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Studies on the Early Stage of the Biosynthesis of Fusicoccin.
Transformations of Fusicoccadiene Derivatives in the Growing

Culture of the Fusicoccin— Producing Fungus, Fusicoccum amygdali

Chang — Shan Zhang, Nobuo Kato, Akira Mori, Naoto Tajima, and Takeshi Sassa
Institute of Advanced Material Study, Kyushu University,

Department of Bioresources, Faculty of Agriculture, Yamagata University

Earlier studies on the biosynthesis of fusicoccins, diterpenoid glycosides having plant
growth-regulating activities, have postulated fusicocca-1,10(14)-diene as the hydrocarbon
intermediate. However, we have recently isolated fusicocca-2,10(14)-diene, a double bond isomer of
the putative hydrocarbon, from the fusicoccin-producing fungus, Fusicoccum amygdali, as a main
hydrocarbon constituent.  This fact called our attention to the initially-forming fusicoccane
hydrocarbon in the fusicoccin biosynthesis. To clarify the genuine hydrocarbon intermediate and the
early stage of the biosynthetic pathway of fusicoccin, we have carried out the feeding experiments of
synthetic derivatives of these fusicoccadienes.

Fusicocca-2,10(14)-dien-19-0l was converted into fusicocca-2,10(14)-diene-88,16,19-triol by its
feeding into the growing culture of F. amygdali. This result strongly suggests that the hydroxylation

of the C8 position occurs at a very early stage of the fusicoccin biosynthesis.
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ERAOMEBICEL T, TR TH 3 fusicoccinOE M SHEF I N/ITT 10,
MEAE L THFIN T S taxol® O A S BT R (LK R O B », &K
taxa-4(20),11(12)-diene 2 5 taxa-4(5),11(12)-diene NFJIEE 7" T ETHHohin L5112, &

KRBPOBED S OFHETESRTRE O E L HRT S LIIBERTH 3,

fusicoccin J (R' =H, RZ=H)

fusicoccin AR = OAc, R% = Ac )

Figure 1. Biogenesis of fusicoccins from geranylgeranyl diphosphate (GGDP)
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ML, @IS & > TEOBEEZRERE U, ZOFESEIL, fusicoccin S RABRKRE LT 2%
EENRETREILERLTV S,

2T, FHHRIKBICNT2HMR2B5EHMT, 1, 208FTHETH 53, 40
F.amygdalil" & 2 REBREITS J EEFE U, 2hoid, 19LITKBEEZFET AN, H
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34 fusicoccin £ & BRI ERN BRIRER DO EEZ SN 5D, FHIZ S B O®RETHR
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—7 413, TLCHATORESE, MAREICH A E IS hi, SiOAFLsa< b F 57
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Figure 2. Feeding substrstes and the new metabolite 5 from 4.



9, FOHF= [HREIMS, Found: m/z 320.2343 (M"); Calcd for CpoH.,Os: 320.2351] Mo 410
i (A OKER{LDHER & - 72 fusicoccadienetriol Tdh 5 Z EWHEEI NI, BB Fickir 3
H, ®CNMR 27 bWiz7o—F Ry 7+ VEBZ, Z2OTERETH - 1225, Zhig

gD 8 BERDONAKKCEEIZ K3 BB Table 1. 'Hand “CNMR assignments for the major conformer
of 5 at-30°C in CDC1, (‘'H/600 MHz and °C/150 MHz)

BEE MR D ﬁﬁ ERET BHRTH position | SH (ppm) coupling constants (Hz) 6C (ppm)
_ . . _ 1 2.25 brd, 14.5 36.68
5 o % — -‘C‘; 1&&?1—FT@?EUE’§@E‘T l/ 2.37 d, 14.5
3 2 - 140.21
TcEI A, B0CIZENT 2D RE 3 = 139.45
o 4 2.30 m 31.70
BEHE (4 DICHAKT B Y7 F NI 2.35 m
. 5 1.40 m 31.40
SETE I, U, BRI Lo 1258
. At ] 2.65 brdd, 10, 8 47.71
REBTX5 Y 7 HILOHEBIUTRL 5o 7 2.00 m 2218
“ . 8 3.82 dt, 12.5, 4 76.26
W35 LB SV 2 & A L 7 HH 9 222 dd, 13, 12.5 27.89
. 2.47 br dd, 13.4
COSY  (COrrelation  SpectroscopY), I - 142.46
. 11 - 49.88
HMQC (Heteronuclear Multi Quantum 12 136142 Hm 3253
13 2.11-2.18 2H, m 26.69
Coherence), HMBC  (Heteronuclear 1 — 136.51
. . I, 15 2.87 dquint., 9.5, 6.5 35.55
Mutiple Bond Connectivity) @ £ IR JT 16 216 112 5931
s P N - 4.22 d, 12
BEEFT, UTOREEELEDE T gor T 5id7 -
- X . 18 0.96 3H, s 27.32
52 &ET,'HPCDE > 7 F )V % Table T IH 4d.105.95 579
_ N ) 3.49 dd, 10.5,6.5
LR LSRR Lo 20 1.01 31,4, 65 14.96
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Analysis of crystallographic orientation in Cu — Mo Lamellar
composite by Orientation Imaging Microscopy
F. Yoshida , M. Kubota , K.Ikeda , H. Nakashima and H. Abe

Abstract

It is well known that an interface sliding strongly affects strength of composite materials at
high temperatures. However, the mechanism has not been clarified because the crystallographic
orientation of each layer has been difficult to measure by X — ray technique and transmission electron
MiCTOSCOpY.

Recently, a new crystallographic orientation measuring technique based on electron back —
scatter diffraction (Orientation Imaging Microscopy : OIM) has been developed. OIM has high space
resolution and, can measure crystallographic orientation of crystalline materials by submicron step and
can cover an area as large as several millimeters. Accordingly, it is considered that this technique is a
suitable technique to measure the crystallographic orientation of composite materials.

In this paper, the results of electron back — scatter diffraction measurement of
crystallographic orientation of each layer of Cu — Mo artificial lamellar composite which could not be

clarified by X — ray technique and transmission electron microscopy is described.
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Fig.1 Schematic illustration of the configuration of Orientation Imaging Microscopy .

2.2 ARG BEMSEREM OHE

AR ACEREE, £ 7T U BRERD O 5 RBK A AN OBRREIRE L,
BRI L D ERI L 7o Co-Mo ALHEBHEI TH 5, 2T, Ve 77 v oREHKRIE
3BT, Fig2lilmd £9i1C8Y 757 L EBORER (010) T, ot &M@l [001] 5D J5 A A3
70° T b, E£72, Cu-MOATHEMHOAMOEE Y 757 VEOEXI3#400 4 m
ThbH,



FHGBRWEE AN, Cu-Mo ATRUEM O RIENEIERE L BEICE S L 51251 T E
YAy s —FRAOTESH Immicg] o H Ui, KIS, ZORBOEREES A YE L KR~
Z hEROCTEREEF Uiz, CORETOEY 77 VBDOEBSD/ Y — v OBEKRE
Fig3(a)Rd, B& Y, EBSD/XY — UNE o SN TR ENGNnD, Zhid, 4
BIZ OO THRETS » 72,

Fig. 2 Schematic illustration of laminated block.

Fig.3 Results of observatiof EBSDs before (a) an after (b) electropolishing.
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Fig.4 EBSDs from (a) a body-centered cubic material, molybdenum , and (c) a face-centered cubic material,
copper. Typical indexing EBSDs molybdenum and copper.
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Fig.5 {001} pole figures from each phases of Cu-Mo lameller composite and sample

4. £¢0
VUboERrofons & Hic, HOBeummss
TR DRSO O P BT & 5 24 O S 5 A7 BB 1% DO RN & LR BLIZAT S

EROBIEITE-T, HuklizsT-

MAJEEL 7L - 72,
S5%i13, COEEBFAOTHEONCELANOERE b EICATMINIBEBICIONTD

FRA L DEDTHE D,



#h Y1z, Co-Mo ATHUBMBI ORI o & e, ARRFRATBNE (H HEA
W KEEARE: b3y AFE) Kicg CR#d 5,

5. S

(1) J. A. Venables and C. J. Harland, Phil. Mag., 27(1973) 1193.

(2) 1. A. Venables and R. Bin-Jaya, Phil. Mag., 35(1977) 1317.

(3) T. C. Isabell and V. P. Dravid, Ultramicroscopy, 67(1997) 59.

(4) F. Yoshida and H. Nakashima, The Third Pacific Rim International Conferece on Advanced by
Materials and Processing(PRICM3) ed. By M. A. Imam, R. DeNale, S. Hanada, Z. Zhong and C.
N. Lee, The Minerals, Metals&Materials Society, (1998) 417.

(5) P. B. Hirsh, A. Howie, R. B. Nicholson, D. W. Pashley and M. J. Whelan, Electron Microscopy
of Thin Crystals, Butterwonths, London, (1965) 119.

(6) D. P. Field, Ultramicroscopy, 67(1997) 1.



KIRENWVTFFA MEAFA o RBNEAHE L 72
HEE)LFH+ A4 NADREEH 2 DORE

fars fEe, #Mg #=r, LA &r, va)ll IEsE**
TUHIRFRFEELFEDITER, IR FERERA A B T E7ER

Adsorption of carbon dioxide on H-mordenite obtained by ion

exchange

Teruki Fukumatsu’, Kenzo Munakata”, Satoshi Yamatsuki’
and Masabumi Nishikawa"
"Graduate school of engineering, Kyushu University

“Interdisciplinary graduate school of engineering sciences, Kyushu University

Abstract
Reprocessing of spent nuclear fuel produces nuclear off-gases that contain various radioactive gases.
Emission of these radioactive gases to the environment must be prevented as low as posslble not only
for protection against radioactivity but also for the advancement of public acceptance of the nuclear
energy. The nuclear off-gases contain tritium as *H, or tritiated water vapor, "“C as carbon dioxide, *Kr
and '"Xe as chemically inert gases, ”’I as I, or CH,I and so forth. At present, these radioactive gases
are released into the atmosphere except lodine. Thus, an efficient recovery system of these gases
needs to be developed. The adsorption process could be one candidate to achieve this purpose. In this
work, we studied the application of the adsorption process to the treatment of the off-gas. Natural
mordenite and H-mordenite was used as adsorbents and we investigated adsorption behavior of carbon

dioxide on these adsorbents.



1. ##
FAREEILTE TSR TRAT IR A 7 /7 A RUEIW A 7 /7 2023, 7 RIRRUIKE
SOBETHRIESN 2 H, REAZROETHHINS “C, 2 FRH 20 idMLEHholT
S B7L %K, WXe Sl oA 2 EORGHERENGEFATO S, BlfE, Zhoo
BESHHAZTED 5 BT £ R 2 TORSPERF IR S TO 505, h o ORI
ZAULT 5 Z &A%, HEHRBED 729 124 TR (BT 1 OHSMZEED o il baAEI
WHEELZOND, Fi, (LABEBOMERICH > THHINRBAT AN 5 TREY
FRIC L 2HHEE~OHBLRE SN TE D, BT~ REEA AR IH D 72 b DXt E
bAKEL-T05, UEoAN S, KEHNZADEUL Y 27 L2 HET I LENH 5,
B/ ZDSBERIUIE W DO DFENH B0, BB A 74 AD & 5 ITKEE T RAFEL
BLBNAZD S bIRECBENRTE Z3FEE LT, BEEFIC LA ESFSh S, K
HEIC X AEU Y AT LIEAT 2 WERNE, HEOEML O TEPMIHOKEDA
ZAERETHLONEFE L, AP TE, RARENVTFA MCER UTREEA XOKE
BEi2 RT3 & &I, BICHESN TV B EZRBLYLT v T 7T ORE" O L i,
KBS ZDBE BB LA A VRIC L DIREBEZOM LR SN 20 E S T L,

T

2. WER ORE L EKRE

ERITIE, MABKRFEDORKKRENTFA b, ChEBUKBKEROIZA A U 35#H]
ICE > THELHBENLT A FERBFNCH N, EVTFHA RO REHT
H, ThAEBEBBKICERTIEICED, ELFH, PRICEEINTH LT IVAYELE
TN THEENEE, KBEAA VELBRTEEICID HEELTF 1 MR OH
BP0 LICLTHROoNAHBENLT+F A4 ME, RERENVTFHA MILHXRT, TUE
T RERBIPOBBEENKE LB I ENMESNTNAED PRPIETIE, RRELF
+4 M INOBRHKEES L3 ImolD 7 v &= T/KBKRIC 2R T itk 1+
VRS ET, HREIEA T A FEAR U, 14 vRBITIE, 168, Tk, MR v =
TLROT vEZTERAN, TUEZTIKBRIZTNVA VDY, T e TKEKIC
RKRENTFA FEZRBULEI00C~600CTEREES &, KEAA VIERELUHEE L
TFAMRONE T SDKBKRDS L, BETHIWHET V=Y LId, 1405
BARIEDIRIC 8O CTABL, ZDMOKBWOBER, HRIRTHEIME LU, TOXHITLT



BohHEELT F A FERERE LTHY, ERET -7,

Egiz, MBREEEARBEEERACTIT -7, ERTEEY, BEAY Y LKHRF TR
ERN OGS WRAERS A X Bk, BEABEONY Y Ly YT - ORI AEE
AL, HNBEOEKME(EH R 70 NS T THRE L, ZOEShIcBOBED
BEZERBEL, FEREEL KD, LREEOEBER, EEMT-EEEIHE-
TEREFT - 1,

3. @& M

TREE4sERT AR, Langmuir®, Freundlich® 78 EfE 4 BRI N T B8, A
RTRESBRBIER "2 HOTHBET > 7o, ORI, BAENEEE b LICREE
REtOMEEMAZER LI bDOTHY, EROFHREREEIT S ECHEL TS, &
1 B RG F DR~ DILR b BB EIAT O S ENTE B LS HHER D, LTIt
flaRERIC L 2MERXE RS,

e (e ] R e =] B
A= % exp ﬂ_(xg;l ) ) (2)
A= L]lj exp __(AE;A s9) ] (3)
b=b.exp(—q:/RT) (4)
=4 (5)
4. BRLEE

FigliIZ0°Cit BT B REBRENTF A MW T 2 REA ADEEHREREE, BRIk -T
A4 VR EIT > I HBIB VT F 1 MICHHd 2R 7 R OFEHRERE 1T, &b, HE
EWFFA MCHT BREEA ZOFERERE, RARENTF A b ERBFNCABE
EHELT, 3£%240/5—t 2 MRENS A 570, REEA 2453 E A3 100Pa LU F OIRS



A FHRTI, FRELFF A P ~OREEH %
O VEREEE, RFFE TRBEDO KL
TEEULEREL S 1 FSAPEKE S

4k Isotherm correlated
by vacancy solution theory
i

| /
er /i / /A/‘/W
4 M1BXEDBREOLI EDDh o,

o TRRENTF A FIEWHEAS A b
L0, BOEA 7 H X POREEN AR
s A H-mordenite (treated with HCI) ‘HEL: I T@u?%ﬁ%—f@@(%ﬁut bf*']ﬁﬂ
107" el vl s ennl FAIEICHELTVWAEEEZOND, E
10" 10° 10° 10° v, BB A E ISR B BT AR
Partial Pressure of CO, [Pa] < K = B A =
Fig. 1 Comparison of COQ, adsorption capacities on DR, KREINLFF 4+, HElE L
natural mordenite and HCI-treated mordeite
T4 bELRGEOMERE R, K
TRUTCERIS, BABRKEREAOCTENZFNOBERNICHT 2 R A DF#REED
FHEZEZIT 72D TH D, MBEE L ICERBRARH TSI ENTEL, BERRLUND
KB AFOTESAAHREIL T+ 4 M2 T b RERRICEREE T AN EER AT - 72, =
NS DWEEFNTDNTIE, KEEH RED 1000Pa ik THERZ 1T » 1o, £ DE5HE 4 Tablel
WWRT . JORENS, BBEAOTA 4 U AENEAIT-> TR SN HBE LT+ 1 MY,
A A4 VBN IOKBEROBEICEL ST, WIFN L KRB RO FEEEEREI/NE 5
f2o £ TERFFICBNTIE, HEENFF+ 4 O BETHERBEOHEE T, 414K
PULENZ L DAL bR TW R LD EI M N, JOHEICE, BRE—<Af 704
U 4y 7 ALEER HBRIERERE 2005 Fin e, F12, Z OREIEERE OIS S
A, BREAR O, O8RS, RARENLF A O BETHEBEEEN B L Z 20007 /g T

A Natural mordenite

Adsorption Capacity [mol/g]
At

HoteDIIHLT, HRIELFF A I 280w /gt B L F 40— PREL LTS
T ENERINI, ISICXRDAEROTHEIE LT+ A b ERKRENTF A O XEREE
G = DENE BT U7, Fig2d (@), OICRRENLFF A PEHBIELFTF A bD
EFNEFNOXBEEFT Y -2 -7 F— 7 DETRT, Fig2 b E—-7F—4 T3, &
KOBEEAFOE—713& bINFER—-OAETHEIM NN, RERELFFA bTIE,
ZEHIIKRER -7 2BRILCAENHB TV F 4 FTRINEICL - Tl h 1, &
7z, Fig2® @ISRUICKRENTF A P TIRNE R E -7 BE BRI AT BH, (b
RUKRHBIELF A FTRRERENTF A MIEN, BHlZhiE—-7F— 5 0HIZH



FAETH -7 S, KRELFHA PRECAFA L EUTHEELIERA BT VA Y
SRBPT VAU TEEBNAA VZBICE - THEB L, KEAA VICBSBb 7o &
EZt, ULtoZ Eho, REEH A0 R IEOBRBEGEM OO X 5 Ic HBELVF +
4 FERVBMBRBVEEZOND, £, FiB Lk 5 cBEBHEEROTHAFE L7 BET
HEBBIHABEL T A POFBREL LRI EDVERASINIOT, ELVFFA bDA
F BN X B IRFET AREBDIE TR, RREVTF A MIEELE T4 LD
HIZE D BT F A FRETOREDFRMENEN LI EITLEEEZI LGNS,

| (a) Natural mordenite

= |
] 2 L
g TR i
z 13 & |
@ - ? o~
o 2 . o
& e o .
Z & g | B 3 @ g
= - ] g H
| ° & & ‘f - o 2 2
. Ll
| & i L) o ! (4eq)
10 18 28 34 42 50
! L
| (p)HCI-treated mordeite |
| - i
3 LR
.
3 "% 2
- 1w ~ i
- 7 2
[ - I
‘ |
N
‘ - |
; | N | - i)
10 18 26 34 42 50

Fig. 2 Comparison of XRD peak data

Table 1 Comparison of CO, adsorption capacity

Adsorbent Adsorprion capacity

Natural mordenite 1.76 X 107’ [mol/g]

HCI treated mordenite 1.19 X 107’ [mol/g)

HNO; treated mordenite 1.14 X 10™’ [mol/g)

NH. NO, treated mordenite 1.06 X 10™* [mol/g]
NH, treated mordenite 1.44 X 107" [molL

(CO;, partial pressure: 1.01 X 10’ Pa Exp. temp.:273K)
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Decomposition of secondary strucrure of proteins

by microbubbles of supercritical carbon dioxide

Hiroya Ishikawa, Mitsuya Shimoda*
Venture Business Laboratory, Kyushu University

Faculty of Agriculture, Kyushu University*

The secondary structural changes of proteins treated by microbubbling of supercritical carbon
dioxide(SC-CO,) were investigated by measuring the circular dichroism (CD) spectra at far
ultraviolet(UV) range. The decay of negative ellipticity of myoglobin(Mb), ovoalbumin(OVA), bovine
serum albumin(BSA), and A -lactoglobulin( 3 -lg) were observed after the treatment at 35 °C and
25MPa for 30min. Alpha-helix structure of Mb and OVA were largely decomposed, but a little
decomposition of @ -helix was observed on BSA. Beta-structure of 3 -1g would be decomposed by the
treatment. Alpha-helix contents of Mb decreased from 74% to 11% with increasing the pressure. The
plots of a -helix contents against CO, density suggested that the direct protein-SC-CO, interaction
would caurse protein denaturation. The CD spectra of the denatured protein by microbubbling of

SC-CO, could not reform, while reformed CD spectra was observed after heating at 80 °C .
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Fig. 2 Circular dichroism (CD) spectra of the proteins after
microbubbles supercritical CO, treatment at 25MPa

and 35 °C for 30min.

The concentrations and the pH of the proteins were
0.01mg/ml and 7.0, respectively.
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Fig. 5 Changes of CD spectra of myoglobin treating at 80 °C .
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Enhancement effect of carbodiimides

on polyhydroxyphenol chemiluminescence

Mariko Yamashita, Manabu Nakazono, Yoshihito Ohba and Kiyoshi Zaitsu

Faculty of Pharmaceutical Sciences, Kyushu University

ABSTRACT
The enhancement effect of wvarious carbodiimides (N-cyclohexyl-N'-(2-morpholinoethyl)
carbodiimide, 1-cyclohexyl-3-(2-morpholinylethyl)carbodiimide, dicyclohexylcarbodiimide, 1, 3-
di-tert-butylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and N, N-
diisopropylcarbodiimide) during polyhydroxyphenol chemiluminescence (CL) development is
described. When pyrogallol, gallic acid, methyl gallate, ethyl gallate, butyl gallate and purprogallin
were used as model polyhydroxyphenol compounds, EDCeHCI was the most effective and it enhanced
the polyhydroxyphenol CL 20-380-fold in alkaline medium and 140-3600-fold in the absence of

alkali.
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Fig. 1 Possible mechanism of EDC enhancement effect for chemiluminescence of pyrogallol derivatives
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DT D IBOBEESI R 12415) 2R L7ce OBV EFaF o T2 /) —NIB T 1143
OB R 27 Ui,

NaOHFEEE FITH W0 Tid, Pyrogallol 12 DU THg b iR O BARNE (44 %) &R Ui, D
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UTRIZEAEHBIRE RS 0D - 1,

NaOHIETFELE FIZ B Tid, Pyrogallol iZ DT 2RISR AR LS, oAy & R
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KET LI TEOANED A I FORY E FoF 7 o) — VOERIGIC B 1T B RS ER
% Table 112779, L2 ANE DA I FOFTEDCHCUI R H AEWHBREIR AR L 72,
EFIMMEEWELTRAW R EROF YT o) — V6 BTN LBESIENR S/,
FHBELIANEDAL I ROELE, TUHVIFFEFICSOTIRIEEA L RBHR %
REEMN o e DI L, EDCHCUIT VA Y FE T, JEFE FIHICEBIRA R ohic, &
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HNEDAL I FPEICEBRI ERaF T 2/ —IMEERDOR T ) — 2 T 4T - 12,
ZORER, BLIcBRBE % R LT A7 EDC-HCIA, 1T Pyrogallol & O¥ Gallic acid 12 % L,
b A NHRE DA T PRI LTRSS BHBESR LR U, 4%, EDCHCHCZ & %84
BEMALLRYVE N F U7 2/ —VEREGT 2 EEIEHYE O & RE 15 E R0 5
FEANAFTE 5

Table 1 Enhancement effect of carbodiimides on polyhydroxyphenol chemiluminescence
Pyrogallo Gallic acid  Methyl gallate Ethyl gallate Butyl gallate  Purprogallin

NaOH H,O0 NaOH H:0 NaOH H,0 NaOH H:0 NaOH HO NaOH H,0

a)
R C 1

CMCT 124 44 12 34 43 0 43 3 12 2 36 0
CMEC 2 2 1 0 0 0 0 0 2 0 1 0
DCC 1 0 2 0 1 0 0 0 1 0 1 0
DTB 1 0 1 0 1 0 2 0 1 0 1 0
EDC-HCI 382 489 29 3608 27 140 24 219 23 160 180 187
EDC+CH,I 67 22 40 54 28 28 57 57 14 24 6 2
NND 18 0 15 10 2 0 1 1 4 0 2 0

a) Relative chemiluminescence intensities (RCI) for polyhydroxyphenols

in the absence of carbodiimides was taken as 1.
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7 Al NMR study on the interaction between aluminium ion and fulvic

acid in acidic aqueous solution

Department of Chemistry and Physics of Condensed Matter, Graduate School of Science,
Kyushu University

Takushi Yokoyama

The interaction between aluminium ion and Inogashira fulvic acid in acididc aqueous solution
was investigated by Al NMR. In order to estimate the binding constant for aluminium - fulvic acid
complex, the calibration curve method for the determination of free aluminium ion concentration in
sample solutions was developed. The binding constant for aluminium - fulvic acid complex at pH 3
was estimated to be (0.7~1.3)x10° (mol”+ dm’) In the Al NMR spectrum for aluminium - fulvic acid
complex, three peaks were observed at least. Based on the chemical shift values, chemical state of

aluminium ions combined with fulvic acid was discussed.
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