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Growth kinetics and paralytic shellfish poisoning toxin production
in phosphorus-limited cultures of Alexandrium catenella

ATSUSHI MATSUDA,#* THE LATE TOSHITAKA NISHIJIMA,
Kimio FUKAMI» AND Masao ADACHI

Department of Aquaculture, Faculty of Agriculture, Kochi University, Nankoku, Kochi 783-8502, Japan

The effects of phosphorus deficiency on the growth and PSP toxin production by an axenic clone culture of
Alexandrium catenella TNY7 were examined under semi-continuous culture conditions.

The specific growth rate (u) diminished with decreasing cell quota for phosphorus (@p). The relationship
between ¢ and @p was described by the Droop equation. The calculated maximum specific growth rate and mini-
mum cell quota for phosphorus were 0.79day ! and 0.28 pmol/cell, respectively. Toxin content per cell increased
with decreasing specific growth rate. When phosphorus limitation in the cells was the most severe, the highest
toxin content per cell (92.3 fmol/cell) was obtained. The highest toxin content per cell was approximately 4 to 6
times higher than in nutrient sufficient conditions and 22 times higher than in nitrogen deficient conditions. Toxin
composition and ratio remained constant independent of specific growth rate and phosphorus limitation in the
cells.

Phosphorus limitation is one of the most important environmental factors which increase the total toxin per
cell of A. cafenella. Phosphorus limited cells of A. catenella may have some effect on increase in toxin content of

shellfish in natural waters.
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AZH< > THRAELTED, KELRERENFIRSI N
ST TR - WL, FEEEBZEEL TVALD

FE2 BN, KBROBBFHR TCORIE LU BEHOH
(LR 2 R A 72010, T XU VITMEE ELIC
BB T & 0 AR BEOFEEHIRE T CoO MRy
Wiz OB R BRI OIS T HRERD
b

Alexandrium J& 75/ 7 + v/ OB BBAREMIC
SWTiE, ThETIOKR BE, 5, RERRES
OBEERIC L DV MRABEPELTHZ L0150 T
W5 T, U VEABIR I N RR T L /2
Mk, BAMRSLD OBENEL 5D EH Aler-

andrium fundyense,’?) Alexandyium tamarense (= Pro-

* Tel : 81-96-328-2111. Fax : 81-96-359-3926. Email : matsuda.atsushi@city . kumamoto.lg.jp
2 BATE : lE AR (Kumamoto City Office, Tetorihoncho, Kumamoto 860-8601, Japan)
b AR - Ak k b S i EE R e R (Graduate School of Kuroshio Science, Kochi University, Nankoku, Kochi 783-8502,

Japan)

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

194 fR, hE, WA, B

togonyaulax tamarensis) '3 Alexandrium minutum15) ¢
BESN TS, LrLaRD, A catenella DY)/l
IRF OB BBAEREIC OV T2 LIS
NTW W

ZIT, AT VHIE T ol iR e T
W, REOMKBN Y vEE L HERERE & OB, UV
HIFR & MFEA ORREY: BHE L OBREZHOAICT A S
LML Uiz, &7z, il g F o st Bk T
DEABHET IV E L O 2, U VIR T TOREDME
W, MENORENEEBE, REARNOMEN HE
B b, U V/HIRABSESFOREN BERL LU
FEBECRIZTEE OV THEE L,

MHELUHE

HEK FRICEFABRZEAER ETFFERLHA
1987 FICFIBKILE HABOKRF OV A+ &R H
¥, Ih XY 58t 72 Alexandrium catenella TNY7
(70— AW,

BEEG 2 TORERRIT, AROMEICHEL -
BERBE &M 1O (R 20°C, HAREE 80 umol/m?/s, HY
BEFRHI 14 h 05 : 10hEE (6 : 00 24T, 20 : 00 3547))
THT » 720 BB O % B IR B8 13 FeTY,1) ST109,
ST10-418) 524 % F\ 72858 Bk ks & O DAPI (4'6-di-
amidino—2-phenylindole) H4fa1 S % BEERLEEIC &
DHERL 720

FEETEE  metals mix SW I EEHES) CHEFE X 4 72K
B, UUHIR (%% :87.8uM, Uy :04uM, N/P
H219.5) 175% XD ICHRBLL 72 metals mix SW I £
(U 4IPE metals mix SW I £23) 2 15L A - 72 3L
BEAT7IATCERL, 10 HIE, gEE: LTy
FREET -7, TO%, 300mLE=H75 A3 7TA
I2200mL 25 % L, £hZhFHREK0.05 0.10,
0.15,0.20,0.25,0.30, 0.35 12 C e 2020 54T - 7=,

HHERE (u) EHRE (D) OBIRIE, FHRIC K
DHlEE (No) 2 Ne(1-D) TR L DR
TR (u) THBMICHET A C L TRH ORI
W Ny ETRIET A b,

Ny(1-D)er1=N,
TERIEHTES, ERLED,

u=-In (1-D)
WEpR, ORI TR O KR &
KDtz

REBIERINC B 5 A. catenella TNYT % L322 & U W
MR, WERBREE ST CHE (N FRIER, HBIE
B+ 4&mT) L, MEBEORELEBEL 6
B, KEOMBZNL 2 : 00 226 11 : 00 ORFic 4
LI EBGhoT05, COMBEEIIC, Rk
ABRIC I 1 5 A BRI M B 9 4K T R D 11 2 00~

12: 00, #ilEWNOY v« EXZEE, MRERSIUE
BORE, HEANBEEOSH B LUMREE OHEO:
DOOARERIULMAL T ZERTD 0 00~1: 00127 &
L7,

MRS RO T L 7e—Z R (11 : 00~12 : 00) iZ
BH, £75 2 bHPRICEL /=& (200 xDmL)
DEBBRZHEIY, SEOFHE L) /R metals
mix SWILE AR L 72 HEMA D 5N 5
BHORE, BFRFYACWCERRIET S LICk
DR L 7o WEW - IREERHOMBBER, REA
DAZA 75 A% W CEN B CEEREI
FOFEL 7,

MERFEEOEE D £5% OBEAFPE NI E - 7K
o, BERPEFREBICELZLHML, Mfas2mEs
DOEZ) (0:00~1:00) [ZFRRZEEL, ffalDy
Ve, #FEE, AVEEE (5X600£5) 10k
MRl LOEEORE (30 ML EOREED
Bk (@) BIUER 0) L), MansED
S L UHREEOHEICEL 72, ks, Mlany v
cEBREE (Qp, Qnv) 1T, HMEBR D OB R
Vv e BHREE (Sip, Sov) L EFHIREET TOMKS 2
EHETORBRPEFRER) v « ERBE (Sp,Sv) ¥
JUMREE (N) 26, MFOQOREHCTHEL
7o ERRET COMPAS HEFTOSRBEEEE (Sp, Sy)
{3, 450°C T 1HfHIRABEL /- GF/C 5 A7 7 A X—7
4% — (Whatman #) THER®EE L 7-#%,
Strickland and Parsons? 0451 #: U C TRAACS 800
(BLAN+LUEBBE #) 2 & 0 #lE L 7=,

Q=(S%-S)/N 1)

HIEmEEE (u) MRS EERHOMBAY V&8
(Qp) & DOERIZLLT @ Droop OBARL (2)29) T W
MR Citb 95 & TEL (Fig. 1),

u=um(1-qoP/Qp) ()

CIT, wldHHEEE (day™h), qoP (3RMllaR
U/ & & (pmol/cell), Qpid#ifEMNY V4 & (pmol/
cell), um it Qp PR KICH A L XDOLMIEEE (=
BAHHMAEE) (day 1) ZRLTW5h, Q)EX»BK
BEtE 7 )31 X A (Levenberg-Marquardt #:24) |-
K OBRKIEMEERE (un) ROFNMENY v E&E
(goP) #HEHL 7=,

MBaAR (V) &, Mk mERAE & RE L TRE
(@ BIUEE 0) #HWEL, ARGITLVKRD,

V=4/3eme(a/2)2+(b/2) (3)

FREMRBZOMMT MIENOREE BES D0,
MRS ZLERTORZ (0: 00~1:00) Al &£,
0.05 M Heig % hn 2 ¥ & AR RHIC & 0 RIRR Y O FREM: B
B L7k, % 3k -HPLC (L-6200 pump, F-
1050 fluoromonitor, Hitachi #:), Wakosil 5C8 15 A
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(4.6 x 250 mm, FE#) # M\ CURENE BFOEE
FERGWL 72,2 B LR ICE TN A TR TORME
¥ BRSO & B D 72 » OfsE R (fmol/cell)
YL, Eiz, Chafifaads (V) CThRIsZ LIk
D BAARARE D72 0 ORFHER (amol/um?®) % kKD7,
EERBADOREE 200 mL DA - o ERS
HOKRBEOKRTERT, THERET TOMBsHEFOR
BRBHOMIAE S, FROFHEIC LD PIES NI B
Mg 720 ORFHRE 2 OBIC X D RDI,

& R

HEBEFEE MREEL, ARER2S 16 DRICIE
LTOFRFRICEVTERICEL 2, EFRETORHR
50 § B 2 13 1,400 cells /mL (D =0.05) 7 & 700
cells/mL (D=0.30) O&FANIZH -7 (Table 1), #
By V4 B, 0.29pmol/cell (H. #458 & £ 0.05
day~1) 75 0.57 pmol/cell (iR E 0.37 day 1)
OFPFMNICH -7 (Table 1), HHEBEE (0) &, M
FanWETOMEAY VEE (Qp) BEATAHICON
TEL %Y, W#E% Droop DR ((2)R) ITHTHDH7
E A, BAMRA Y v E R 0.28 pmol/cell, KL
WAL 0.79 day * EFHHLI SN/ (Fig. 1),

HAT MY 72 D OMIfaNE R a & (pmol/cell) (L
HrggEEE (day™!) PEL RAICOoNTORHEINT 5
@@ A RSN A, KEIFL L, 16.0~21.3 pmol/cell
ORI - 7z (Table 1),

U VHIR T COABEOFESMER, RER32.6~
35.6 um, 55513 30.9~33.0um OHEHHMNICDH - 7=
(Fig. 2), B£t, WL LICHHMAER 0.05day ! T,
EREN35.6+2.4um, 33.0+25um LRLAE K
> 72,

REMASZONMT MG/ ORFREIL, L
FEERE 0.43 day 1 iC 35\ T 36.8 fmol/cell TH - 72743,
R EEMEL AL >N T ERL, HHEEEE
0.11 day—! O KT 92.3 fmol / cell, 0.05 day 1 D& & T

Table 1 Cell density after dilution, cell quota for phospho-
rus and cell quota for nitrogen of A. cafenella under
phosphorus-limited steady state

Dion e o Sl Col o L Cel s
y ( d{:lyél) (cells/mL)  (pmol/cell) (pmol/cell)
0.05 0.05 1400 - 0.29 21.3
0.10 0.11 1180 0.34 16.0
0.15 0.16 1140 0.35 19.0
0.20 0.22 1040 0.38 17.4
0.25 0.29 940 0.43 17.2
0.30 0.37 700 0.57 17.0
0.35 0.43 720 0.55 16.3

i3 84.9 fmol/cell TH - 7= (Fig. 3), B MRARED:
DOBBEICOWT L RIS, A EE 0.43 day !
T 1.93 amol/um3 TH - 7= D7, HHEEEEOKRT &
oA L, HBEAEE 0.11day ! T 4.73 amol/
pm3, 0.05 day~1 Tid 3.88 amol/um? & 7z - 7= (Fig. 4),
WA OFER S O, FRS OB (mol%) i,
HrEmERE, U VUHIROBEEICEL L FIE—ETH -
7= (Fig.5), XE @RS & L TGTX5 (46.7~60.5
mol%) & C1+C2 (29.3~35.6 mol%) #&ATHKY,
MERS L TGTX1+4 (4.7~12.0mol%), C4 (1.5
~4.9mol%) B EUSTX (0.1~0.3mol%) Z&EA T
7= (Fig. 5), F7z, neoSTX (0~0.1mol%) H5\

5 L u=0790-028/Qp .
o [ 09
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Fig. 1 Relationship between specific growth rate
(day~—1) and cell quota for phosphorus (pmol-P/cell)
of A. catenella in phosphorus-limited, semi-continuous
cultures (line is the fitted curve using Equation (2)).
Maximum growth rate (um) and minimum cell quota
for phosphorus (g,P) were calculated to be 0.79 day !
and 0.28 pmol/cell, respectively.
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Fig. 2 Mean cell diameter (um) of A. catenella in phos-
phorus-limited, semi-continuous cultures. Closed and
open circles indicate major axis and minor axis,
respectively. Bars represent the SD.
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Fig. 6 Total toxin in culture vessel (nmol/200 mL) of A.
cafenella as a function of dilution rate (day-!) in phos-
phorus-limited, semi-continuous cultures.

Fig. 3 Total toxin per cell (fmol/cell) of A. catenella as a
function of specific growth rate (day~!) in phos-
phorus-limited, semi-continuous cultures.

13 deSTX (0~0.1mol%) (T AL HmHIN L h -
7= (Fig. 5),

EEABAOREE 15 200 mL O A » 72 FERE S
WOBBEREIL, FHREO0.35day-! |- 54T 5.3 nmol/
200mL TdH - 7278, HREHES 2B >N THEK
L, #H#E0.06day ! T 23.8nmol/200mL & 7 - 7=
(Fig. 6),

(9,

N W A

—
T

£ g

Total toxin per cell volume
(amol/um3)

OO

N B R R
HRN U VEBPRT AIC oM THIMEEE LS <
05 015 025 0.35 045 . L .
- 1 e AERM 2 50, Droop DR TR EIEATEIC
Specific growth rate (day™) HoNEC b (Fig 1), BHE (D) 2K & &
Fig. 4 Total toxin per cell (amol/um?3) of A. catenella as 2 (DFD, RBEAHERENMEN LX), MlaidpeL
a function of specific growth rate (day-!) in phos- WU VHBR FICH S Z L AR RB I N,

phorus-limited, semi-continuous cultures.

BN EFREE &/ MR ) VER L ORI,
WIZ & > Uil N PHE AR SN, CThEaiEicgg
BIEHIRAERFEL S0 VER, HAWE, O

§ STX

E chTX BT %5EEZ NS SEIORRICEVESN K
?:/ neoSTX IR Y V&R (0.28 pmol/cell) BUF, Th Tz
g 6 o3 FRFLHAEARTY D 01 SN AMOR MR
g B oo & (6.99 pmol/cell) 0% & X IZAFEORM N : P 4
5 ol . HET 5L, 25.0 LEBIN, SAORRTOM
x| 7 ci+c2 WN:PHARH LA LA, HBRERE 0.43 day !
oot LT LT I & T29.6 LRBIEC, BRI AVE < 75 510 On TR

0.05 0.11 0.16 0.22 0.29 0.37 0.43

HL, HEMEE0.05day 1 T734 L HLEL %
7oo COT LMD, KEREMHTTH, £2TOEHBTT
Fig. 5 Changes in toxin composition (mol%) of A. RN VOADBHR E 72> Tt #E 2 b b,

catenella as a function of specific growth rate (day 1) - SN . - N =

in phosphorus-limited, semi-continuous cultures. CAETIC, R CRO A MR &R,

Ny FEFR TRAMRE & SBIERE - ORI

ROTAELD LN EPFEINTNS,D S, F
HEEEEATHONREOR/ MIlEN Y V&8 (0.28
pmol/cell) {¥, TNFE TOWED LK, Ny FEE

Specific growth rate (day™")
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Fig. 7 Effects of nutrient condition on total toxin per cell
(fmol/cell) of A. catenella TNY7.

SCHEIN-E (0.32 pmol/cel) 2 kD & R0fK <,
T REA RN EDD, BETEAHEEELZLNS,
SEORBTH LN AROR/NMIRNY vEE
(0.28 pmol/cell) KU A HIERERE (0.77 day 1) 13,
WU Alexandrium & & 5 Alexandrium tamarense =i
/D 0.59 pmol / cell, 0.44 day—1,3Y JK & #k D 0.56
pmol/cell, 0.54 day 13D & [r# L C, s/ifRNY v &
B/, RAHBBREIKRER 7, O LD
5, AL A tamarense 10D HEWHEA Y VEET
BEEHETEXHLEEZOND,
AEOBAMMID 2D ORHEEL, VU VHIRZAKL W
EUHTREEBOWTENEL AT Db, T
11, A. fundyense,2) A. tamarense® 3 %\ % A. minu-
tum 41 531) IR T2 B\ CHARNOREED &
ol b OREE BT HLDOTH -7

MR O U FIBR 2B L\ O & DRI S R
HETOMBETELN:, RbEVEMHAESD:D OR
HE (92.3fmol/cell) 1E, ARERTHWHEE R—Fk
(A. catenella TNYT) %L \WEEHRT (CFkiRsE
%, €% 11.8uM, U/ : 695uM, ISR :
0.051day~1) TE:E| - & 2OMRSZEEROMBEA
DiEERE (4.23 fmol/cell)1® ¥ Wl L Ty 22 =\ C
SRS T 7 (Fig. 7). ¥ 7z, A catenella
TNY7 % R BEEP T DCHETET H58T OSy 75
£5%, NEERIRE) THEEL L EOYRER? 5
T~8WBOMBHOREE (16.45~25.04 fmol/
cell)162) F Wil | T 4~6fEm W BT ho T
(Fig. 7),

A. tamarense ZWIRERM T CRET 5 &, BMRD
720 ORBHEEITIEA SR AU THEML, MiasR
DR BRERADFIT 2 S IS TABUCED L7
EOBRERDH. O EnG, BRI TR
BEHR A TWERIREEICH 5 A. catenella TNYT7 OifaH
DORBRIC OV TH KIS, MRS HERM T TR LE
<, ZOth, HEMEERCHR L, Al RE T TR
LB b EELONDL, COT b, FA—kr Rk

AEEBEM T CEEL L OB OREE
W A5 A, REROSITICHV MO RERA]
OFEWIC L D HAORBREICESAHAZ LDENED
EFRL 2 H—T 5T ERRE LV, L2L, AT
A R E R OMB A EEE - oL T, BEA
NG T~8HERIRICER « PN AT 2 ThETONRE
W4t FTOREBRSS L3R - Tnb, KRBT
s B AT OMBE A FE L o bmic AV, Ml
WYV s BESEIC OV TRBEBRMT CRLE %5
MRS ZEMOER KDL EE LI G, HEH
OFFEE RBOSHT O MREA Y v « EREFE L Ok
HALDIZCHICEDRHZ L ELDTH S, K
MR e S E B OB 5 5, MBS REHT
OMEAORFEL, ChE CIKHEIh TV 5 B
a5 T~8 BRI BE O E (16.45~25.04 fmol/
cel} 1629 1 ) {Fm< b Fsh A, LAL, Kl
IZEWT, HEEEESE LD, MRy vHIRA
B TREEED &M FIC DA T 2N TH
BAOBERIRVEMCD -2 s (Fig. 3),
RBREE 0 50T TR0 S 2 KD, Mls
WBEATOMBAOREED, KRB THLPIIR>72Y
VHRTORBREZBZAHC LRV EELZOND, &
- T, My HEFTOMBNORHERR % L T
b, REOMPHNOMBEET, REBEEEST55EET
THREEIIC S S8 L 04, U VIR MCH ARt
TR b LHEREIN5,

VIR T COREOTHMREL, MmO Vil
RPEEL WEETICTRRREL RAHADSALNT
(Fig. 2), %/, REBEOEFRFHIR T COMBES & HEK
LG UVHRERTFCIMRESIKRELSRHI LWL
o7z, U VHIR T CHIlRGRBIHEAT 5 8, it
OVMEESE (Karenia mikimotoi (= Gymnodinium miki-
motoi ) 32 Alexandrium tamarense,’> Alexandrium minu-
tum'®) THLW|EINTEY, KEOMBEAEOHEK
i, U VIR T O EER T RIICESE SN A BRARIC
£AHbDEEDNS,

U VHEIR T COMBGEOZ(LEHZEL, RRORM
MBGAE D7D OfRBE (amol/um’) #HH L/
%, WA T473amol/umd Th - 7278, ThidREE
OS5 5 54T Oy FREER, SHEIERIH )
0 2.66 amol/um® (RFEFK), BRHIR T FdkerEs
%, CHEFEER 0.051day 1) TH 5h 7z 0.45 amol/
pum3 (RFEFE) LOKEWT ERPELPICR -7, O
T e, U VHIR N CHEAMas D OBBENE <
o oD, MREEABALCC iz, BAAR
Bz ORBEPERL /2D EEZ BN,

REOV VHR T COBRSAMIIE TOEME FTIX
F—EThY, TEHRSHGTXS, C1+C2, MERS
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NGECTX1+4 TH-72 (Fig. 5), Thbld, EER
BDTREBLEBTHHLHVIEZFRT COBRY » &
MRS BT T 5D TH 572,162 ZDZ & hb
A. catenella TNY7 ODFR S KU BHABREE, UV HIR
OREICBEL L FITTE—ET, BEWTHLHI LW
T8 o 12y Alexandrium JEO R « FBUHIC W
T3, WBNRETH D EORER N ETICLEHD
0, 910183835) LEOFERIZ N LO|ME X —HT 5 b
DTHo T2,

WEE BBORS S, ThZntmsE (MU/umol)
WEIRS7-8,% BHEEPF L THERS LHEEBLS
B2, Bfludizoml; MU/ cell) R4 52
ERBHEEZONS, LrL, SHEORBOES, A
BO@mAS « BB, MR vEE, MEEEC
oo FIF~ETH-72C 00, BMs0D
B (MU/cell) IZ2WTHEHER (fmol/cell) & 13T
FIRRIC, MREAO) VHRRDBEL < A1l > T ERT
HEEZONB, HEHRSOLFHEE (MU/umol )36 %
b &S, wEmE (fmol/cell) »HHAMME ) O
71 (MU/cell) ##E L 72225, fBANOY VHIRAR
B L\ HIERETERE 0.05~0.11 day ! (8% & 84.9~92.3
fmol/cell) OHF 3.43~3.49x10-5MU/cell, F7-, 1
VHIRARE S CHMMEEE 2 043 day ! (BAEE
36.8 fmol/cell) DKz 1.06 x 10-5MU/cell 2 EH X h
7oo BABEM (FEM5547 A1 AABAE29E)
ICRAHEE CGIaEF 1gH 0 OFEN AMU) 28
2 HBOMEERBP MACERShA-0103, M
FIN D) HIRR D38 L\ ABROMIFEEIC LT, RO
AH1gH7 0 1.15~1.17 x 105 g Ll b 25— B i fit
RSNANERD L LB XN,

AEBRTHOI PR Y, BEaT57/5V 7k
YV, RBEEHET HEDOL WA SR T
ABEOWEM & BHIC T T AL L 72 EREE & 40T, #5
BEW (=75 20) BHEERNBR, EEABHOR
BIROW WD ZBENEKOBANDTH, HEAEA
NOFE L ERBOHFMIBANORBYHEOULE, #
RERIBRNOBKGCBERICBEERA L ENTE S, K
AT, MRFEAE, £/, B#ilb:0 0k
BEDPKE D - HEFREORBEA R CHEBRADOREN
AHELRL S k-7 (Fig.6), SO :hb, B
Bl 0 Th, KRR TOBRREOBEREN &
RLU LIS, VURREOHBRER L - TED, &
BANOHMRRE B 720 OV VSRS L, R,
HACFHB 72 0 IR SRR E S D BB A 7k
REO L &I, RO M AICBHATTRE R B R
IERT AR A D 5,

BPIC BRI BAG TR sE RBB B3 % < FEAE T
HEE, ZHAICERBINAREEREEL LD,

“HACERINAHEAEAT 255V G VERE
PHERF SNSRI h A, LL, ARBIEE
i, HCETIMDO TSV 7 FVOFEBELZKBIZLY
B, BEESNAREHEHEESLERBIN TV
W, RO TR E T IV R TORBEOMIERE, B
fR&7-0 OfeER, REERRNORENERSEOLEEH T
L, SHEIGIT, BBt 40 v /gAY
FEEARO LTS VERREZ®L T, AL L
LEROZEBMD - 1254, BBEHRD 5\ THEER
WNORBMKEE, BAMlad ) OBER, Man
VV/EBIHILZHAEOBRAR (THAICHE I hK
BMME), “HMBICEBRSNAMESBEBEEA YO L
DIEBTHOPHERT HLERDH BN A, K
I, RBEOFEGREBERC AN Ib - B85 E 2
5&, RBCOVWTE, ZHADERIZEVBREINA
RBEOMEPIEZ L2 LD, BERBENOARERR
BEEMEPEFEL VB E LR TRS T4 05
FRINL, LT, HFE GFEREBANO Y /4t
B) LB NE, SlREERBDTAZLICkD
AELIMRBZOO) VEBENRS L ) KEOMIK
WY v EESER, MRRAOY VHIRRESEL 152
ETHM MDD OBBRII HMAESEL VS
EDHETTELHBFEINAS,
HEHERCORBHLORERL, FR/5 71 v0
— R THLABROBGMHE 3064 Ld—FK L2
CEPREINTVAD COLH% T & AR AR
LT, ZHRASOEMEE « RFIOZ1L, 3 BFER
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