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Table 1. Dissolved elements in seawater more than 1 ppm

Element Chemical Species Concentration [ppm]
o} H,0, O, 8.8 x10°
H H,0 1.1 x10°
Cl Cr 18.8 x10°
Na Na' 10.77 x10°
Mg Mg* 1.29 x10°
S SO,*, NaSO, 905
Ca Ca* 412
K K 380
Br Br 67
C HCO5, COy”, CO, 28
N N,, NO;y, NO,, NH," 15
Sr Sr** 8
B B(OH);, B(OH)4 4.4
Si Si(OH), 2
F F, MgF" 1.3

Table 2. Dissolved sparse resources in seawater

Element Chemical Species Concentration [ppm]
Ar Ar 0.62
Li Li" 0.18
Rb Rb" 0.12
P HPO,”, PO,”, H,PO, 0.06
I 105, T 0.06
Ba Ba™' 0.02
Mo MoO,” 0.01
U UO,(CO5)5* 0.003
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Fig. 3. Changes in unit value and production for bromine

Table 3. Relationships among pharmaceutical agents, food additives and chemical compounds with anion and cation

dissolved in seawater

Cation
Na* Mg* Ca K" NH,

Cr O © © © ©

SO~ © © O © O

‘ 5 Br O — O O —
Z HCO; O — — — O
COs*> O © © O O

NO;y ] - — ] -

NO, O — — — —

©: pharmaceutical agents and food additives, O: pharmaceutical agents

[]: food additives, —: unregistrated
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Table 4. Applications and prices of pharmaceutical agents compoundable from materials dissolved in seawater

NaCl Correction of electrolyte in electrolyte fluid replacement, lavage of tunica 0.63/g
mucosa bronchiorum, etc.

MgCl, The agent for peritoneal dialysis 0.32/ml

CaCl, Treatment of hypocalcemia, correction of electrolyte in electrolyte fluid 92/20ml
replacement, etc.

KCI Potassium supply in continuous insulin administration, potassium supply 0.94/g
for diarrhea, etc.

NH,CI Electrolyte fluid replacement for low-chloride alkalosis 60/20ml

Na,SO, For costiveness —

MgSO, For cholelithiasis, for costiveness 0.86/g

K,SO, Vasodilating agent 1.37/g

NaBr For childhood intractable epilepsy, sedative agent for anxiety tension state 5.1/g

CaBr, For childhood intractable epilepsy, sedative agent for anxiety tension state 61/20ml

KBr For childhood intractable epilepsy, sedative agent for anxiety tension state 5.1/g

NaHCO; Improvement of gastritis condition, acid-suppressing agent for gastritis, etc. 0.84/g

MgCOs3 Improvement of gastritis condition, acid-suppressing agent for gastritis, etc. 1.24/g

CaCOs; Improvement of gastritis condition, acid-suppressing agent for gastritis, etc. 0.84/g

Table 5. Food additives compoundable from materials dissolved in seawater

MgCl, Coagulant agent for tofu, manufacturing agent, toughening agent

CaCl, Toughening agent, coagulant agent for tofu,

KCl1 Seasoning agent

NH,CI Expansion agent

Na,SO4 Manufacturing agent

MgSO,4 Manufacturing agent, coagulant agent for tofu, toughening agent

CaS0O, Toughening agent, coagulant agent for tofu,

K,SO, Toughening agent, coagulant agent for tofu,

(NH4),SO4 Manufacturing agent

NH,HCO;, Expansion agent

Na,CO, Manufacturing agent

MgCO; Manufacturing agent, toughening agent

CaCO; Toughening agent, manufacturing agent

K,CO; Expansion agent, manufacturing agent

(NHy4),CO; Expansion agent, manufacturing agent

NaNO; Fermentation conditioning agent, coloring agent

KNO; Fermentation conditioning agent, coloring agent

NaNO, Coloring agent
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Fig. 8. Process flow diagram for novel integrated utilization process of sea water resources
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Fig. 9. Process flow diagram for novel integrated utilization process of sea water resources (cold energy)
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Summary

Infroduction

In salt industry, reconstruction of industrial structure is required in order to reduce energy cost and increase
process efficiency. In resource-starved Japan, sea water resources have attracted attention until now. Then, it is
required to investigate the integrated utilization technology of sea water resources in detail. In this surveillance
study, the following five contents were mainly investigated. (1) Re-consideration of the sea water resources. (2)
Investigation of the high-value-added technology of the chemical compounds originating in the sea water
resources. (3) Reappraisal of the production economy of the resources. (4) Trend survey of utilization
technology of sea water resources. (5) Proposal of novel integrated utilization process for sea water resources.
Results and Discussion

The novel utilization process is integrated process which consisted of CO, capture, desalination, salt
production and soda process. Magnesium hydroxide is removed from the sea water by PH adjustment. CO, is
fed into demagnesium sea water, and CO, is captured as calcium carbonate. The sea water is fed into a reverse
osmotic membrane process after sulfate ion is removed. The residual of desalination water is fed to an ion
exchange membrane as condensation sea water. The condensation sea water is fed into a salt production process.
The salt is fed to an electrolytic soda process. Sodium hydroxide and hydrogen chloride which are needed for PH
adjustment are obtained in this soda process. In future work, the following studies are essential for practical
realization of this proposed process. (1) Cooperation of a different industrial process. (2) Differentiation with
an overseas process. (3) Detailing of the operating condition in process construction. (4) The design of the

speciation model for sea water.
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Summary

Aphanothece halophytica is a halotolerant (halophilic) cyanobacterium which can grow in a wide range of
salinity conditions (0.25 to 3.0 M NaCl) and accumulate betaine concomitantly. This cyanobacterium has unique
systems for salt tolerance. Previous studies have shown that a NhaP-type Na'/H' antiporter (cation: proton
antiporter-1, CPA1) of A. halophytica, Ap-NhaP1, has a novel ion specificity and its Na'/H" exchange activity was
high over wide range of pH. In addition, 4. halophytica synthesizes glycine betaine from glycine via three-step
methylations although most biosynthetic pathways of betaine are oxidations of choline.

In this project, we found that A. halophytica has unique 12 Na'/H" antiporter genes. Among them, five
transporters belong to NhaP-type Na'/H" antiporters, five are NapA-type antiporters, and one is unknown. It has
also a multi resistance and pH adaptation Na'/H" antiporter (CPA3). Functional analysis of Na'/H" antiporters
has been carried out. In addition to Ca*’/H" antiporter, one more Ca”/cation antiporter has been found. The
functional studies of these transporters on the regulation of Ca®" has been carried out. It was also suggested that 4.
halophytica has unique Na'-ATPase. On the osmoprotectant glycine betaine, it was found that in addition to a
single component betaine transporter, 4. halophytica has an ABC-type betaine transporter. Its functional
properties have been studied. Moreover, aminoacid transporters have been studied. A molecular chaperon
DnaK of A. halophytica has very high folding activity even at high salinity. Rice and poplar plants expressing A.
halophytica DnaK showed enhanced seed yields as well as enhanced tolerances for salt and heat stresses. The
plants exhibited the enhanced activities for Calvin-cycle enzymes, and showed faster growth and higher seed yield
compared with the wild-type under normal growth conditions. Thus, it becomes clear that 4. halophytica has

unique genes which could be used for the construction of salt and drought stress tolerant crop plants.
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BhRk& 5 08S3-09S3

B ARV RE ST A DU A M S AR PE T D BT R A BT ) B DO PRER

Kin EZU, WO BRE?, wIR =30 ml EEC, AR =R, MR e,
REA #t, SRl pRT

W E B R FRB AR TR, SRR R R TR AR R,
SE KRR AR, SRR R B A A BREE R A SE R

B E AR (B A RO - W7 N - 1 OB I0 ) DR AR OWEEAE DY) (i - Hit (=) - & (=27)
TR BERAEL , ZTITHFHEL CODMEEMEY (e - 0707 (GHlEE) 728 % BEE L B - Sl b - BRAE L €L 38 FiiSH
DOEED BN LTz, ZIVHHHE A A B2 LT, AEBIETE[DNA A RklESR (DNA RYAZ—E | pol L&) fH5E
IEPE]I RS 31 BROBEARIHING Z OIEPEAR L2228 E 2 HLE - FERL T, NMR, MS 72E ORI HTIZID
(b AEIE AV E LTz, AR A (2R 20~21 FRBED 2 4E#]) 12, IRD pol 43 F-FRIZ K3 2R ETE A A 575
B E DRIEIZREEI LT,

['1-Deoxyrubralactone (1)]: HELAL -\ L& CERAE L7 B B M 12 % AE 372 7 2 (HI33moB  #8) O (AR H ke, il LA
X-BL O Y-family pol #EAIEIRAIICIHE LT,

[Kasanosin A (2) | 3L O Kasanosin B (3) ] : HURHS D %5 75 e A R CHAR LT By AR MR I T 4235 Talaromyces J& D
JEE R ., WHFLEE X-family pol @ pol B & pol A ZBHEL =,

[Hymenoic acid (4)] : BURHLD )\ L O = CERE L T- I A 35 L QWD E (Hymenochaetaceae J& &R TE) D
REE, R pol A 721 &R I E LT,

[Penicilliol A (5) & Penicilliol B (6)] : B IR ¥ H B i OV FEICHER T 5 B FHAEL CWDEE S Penicillium daleae
K.M. Zalessky D A HI >k, MHFLEA X-family pol Z & RAYIZFHE L 7=,

[Trichoderonic acid B (7)) : TN ORGEEIEARE OB IZF AT D Trichoderma virens DFE AR, WHFLEH Y-family
pol ZBIRAYIZFHEL -,

ZIVETO 16 FRNTTED pol FLEAIFFEDREERNS. pol DFFIE D7y 1 FRIRINA7 L EW - L. TRIVEH 2B
I (D3 A0) F D T ANV ZHN D720 Tl TIRIEAI DT e mfilAI 2722 2 FTREMEZRLD TND, BT E 5~7 (i
B AHIR AR BN HITEYE, 1, 2, 7 1T RA] TPA CTHHESI-RIEICKT T~ A B HRIEE R R LT,

AWFTED I KOFHEIT, RS2 L ORI A TITOOIL TORWEK PR E 3 DU A ORETEY)
\ZHER L2 THD, WHFEMAEMIIRAFH O RIREIRTHY FTLWAZ)—=2 7 ) —ZA (BB THLHZEN D, 4 F
TITRWETHL TN H 7R AEBIE T E O 5 LIS KROITHIFE C&E D, AMFFERCR A R E0ICL T, HAD HIBH A 7
TATENT 2L 2 E T DAY RO ESE S BARZ B L2\,

1. ARDERLEHN {b-BRIb 3%, LTI 23R U CAEBR M b

H AL DB A OGRS, HiE (V2 2) & (37) e DREEEY (BEED LAXEEOM ) 1D, £ DOTE
EOWBPEEMEREL T, TUTHEL TCODIEERA  MEARIKRE oW/ E % Bl - K RIL € (LSRR E T 5,
W (F7poh, e () - 7T U7 ) 72 l) 2B fll 22 CTEHTAEBEME LT, in vitro GREREN) 1IZB1T5
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DNA A k%3 (DNA RUAZ—E | pol EMET) OREENE
PETHD, WAL R E mEEYD pol 1T o ~ v 15 FliE
DIy FREBFEL TS 12, ZRETD 16 FMICHED
pol BHEHSIFFICORRERN D pol DRFED 5y {-FRIZERR
R EW L, TRIVEF 22U (BSA) Al T A
VAFNNTZ T Tl THRSEA IRl sz oniil Al Jic 72 %
ATREMEA RO TS * Y, 22T, Lk OWEEE NS
pol 53 THERIRIAEDE DRR (A7) —=27) &k
N

AAFFED e ROFF L, RFES e L DE R 2
TIEELLHIV TR PR T DU EM A D D
REPEDIEE LT ZEThHD, UL VAT —=
T ) —=AMED THHZEND, A ETITRWA TN
B E AR AT HZEN RN CED, AAIZ
W5 FHEN M ALICE WS E T A5, fhlEE
HARTERICE BRI EZ AL TV, 5% 10
Fa AR Z - BELE, 20 HARO B RHEATED T2
LTk | iR i 5 D UEPER AR B S D 1R 3 L A B
T HILETHDHEE 2D, AT (TR 20~21 4L
O 2 4 O BRI, QUEEMAEDOBRE b, @i
SERA TR U CHED DS pol FLEWE & CE 572
BE<RAHTZE LLED 2 HThoTz,

2. iRAE
2.1 BAERNOBEBEDRE

H AR5 i1 (H AR » ST - 387 NV - S D0
)8 AT MTE, BRAEOWEEE, M, B8 O AW
IR A CERIE LT, I A P BEL 22 5 B R U
(-20°C) THRAFL 7=,
2.2 HEBEICHFETHBFHENONBEIEE.

D RE

PR LT A DY eI Z 60% HERRIZERRTZ
ECHERE AR (RIALER) LD, 2 RO v—L (OF
m) B [OCMA (23— I — L ER) +a— A )L
Kt 3 LO@PDA (RT - 7 ¥ Ahm—RZER) K5Hll] ~
PES D2 LT A5 () L QOB AW 2 1

~BhlE (W) Uiz, LT v —L% 25°CT 1~2 .

B R R U, BEESIBTE L, 20— a5
LB~ 32 TRl - SRR L7, kS = EY
(B 1T BRE D AT Mg~ 1L T 8 CTIRIFEL . &

BAZMDBETESE - B - & 2EFNICES
609 EFEL THIALIE
DCMA+ n—;(‘&‘yﬁ‘nj%tm H LU QPDAKEHE
DL v —LIZTHBEE
(25°C, 1~25EFR8)
EEMAEY (HE - HiE) DEE

Uy —LIZTHERE [(BHOHt]
(25°C, #BfE)

E*ﬁk@ﬂ‘ldﬂ)ﬁ")ﬁb
LS -EHRDORFEGT) .
(508 Ll L I—— £ B 5B S
1. WA OUFEA Y (e - B - 5) 12T 2B T 20
WA DAEE ST 15

B - Iﬂﬂiﬁﬁ - BICHFET HMAEY (FikE]

PDiEh TiRIAIEE
(50mL, 25°C, 33, FHE)

PDiE I TiRIAIEE
(50mL, 25°C, 3, #k& 5)

EWEEITR HBEREREIR
CHCl5:MeOH(1:1 v/v) THatH  r-BuOHZMX THE

& ’é;zglﬁl n—BuOHé EHE

[Emgﬂj ] (EEBHEY]

2. VEERAEM O R OB S O T 15

S U CRA - Fi4 2 [RE 3572 2B PRI (B4 L
e RS2 L) ~gE L= [ 1 ],
2. 3 BMKDEELRY)—=27
Oy B - R E ST R AE % /N A — L (50 mL) D
PD (KT kT FAhm—2) IR E i CIR 1538 L C,
RERERIR A BN LTz, BRI AR (7 ook b 2
& )—=1:1)% 10 mL MZ 720 T, A HIASEA
BT 22 & TRREMED BRI 2157, £7-, B
HRIZOWTIE, 50 mL OFBEEEE (-7 5 7 —) &
THEL T, AREEEAED 5 L TR ERR 2 5
RSB E 15T, 2 b2 >0t E A7) —=
VURRIRELTHE L[ 2],
2. 4 DNA &REE (pol) FREE 4 ER
WASEA IO LT DEELED D pol 1%, 7/ LEHT D
AL S T20104EBIEDEZA 1S FEED 4y F-FEA D
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ITEY, pol y 72 AIba R 7D DNA &I 5L,

OO 14 FEIIEZD DNA BREIT>T0VD, £0, &

pol 7 1-FiiL, DNA ELH|OAR[FEIMEEESE & o XL

B2 BB 3 D LS 724> D7 7V —IZ S,

DNA #HL &1 - iz 23 Tns ),
WL RO pol (I OWTIE, IEMERH RS-

BB 2 R PHTIRESI TR ST, IROF pol 4 1-FlIT,

LUFOENADO—E pol WFFEE O REMGL THH-

7

A7 pol o BURTERL K - A B HEZE (1AM fih
HIEDND pol o HLIE A7 2% IV CRE L)

+Z7vhpol B: FURBRRL R - Y A3 Er 8% (pol B A5 T3
YN T b )

‘ERpol y: 4 B KPE-$8ARTC F#AT (pol y BInFEAER
HURARD A FE B - H )

“bh pol &: HURTHIRL K - P O Rk #d (e MM Rh
D5 pol § H7 =y M7 L% W TEI)

‘Ehpol e: KBV 74V =7 K-Stuart Linn % (BN
fefth A pol & B A7 2% FACRE L)

-Eh pol n:FEEBER FER SCHE % (pol m A= T-E A
KIGEEAFEBL R 1Y)

-ER pol v FEBEK - FE R SCRE 8% (pol v BAnFHAK
Igh 1 % B 5 £

*Eh pol x: FABKPE RERIAR % (pol « Bl EA
KIGEEAFEBL K1)

“Eh pol A: BURERRLA /MIUE 5 (pol A A= TEA

R B % FEHL - A 1)

A TAT: BACHRLR -/ MIUE 2% (TAT B8 AK

s B A S B - R )

Z DD EWFEF KD pol IZOWTIE, T~ ADKE
BN SAZ L AW T D a~ NI T T 4 — TR
7= pol 89, TrarYar SR DY 2=k
NTILTT T 4=T4—FERLT= pol 0, 8, &7, W TTT—
EEH N OA AL R MAH T B~ T TFT —Th;
HIL7= pol ¥ ZYE(HL 7=, KM5HE pol 1. T4 pol, Tag pol
IFbar e U NER B OTIR R EIEA LT,

pol BREME A ) —=2 27 D=8 D% pol 43 FHED K
R B0 pol TEMEREEIZBEI ML TR0, it
{7 AT ) — =2 7 DE R 2 5 HIRAETH D, pol 1%
B DNA L XL FFRD2ODHEABR T 50, Fh
ZHAH DNA TH5 poly(dA)/oligo(dT)s & [H]-dTTP
(2’-deoxythymidine 5’-triphosphate) % HV T, ## DNA
ICHASNIZXI VA F R EE BGHEEIC > TERET S
ZET pol {EPEELTE > O 4]), pol BHAETEIEIL., HEHEM
AR EOIMH M ERERET L A FaX—a &t
7ot% . FEEINZ CRISSETC, pol TEMEMORD DEIA
MHEHLT,

2.5 Z0DHho DNA KB REREZ AR

RHENT pol FLEWE D DNA R REESE 515
PEAE IR M AR 5725012, pol LISk DNA R 3 %
FELCAFFTTA~—E D HIV HilEERES * 10, ek
FAF—F 2 T7RNA RIAT—F P <72 IMP 7t

L AZ7IY— 1 )

pavRy7 ‘RO
i BE -/

([ xo73U— ]

B A Ty
°© 900
e r BE BE
EBA mmx  HBX

g8 1818

er 1BE )

X 3. WiFLIED DNA A Rkli%sE (pol) B, BROKEXIT0 18, BROBUIHER L QD7 = MlE R~ T,
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LA FarR—3>

1.DNANDIER 3H-dTTP
Freouk L 1A 0
soLAFrzyom <1 T T T 038¢
(dNTP) S 0~0
*T *T - EEMEY B
DL
DNA& B3 (pol)
TTT T TT
TTTTTT
(O M M M M
SHEIDNA poly(dA) / oligo(dT),g
2 DNAD 1 £ s L

pollZ k> THRYAENT=3H-dTTPD
WEEEERAS O FL—ay
A I3—THE-TETS

N——

- SEIF ] (SIEE]) TRIE I 8E
- BIRAZR BRI E T AR
-BULAERKE

[ J

1T T
TTTT
tffe

\ L]
T

A

L

K THT kT *T*kT *T %
A A

A
I e et N O

X 4. DNA & pkli% (pol) OFEMERIE J7 15

RFrs—8 (47 1), EF DNA MRAYAT—F T L
5 T4 RYXZLAFRFF—F 19 4 DNA /fifhizs 1
(DNase 1) "7 (2% B ERMEAFAELZ, ZNHOEM
HEITEEIEST,
2.6 EEEMYMBEOERE - RRLBERTE

pol BLETRIEN S D HIFE PD Bs i CREREZFEG L)L
T, BN L7 BARO A SR N & K &S, 2L
T VIR TNIT I BKAT 5 TR T W 84
FEHT LIa~ T T7 4T EEBHEL T, pol FHEME
ZHEE LU, SR RINZWE X, 'HNMR,
BC-NMR, MS. IR, CD 72& ORI L0 LAt %
WEL, EUCTHHME ChINED AL EMTA7 7
1)— (SciFinder <2 Chemical Abstract 732&") Zfifi AL T2
L7z,
2. 7 EMEEMAEEINGE R

b R A8 28 AR el iR [ R s 28 A il (HCT 116
cells) . +EMNAMM (HeLa cells) . FLASA MM (MCE-7
cells) J1&, [E3EFAZAF ST - AW EPAFZEE D JCRB #
Ja S 7 BEEA LT, 10% 174286 e i i (FBS) AR5
L72RPMI1640 5511 C37°C, 5% CO, i F T LT,
B SR OE MR C 8 2 By § IR PN BE Al B (Human
Umbilical Vein Endothelial Cells; HUVEC) & FZ i 24
#Mpa (Human Dermal Fibroblasts; HDF) (%, K H AR{FE XA
B (BR) DI AL T, FHOR A FWT 37C, 5%
CO, Z:fth FCHsE L7=, pol FLEME I LA MM 5D
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wiRmE
| EaHI(TPA) |

[ B (TPA) |

en) EE / %5 HE
FEENHIBE O O
Ehd EBhii
EMEAEEE Q
FU=E L A To S
7EM%  ®Wns  Wns

<X (CD1F%#&k)
5. BURIETEMEORIE FH ik

HTEVEIL, PR ZIRINL T 48 RERTES 38 MTT 150 T
ML,
2. 8 YVRAEHMRIEEEHER

K527 8912, ICR B2~ AR A Q, 16 VL) D
i FIZ DL HTE &OHFE LTz pol BHEY)
B)Z2BMLTHD, 30 /oL, i B2 2 Al
TPA (12-O-tetradecanoylphorbol-13-acetate) % 0.5 mg %47
Lz, ZUC, 7 Rpf@ L 721212, TPA ([Z&-> TiEFEIN
HYUAHDORIEMEFEO EEZRE LT, £H (3 h
/L) LT 52 8T BRI E O RIEVIEO H &
WA PIARIEHEE L CRHLEZ Y,

3. ARHER

3.1 BAEDBEBIEYORELBEMEDDO T HE
2008 4 4 H~2010 4= 3 A D 2 I, AHR—Y 2

167 ClbvEE - RIS « B ARG A GRS I - 2T )



R (T E IR - THEUS HROnCR -  PE RV ] |
ZR) W - =JHI T BRORUER -\ O, B IR IR - B R ) | W
NG R (i U - B ) | R i (PR R - 4
LV S) O2E 10 HFT TR AEOWRTEAY) (5,
B, B8 ARELZ, ZL T, ZRBITMHEL T DI
P 2 RS Sy L 7= 2 24 100 FEELL Eo e
RO R 2 FE R BE M I R 2 e TE T, £ D%, #l
b kAR AR IR U755 38 FEHO e DRI EZhL
7

3. 2 BEMEYKROERELRY ) —=2Y

AEPIEMEOPRIREL T pol BHEFEMEZ A LT, £ Dk
R BFELIZ38EDID 31 #RIC pol BLETE S HY | 82%
LV EEERTH Tz, Fo IEERHLER TIT, 5%
RIS BT O FITIEMED bz, B IRICTE
PED RLONDIRIT, EDOBWKH & IZHIRWVIEMED 72
ZEDD, ZOWEMAEYT, T EEDZ EIENICE
FEL TR & BRI~ WS DT EDVRIES T,
3. 3 BEMEMMOSEEELT pol HEEMEZETLHH

HYE
3. 3. 1 1-Deoxyrubralactone (1)

FRURCHD » I\ O 55 CERAR U7 B AR Vi i | 2 3 A2 - DY RN
EWEBELT., £DO5H | KiEE . Mk, BRAKICRRPILTZ
HI33moB ¥k[ 6 1D HE AT pol BREEMEZ R L, %
LT, RERFELTZE RO HEE - FRIL7- pol FAEWE
DOREIEIRITZAT ST, £ DFER, FTHZ2 rubralactone 755
& ( 6-hydroxy-8-methoxy-1-methyl-1,2,3a,9b-tetrahydro
cyclopenta[clisochromene-3,5-dione ) C & ¥ | 1-Deoxy
rubralactone (1) &4 L7=[® 7],

6. )\ LEDOWE CTEAE LB ARICEHEL TS
M A Y ERE (HI33moB ££)

1 OH O

3
4
5
6
Me
Me
Me’
Me OH 7
o [
HO, 0

/ . o

7 o 0

X 7 . WELER A0 R U= B e
1: 1-Deoxyrubralactone, 2: Kasanosin A, 3: Kasanosin B,
4: Hymenoic acid, S: Penicilliol A, 6; Penicilliol B, 7:

Trichoderonic acid B
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3. 3. 2 Kasanosin A(2) & Kasanosin B(3)

HROCHT 0D 35 V4 B N e CHRAE L7 B ARV e O AR
DUFEMAE & LTz, 2L TRk - EL 7= a4 [
TE LGS, Talaromyces BD—F ThH-oT2, TOIE %
KERFEUTZHE B0 pol BRETEMEZFRERIZL T,
TEVERLSY 2 VB2 HRE - RS L 7o, AW EITHHIE ©
&Y | Kasanosin A (2) (5,6,7,8-tetrahydro-7-hydroxy-3-
[(1E)-3-hydroxy-1-propenyl]-7-methyl-oxo-1H-2-benzopyr
an-6-yl  2-hydroxy-4-methoxy-6-methylbenzoate )
Kasanosin B (3) (5,6,7,8-tetrahydro-6-hydroxy-3-[(1E)-3
-hydroxy-1-propenyl]-7-methyl-oxo-1H-2-benzopyran-7-yl

2-hydroxy-4-methoxy-6-methylbenzoate) X4 L7=[[X]7]
21)

o

3. 3. 3 Hymenoic acid (4)

WD\ L O e CERAE L7 Hi i 4 BE B A 8%
MRS EDZE T AEL CODIB A AR L
Too £L T 10 UL o e a2 -k L7z, £DH o
HJI31A ¥k (Hymenochaetaceae J&E[FIE) DERIZ pol BH
FEMEZ R U7, B - R RSz pol FREMEIL.
H 72 sesquiterpene @  trans-4-[(1’E,5’S)-5’-carboxy-1
-methyl-1’-hexenyl]cyclohexanecarboxylic acid T&H Y |
Hymenoic acid (4) &4 L7=[[K7]%,

3. 3. 4 Penicilliol A(5) & Penicilliol B(6)

B B T OWEICEE T 2B ICHEL TV DT
PEMAE M 2 o3 e, 5548 L CL HAE Penicillium daleae
K.M. Zalessky 4372, ZO B KRIZ pol BHETH MDY | TH
MRSy 2 WVE O HiEE - R RUT P L T AL S AT
L7ze TORER, ZNOITHTHPE THY | Penicilliol A (5)
( 4-[(2E)-but-2-enoyl]-2-[(1E,3E)-5-hydroxyhexa-1,3-dien-
1-yl]-5-methoxy-2-methylfuran-3(2H)-one) & Penicilliol B
(6) (4-(3-hydroxybutanoyl)-2-[(1E,3E)-5-hydroxyhexa-1,3
-dien-1-yl]-5-methoxy-2-methylfuran-3(2H)-one ) & iy 44 L
[(E0r0 ReNES T By
3. 3. 5 Trichoderonic acid B(7)

THET OFG BRI EE O B DIREA Y 2 BEEL
77o FD55 Trichoderma virens DE.#Z pol BHETE M %
AL T IEEWELZERL, AWEIL, il
terpenoid TV Trichoderonic acid B(7) (9-hydroxy-6
-isopropyl-9((6-osopropyl-1-o0xo0-1,3,54,6,7,9a-hexahydro-

3 H-spiro[2-benzoxepine-9,2’-oxirane]-4-ylcarbonyloxy)me

thyl)-1-0x0-1,3,5a,6,7,8,9,9a-octahydro-2-benzoxepine-4-c

arboxylic acid) &4 LXK 7)), FErtHFEL 7= 29,

3. 4 BEMEYMISRBL-FAYMEOLEEFNE

3. 4.1 pol PFDthd DNA REIRERIC T HEE
EE

FAEMITAFAET 2 15 FREAD pol DHH A 773 —
ELTpoly, BZ7IU—&LTpola-pol d-pole, X 77V
—&LTpol Brpol A Z—3F /Lo TAF L XILAF T/
N7 AT 2Z—FB(TdT). Y 773U—,L T pol npol 1
pol k DA EF 10 FEFAD pol 47 1z HEfHL C, L 7#E
TEMAY SR OFHEME 1~7 O pol LEIHMZFHAEL
72[#&1].

FHWE 11EX-7 70— Y-7 70— pol B, Hfil
WE2L31EX-77—D5% pol B & pol A, HTEIWE 4
I pol A, FTHIME 5L 61X Y-773IU— pol B, HHMWE
7 1% X-7 73— pol BEZRINAIIZIHFE -, ZHHHTHL
WVE I, A-. B-7 70— pol BECIFEZAEM KD pol
#E KB pol 1, T4 pol, Tag pol) IZITHEL 22 o7-28
DD, FFED pol 73 FHZEINIIZIHE T 22 LM 5570
77

— 5 C, SN F W E 1~7 13 7T~ —
B, HIV R ERESR, bh 727 —8 | T7 RNA RYAZ
—8, ¥V A IMP TeRu’ 7 —+¥ ek DNA MRAY AT
—PI&IL, T4 RUXILAFREF—E | - DNA 75 fiFi
F 1 7L, 20> DNA RECREEFE AR E L) T
[£2].

3. 4. 2 EMEEMIOEIEINGIEE

X-7 73— pol BEIZEZD DNA &1 #2125 L
T.Y-7 73— pol BfIZEZD DNA &1 | FriZHR TV
% fE14 (translesion sythesis; TLS) /12585 2, 23 AM
RO IH 2B ATE R 7 ClX, ZH0 pol BEZ PR
TOMEIZL->T DNA OBRENEEL TH CMast (7
A= R) R ZT, (57T, X-, Y-7 73— pol fHEY)
BIIHIR AR /2 b5 2 D,

FITHHME 5~7 12oWT, BRI
HEEIC R DR A THA LTZ, Z O E, IRERIFAIC
AR DY TEAMHIL 72 (R3], 2D 50% il
(LDso fif) 1%, pol @ 50% BRI (1Cs fif) LIFZ R UL
ETIH>7=ZE0 5, pol OIEMFLEFDFRE LR TR A
AL OHFED N Z DD LRI ILD,
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F= 1. WEERAEDOS R UT-HRYE 1~7 O DNA ARl (pol) (k95 50% AR E

. HEEAD SR OFHE D 1Cs il (uM)
77— pol
T 3 4 5 6 7
[ 1] #L3E pol
A th pol y >200 >200 >200 >200 >200 >200 >200
f£4 pol a >200 >200 >200 >200 >200 >200 >200
B th pol >200 >200 >200 >200 >200 >200 >200
th pol ¢ >200 >200 >200 >200 >200 >200 >200
7>k pol B 11.9 27.3 60.1 >200 >200 >200 41.6
X th pol A 16.5 35.0 72.9 91.7 >200 >200 30.8
f£4= TdT 19.8 >200 >200 >200 >200 >200 44.1
th poln 66.0 >200 >200 >200 19.8 32.5 >200
Y <17 Z pol 1 67.1 >200 >200 >200 31.2 47.4 >200
th pol k 59.8 >200 >200 >200 479 479 >200
[2]Z DD =W %k pol
% 7F< A pol § >200 >200 >200 >200 >200 >200 >200
a9 /3T pol a >200 >200 >200 >200 >200 >200 >200
2a7 a3 pol § >200 >200 >200 >200 >200 >200 >200
B 2aPa 3T pol € >200 >200 >200 >200 >200 >200 >200
F1V 7T —pol a >200 >200 >200 >200 >200 >200 >200
KIGE pol 1 >200 >200 >200 >200 >200 >200 >200
T4 pol >200 >200 >200 >200 >200 >200 >200
— Taq pol >200 >200 >200 >200 >200 >200 >200
2. WEEAEYD DS R LTS 1~7 O DNA REEREESE TS 50% PR
o EEAED R OFHE D ICs il (uM)
- 1 2 3 4 5 6 7
4774 ~—8 >200 >200 >200 >200 >200 >200 >200
HIV Wil GRS >200 >200 >200 >200 >200 >200 >200
th TEAT—F >200 >200 >200 >200 >200 >200 >200
T7 RNA 7RUAZ—F >200 >200 >200 >200 >200 >200 >200
~UAIMP T eRa - —F (X A7 11) >200 >200 >200 >200 >200 >200 >200
B DNA MRAY AT —F 1 >200 >200 >200 >200 >200 >200 >200
th DNA MRAYAZ—F 11 >200 >200 >200 >200 >200 >200 >200
T4 RURXIVL A FREF—F >200 >200 >200 >200 >200 >200 >200
‘- DNA 4y fi#%3 1(DNase 1) >200 >200 >200 >200 >200 >200 >200

F 3. WA R UT BT BRE 5~7 Oe BRI 42 50% S i

WA RO E D LDs i (M)

=NzER ) s . -
KA A #8a (HCT116) 38.1 54.3

NAh | FEAMIE (HeLa) 33

HASARMNE (MCE-7) 31.6

i JE A B AIRPN B2 A (HUVEC) >200 >200 >200

B2 &R SRR (HDF) >200 >200 >200
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— 5T, FHRWE 5~7 X, ehHSkRO EFHE (i
FRARN B IR & B2 T R fR) O 5- Iz %ﬁﬁ.ﬂbfcﬁﬁ)o
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Summary

The human genome encodes at least 15 pols to conduct cellular DNA synthesis. Eukaryotic cells contain
three replicative pols (o, & and €), mitochondrial pol y, and at least eleven non-replicative pols [B, £, 1, 0, 1, K, A, 1,
v, terminal deoxynucleotidyl transferase (TdT) and REV1]. Based on sequence homology, eukaryotic pols can be
divided into four main different families, A, B, X, and Y. In this study, we isolated fungal strains from marine
living things, such as seaweeds, corals and sea mosses, and obtained 38 strains. These marine strains were
screened, and 31 fungal strains had inhibitory activity against mammalian pols. We purified natural compounds
that selectively inhibit each of these eukaryotic pols, and we succeeded in identifying novel compounds with pol
inhibitory activity from marine microbiological products, as detailed below.

1-Deoxyrubralactone (1) is a novel rubralactone derivative isolated from cultures of HI33moB strain derived
from seaweed, and their structures were determined by spectroscopic analyses. These compounds selectively
inhibited the activities of X- and Y-families of mammalian pols.

Kasanosins A (2) and B (3) are novel azaphilones isolated from cultures of Talaromyces sp. derived from
seaweed. These compounds selectively inhibited the activities of mammalian pols 8 and A in family X of pols.

Hymenoic acid (4) is a novel sesquiterpene isolated from cultures of a fungus, Hymenochaetaceae sp.. This
compound selectively inhibited the activity of human pol A in vitro.

Penicilliols A (5) and B (6) are isolated from cultures of Penicillium daleae K. M. Zalessky derived from sea
moss. These compounds selectively inhibited the activities of mammalian family Y of pols, such as pols 1, 1 and
K.

Trichoderonic acid B (7) is a novel terpenoid isolated from cultures of a fungus, and this compound
selectively inhibited the activity of mammalian X-family pols, such as pols 3, A and TdT.

Compounds 5 - 7 suppressed the proliferation of human cancer cells, and did not affect the normal cell

growth; therefore, these compounds could be anti-cancer chemotherapy agents.
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Weight (g)
N
S

- : Control
- : Pair
- :Zn-Def

100 * * ' : g
1 3 5 7 9 11 13 15

Fig. 1. ARG P oREZE L

Fig. 2. BRER 5% DTy MM

Table 1. RHHEENKZ T (4 WH) M OIRT VPR

Zn Na K Cl Mg Fe
(me/1) (mmol/D | (mmel/l) | (mg/dD) | (mg/d) | (ug/dD)
Pair-Fed 0.41+001 1431 4.7+£0.2 109=%1 2.2+0.1 | 159=%15
Zn-Def 0.14+0.02 145+2 54+02 | 1072 | 2.3%0.1 | 209+28
*¥% p <1077 n.s. * p < 0.05 n.s. n.s. n.s.
(n=6)
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[RIRFIC IR LT L EOREAHEL SR A L T2,

MR E LT 300 mM NaCl Z V2225, kB i
BHERNZIIH ORI LI T=DIC%I L, Hgh R Z &
B GAZ Lo TEAFME RN BICH T2 WO R A 157
(Fig. 3) , ZORERHED I IL, HER R Z % AR5
THETTHEEINDIZ LD, Wi B THEND
WG Cho (Fig. 3), T2 2 MM G %ZICHB W THHEHK
ZROICB W TR O BRI IC Bl S
(Fig. 4), —J7, D AR L TlE, 4 EIOWFZEIC
BWCTar b — VB B 2RO LT (FERR
PBifk) . AN K ZBET v MBI IR 3 HrE 4
L ERIZOWTOHRKRELE T DLW LIz, 372
L, AR Z REH G T 5L EHOIBITHERIZH
DRERFPEABEE TR L | fthod FEARMRI S 6h32rg arPE T
KRELELIgm Tz,

R R Z B % 2 AT 727y MZ DWW, 2D

TR E B2 53 HRIE AR E L CTHRRITS 5

REAFMEZ LT (Fig. 4), ZOREF, 1 E MO £
BAZ L0 A B 5B R I3 a<BlE S ello T
ZEinh, g R Z H LK & AR OB LM AL AT

WG CThHHI L, 22 DZELIZ OV T 1 R
FEDFHIM CTEREIDBR THLIEN AL T,

T2 TR IO T, BRI RRR O

% DR FRIRAEIZ 52 DAL IR SIS RRNZ DD,
V3o 7 BRIC DM A E DO B 1T o 72 (Fig. 5). 23
BTk SE 727> NI, 500 mM NaCl (/) . 700 mM

40.00 | - e —

3500 oS

30.00 | e st—————ssssoglip—

N
o
(=)
IS)

T e PF-Water
e slfie 7 1 -W ater
PF-500 mM NacCl
- “-.:H—ZD—SOD mM Nacl

Lickcount/5s
[ N
" o
o o
S o©

10.00 |

5.00 | T
0.00 : 1
11 2 4 5 6 7 8 9 (days)

vs 300 mM NaCl

02 r

08
206 | /**(P<0-01)

[v]

o
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(&) L

e D4 4/{ ——Zn-Def
o

S

o

0wk
Fig. 3. HWRIAIRIZ kT 2rg o EaliR, SRR G, #%
51 #BEBIZHOWTHIELT, (n=6)

1wk

vs 300 mM NaCl

—Cont
1 Pair
s 1
2 o —Zn-Def
8 e I _ —=Zn-Recovery
$05 {
2
o
0
0 1 2 3
Week

Fig. 4. MR o R OE L ERER, iRz
Ba 2 WK%, BEEE 1 HE5 2 iEE EE R
(Zn-Recovery) EL TR E L7z, (n=6: *** p < 0.005 vs
Cont)

Tk
:.;O—PF»Water
L efll=7n-Water
PF-700 mM NacCl

==pg=7D-700 mM NaCl

1

4 5 6 7 8 9 (days)

Fig. 5. Vo 7\ KDL, 500 mM (72) 35X T8 700 mM (F7) NaCl, 5DV NE/KIZHR§- 2037 a1l

EL7Z, n=5
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NaCl(£7) . HHVNIKE | FET SR LT, SRk
Y hDOITEVEE T A I ALV EEHRE L, 5 BRI
2V 3 7 [ (BEIR DA ERD 72 (81550 2By 0 G145
L7,

R G- 5, 9 A RREREL CYy o7 B D
HEZATWT F7 2R LT, BT 1 BT, MR A
(7% BB TARE B BB D B 2RI,

DORFFTIEICIBN T, MR Z B 55 5HEIC
WTIE, BB 554 3 I HERAYR Y NaCl IR %!
?“éﬂféﬂréﬁxiﬁa“é%%rb)ﬁ”@; X472, 500 mM NaCl
ZRAWESAITIES B B BICEIHEN EFL, S5
(2R \/;;%W) BB TH,. 8-9 HEL ﬁ%fx%bﬁﬂ
Do, L RERIFA BT T, KICKT 280K &
IF—TThHoT,

3. 3 BMRZIVMNTREICEITHECFHREALH

R R Z B L ONRT 74 —T 4 7 FEDO T ML
D RNA ZfHL, DNA ~A270a7 L A% R =3 BT
IZEVHER R ZIZ RS TRELEE T 585 FHEOMREE
1T,

FPELNT-F VT EOV T VEE DFW B4 VT
B BB FOFRBUREZ VT, o7 Lo
MEfg ) o T A% —figtT 24T o712 (Fig. 5) . ZOMHTIZED,
BT NCBNTHB T L8 E FORBIREICD
UNTHRBEPE 358 W) ER Y \75>0)4EIJE75>T“€<6 NI T AR
— & D T ONTIL, DG ORI
WCHIBR W Z &2 BT D, ﬁiﬁé 2 ZRHEFIZIBNT
IIGAS—INGBET H7201E, ZOSRMEDNEE T RBLUIK
XTI BE 5295 L BT A,

2 J_F'ﬁ0)ﬁf”ﬁiﬁ&—’?ﬁk/\"774’“‘?4‘/7‘ﬁ¥% 6

WZHRT DT T ANBELNTT — 2T, L Eh
BN DI TAR—EFERR L, D>DF DT TAL—D Sy 1%
FERIC BT 20 D EIEF ITHEN TV (Fig. 6), L72h3>
T BB TRBF— 3 2 BER CRE AR DL
HER R SRAEDINTFIIZ 31T D8 s FHBUI KR E R L b
ZIDTEDMHBINEIR ST,

W, AEIRBRENEC U T8 s 1% 2 BER) 0O bk

(R THiH L7z, ZOfER, g RZHECBWTHE
(CRBDEINUIE&E 13 355 8, AEICEHRBD L
BRI 317 [ Th o7, BELDBIEFITIBVTHEL
EETHZ 00, BEEVEH SRR Z DB 58S

Height

Oe+00 1e-04 2e-04 3e-04 4de-04
L | ] | |

Pair 2 —‘
Pair 3

Pair 4

Pair 1

Pair 5

Pair 6

Zn-Def6

Zn-Def4

Zn-Def 5
Zn-Def3
Zn-Def 1
Zn-Def2

Fig. 6. ITIEICRK T DB TFHBLT 0T 7 AV, 7TAS—
FEMTIZ Lo TEAR I BL A — AT LTz,

FHBUKIL T, BEEREBA 52X DL RSN,

FHHEE LB R FREOBERRIC DWW TG T 5729
Gene Ontology Term (ZJ> CHERE /> EH A1 T>7= (Table 2,
3).

A BRI GD DV HBUEAD LB IR F ROV
FHUZEWTH, BEOKREN T —ICE>TEEL T
WHZEMPHIB LT, BN 728 s BT AE G2
WE, FEELEWEA, 7 Bk, RERIERA S
i RV ER e L O 72V — NG Fi, — B
DU BRI R . A7 AR E . 73
JEEA EER AR EN T N T,

VL EDFERNG, 2 MO #EH R Z B 5 FEO ST
B Z 31T DBABE FRBUIKEREEL 5 X H5:M4Th
LTl FORBRFNCEE S 2B FREIC OV TE R
REOEEZLI LD EMVHAL,

3. 4 BIRZFVYMIKIZEITDEGTFRELES

I, BT BV TR AT IR AR AT A R
T HIEMDO LA THRE BT DI B L E I
W, I E AR IR TG E R T o 72,
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Table 2. #E$n 2 FEATIEIC W T EIZIE B INL 72
BT REOBAE /Y HH

Xenobiotic metabolism

Fatty acid elongation

Aromatic compound catabolism
Homocysteine metabolism

Fatty acid desaturation

Coenzyme A metabolism

Canalicular bile acid transport
Response to toxin

Amine catabolism

Generation of precursor metabolites and energy
Bile acid metabolism

Regulation of cholesterol biosynthesis
Acetyl-CoA biosynthesis

Gene Ontology Term |2 LV H BB INL 7o AR FHE O
REZFLIR LT,

Table 3. FEARZECHB W TH BICKRBBAD L E5
THREDOWEEE /T SH

Gluconeogenesis

Epithelial cell differentiation

Regulation of cell growth

Response to unfolded protein

Negative regulation of protein kinase activity
Response to inorganic substance
Positive regulation of biological process
Steroid biosynthesis

Amino acid catabolism

Response to mechanical stimulus
Cysteine metabolism

Gene Ontology Term |ZL 0 BN B UTB R T-HEOF
[[iEkaswsu N By

08 r

06 -

04 -

Preference ratio

02 -

0.0
Pair Zn-Def
(ttest *p < 0.01)
Fig. 7. 300 mM NaCl i3 2rg ik, gRDV 7
Vo T EAT o127y MR L T IR R E 1 T o7,

FI, TV T EBATOINTHETD ERRELEDS ERL
TWDPEINIZONWT, R &R G 7-9 A HIZBD
T HGEIGRBR AT 72, Fig. 7 1R T X912, 300 mM
@ NaCl % EBIEEIZAWZ5E, iR ZRECB W T
HEURREAPEN A B ITHINL QOB ZENHER T, LT
WoT, ZOT7yMe T, REBE# 5% 11 BEIZ, %
V7B — VIR N CHEAIL, & 4 IEOBURZRHL, FRD
JTlgE FIARI , FEBURAR T OfRT AT o7,

IEBUBIEIZ DWW TS EERITL, 2 BERIC W
TITAR— PRI BEST 27 E DI DOV TRRETET
272, FARMS EZ EHULICHWEZA T 7 0—T 1
VIBHCH KT DY TR oD I TAF T EEND
B350 LAz (Fig. 8) b0 D, IFlgiZIsIT 5545 DX
VIR R s T AL — D TR TFRO B -7 (Fig. 6),
LLRS, 2 BEDIHDO— DN T T AL —% AL
LTWDIZEND, B FIBLZ— 13072 2 BEM
TERARDHTE FMEN R BRI D8R F-FEBL
\CWBR B2 DD ENHLN ST,

WIZ, ARICEBRENEL LI & a4 2 BER O Hi

WX THIH L7z, DR, B RZHEICB W THE
(B INL 78R 11 113 8, A BRSO L
B T1E 86 I TH o7, SN B m T EUZB N TH,
Il 31 5356 K07 M ia Th o7z,

Height

0.0030 0.0040 0.0050 0.0060
L 1 1 1 | | |

ZD9

ZD8

D2

ZD3

PF6

Fig. 8. SURICBIT DB TFHELT 0T 7 AV, 7725 —
FEATIC Lo CIBAR T HEBA N — L ZfRAT LT,
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FBIEF LT B F ORI DWW TRET 2729
Gene Ontology Term (24> CH§RE /T FEA 1T o7 (Table 4,
5), BN AT Y — I IR RS I KT B 5 2
EPIIRES LD A TENSC M E A2 B 3 2 18 s 71
D, A RICHBLEAD LT B B FRE RO S 72 23 f)

Table 4. HEH R ZHEAURI
BAG - REORERE D FH

Blood vessel development

Hemostasis

Endochondral ossification

Osteoblast differentiation

Liver development

Regulation of cell growth

Positive regulation of leukocyte activation

Positive regulation of T cell mediated cytotoxicity

Positive regulation of antigen processing and
presentation of peptide antigen via MHC class |

IBWTCAHRIZRBEML-

Table 5. Hn/KZREFAIR
LT HEORSRE

PO THEICEIED LT

Response to steroid hormone stimulus
Mammary gland development

Cellular metal ion homeostasis

Positive regulation of homeostatic process
Positive regulation of phosphorylation
Negative regulation of signal transduction
Regulation of cell death
Gluconeogenesis

Social behavior

Feeding behavior

Regulation of blood pressure

Regulation of vasoconstriction

BAL7=,
3.5 KZRMBICEITIRES T FIVITEESFD
FHIF
R AR A 2 ERRE CF — A — N —%

MR Z LMD HEH K Z DR RTE O BRI
Rl OMREZA LB B2 DT LRI ND, 2T
HiR K Z B4 LY R I (2, 4 AR B 5410, R
VT RS - DOF ERIZEBITARBUI OV T
A DVAN S T L WY e

WM IR R BRI LT RS A
BB O0DY T I T4y FRBEHELTEY, £h
SORBMEIC OV THH 2B S (Fig. 9), Hk: &
R« HRIEL GPCR 7 73— B T AR Z /IR T2 AS
Uy BERIIA A T X RN AR TR S VD, Zihn
IXREE O CRHI 2 ORIFEIZIE L T\D, £72 GPCR 7
7 — D Z FRITIED TR 23 FEL PLC-P2.
TRPMS5 2V 57205 120 L TR BMBES L TND,

ARFSETIE mRNA 2495 in situ ~NATVE AL —
AR, KRR FIRCU 7 T RREIR T, BRE R
FNZHEBL T D~ — =53 F DN DI DN THBLD
A AR5 U7= (Fig. 10), GPCR 7 73U — R Z KD
TR LU CHERET D PLC-B2 ° TRPMS, H k- HIE
ZREY T 2= THD TIR3, BEEZ AT 7 2=k
TdbH PKDIL3, BRFEFRFILT) G 273 7'E Ggust, WA IC
BB DI LN HSL TS cytokeratin-8 (CK8) (20
T, in situ ™"ATVEAE—TarOiERER LT (Fig. 10),

Taste bud ) Taste bud cells —
\ /_|KCNQ1 I
PKD2L1, PKD1L3
\ ~ PLC-P2,TRPM5
Sour
| T2R
Ggust
kY
Bitter Salt ?
\>— )

Fig. 9. MFEMIRIC I D7 F U753 FRBUERE, 7 V700 1 O3BIFBIBIRIZ OV T, RV TRLTZ, %f

T AREIC OV THRLT,
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BRFEDMEAE T DA ShFLEA, FRRFLe, BRI 2T
DNTHAEEAT ST,

WO TE—TEHWEEAICE N TH, —Eiokk
RIS 7V BIER ST, W RSB DR PERT
fafl G, FBBRE, HO2WITU R EOREREIZERL
oA, SR ZEET Y NI 2 BT -4 WA T LD,
RT T 4—=FT AT BET Y R L CHEE RT3 N
otz T BIRE I ORI 52 AR - WA
o~ — A — DA FFEBUTHOWT, HENRZ 13 4 HREE

VOREMITH- THEEREELY 52 A REMEIT D end
L7z,

4.5 B

ARFZEICBOTIE, T VM THLT v M VT,
PN R Z k5 2 BRI AR RIS E DL, b
\ZEDIRIEIZEB T DR T BE I DOV TR 21T
oz, FIZRMIO MR ZIRAEIZI T D2 AR
FBL T F VTG FDFEBUZ DN TH AR A2 AT
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{1577,

HEN R Z BB W TR E 2 R L E B E T
(Fig. 1)723, HgnRZRELFEOa Mr— LV REZHRGL
TeXT T4 =T A T FEEFRRD IR EHERS 2R L7228
5, EMAEIEEZEORADICERL TWDHENZ D,

5 FRIHD AR KT DISENEDIFENTOUNT, 48 IFf
[ R PGRBRIC LA A1 T o 72 (Fig. 3, 4) . ZAUEER
IKED DB LA I ZE T2 HETHY | oW
BV THLHAWLR WD HETHS P, LnLZo ik
I, FEEE O AEMRIGE DN PR RIS TLE) AHE
PEL B, LT USRI D IMEIE T G ThH LT
SV AL H D, L2 - T, L0ER R 0B B TH)
INSRERFE A FIAT 95 ) o % o 7S KD HE D | %k
[ZOWTHT 72 (Fig. 5), ZOHIEITBW T, #HKRZ
BB E T B ED ER D RS,
Fig. 4 \[ZBIFDEIERHCBWT, LBEMO@EFE A 512T
WOREE I PEDS L da— LV ERIBRE TR 722 L0
TEZDHE, DI TR TR TR IV DE
BTHHENZD, WEMBRIZB T UMD 2 — 7 —
AN—IZIER 2 HEAMLETHLHZE, F-MMaICBITS
FEREST T DI BLI K E 72 B L3 FBO BN E (Fig. 10)
LB T DL, EHRE O ELITITRIEIC BT 2% R
BRE DAL D FF G D 7 | AR O BEFRR RS
DWW T ORIV DS RIES LD,

BFIZHRT DHEOWIMUZ OV TIE, /M ERZIC
LT ZIP4 O R i FBL 83 L O N RTEIC L
DRI LT L7 > T BL Rl /o7 7 b
< A% WG | gkl o7 Al A A
DR ZREREN LRI Thiiks a2 2R
Mg~ Bam U A Sz MO A Rl K57 MR K 2 IR RE
(ZFUF D RGN RED RIS, MBS A DRk
BLADL, AR Z T MIFEF IS HHFZE6 5T
HDHENZ D, FloENBEEREE R EDBIEIZ OV T
BLLR SR -5,

JFIRZ 30T DAL F-HE BURATIZ I W T, < OiRE
(RO BR T RED TSR R Z 12 K> TR BICRBIA B %
FTHEVRERA1GT- (Table 2, 3), BAFMEMEN K Z 34
IR B TR BUIX L CHBRE /2 8% 5.2 % (Fig. 4)
ZEDBY, | RO EENEARBI D, WK Z DR
TRBUTNE T BE MR LI oss 3 M iz v T,

ZL DB REOEIHNDZBD LI TED, MO SM4FT
R OO RO R Z R LIZE W2 LD, — 7, FlUR
\ZBIT A FREELIZHOWTL, FHgICB T 550
LHHZL TRENWS DTl ed o7z, ZHUINFIEA B DO
AN ORI REICE I8 B ThHZ L
EHEZTH, PRSI RCTHD, LNLIEKRIZE N T,
RTTA4—=T AT REDITAZ —PHER K ZHEOLDL
ML 72— D DI TAX— 5 R LT (Fig. 8) Z&I%, High
RZRMEDRRICBIT HIBIE T RBEZZEIDEND,
BEERFN AR T DR THDHEB 2 T, BT
BAOBERZEIZID | IRONEBIZE TE(EBNAELDHE
UVIHZEELHALICTAIENTEIZEW 2 LD, Rk
RE LMD ERIE, BURANICEZ GRO LN ATEE IR D
YA Zeli) &Rz, s CBLERZRE Th 5,
AT F L L, AFIZL DN O A L&D Hr
TR BRI 5B D LWL TD,

RS2 BRSBTS 7 ) 7 4y -3 BT D
BEHZRWTIE, Fig. 10 lIORUIEFERAITILH LT,
R Z Ty MZEB W TR IR O R BURE N E b
STZEVIFERITELN TR, LnLARAS, iFlgicE
WCREEBFRBALBDRO LN ZENEEZTH,
RS BRI C B W TR FR BN 2N EiTE 2
12, OEODATEEMEEL TIE, BERY 7 U 7455 F-
DFEBN IR R Z T BE 2 F12<L L SRR B D
OITEFHNCHBLT 20 TR THLTENN R DB LN
720N, —J7, DNA ~A 2707 LA D3 B It 5
k2RI T BB T HBOBME R THIETHD
DIZXFL ., in situ NAT VX AL —Ta TOYEREFIE
PO s IS - (T i b N ATt g Lt g AN RN
3 B AR D B4 A1 & TR SR L 72 A SR & 720 0370,
St XRET D0 FREAHOL . W AMEICB TS
EACIZ DWW TR AR T TOETLY,

TGl RO | FRICARIR Bk ds 1 DB 4P
DR R, & O SN B 32 TR FLIA CHERE
9% ENaC EREEILL TN AT ¥ RV EHEICE S
FTHEVIIIERZRE N M, 28 % ENaC O A
THHTITTAREONIWE RO — A ETHEN
IERPLO BRI ALY — BT 5, — . 2O
B W TH MRS TWDN, R OZRITITHE
BOFH b TEY, miRE CTRlE~ZREDHIZ

B D B
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Summary

The essential trace element zinc is involved in the activities of various enzymes. Therefore, a lack of zinc
results in the collapse of internal regulatory mechanisms and causes various impairments. In rodents, a dietary
deficiency of zinc alters the palatability of foods. Zinc deficiency enhances the palatability of salt, and this
phenomenon can be observed soon after the administration of a zinc-deficient diet.

In this study, by using DNA microarray, we performed a global analysis of the gene-expression profiles in the
livers of rats with zinc deficiency. Male Sprague-Dawley (SD) rats aged 4 weeks were divided into 2 groups: a
zinc-deficient group fed a zinc-deficient diet and a pair-fed group fed a zinc-sufficient diet. We ensured that rats
of both groups consumed equal amounts of food. Liver and thalamus samples were obtained from all rats, and
cRNA samples were prepared for use in the DNA microarray analysis. Our results strongly suggest that the lack
of dietary zinc markedly affects the gene-expression profiles in liver as well as in thalamus. It was a significant
finding that the change of food could affect the gene expression patterns in the brain.

We also performed in situ hybridization analyses to detect the expression of taste-signaling molecules in the
taste buds of zinc-deficient rats in order to ensure that the number of taste buds and the function of the taste
receptor cells were not affected. Judging from the expression patterns of taste bud-specific markers, the

difference between the zinc-deficient and pair-fed rats was not marked.
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REHFEDR

WD 4 1004 AR ST 20 J8 4 Fl & Bl s 78 1
Rk 20 HEFEE 21 AFFED 2 AR bfzbﬁiﬁbh
ARFEZFIRROENTNDINNT, ZLDORREZET
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