMERT 5720

FGFR1cRBH#HD D2 KXV &
HEFAT D EMESND 7S /EFEE

Bl B2 B3

FGF1

p7 p8 po

M8 FGFCOH—kHEE

FGFUZHIKR T AHLH L FGF2IZHIK T ARSI 5725

Synthesiology Vol.7 No.3 (2014)

FGF1

AR FICHIREE R ORI 2 EALTED, —Ho7T3
I BEDBIRASATRE L 7 5T W27z b b ADOPFED I
BEFoOTW, oL, BIEEOGF LM TIELVE
T IV BEG Z %G CT& %, 22T 7ML TD
FGFC O — &% N—2 & LT, FGF1 %7213 FGF2 L\
NOTIVBETIS—EEENEVEICTTERE, %Ei&
FED DT HRAER L Tz0 ZOWT, 7B REERIC
BRI LT, mOMEATE W1 2@ IR 720 Thas
HAED FGFC TH b, ZDIHILT EHEMEz HE2
THFHEE 2 B b L 72 FGFC Z & L7z (X 8) Bl
DL TR YEEZ D55 T% FGFC L5,

M. 2O FGFC ORFINERICIE, JTERE MIAFETS 2
WD B X AT H72DIC N TIISEA LT
I, ZD720, B ML L2 A& o PR
/R TH S EEWFFTE L2 EBEOPURMERABIT
EArbhTni v, ZORBIIZEERBEO—HHE LT
THZkEib,

8 METHRBIERIREE UTOFGFCOAEIFOTREN
8.1 BRERZEDE (FRRS(ICLDFH)

ERE OB L A GO O ELRIENE LT,
TR e b s e o (2707 1) OFEBITHED By
BREOEENDITONL, RELLIE, oML
Z 7 CHAELTHINBOBBAH 2L 2 5 2 L ThE X
OB EEEZ RO TVDEDNETH D, RIBEDLIHIC, K
SR FGF O CTiied BURHR B R R DR b D1d FGFL
THh o720 2T, FGF1 & FGFC OBl # G P2 ik L
720 EBRENW~ T AN T DO FGF #IEHENTES L.

K212 10 Gy o F > <#iig 217, 3.5 HiRIZZY
7%@%1%’@%(%%&11,10 ZOEF, FGFC 58T
\Z FGF1 # 58 X0 b HE RIS Wl Z /R L7z, 45k,
MHBG Lo BEELY B IE 0L 0 572, LIz
Ao R B B OB IS BT FGFC &

FGFR1c Z&{A#®D D3 RX1 &
HEFRT 2 EHESND 7S /BEE

p4 S p6

FGF2

B10
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FGF1 L) bENT VB I EAVRENT (K9 /) 1,

ZFNZTTIE %V FGE1 DYWL HEIZIZA ) Y ff
A% WIHETHIEBLY FGF1 04 TS~ D
AT CTRENTHI DS, L FGFL &~ v %
MR CI 5T 5V ) T ahavzFH LWz, LaLl,
ORI T 05 LB E ST LR 3 VIR IS
GToTWAEAETIE, MEEMEHELTLEI AN ¥
ORBELRIFF LBV 22T A Y EGHLZN
ZARIC BTGB S 2 5 L 72 Z OREH. FGFC
EASY) COIELAE T TH IR BRRRES I M % 584 5%
ZEAuRENZ (K9 4) M,
8.2 BERZDE (BERIR5ICKLDEER)

A OB T B BRI O I H 725 TS
BAZ A E T L E o 2R ISP A 2 95 (FHRG) ¢
EHMEVLNEEZBNL, LL. FOXH) RV T

KR % ST 2 AW A R AN L A L0
HIRTH 5,

FK4lx, FGFC 0HithxG o®)F 2 8 R E OB ER)
ROMH SN L720 10 Gy &) ENZ B BRISH IS
% 24 WERREM#IC FGFC Zix5-L. &2 7 Milllao
BRI L A, LML ERTI L
ARENTz, TOZEIE, BURIC K-> TREL 2T 728
B0, AEEESTb T2 s LTE0R
Jili% FGFC AMEMET 5 Z 2R LT WA (1K 10) ™,
8.3 {EAFSEDRHE (FHIRSHBLUERIES)

B R RO BIE I RCE OB A1k o sEE D
725F, FT T, b IR HURRE I T O R Al 3L
BEAEOWHITH L LB EZON L, a3, BIXH
I2 FGFC # Hh#e 5- L 7= B2, EAREICES E TOESF
WIEPAERICIERE SN S L W) #ER 21572 (K1),

1.0+ Kkk 0.8+
*kk Fkk
= =S RS
2 =
ya 7 04
N N
a a
N D o2
0- M9 FGFCEBIFL WG TS
2o 2o YBEOREMEEIERT S,
TOO TOO CONTEZIR VR EFEPHCFGF1 &
® s DB, ZDEIEANY ¥ F IR
+heparin -heparin = 5-LA&WVWEEIC, LDEEFICR S,
100G (Nakayama et al. IJORBP (2010) ®
y F— 3 %)
0 Gy 10 Gy
saline saline FGF1 FGFC
24
o7
ﬂ'_?
i RI10  BEIEL D24MER BICFGFC
2] P95 L A L iR
B 4g D 5% AE M 23 B4R S & R
g( Fo B LB R HERR 35 T
¥ DOYWMEZRLTEY . MB LR
ﬁ B DR FE IR L i R A
) AT 5. SO TIZ. BHH
g A i ta s h 2 %
75 1TV 5720, 5l %io}'lﬁé
LXMW LTV B I E2RT
(Nakayama et al. IJORBP (2010)
DF— 7 % — ik
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SHIT, BT FGFC 2 i G- L7232 h ., A7
WM O RS HADH D Z LR SNz EBIIE. 5
MR IZ DR E B OBARE L LT3, HHOR SR
Bis Al O CTlE . BEOMKEMAGHETIT ),
L7255 T FGFCIZ &% Lt Eaxh Rz, FGFC L
SO B R R /5 BRAS L OMAG DL
SHICRELLDEMFTE S, L7225 T ZNHOMA
b DI ERH RO S5 % O FE 5 FEARE T
H5bo
8.4 MAHRIEEREDAN=X L (FHiRS)

ZNTiE, FGFC OB ERRIE, EDXH %R AN
SALTHRIEENDLDEA I e — A, EYF B
B # OVER D55 T-A H = A M s hCcnie
Vo F413FE 9 FGFC 2B E s 5 Lz &
BRI B 7Y T MO TR =32 (Fur 7

FGFC

] BZ B
/saline il

EFEYDAE
IN

0 5 10 15 20
RRETROHAE (B)

3+ &K 5+
=
iR o4
go29 B
# M3+
B L L5
dT:\\1< K227
AN RO
2~ IR
3H
o
o4 LA
EE R =
T ® OO T
) [} L. LL ﬂ
OGy 120Gy 0 Gy
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saline

LHHBLTE) HIED K9 i A ZF BN OWTIRIT L 720
ZORR, TRV RAOMBRE IR T O ORI A ATz
£Zh, FGFC OFHi#5-#ETT R M= AHPHI ST
WHIEERRMLA (1K12) ",
8.5 MHHRIEEREDAN-X L (BEIES)
ZNTIE HEHRBIEL DEIC FGFC 28 5- L7 % &
ORI, EDOXINTRIEINLD2H9 D i
WCHIZL T RUSHIBI LI R o T LT v, 2R IZAE
ANHERITTCTH D, T2 T 24 K5 D FGFC o4
BG-CHEMUESHERSNI-BWI BT B LM
OHHEELALE TR RT2e ZORR, Lk 2) okHiz, »
)7 MR OERE RO R SNz, 61T, ZUT MO
MBS0 - LU CTAEL B RTELE LCORREZ AT
5 LEMBICOWT, 2O~ —h — R b~Y = —D
SN FGFC OHGATL>THIML TV A I EATR SNz

saline

FGFC 3usg
FGFC 10usg
FGFC 30usg

BALB/c ¥JX (8@
#ia) IC FGFC 3,10,
30 ug ZIEERIES L.
ZD 24 hr#&(c 8 Gy
D X e 5RS U,

K11 FGFCZBIXMICH G35 L phIE%
25 DOFRIEH IS, BB EES 5,

K12 FarsAfilarezng A (5
TUNEL) . #%#%B (5 : activated Caspase 3)
T DVFIIES>TH, FGFCHBIE MY
P 35 LHIEAIHI SN 2 LAVREN S,

(Nakayama et al. IJORBP (2010) ®»F—% %
—EBH )
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(X 13) ™y L7235 T #IELHED FGFC o512 k-
T AERL B0 aEie £, wllar o4 55
{LHIfaDBGE L LD EH % FGFC MR LTV b hok
Eibha,

HiEE

CORX T, ZLOIEBIER T 0T 27 MIFJEDOK
ROHMAEDEL LT, BAHP#ER L LTRHELSD
HLHIREFEDI2e INBHIZLLDNREEDE TN L
THEONLEETH S, O SCREIRO MK F I B Wk
SNTTiAZLTICHT S (HEIZRERNE, B HPIIEA
Mo Frzw XDELDFAIZESTH 2 HNFBHITO
MR LT SOWENR R o720 TNHDTRT
D2 R IEH L7200

CRCPRI . I L 92 0 24 e, T L L SR OFTE 0%
TSEHAT T & 72308 SE B A FZE T

- PG-FGF1
KB EHEGA, #RHH - KHET
-FGFC

Thomas Maciag (ft A\ American Red Cross) . John
Anthony Thompson (Alabama University) . R
A AN Ttk RS, WG

AV E ¢35 E
Alan Rosenberg (Brookhaven National Laboratory)

-l e St e s
AR B SRHIEGL, ARHARRE, RBE - SR -
JE@ Y F-, REARSERE, %A, SKHZF David Ornitz

(Washington University)

BrdU FZ14HEARE (MEZCD)

saline
FGF1
FGFC

R FATANVANRS F—
FRTEEL N, 250

- TECH A B R ) SR A AT
RHE A, BRI - Rk B3, A HAL -, hilisgy]

R R EE AR R E T, 7 SE R A A5 WF S i 1 D0 0F

ZeH)  WARES (BUFEREFR G, B s
Wt R | A S % (IR EE A e
) AR (RURSEEER G RRZERT) |« SIkEaE (X
SRR A ITERT, B SEBAM SO e i s 5)

fRzRJOJz ok
1991~2000 (104F:F)
R MR P 3 S A AT B 5
[ 5 B2 ) TR AR B 56 - Bt B % 72
B |
2005~2009 (54Ff)
SRR AT R AT E
[ B E S X B AR E O T B - iR D720 Dl
R T &2 ORI RSB 5 A%
2005~2008 (24:104 H)
TTFNVGFIET AR PRERIGERTSE
[2 7 F N5 F O FREBTSE
2011~2012 (14ER])
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Development of a protein array for autoantibody profiling of blood
— Comprehensive disease diagnosis using the body’s defense system —

Yoshitaka Kawakami* and Naoki GosHima?*

We have performed functional proteomics on a large scale in the context of post-human genome research. We have also developed
infrastructure for the analysis of protein functions, protein-protein interactions, and human protein structures. An accurate method for
profiling autoantibodies in serum is developed using human protein expression resources and protein expression techniques. The human
biological defense system responds to abnormalities with extraordinary sensitivity. Hence, this system is an effective tool for detecting
human diseases at an early stage. Health safety and security can be achieved by establishing an early diagnostic method using the

biological defense system and our protein array.

Keywords : Autoantibody, protein array, human protein, body’s defense system, antigens, diagnosis, biomarker
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2 |TEST0001| testclone No5 | FLJ20819 624 3351 235 53.2
3 |TESTO01L EGFP 720 3447 26.9 56.7
4 |TEST0012| Venus-MGA 762 3489 28.2 58.0
5 |TEST0009|  Ubiquitin | FLI34456 858 3585 333 63.0
6 |TEST0007 kinase FLJ34101 966 3693 37.0 66.7
7 |[TEST0008| phosphatase | FLI34434 1176 3903 433 73.1
8 |TEST0005| &SEHF | FLI16264 1374 4101 53.0 82.8
9 |TEST0010| BSUVEME | FLI37986 1638 4365 61.4 91.2
10 |[TEST0002 | test clone No.8 | FLJ20768 1842 4569 66.9 96.7
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RS, K 37 EEoOACHUEI ISz (K7,
HEhzaCko —E% % 2 12§ E LORT, LIMSL
X TRIM21 13 fEH A CTH R (80 % L 1) IThihsh
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AV YT %47 L THRAMEBZMEITH) ZLATE, B,

-161-

BOMITRMME, FHIFER, B0 - RO AR
DFHilizTH5IENTELEINHRDEEZEZTVD, TuTA
VTITATTULADRSEL TR, L0 F 7 ETLAD
EEEALERAT, RO C BB 2l ASRS AT
ZBEIBRUREHD TS, ZLT — MM RRbE R 2E
Mid% & CHMEICH I TE S L) Y AT AL TTE 720
LEZTV5,

SEN

[11 R. H. Scofield: Autoantibodies as predictors of disease,
Lancet, 363 (9420), 1544-1546 (2004).

[2] N. Goshima, Y. Kawamura, A. Fukumoto, A. Miura,
R. Honma, R. Satoh, A. Wakamatsu, J. Yamamoto, K.
Kimura, T. Nishikawa, T. Andoh, Y. lida, K. Ishikawa, E.
Ito, N. Kagawa, C. Kaminaga, K. Kanehori, B. Kawakami,
K. Kenmochi, R. Kimura, M. Kobayashi, T. Kuroita, H.
Kuwayama, Y. Maruyama, K. Matsuo, K. Minami, M.
Mitsubori, M. Mori, R. Morishita, A. Murase, A. Nishikawa,
S. Nishikawa, T. Okamoto, N. Sakagami, Y. Sakamoto,
Y. Sasaki, T. Seki, S. Sono, A. Sugiyama, T. Sumiya, T.
Takayama, Y.Takayama, H. Takeda, T. Togashi, K. Yahata,
H. Yamada, Y. Yanagisawa, Y. Endo, F. Imamoto, Y. Kisu,
S. Tanaka, T. Isogai, J. Imai, S. Watanabe and N. Nomura :
Human protein factory for converting the transcriptome into
an in vitro-expressed proteome, Nat. Methods, 5 (12), 1011-
1017 (2008).

[3] Y. Maruyama, A. Wakamatsu, Y. Kawamura, K. Kimura, J.
Yamamoto, T. Nishikawa, Y. Kisu, S. Sugano, N. Goshima,
T. Isogai and N. Nomura: Human Gene and Protein
Database (HGPD): a novel database presenting a large
quantity of experiment-based results in human proteomics,
Nucl. Acids Res., 37 (suppl. 1), D762-D766 (2009).

[4] M. Maekawa, K. Yamaguchi, T. Nakamura, R. Shibukawa,
I. Kodanaka, T. Ichisaka, Y. Kawamura, H. Mochizuki,
N. Goshima and S. Yamanaka: Direct reprogramming of
somatic cells is promoted by maternal transcription factor
Glisl, Nature, 474, 225-229 (2011).

[5] J. L. Hartley, G. F. Temple and M. A. Brasch: DNA cloning
using in vitro site-specific recombination, Genome Res., 10,
1788-1795 (2000).

(6] AN, FAREA, BHER: v MEAE LY MEN
e MEREO BN, £RH BB B, 54 9), 1173-
1181 (2009).

[71 K. Madin, T. Sawasaki, T. Ogasawara and Y. Endo: A
highly efficient and robust cell-free protein synthesis system
prepared from wheat embryos: Plants apparently contain a
suicide system directed at ribosomes, Proc. Natl. Acad. Sci.
USA, 97 (2), 559-564 (2000).

[8] Y. Maruyama, Y. Kawamura, T. Nishikawa, T. Isogali,
N. Nomura and N. Goshima: HGPD: Human Gene and
Protein Database, 2012 update, Nucl. Acids Res., 40 (D1),
D924-D929 (2012).

[9] M. Kuboshima, H. Shimada, TL. Liu, F. Nomura, M.
Takiguchi, T. Hiwasa and T. Ochiai: Presence of serum
tripartite motif-containing 21 antibodies in patients with
esophageal squamous cell carcinoma, Cancer Sci., 97 (5),
380-386 (2006).

[10] B.J. Taylor, T. Reiman, J. A. Pittman, J. J. Keats, D. R. de
Bruijn, M. J. Mant, A. R. Belch, L. M. Pilarski: SSX cancer
testis antigens are expressed in most multiple myeloma
patients: co-expression of SSX1, 2, 4, and 5 correlates with

Synthesiology Vol.7 No.3 (2014)



WFIEa X : HOYURBIT D720 07T a 54 » 7 LAB% Ol Ei3d)

adverse prognosis and high frequencies of SSX-positive
PCs, J Immunother., 28 (6), 564-575 (2005).

[11] E. Leah: Lipidomics: Growing on a free-fat diet, Nat. Rev.
Cancer, 10, 160 (2010).

[12] K. Matsumoto, S. Nishihara, M. Kamimura, T. Shiraishi, T.
Otoguro, M. Uehara, Y. Maeda, K. Ogura, A. Lumsden and
T. Ogura: The prepattern transcription factor Irx2, a target
of FGF8/MAP kinase cascade, is involved in cerebellum
formation, Nat. Neurosci., 7 (6), 605-612 (2004).

[13] M. Zhang, J. Zhang, SC. Lin and A. Meng: p-Catenin
1 and B-catenin 2 play similar and distinct roles in left-
right asymmetric development of zebrafish embryos,
Development, 139 (11), 2009-2019 (2012).

HEEIRE

N fzE (brdk L7250

20084 K BT 37 K 2 K - e B4 B S B #2300

TR R A AT U R 5 B BT AT e

FiosAF X714 ¥ VRIS v 7 — - 77 =

HIVAE 7L LT, WIg A/ N—3 3 > Bl

TERIFE R [T 25 LRI X B 20
HEE~—7—om%] . THOPURZIH L
SRR DDA DBRE LW Y AT LD

BIZE I \CBM L 720 F 720 JEES @)% TCHP/

NY-ESO-1 R XRFFRBAT 7 F DRtk BEEFIEG =0 R & L7z
26 Jii i 3 ) B A AR IR R 3008 | ICRET L 720 20134E5H K N A
FESEN WAL > Y — Y TAOWI e H & UCHR IS BR 38 i [ 38 7 3 S 4%
AL FEECBIL, BECES, 2o@mTicBnwT7ar4 7L
A DVER 2 SN HEPUA I E % 12,

B EE (SLE B

1987 4K B 37 K 2% K 5 Bt 2 = W e Rk AR

LB LAE T (BEEL) . BYL=HF2EPT it

B sE Ho HARERLRSI T TR R K

b - BEENFZERM B B, BIAE, PEERAMTR A
eIy T-7a7 740 Y 7%y 5 —

EmTOT IV AF— A F— 25, 2000
41 NEDO [ & o8 7 B kkiefdsT 7y = o

MoZZML. b4k cDNA © Gateway
b, MR 5 2R BED LT LTA R s 28 7GR AT
2479 2006 4E NEDO [ €4+ 7@ =2 +], NEDO[TR 7
oyx7 M, JST LA iPS Milgfsfl 7 ay =7 b IZBWCTke MY
USTESEH) VAR L SR E LT 5. 2006 4EJu s =

Synthesiology Vol.7 No.3 (2014)

>V, 2008-2010 AEHH M A N—Y 5y TTAFA Y - TITAT
T ULADBZEET O, MY > FvhoHehk7a774) v 7 %
EhiL. ACHANAF = —ERET-> T b, ZOmILITBW
TTUTA 7T LA TFEDRAT 7 & O B LY & 5L 4 1120

BEEDER
EW1 2ENEIOXT S
B -axv b (C5h %R AT ALt v 5 —)

b hEER cDNA 70V 22 b 2600 BE a7 bD
BAEAEH LT, YWFHEL T ahorz, Mo HCHAD
Ta7 7 A YIS BIRORIBMA SR B L O
BRGE  GiAalEA T Lize ERA D YA S 20 HEHik)
WHELDBEEICEHLTBY, KR - LTHHTES L
OFFNIHFETE F LA HAMREOH G OE EARD D -
ENDLTECVTEINLEL LK LTY, 2OF F T,
TUTA YT ITA4TT VA BERLCERICEETNLHEES
YR RN TR L X Ilh oz il EE S TL
FI)EIICBCTE T S A ORNENI S TEDL L) 1o
LREEEHRSLVIETED Y TN oML TIRRIE Im
B o H O KOREE R &A= SR O A EL R EIHE ST
HEVH) LIAFTHEAATLEE Y,

W% (1R i)

BRIOJRN G LR OFMIE, ~— A —L LTOREbED
THMHEEICRMEZERATBY I, L0z, TarfrTLAH
WDRFEZ NI L 722D XD T — 5 L LT JIEA A R IE LS
PE/NINZE PERE R B SR MG Th O B BUR AT & ANV Tax >y b
DTS L E L7z,

Ewe JOFAVT7IT4TT7UALDBRICDONT
B -axs b (GBIt 5 S EaTR AT

CORfZED HEEE [R5 2 APk o> 272085 ] Tdh
O, [EFREERDZ 87 EIRB) ) —ADRE | L W) RERTL—
7 ANV —% RN, EEN S 2R BB BB, & o BoT L AL
ek, BuRoMIBEBAT, 22 —= v Z e v o 2 EERA 2
ALV Y FVF I AT OFRE IR F 5, 7272
STEHHDONZESTIEZ, THTFF—LT LARERLELTEDLI) 1)
DA A=V FHZLIZNEEE BWE g, 22T HEIN7Tar
AT T4 T T VAR Z ANTIHIT 2WTL X9 2%

1% (FLE5 1EAS)
TaTAY T T4 T T VAR Z K 4B IZEML. K4 DK
OtHERRBLEL,

—-162 —



yrkyviruy— W

MIEREAAZIRTUZREEIE (HIDIC) ik
— J\AMFITH/—JVEBDRXVFITSVNNIEDEIAR —
BT, B A

LEEREEFII BT A 5B 0T 1% TH 2 BB FEM ORAN B T AN F— LD 72012, N ESHRR A (HIDIC) oFE AL
D7z DOFHBAIMSEENEDO T U 27 b LTEITLTE 2. KERB T AR ML TERBAEHMOERDO/2DIZ, VT b
INAF AL DFEELY ) — ) DZERG MG 7 0 AN # % A Z OB AR ETAT LN F 770 Mkl 80k B2
CENTE BEEOREE, NEDO7 BV 27 b [ O —A LY =)L OBEERAMGEES 7O AR 1I2B WS SNk kB
JOETAORELZERTE, BHEITRT Lz ZOHMTOEMEEAZEOHIDICS RO T T bOKEULIZ D% 3 5] g%
HLTWRIEHEDT MERELEDOEDTITOWTH L o

F—TU—RHIDIC A, N1y — VAR, WL, A2 v —, V7ML A XVYFTFUE

Technological development of internal heat-integrated distillation column (HIDIC)

— Substantive research of application to a bench plant of bioethanol distillation —

Kunio KaTAaokA* and Hideo NopaA

To dramatically reduce energy consumption in chemical industry, we propose to construct a database on fundamental technologies for
practical applications of HIDIC, as part of a project funded by NEDO (New Energy and Industrial Technology Development Organization). An
application of HIDIC to the distillation process for the enrichment of bioethanol fermented from biomass has been attempted, and a bench plant
has been designed and constructed to ensure practical applicability. Testing has shown that the developed HIDIC system achieves the project

targets of enrichment and energy savings. We also confirmed that a compressor-free HIDIC system can be scaled to commercial plants.

Keywords : HIDIC distillation column, bioethanol distillation, internal heat integration, energy saving, lift tray, bench plant
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COWEBAARDAEFER BRI D E £ 2 R KR T

BECTOWNERBALIOIRBEIE (AR D FR 73 B
ERILER DRI ZFEN LB EN TV HAHY hLA LD T
VT DEBHEHET, B EA IR O ALK IR O
R VTR BRI B R % I LA R R B i &
LCRHili§2 2 SI3IEFICHEL S IS Z £ 2 5 & T2
BIZHHEVRRTRVOT, BB THRIZ2NEOMIH
Mz EREL7. BEME L Twa &K T
DTS & ML i B 72 % E95 L7zhio
TEHFR R AR = S ERILDVIRETER T -5 %
PEE NS Z 2R L THERZ L7z, BIFEHEL T
BERERIE D EFPERIE Do/ FebblEfitE

UL
HERTC HIDIC BISELTWLD

s
EEHSIIR —

EEZFLA

Max.4§F

——SEEBIIR (LiR) I _

TSBEESAR (FR)
V4 section ITER

\j

ENEE -

L] "
A—Ey = 5+ .

X5 U7 hbLABER

[EIURER

AEED
PIBBRSHR

D EE
(I=#HE)

e ———
BB LR DT R
3 — - NN

BN RR (nF 4 BB FEHE LA

<—AEHERER

e — — —

UZRRLA
~oGRE TS
CIUEBIRIEE : Pais

o ST e JARE
~UAGRE - Tr
IeTEERER{EE : Pair

HIECRRHMOER Qi=U Aj(Tri—Tsj)
6 HBNHIDICH D PIFE A
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WEFEaRSC © WERBASCHZRE (HIDIC) oBAfib%E (i3

JiERY A

AERBEELZHHLT 70V bOFRETIZAMR
ZREICHBERONRY Y V- MV Y ROER T 7205
BRI T ROF T AN F =T Tt A0 ERH %
ERLC EHBERELCOIY ) =) - KRB AL
TR VE DT 7 — & =2 %ML L7z PO,

HBIBOXIEM LA BT L LIRIB RO 7%
DOFEBRBAELIISGOEEZHETIUL. TOPHIZAH
ROLGEEHEY 5 TFRERIPIKELLWEBORIEKFE R
2 EREROYERIAREELHIN T TFROKEL W
HDOEBERARBI (X5 =), Fus8)—, TE+7
VTR, MEK %) 12, W1 (& UTREE, B RIREE)
DE T SFHICANTHETNIEHEATESEEZ T
%o

HIDIC O#AE S EE LT (1) SR 2 I3 %00
1 pressurizing mode( >1 atm. =1atm) £(2)
BN 2 98 VS § % JE 3/E depressurizing mode (
=1 atm. <1 atm) @2 fEHEHIZOWTERLZ, v
TR L, HIDIC OF I T X — F 1L & 1mIIER
DOHETI(E ) / Thhb, HoNIzT—F X~
ANIREHERI 72T C 75 EMREAEE O HIDIC 3% (58 2 3%)
WKHBHTE S, —FlE LTy =) - KRDOHNE R
BOEBRT—5 %K 7, $1RT P HHoOMMmIIESE
EBICEHTLZOT, WEAIEMILE & DI HY
IN$ %75, MEIRVE L T ERAE CTIRAHBR O AR 2>
TWT OEDDOMBIRICEED LI LI TERD 572,

RHG R BRI D LB AR L LT, Z DAL
CTHRWAS, 7700 7ORER\7) =y R THNIE
A ROEFHTF—7_R—=2L LT U = 500 kcal/m* hr'C
=581.5 W/m’K ZHfE3Rflil £ 2 TL W L2 MR L 720

WS 2o 7u Y GEHL M) 12k
% OB A AL ) R FE RO T — 5 R YR L TG
HOF =5 _R—A%HETER P,

Pressurizing  Depressurizing
30
25
20
15

10

BEE ATK)

1 1.5 2 25 3 3.5 4
EfELE Pair/Pais (-)
K7 SEEOIEMIICEAEL () — - KFR) P
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4 NAFITH/—)LOEBIOER
I MRERFE—

BB DL, TAHREB AR ER I N2
A 53 HIDIC Hly 25 AWML F o T e A S
N R L BVBRITH O 72012, LG D SR
LT A—RV=a— bR ANVF—D—DT
HENAFTY )N EBMET LT O ADE T AMUICE
R, BT uY =27 e LT NEDO &N 4 T
57—V OEBEHMBEE A 7 7+ 2 (Consolidated Bio-
Processing, W&LCCBP 7ut ) o7uadzs s GEH
BFC (Biofuel Challenge) 0¥z MEIFATNS) B2
S L7z,

AR SN O A0 HER (1) =8/ -
DS wt% ORBEET IR EBIALT, bl
90 wt% FC. HIDIC HEMiiC X igfiE3 2B LV (2)
COFEETHELATD] LOBKLY ) —VEAETHIC
T LB T AN F — % FEHER HIDIC 0¥ &, 4 M)/
L-EtOH DINIZIND B Z & TH o720 7272 L BN A-
T BEMoE v CF-HIDIC OA MR RO 5, 20
VAT AOHB T A F—HEEIZ 5 MJ/L-EtOH PIAIC
BIES 7z,

41 RBTEOIROIFNOEE

CBP 70t ATHESNAFIEDT IMWICITIEHLTD
E)LTHRE T RMIRE (TN h S OLHHER) 7=
V)RRV (WERRSE) . BEREPE T Tw5, 1Y
FTHERA T ADBSHIRITBVT, ZOREED ik
T BEAL UG ASEE & TMBMNIHTH, i LR E A5 |
ST 777 TOMENRHZLDT, ThE TH720
DR FEEERTTFMHERHE LIze VI IS T 2ADOFH S
POBONIFEEEUIWE VX7 v ME&0#ESE (HE
HIEDT+ =Ty ¥ —ZMH) (A A, BT (L
7o o TS AT E) 2L S THERBRMICBITS
TroN YT T AN LT

COBNH HIDIC HET7 77 ¥ 7 HIWEIC 7% 2 G

—$£MET0O

Pressurizing Depressurizing
3500
_ 3000
B 2500
b g 2000
H= 1500
& 5 1000
500
0

1 15 2 25 3 35 4
[EfELE Pair/Pais (-)

M8 MBI EBRBOEMILICE B (g /= -KF) P
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WEFERRL - R B IRZR % (HIDIC) oA S (i3 A

THY. AYOI sy MIlZ ) — > RigfaiR 2 g LT
Who L7z TI v 7y MR T rHEN D
FO R VERRE X FEBITE 5 012 MPa (1045 )
DIKFERE T2,

B9 DD HENIOBEIIRT LI, Wi LA 20
W, 100 TEAUBZ 2% ETIRERDYE (FELTrv
HrEEbiz) OFLEIRAENEECE S, BLWE
BT OV LT L TR ER R E R E 2, L
PLADE O X H T 235 mm Hg (L7225 Tilbri
68.2 C) LLNIZ9 5 L EMLEOGASEE & 37 28PN RE (I 2kim)
WCREARBIIIE R SN e h o720 b L HIDIC ¥ 0312
RATEMH 21X, TOMEBITOFERD T 7o) 2 7Bl
LHEE S,

COEBICEY, BEETUIEORM D20 DFEFLTH
NS L 72 2 MR OIRE % T 572010 EIC TR E
Z &, R IRIE B I E ARG DOARDBEIEIC L LN LY R
AT DRDYITHEKRFEREZRE AL, WhWY LKA
T REZERED DY o721,

4.2 HIDICRVFISUb

421 ZJOtBRY=Zab—vav
HIDIC XY F 75 NOikiHikz kO A7 0071

AV Ialb—varkLi. Y500 HEORHER
HIDICRYF 75U vDY Il — 3 v OHFEB X0
a2 £ 1ITRT,

T PEHEEFTVICHESCEREYI2L—%
(Invensys. 182 PRO/II) (213788 7 at 251 &3 # M
BTrws, WEEAZIR ORI FEE D535 &1
RIS R BAR L, (REAIFR B LU BRRSE) 27 ur 5
2THHUHLARD TRPLETH 572, THRHLEIAME
EEBROBEOMR (B PUETH o7z FIERIC
ANDTED) TP OWTREZHTe Y27 T
AR TN B HRIRE COBRR R T — 7 XL T K
THEATORMFEE 50 % LARE L7z Lizhi>TyIa

760 mmHg 235 mmHg
100 CICHBEEERIEDEE. EBHERIGIEES T, {GEAEEC(E
ZTOEBYEICLDTFIUVT EEIETHLTOIEL,

(IGEEE) HEED.

K9 FEEEETIRDT 7)) ¥ 7RIS B NEED G Esn
(235 mmHgDKEDO . 68.2 C)
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£l Y32l —¥a VRN OB S L AR

7 “EER
EUNER (E) 150 mm ID. 6.8 m
U bhboAa 34 RE%
(17 1B8E%)
B3R (%) 50 (IR%E)
EIEEA. Pais. (mmHg) ZH
1 EBHDbOEE (mmHg) 6.4 (IRE)
ERRIRR (mm) (EER) 200
ERMEIAER (BEERNR—X) #2
EEEBE RIS (BBENR—X) #1
RS (SHERIRER) 250 mmiD. 5.2 m
#RAIFIEY) 13 IPABER
EIEEA Pair. (mmHg) 740
1 B0 DEE (mmHg) 10
B T
REBXM

FRftEE (L/h)
THREE. THRE:

50 (=49.35 ke/h)
30 C. 5.0 wt%

EEMHERRE 69 C
BHR (&M@

I5/—iRE (wt%) >90

I5/—)VOIRE (%) >95
EHR K

I5/—-IViRE (Wt%) <0.1

FERE (EKEIWAH)
4k#EFS (0.3 MPa) iAHEE (ke/h) [ZH

ERITHSIAGE (EXER) T8

mHlgE (BRI UY) =8
SERCEE (740 mmHg)

PIBREASTIR

TECERI U (W/m2K) xZREREA |54.82

(m2) (1 EBERDERRIR=D) =UA (W/K)

PIEREASTIRER SN (EINARRERN—R) 25 (#3~#27)
BIEX 0 (R%®E)
RSAEZ=RYT =z

HESmEEEN kW)

L—2ar Tl 1 BERB ORI T ) 7 LA D 2 B I)
D LPEOMFEE L7z,

BN HNR L F 75 2 MR LT W 72EEHER HIDIC (2
BILC EHEER. mIGBEh 2 OB a2 S8 72350

DY IaL—varye UTEITERIC XD R 2 ey
BRYFTF LT, BERE 17 BB & L, HHEE
% 13 PIAER IR L7z

AT ADOHBDHTE BTN BRI (L
oo THEE) ZRELTLLENDHY, JHH (50 kg/
h. 5 wt% EtOH) ZMLIITXZEFL L TRERLLED
Ffactor ® #iFAAY 0.05< <0712 F 5 L H 1T

=150 mm & P, H¥EFEEL =250 mm & L 7z

F-factor 254 L/N SV O TR S SR, AKX
X WEEZLEN DT, BRI WY 7 L
ADEBEPSEBEBE M 200 mm & L7ze L7z25->THE
B BEHIFE2Y 400 mm & 725 1 BAHE: 72 0 oz B0
fild  =0.1885 m® &7%%, [ILEE O EREAS H7)s e 5

NBEHIFEE T H#3 ~ #2725 BE GEM&5m) &
L7z, RIS [F AR ZAMIFRIZ 2 5 X912, IR

(BUFTE 2 ANLTE) ORI ZELET, (BH
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WEFEaRSC © WERBASCHZRE (HIDIC) oBAfib%E (i3

A B RIETEBRIKEL TSI L L, ERDOLA
HNORERTFMNEINLZE RN REMORRETRS
IS, BFAZHRBUCBI LTI T — 7 R—=2D X 8 D
PO 1/2 PUFIS#E/MIFFLT =250 keal/m® hr'C
=290.75 W/m® K &% L7zo WERIEL 205, v 32
L —2 3 v ORI R MRS THIE % 740 mmHg —@&12L
TEHTHHMPEEETER %2 210 mmHg & L7z, Z0Y;
EDOVIaAL—TarERER 101257,

VARA ToMEBAR DO DY THS 0.3 MPa DA KZE

LD VBEGA AR 0.88 kg/h IENEETT =215 M]J/
hiCHIY$ 5, T TEEOMEBATT I =2.35 MJ/

hThb, BEHEIT 07 kW &% o725, FIABZERY
TOBEORHAZ 40 % LIET L L, HERZ AL F—
& =(07/040) (3600/1000) =6.3 MJ/h &t sh
5o BRI 50 kg/h o =y —) O KR =1
=316 L/h TH LD T, ZRHREM7TILAIIBNTIL
DLy ) — VAR BRI T T AV X — OFHER R
342 MJ/L-EtOH & 7 - 72,
SOOI —VariERENRYFT TV OB EHMERICH
HALOT, FHHEERTIATTY 27 MO HEE (4 M]/
L-EtOH) % T4ty 2Rtk 2 /R 3 2 &ATE,
4.2.2 HIDICRYF IS bORETEEIRER
ko HIDIC ¥ A7 2D KIALZ E DM FEPEIHE A,
WA - BT RERVF T I bOTE—IERK 11 D
E912, FIABEERY T2 %A HIDIC &

Hitk (Cosa, FIAEBRYT) BSARBEORETF
M & o CF-HIDIC @ 2 O 7 u— O g% <%
EEBTED L)L TR SNz,

(1) R HIDIC

NDOXRYFTF 2 M EHER HIDIC & LTHEHT 5
Bao70—% 12183, Yo BFC 7uy =27 t0
BT A HEEAS AR C 4 MJ/L-EtOH L IEH I L 22>
72DT, BTARRPRE IR HIDIC Z#H 3 &
LEz 7.

MH O HIDIC (&), ZoHE X HIDIC %1
BN ERL2EIERE A Y T F Y ADT2DIZ LA DT &
WLALZD, RS S\ XIS R AT O ISl
EL. BRI TRV ) = RO & S BRR
WE L7z AR DR THIEIIZHZE LI W) 7
MR UA S 20— BRI AT Y 2 A7z,
CBP 7u¥ =2 T, HIDIC XV F7 5 b DRz IC
IR ELROFEBEEI IS ON LK o/zD
T, A AEL, RMETETEZFET &1L,
PRE N § 2 MG TE T 2 28 5002 U akaiin L 7= 5 21
FAET 760 mmHg, BN 225 mmHg (2B W T R4
WRZEOT, ZOKBEZK 13 IR,

NUFT7 MIZAEFBRHIELTU TFo7ayz7 b
B /NS VR T I 0.378 Tl L AR 2 17z

(1) 90 wt%EtOH % . [a % %4 5 % B 94.4 wt%. (2)
95 % % Bl ZER Oy ) — VORI 954 %, (3)

HBIRILF—BIRE : 4 MJ/L-EtOH

EINER (P#E) Di =150 mm
UJRRLA : 34 2E% (17 BI8ER, 3 : 50 %)
ERFRSRE - 200 mm (3RER)
REMHHGER © #3 (BIEH'SDREER)
TEMREBELROMIAER #1 (BEHSORE)
BIEE : 210 mmHg
BE&:6.8m

E# (50 L/h) TG
F=49.35 kg/h Qpre = 2.35 MJ/h
EtOH : 5 wt% 574—-697T

30°C 760 mmHg  #1

H FEADEIREL | 32

Qhrc = 5.54 MJ/h

Hot side : 68.4 — 40 C
46.77 keg/h (760 mmHg)

TRHEER (SHBERIAER) Do =250 mm
RAFEEY (13 BRKR)
BTEE © 740 mmHg
BEE:52m

EIRERETR
AXUEE =18.95 kg/h
EtOH : 63.43 wt%

57.6 C. 210 mmHg Sy
hrl=tcn
Qc =-4.90 MJ/h

BHR (@)

xD = 93.63 wt%

A

D =2.58 kg/h

Bk

R/R=1.0

V. RSAEZRYT

Cold side : 30 - 57.4C
49.35 kg/h (760 mmHg)

HESRPTEREN7) 0.70 kW

== ESHEURE - 1062 L/min
_— 210 — 750 mmHg

606 -~ 13797T

N RREE //

Qint = 23.3 MJ/h

ki
B

—e 0.3 MPa &k#% : 0.88 ke/h

EHR

Xw = 66.8 ppm
W = 47.65 keg/h
68.4C

K10 FRED7ZDDTI L —3 g s RN

-171 -

EZMEAET : 2.15 MJ/h

HIERGARE (IREE)

U =290.8 W/m"2 K (= 250 kcal/m*2 h'C
{GEVERE (15REREZD)

A =0.09426 m"2
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WEFEaRSC - WARBA S ZRE (HIDIC) o8t sE (i3

0.1 wt% EtOH &1 4012 i B 0.024 wt%.
HATALF =T L Tid, MIGTEKTOEKELRD
VEWGAARIZ 0 kg/hy L72h>T =0 MJ/h &7
D, COERBEIEIRIAELERY TOARTHIEHNTE,
MEFARG LCER B TELI LR ER TS, 20
FIABEZER Y I LTI FEBRICRHIE L72E B E A
=0.516 kW = 1.86 MJ/h & 7 5720 T B 8% @ il #4

=L =737 MJ/h & o7z BT ALVF—D4H
iz 923 MJ/h & 7% 5 DT,

1 L-EtOH 4720 o E AN F - LT /
=0.23/3.16=2.87 MJ/L-EtOH 2% 65N, 7 uaIl =7 bD

HAEME (4 MJ/L-EtOH PLF) % T4 Cid 35 Bif %5
RSN,
(2) EHaEZLEEE L%\ CF-HIDIC

7V bOBEMR ST, FHROTF U DR —
W7y I LTI M 2 2 & L 72w HIDIC o FJf# 1
ER SN, BINTAZEICR 72 CR-HIDIC ®70—%
141K T FIAEZRY 7R b YIZ HIDIC ik i
EANINEARE AT 2@ E R OTaIE L8 135 (M
) LLTNELZ 28 A7 4THY), K11 oY
F77 Y POFITHAA TN TN S,

FREET I AR E LTI 3245 135101, s

dRfEED (SMEERIRED) Do=250 mm  [DOUNAR (PIEE) Wi Di=150 mm

FRANFTIEY 13 BB
#E (RE8) 1 5.2m

HHER (UTRNLA) 117 486 (34 REY)
ERRSRE © 200 mm (RER)

- FEHHAE | #3 (RE)
REDEEREAE  #1 (28
i 55 (SEH) :6.8m
e ON Wi LR
{EERL HIDIC aVFEUY
DBED .
CF-HIDIC FREEOSR i
OBED =
REEOSR %
B BRI ) R NS
. B =90 wt%
! \ a BN =95 % Mk
©BHIE { ! i
8 IBABE [ y ey
FIUINA
(E#tRa50) RS EZRYT
kRS NEA
REAH H >
1
HEKES
120chitc Y X KA
M 1 nee
R -
Jum o4 |
B0 wise LT BrHERR B Y27 LGIOBRRI LT

%1% (FOSH) |

K11 HIDICRYF75 D7 a—Y A5 410

| %015 (HIDIC )

EHHR PGS

Fds
~

BERADINEART

AL (SHEERIRED) — |

2fFIVTUY

FRAIFEIEY
BREAN—R : [ —
250 mm OD and 150 mm ID - N
BfEEEES 152 m é%k;_;k'\;vj’r BRI
1] ZRImUR - N R
(RIEBHIRER - 5.0 m) ] BEXAES - 2800 L/min
/ -

BEUNER (PIEE) —
UTRNLA (SRIERLA)
AEERE © 150 mm ID
17 B8k (34 RER)
ERRSF8 - 200 mm
EUNERERS 1 6.8 m
POEBEASTIRER  #3~#27

E=ieasivent

(12 BEHERHIDICN Y F 7T ¥ b kg oo
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WEFEaRSC © WERBASCHZRE (HIDIC) oBAfib%E (i3

RV ML ELTHESD S HHNZHM AT & 5 B IED
FrrV A 16 B (8 BAE) L. ZOY 7R
VARF =T PLAIIWEHE EER Ty MIZRo72Y)
7 N M UA B e R & R BRI 3 D 2 78— M v
FLT R 28 A5 ISR I L 72d
DThHb, (BABOM 18K ). 4 2% Tdh S HIDIC #1d
FRH#ER] HIDIC EHH§ 52211720

EUIBETHEB JOBRMERETHLEZ 760 mmHg —%&
LG BRI THT > 7 I i L 72 K B st 22 R
YA PP THHE 2 IR 4 1T ST &, 3455
mmHg (2L 72356 Ol R 2 X 15 1R 95

CF-HIDiC Y A7 2044, U IO HINEOBE )
FIHTE LD THEEPEOMEEM S LEEE LTV RV,

SHEDKES (0.12MPa

COWDHE 1 HDOETIHOBEIEAD 04 MPa 4 KHEL
DOWAAREIZ 70 kg/hTHY, MMBAAMICTEE
=14.95 MJ/h 1275,

45 2 35 @ HIDIC 3% o [l PR 3 K~ 0 A K ZE S DIk
A BAZWE A 5 72O T, HIDIC 3% H & O i 2 & 47 1%

=0 MJ/h L7 o7z WEBEASZIAAS T3 CTH o727

b HIDIC ¥ F BN A S OB A3 LB e hr o 72
RCT BV AT LR ORIMBEILED IEA~DAKE
RICEDODDATH -7z, Tz MPGRETHa Y 74
DFIHFHLTWABRIREER ST (EK 0.75 kW, HE
% 300 L/min) OFEBEOFEREIZTHIT/MS 005,
CNOEBEOHEEN (< 05 MJ/h) FHET AL F—

STM, = 3.28 kg/h

AHETIIENTES, T abbEHET AL F—IT

[EREBETERS

V, =13.34 kg/h. 29.73 wt%

70.1 C(225 mmHg) IRAEEDIETARS
V,=3.50kg/h
94.4 wt%., 77.4C

40°C  Qpr,=7.37MJ/h
R 1042°C
F =50.27 ke/h 100.9 C 3~ =it <0.378
EtOH : 5 wt% — >
19°C b BR (RR)
" R,= 096 ke/h D=254ke/h
[EURER (PIE) 2] .
e . — 244 CGEAH)  EtOH : 94.4 wt%
O
B{EE : 225 mmHg ‘7 544C
PIEBASIRRE R | | N
Qe = 22.19 MJ/h \ N EHEEE (SHBIRIRER)
— k: | 1{EFE : 760 mmHg

BEK
Qoss = 1.28 MJ/h|[ ]

AOU1—RRSIBEZERYT

ARG (012 MPa) | 1>ED EEEEN
VAR E Pw=0.516 kW
STM1 =0 kg/h =1.86 MJ/h
104.2°C

POBREASTIGER | #3 ~ #27 (HER) ’ o

1 RSO DGR T 1059°€

A =0.09426 m? TRIREER

BEE (H9)AT=805T FHR

FIEDOIEGIMRY

U=Qint/ (25 A AT) = 325.2 W/m?K

(FREtTOfREE : U=290.75 W/mK) | W, =

EIREREREHR

W, = 10.80 kg/h

1.14 wt%. 95.7 C
47.73 keg/h

0.024 wt%. 86.9 C

HEIXRILF—: 2.86 MJ/L-EtOH < 4 MJ/L-EtOH (B1ZE)

[X13 R HERYHTIDIC D A i 461710
(P AR BB TH - 760 mm Hg. BNXERETE : 225 mm Hg)

EO=E

B 200 mm
Ee< :57m
FIVIMA 16 &

8
E&RSFS : 300 mm

4KES (0.4 MPa)

IKER

SHE GRIRED) :
TRHEER \
B
EEE - 5.2m
RAIFEIEY

HIDIC $ED#E:E(:
AR HIDIC (AU

4

HIDIC &

P © EIUNER

% 150 mm
Eed:6.8m
UJRRUA 32
ERRSFE : 200 mm
PIBBEASTIAES © 25 %
(#3~#27)

250

R

4k#EST (0.4 MPa)

K14 CF-HIDICHO7a—3 A5 2000
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WEFERRL - R B IRZR % (HIDIC) oA S (i3 A

= =14.95 MJ/h &% 5720 FEHOTY ) — Dk
R Bk & [ =326 L/h THsHDT, 1LOT
7= VAEIZETHHET AL F - / =459
MJ/L-EtOH & 7% 572 A7 1Y =2 h® CF-HIDIC D4
I A HEARIZ 5 MJ/L-EtOH TH 72D T, ZOHEL
ILERTE T2,

7272, CF-HIDiC (&£ # R HIDIC IC LT - & 3
PO URW 0, K7V 27 O BF OB RIZA-
TWhho/llddl, PORBEHLITORSHIRCTED
IBOBEMPPLENT, AT AHBEEERTH7-012F

BOHEERET 925T
47.73 wt%

V,=7.93 kg/h

O I3 O A R AR RIWGA A % kA S &% &5 T BE A%
412 B UTHER AR (< 01 wt%) 2B Z. 0.25 wt%
EtOH &7 > TLE 572, HIDIC 3% 057 i i i & ALl
90 wt% EtOH Z {4 Tlidd» 5725 Tl ->T 89.04 wt%
EtOH I2& L F 5T Wb,

FTTICER IR DOEBEELE R WIRELRO T, Lito
KIEG % fRHE T 5 A K ERDOWA AR EIINT 5
K $2 L ThHolze T THTARRIID LI
FT55 AKRBERWGAAREE D LML T 10.55 kg/h 12
FTAHILICIDETAHEE (5 MJ/L-EtOH) (2512

EIUBRIETERS
4.0kg/h. 79.1°C

IRARERIETRAS
2.39 kg/h. 782 T

- (345.5 mmHg)
) —>
_CD_, — ERE WD (BHR)
N iy R,=0.12ke/h D=2.27 ke/h
EREOSEER : N Ity X o
F= 509 ke/h 2123 CG@SH) EtOH : 89.04 wt%
EtOH : 5 wt% AR
EtOH% =326 L/ prem EIRE (i) N[ mes cuzmns
s0C it 3455 mmHjg | | \‘ 760 mmHg
N _ PIBREAR S
paAGES (0.4 MPa) BRIAG KT ™S Qo= 325 MJ/h
STM, = 7.0 kg/h 0.4 mpal :
143°C (511 keal/kg) - STM. = Olke/h
Q= 14.96 MJ/h [CHEY T — e DS
- Quoss = 0.958 MJ/h
EBEASTIRES © #3~#27 . ) !
1 R eb DGR EHR

A= 0.09426 m? W o541l ke

THREE AT=435T
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Secure password authentication schemes and their applications

— How to achieve security with short passwords —
Kazukuni KoBARA* and SeongHan SHIN

Passwords are widely used for encrypting files, authenticating remote users on a communication network, and establishing encrypted channels
for authenticated users. However, the possibility of passwords being stolen or abused raises security problems, and having to remember a
number of lengthy passwords is often inconvenient. The purpose of this research is to develop new schemes to resolve these problems and

make them generally available to society. In this paper, we introduce our research strategies and scenario to achieve this purpose.

Keywords : Authentication, key management, password, phishing, cloud
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Development of environmentally-friendly surface modification technology

— Practical realization of novel oleophobic coating
without relying on perfluorinated compounds and surface texturing —

Atsushi Hozumr* and Chihiro URATA

Development of non-adhesive and dewetting solid surfaces has attracted much attention in a wide variety of industrial applications,
because such surfaces can prevent staining, corrosion and clogging, and permit control of droplet motion. In this paper, we introduce
our strategy for R&D, including classification and analysis of previous work, and establishment of a guiding principle for R&D towards
practical and rapid realization of our novel oleophobic coating. Our R&D strategy successfully reduced the transition period from Type
1 to Type 2 Basic Research and its practical realization. Furthermore, by means of seeds-needs matching between AIST and companies
through PR activities and sample offers, we were able to establish coating technology on a commercial scale within one year.

Keywords : Oleophobic treatment, dynamic dewettability, liquid-like surface, perfluorinated compounds, environment friendliness
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Synthesiology Message

MESSAGES FROM THE EDITORIAL BOARD

There has been a wide gap between science and society. The last three hundred years of
the history of modern science indicates to us that many research results disappeared or
took a long time to become useful to society. Due to the difficulties of bridging this gap,
this stage has been recently called the valley of death or the nightmare stage ™™ ?. Rather
than passively waiting, therefore, researchers and engineers who understand the potential
of the research should actively try to bridge the gap.

To bridge the gap, technology integration ¢ TVPe 2 Basic Research =Note 2) o qojantific findings
for utilizing them in society, in addition to analytical research, has been one of the
wheels of progress (¢ P!l Researeh =Note $) - Pra ditional journals, have been collecting
much analytical type knowledge that is factual knowledge and establishing many
scientific disciplines (¢ Tvpe t Basic Research =Note 4) = Tachnplogy integration research
activities, on the other hand, have been kept as personal know-how. They
have not been formalized as universal knowledge of what ought to be done.

As there must be common theories, principles, and practices in the methodologies of tech-
nology integration, we regard it as basic research. This is the reason why we have decided
to publish “Synthesiology”, a new academic journal. Synthesiology is a coined word com-
bining “synthesis” and “ology”. Synthesis which has its origin in Greek means integra-
tion. Ology is a suffix attached to scientific disciplines.

Each paper in this journal will present scenarios selected for their societal value, identify
elemental knowledge and/or technologies to be integrated, and describe the procedures
and processes to achieve this goal. Through the publishing of papers in this journal, re-
searchers and engineers can enhance the transformation of scientific outputs into the soci-
etal prosperity and make technical contributions to sustainable development. Efforts such
as this will serve to increase the significance of research activities to society.

We look forward to your active contributions of papers on technology integration to the

journal.

“Synthesiology” Editorial Board
(written in January, 2008)
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Note 1

Note 2

Note 3

Note 4

Note 5

Message

The period was named “nightmare stage” by Hiroyuki Yoshikawa, the then President of AIST, and
historical scientist Joseph Hatvany. The “valley of death” was used by Vernon Ehlers in 1998 when he
was Vice Chairman of US Congress, Science and Technology Committee. Lewis Branscomb, Professor
emeritus of Harvard University, called this gap as “Darwinian sea” where natural selection takes place.

Type 2 Basic Research

This is a research type where various known and new knowledge is combined and integrated in order to
achieve the specific goal that has social value. It also includes research activities that develop common
theories or principles in technology integration.

Full Research

This is a research type where the theme is placed within the scenario toward the future society, and where
framework is developed in which researchers from wide range of research fields can participate in studying
actual issues. This research is done continuously and concurrently from Type 1 Basic Research ™**® to
Product Realization Research ™, centered by Type 2 Basic Research "2,

Type 1 Basic Research
This is an analytical research type where unknown phenomena are analyzed, by observation,
experimentation, and theoretical calculation, to establish universal principles and theories.

Product Realization Research
This is a research where the results and knowledge from Type 1 Basic Research and Type 2 Basic Research
are applied to embody use of a new technology in the society.

Edited by Synthesiology Editorial Board
Published by National Institute of Advanced Industrial Science and Technology (AIST)
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Synthesiology Editorial Policy

Editorial Policy

Objective of the journal

The objective of Synthesiology is to publish papers that
address the integration of scientific knowledge or how to
combine individual elemental technologies and scientific
findings to enable the utilization in society of research
and development efforts. The authors of the papers are
researchers and engineers, and the papers are documents
that describe, using “scientific words”, the process and the
product of research which tries to introduce the results of
research to society. In conventional academic journals,
papers describe scientific findings and technological results
as facts (i.e. factual knowledge), but in Synthesiology, papers
are the description of “the knowledge of what ought to be
done” to make use of the findings and results for society.
Our aim is to establish methodology for utilizing scientific
research result and to seek general principles for this activity
by accumulating this knowledge in a journal form. Also, we
hope that the readers of Synthesiology will obtain ways and
directions to transfer their research results to society.

Content of paper

The content of the research paper should be the description of
the result and the process of research and development aimed
to be delivered to society. The paper should state the goal
of research, and what values the goal will create for society
(Items 1 and 2, described in the Table). Then, the process
(the scenario) of how to select the elemental technologies,
necessary to achieve the goal, how to integrate them, should
be described. There should also be a description of what
new elemental technologies are required to solve a certain
social issue, and how these technologies are selected and
integrated (Item 3). We expect that the contents will reveal
specific knowledge only available to researchers actually
involved in the research. That is, rather than describing the
combination of elemental technologies as consequences, the
description should include the reasons why the elemental
technologies are selected, and the reasons why new methods
are introduced (Item 4). For example, the reasons may be:
because the manufacturing method in the laboratory was
insufficient for industrial application; applicability was not
broad enough to stimulate sufficient user demand rather than
improved accuracy; or because there are limits due to current
regulations. The academic details of the individual elemental
technology should be provided by citing published papers,
and only the important points can be described. There
should be description of how these elemental technologies

Synthesiology Vol.7 No.3 (2014)
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are related to each other, what are the problems that must
be resolved in the integration process, and how they are
solved (Item 5). Finally, there should be descriptions of how
closely the goals are achieved by the products and the results
obtained in research and development, and what subjects are
left to be accomplished in the future (ltem 6).

Subject of research and development

Since the journal aims to seek methodology for utilizing
the products of research and development, there are no
limitations on the field of research and development. Rather,
the aim is to discover general principles regardless of field,
by gathering papers on wide-ranging fields of science and
technology. Therefore, it is necessary for authors to offer
description that can be understood by researchers who are
not specialists, but the content should be of sufficient quality
that is acceptable to fellow researchers.

Research and development are not limited to those areas
for which the products have already been introduced into
society, but research and development conducted for the
purpose of future delivery to society should also be included.

For innovations that have been introduced to society,
commercial success is not a requirement. Notwithstanding
there should be descriptions of the process of how the
technologies are integrated taking into account the
introduction to society, rather than describing merely the
practical realization process.

Peer review

There shall be a peer review process for Synthesiology, as in
other conventional academic journals. However, peer review
process of Synthesiology is different from other journals.
While conventional academic journals emphasize evidential
matters such as correctness of proof or the reproducibility of
results, this journal emphasizes the rationality of integration
of elemental technologies, the clarity of criteria for selecting
elemental technologies, and overall efficacy and adequacy
(peer review criteria is described in the Table).

In general, the quality of papers published in academic
journals is determined by a peer review process. The peer
review of this journal evaluates whether the process and
rationale necessary for introducing the product of research
and development to society are described sufficiently well.
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In other words, the role of the peer reviewers is to see whether
the facts necessary to be known to understand the process of
introducing the research finding to society are written out;
peer reviewers will judge the adequacy of the description of
what readers want to know as reader representatives.

In ordinary academic journals, peer reviewers are anonymous
for reasons of fairness and the process is kept secret. That
is because fairness is considered important in maintaining
the quality in established academic journals that describe
factual knowledge. On the other hand, the format, content,
manner of text, and criteria have not been established for
papers that describe the knowledge of “what ought to be
done.” Therefore, the peer review process for this journal will
not be kept secret but will be open. Important discussions
pertaining to the content of a paper, may arise in the process
of exchanges with the peer reviewers and they will also be
published. Moreover, the vision or desires of the author that
cannot be included in the main text will be presented in the
exchanges. The quality of the journal will be guaranteed by
making the peer review process transparent and by disclosing
the review process that leads to publication.

Disclosure of the peer review process is expected to indicate
what points authors should focus upon when they contribute
to this journal. The names of peer reviewers will be
published since the papers are completed by the joint effort
of the authors and reviewers in the establishment of the new
paper format for Synthesiology.

References

As mentioned before, the description of individual elemental
technology should be presented as citation of papers
published in other academic journals. Also, for elemental
technologies that are comprehensively combined, papers that
describe advantages and disadvantages of each elemental
technology can be used as references. After many papers are
accumulated through this journal, authors are recommended
to cite papers published in this journal that present similar
procedure about the selection of elemental technologies
and the introduction to society. This will contribute in
establishing a general principle of methodology.

Types of articles published

Synthesiology should be composed of general overviews
such as opening statements, research papers, and editorials.
The Editorial Board, in principle, should commission
overviews. Research papers are description of content and
the process of research and development conducted by the
researchers themselves, and will be published after the peer
review process is complete. Editorials are expository articles
for science and technology that aim to increase utilization by
society, and can be any content that will be useful to readers
of Synthesiology. Overviews and editorials will be examined
by the Editorial Board as to whether their content is suitable
for the journal. Entries of research papers and editorials
are accepted from Japan and overseas. Manuscripts may be
written in Japanese or English.

Required items and peer review criteria (January 2008)

Item

Requirement

Peer Review Criteria

Research goal

Describe research goal (“product” or researcher's vision).

Research goal is described clearly.

Relationship of research
goal and the society

Describe relationship of research goal and the society, or its value
for the society.

Relationship of research goal and the society
is rationally described.

Scenario

Describe the scenario or hypothesis to achieve research goal with
“scientific words” .

Scenario or hypothesis is rationally described.

Selection of elemental
technology(ies)

Describe the elemental technology(ies) selected to achieve the
research goal. Also describe why the particular elemental
technology(ies) was/were selected.

Elemental technology(ies) is/are clearly
described. Reason for selecting the elemental
technology(ies) is rationally described.

Relationship and
integration of elemental
technologies

Describe how the selected elemental technologies are related to
each other, and how the research goal was achieved by composing
and integrating the elements, with “scientific words” .

Mutual relationship and integration of
elemental technologies are rationally
described with “scientific words” .

Evaluation of result and
future development

Provide self-evaluation on the degree of achievement of research
goal. Indicate future research development based on the presented
research.

Degree of achievement of research goal and
future research direction are objectively and
rationally described.

Originality

Do not describe the same content published previously in other
research papers.

There is no description of the same content
published in other research papers.
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Instructions for Authors

1 Types of articles submitted and their explanations
The articles of Synthesiology include the following
types:

- Research papers, commentaries, roundtable talks, and
readers’ forums

Of these, the submitted manuscripts of research papers
and commentaries undergo review processes before
publication. The roundtable talks are organized,
prepared, and published by the Editorial Board. The
readers’ forums carry writings submitted by the readers,
and the articles are published after the Editorial Board
reviews and approves. All articles must be written so
they can be readily understood by the readers from
diverse research fields and technological backgrounds.
The explanations of the article types are as follows.

@ Research papers

A research paper rationally describes the concept and
the design of R&D (this is called the scenario), whose
objective is to utilize the research results in society, as
well as the processes and the research results, based on
the author’s experiences and analyses of the R&D that
was actually conducted. Although the paper requires
the author’s originality for its scenario and the selection
and integration of elemental technologies, whether
the research result has been (or is being) already
implemented in society at that time is not a requirement
for the submission. The submitted manuscript is
reviewed by several reviewers, and the author
completes the final draft based on the discussions with
the reviewers. Views may be exchanged between the
reviewers and authors through direct contact (including
telephone conversations, e-mails, and others), if the
Editorial Board considers such exchange necessary.

@ Commentaries

Commentaries describe the thoughts, statements, or
trends and analyses on how to utilize or spread the
results of R&D to society. Although the originality of
the statements is not required, the commentaries should
not be the same or similar to any articles published in
the past. The submitted manuscripts will be reviewed
by the Editorial Board. The authors will be contacted if
corrections or revisions are necessary, and the authors
complete the final draft based on the Board members’
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comments.

(3 Roundtable talks

Roundtable talks are articles of the discussions or
interviews that are organized by the Editorial Board.
The manuscripts are written from the transcripts of
statements and discussions of the roundtable participants.
Supplementary comments may be added after the
roundtable talks, if necessary.

@ Readers’ forums

The readers’ forums include the readers’ comments or
thoughts on the articles published in Synthesiology, or
articles containing information useful to the readers in
line with the intent of the journal. The forum articles
may be in free format, with 1,200 Japanese characters or
less. The Editorial Board will decide whether the articles
will be published.

2 Qualification of contributors

There are no limitations regarding author affiliation or
discipline as long as the content of the submitted article
meets the editorial policy of Synthesiology, except
authorship should be clearly stated. (It should be clearly
stated that all authors have made essential contributions
to the paper.)

3 Manuscripts

3.1 General

3.1.1 Articles may be submitted in Japanese or English.
Accepted articles will be published in Synthesiology
(ISSN 1882-6229) in the language they were submitted.
All articles will also be published in Synthesiology -
English edition (ISSN 1883-0978). The English edition
will be distributed throughout the world approximately
four months after the original Synthesiology issue is
published. Articles written in English will be published
in English in both the original Synthesiology as well
as the English edition. Authors who write articles for
Synthesiology in Japanese will be asked to provide
English translations for the English edition of the journal
within 2 months after the original edition is published.
3.1.2 Research papers should comply with the structure
and format stated below, and editorials should also
comply with the same structure and format except
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subtitles and abstracts are unnecessary.

3.1.3 Research papers should only be original papers
(new literary work).

3.1.4 Research papers should comply with various
guidelines of research ethics.

3.2 Structure

3.2.1 The manuscript should include a title (including
subtitle), abstract, the name(s) of author(s), institution/
contact, main text, and keywords (about 5 words).

3.2.2 Title, abstract, name of author(s), keywords, and
institution/contact shall be provided in Japanese and
English.

3.2.3 The manuscript shall be prepared using word
processors or similar devices, and printed on A4-size
portrait (vertical) sheets of paper. The length of the
manuscript shall be, about 6 printed pages including
figures, tables, and photographs.

3.2.4 Research papers and editorials shall have front
covers and the category of the articles (research paper or
editorial) shall be stated clearly on the cover sheets.

3.2.5 The title should be about 10-20 Japanese characters
(5-10 English words), and readily understandable for a
diverse readership background. Research papers shall
have subtitles of about 15-25 Japanese characters (7-15
English words) to help recognition by specialists.

3.2.6 The abstract should include the thoughts behind
the integration of technological elements and the reason
for their selection as well as the scenario for utilizing the
research results in society.

3.2.7 The abstract should be 300 Japanese characters or
less (125 English words). The Japanese abstract may be
omitted in the English edition.

3.2.8 The main text should be about 9,000 Japanese
characters (3,400 English words).

3.2.9 The article submitted should be accompanied by
profiles of all authors, of about 200 Japanese characters
(75 English words) for each author. The essential
contribution of each author to the paper should also
be included. Confirm that all persons who have made
essential contributions to the paper are included.

3.2.10 Discussion with reviewers regarding the research
paper content shall be done openly with names of
reviewers disclosed, and the Editorial Board will edit the
highlights of the review process to about 3,000 Japanese
characters (1,200 English words) or a maximum of 2
pages. The edited discussion will be attached to the main
body of the paper as part of the article.

3.2.11 If there are reprinted figures, graphs or citations
from other papers, prior permission for citation must
be obtained and should be clearly stated in the paper,
and the sources should be listed in the reference list. A
copy of the permission should be sent to the Publishing
Secretariat. All verbatim quotations should be placed in
quotation marks or marked clearly within the paper.

3.3 Format

3.3.1 The headings for chapters should be 1, 2, 3..., for
subchapters, 1.1, 1.2, 1.3..., for sections, 1.1.1, 1.1.2,
1.1.3, for subsections, 1.1.1.1,1.1.1.2, 1.1.1.3.
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3.3.2 The chapters, subchapters, and sections should be
enumerated. There should be one line space before each
paragraph.
3.3.3 Figures, tables, and photographs should be
enumerated. They should each have a title and an
explanation (about 20-40 Japanese characters or 10-20
English words), and their positions in the text should be
clearly indicated.
3.3.4 For figures, image files (resolution 350 dpi or
higher) should be submitted. In principle, the final print
will be in black and white.
3.3.5 For photographs, image files (resolution 350 dpi or
higher) should be submitted. In principle, the final print
will be in black and white.
3.3.6 References should be listed in order of citation in
the main text.
Journal — [No.] Author(s): Title of article, Title
of journal (italic), Volume(lssue), Starting page-
Ending page (Year of publication).
Book — [No.] Author(s): Title of book (italic),
Starting page-Ending page, Publisher, Place of
Publication (Year of publication).

4 Submission
One printed copy or electronic file (Word file) of
manuscript with a checklist attached should be submitted
to the following address:
Synthesiology Editorial Board
c/o Website and Publication Office, Public Relations
Department, National Institute of Advanced
Industrial Science and Technology(AIST)
Tsukuba Central 2, 1-1-1 Umezono, Tsukuba 305-
8568
E-mail: synthesiology-ml@aist.go.jp
The submitted article will not be returned.

5 Proofreading

Proofreading by author(s) of articles after typesetting is
complete will be done once. In principle, only correction
of printing errors are allowed in the proofreading stage.

6 Responsibility
The author(s) will be solely responsible for the content
of the contributed article.

7 Copyright

The copyright of the articles published in “Synthesiology”
and “Synthesiology English edition” shall belong to the
National Institute of Advanced Industrial Science and
Technology(AIST).

Inquiries:
Synthesiology Editorial Board
c/o Website and Publication Office, Public Relations
Department, National Institute of Advanced
Industrial Science and Technology(AIST)
Tel: +81-29-862-6217 Fax: +81-29-862-6212
E-mail: synthesiology-ml@aist.go.jp
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Research papers
Development of a stable growth factor suitable for radioprotection

-Drug development-aimed R&D at a basic research institute-
T.IMAMURA

Development of a protein array for autoantibody profiling of blood
-Comprehensive disease diagnosis using the body’s defense system -
Y.Kawakami and N.GOSHIMA

Technological development of internal heat-integrated distillation column (HIDiC)
-Substantive research of application to a bench plant of bioethanol distillation-
K.Kataoka and H.Nopa

Secure password authentication schemes and their applications
-How to achieve security with short passwords-
K.KoBara and S.H.SHIN

Development of environmentally-friendly surface modification technology
-Practical realization of novel oleophobic coating without relying on perfluorinated compounds and surface texturing-
A.Hozumr and C.URATA
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