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Isao Ishiguro, Rikio Shinohara: Enzymatic Hydrolyze
of FAD and FMN in Animal Tissues

Summary

Various tissues of normal rat have been clarified it have high spacificity in enzymatic activities
which can hydrolyze FAD and FMN. When the rats were poisoned with CCly, the hydrolyzing
activity, Bz contents and alkaline phosphatase activity were altered particulary in the kidney and
small intestine. The rabbits which were poisoned with HgCl;, in the kidney the activity which can
hydrolyze FMN was decreased remarkabl, and in the poisoned rabbit, FMN was excreted in large

quantity in the urine after the venous injection of FAD and FMN.

# o
EEEMOKNICES XN E2 10 By id, ATPEIS®% Lic Flavin mono nuclestide (FMN) ##%C,
Flavin adenin dinucleotide (FAD) &7zbh, 735 Er@Ee LT, AfclE3d 52, ABEERCH T -
7= FAD 13 Nucleotide pyrophosphatase 1z X 9 #F¢¢ FMN &7z b, Wiz Phosphomono esterase &k -,

Ribofabin (FR) iz ¥ ¢kt 2T, IRbiciitEh s,
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Vil kornberé) 12, Nicotinamide adenine dinuclestide (NAD) M ¥ w Y RS & K3 A %% Nuclestide
pyrophosphatase % Potato L /3L, ZOMENR FAD 0¥ o) U iisi4a b R /KB L T FMN &
Adenosine 27 5% Bz, —‘ﬁﬁfilﬂ%%)&i, FAD 23 phosphomonoesterase, Hefe-pyrophosphatase & J - T/K
its ninndin B, FAD s EasR DM 2 5/ L 72, if:ﬁ@m%ei, Wit & 5 FAD, FMN oK fi#ico
WTHE L, FAD 23K, AMTHIKIC X - THFRERIC 20% 73S hC FMN & 72 4%, W, W C i o0 i
EhanBHEP b Lz, £/ FMN 2, BRI > TOREEENRKME T FRick ), HiK, ATHK,
W T o3 il & L inos LR TWW B, Ekcl;*dg})(i. INBREBID & T & % — FEIWT, FAD 2 KifE 1T
FR i©/r % &3k, = ORI REI R 72753 % Nuclestide pyrophosphatase 2 & », FAD — FMN ~Kfi# X
M, 72 FMN - FR A®Z{t4s phosphomonoesterase {2 & % & WELTWB, ZDX 5 FAD 55 FR ~AD
RBHBFIC DWW T DR IFRR JER C X  fib T b2,  HEEC RN O M HLERC o v 2 RERETE
2% B I3 4 Hole MU 3 e DWW TOFRIR D in o,

##3, FAD, FMN OREF/KIIENED a2 M L, AFAWickit 5 FAD, FMN o@igconTH
B+ HHMT, B RBMOFEMITH BT, B Bors 1 B g, B ATt Alkaline phosphatase
(Alk Pase) 7%z L, FAD, FMN oE#E/KMENE & OB 2 EFH & CCly 51 X 22 8FEE, X
U HgCly # 5 & % 2B EER c O W T HIREISR U, ¥ 2 RBsEER oW ik, FAD, FMN fifiic & %
Rkl Be IR ORI DWW T H R LDT, ZHBDNE DWW TS,

RBEMHROFE

1. BB

FFREEE DWW Tid, (KH 100 g fiD ERH 27 v iz 0.6%CCly 254 ) — 7l 1 ml & FHIC 2 ke £r5
LA EEr s X%, 1, B Bah§itil, 0014MKClI T 10% sEvx—heil, ERHEHL
Tro BREEF TULIAE 2 kg AR D IR it g A —APECREMZIE—E R 2D ETHEL /2%, HgCl:10mg %
AP AKICIARE L, k3 HEROKS L-box #EHL, »ﬂ%qﬂﬁi%ﬂiﬁﬁ &L, Hic HgCl 20mg % 3 H
Mulisesy S sa b, Hic 40mg % 3 B itk sk & uto %Fﬁfe}tﬂw%émﬂ% B, BEI v
FOBBRCBEUTCHAED 2~ bEHBL, EECHEH L,
2. ¥4% v ByiEsik

A2 32 By BIGHEEHE, Lumiflavin éﬁ%dﬂc; Vi Uiz, ¥4 B I "//jﬁuxt%ziiu/\*t‘o@ﬁéic
B> THEE L7z,
3. BHEHEIL

BEREE OB S, W micro kjehldahl iz X biEid Uiz,
4. W3+ E %~ 0 FAD, FMN sKgGdk e

FAD, FMN O/KMO G E U TEMERD 10% &€ 24— b 0.1ml, 0.02M ~X o 3 -1 buffer (pH9.6) 1.0
ml, M/100 MgSOy 0. 1ml, H,00.7ml % fiiz, 37°C 5%} preincubation #, 1.36:<1073M FAD %3 FMN o
%% 0.1ml &z 2htg 2.0ml & Uiz, Zh# 37°C 2045 incubation UCRIGX M7z, 2452 3 kAR 0. 2
ml & N2 CRIGH kS8, Be il & AR UER L CRIGRIC 1T % B W37 e sKed € FAD, FMN sk
fR i A B U COKIRIEYE & U7,
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5. Alkaline phosphatase j5¥E#l[3i2

Alkaline phosphatase V2 Shinowara-Jones-Reinhart O J5HCHE > CiT o700 I IiaRIZ 0.02M 5-4Y &
oY U 5.0ml, 0.02M <X v 3 — v Buffer (pH9.6) 3.0ml, M/100 MgSO, 0.1ml, H:08.9ml % iz, 4id
17.0ml £ L, 37°C5 43 MmiE Ltk 10% &€ 2 % — @ 10 4RI 1. Oml % hnx 37°C 60 43 incubation #,
30% + Y u— VEEE2.0ml 2Nk, FBL, ZOFK2.0ml2.5% ) 7F 87 v E L AR 0.5ml, BT
{3 0.5ml, H,O4.0ml & jnx, 37°C, 10 7phmEtk, % 660mp ©CHER U ME ) o Bkt & HEEE L,

® B K #&
T CClyjfREES » FORE, B B0 Be ik & Alk-Pase {FYEic-ounC
fOFPEA RS, £42 20 Be Ot A s T e mbh T b CCly & 7 » MRS LT, IFRE il
XRLGHEON, B, Bo B: &, KO Alk-Pase jfYEicoWwTid Table. 1 /R & 5 Aahli R &5z, R
HRFOI RO D B A RUIEFRGICILL, 502 O xR, BTidl 15% OMPERL, Z0ZH
A i ote, iz Alk-Pase {BiEiconWTid, I, o EhFh 30%, 602 OETFE2Rdicdbibd, BT
1389 2. 4 fEoiEHE IR ZD bz,

Table. 1 Vitamin B; contents and alkaline phosphatase in small intestine, liver and kidney of normal

and CCly poisoned rat.

B, contente (7/g wet wt) Alkaline phosphatase activity*
S. intestine Liver kidney S. intestine Liver kidney
4.86 36.05 33.35 121.7 15.4 544. 3
6.95 32.16 32.18 101.6 11.8 592.7
Normal rat 7.38 25.84 25. 46 121.7 24.8 309.1
5.82 34.12 36.05 78.2 36.3 634.1
9.12 26. 58 42,14 108.6 43.9 521.8
Ave, 6. 83 28.95 33.84 106. 4 26.2 520.4
9.60 15.20 12.45 113.1 31.9 208.5
4.05 20.08 21.04 460. 3 33.0 268.8
7.81 16.65 18.14 134.6 27.6 214.2
4.35 18. 20 14.75 352.0 13.4 169.2
CCl, poisoned rat
5.60 16.12 15.31 368.5 6.6 208.2
6.42 12.65 25.25 302.9 11.0 331.3
3.85 12. 80 16.05 113.9 5.4 298. 3
5.45 11.62 20. 40 134.2 4.2 168.5
Ave, 5.89 15.66 17.93 247. 3 17.9 233.4

* units S.J.R/mgN.
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Table.1 /R L 7-Hi,

KO FAD ~DEREREA I & iz 3,

CCly [R5 » F DR, ®, Bzt s FAD, FMN Oz K iEH:coWT

CCly [Fpas=if O 4 B ML By 2 DA T O st ww & - ¢, FR 25 FMN

d %\ FAD, FMN O3 D i & b aiic it % B: @

IFRED RIS b D LBbh b, Bhic CCl, AT IC 1) 5 FR OBEERILD (K FieoWn T E < O

R B, FAD, FMN o KEEOEEICOWTIRBA SR INTWieLw, FHITITER T » O,

10

HARE D LA — ekt b FAD, FMN OF#E/KMEME S CCL, JFREES » FDEh & kil L, Table.2, 3, 4

DIFEA A F e CORBTHEHT~NEERZ, TS » FRT, 1,

%i}.]z ’

NED FAD, FMN DR IKIR DS,

Table. 2 Enzymatic hydrolyzing activities of FAD and FMN in the homogenate of normal and CCl,

poisoned rat liver.

Normal rat liver

CCl, poisoned rat liver

e Hydrolyzed | Ratis of formed B, | Hydrolyzed | Hydrolyzed | Rayis of formed B, | Hydrolyzed

quantities quantities quantities quantities
No. of FAD of FMN of FAD of FMN
(T/m].%tissue> FMIEI%) FR( %) (r/ml%tissue) (T/mlgltissue> FMIEI%) FR( %) (T/mI%Itissue>

1 81.95 74.89 25.11 34.09 124. 30 84.93 15.07 8.83
2 49. 42 64. 81 35.19 7.27 89.15 86.97 13.03 5.42
3 82.14 86.71 13.29 12.66 71.14 78.66 21.34 9.48
4 91.44 72.73 271.27 22.97 90. 25 79.27 20.73 9.94
5 138.33 85.03 14.97 - 128. 35 87.02 12. 98 19. 81
6 104. 56 67.43 32.57 - 143.08 90. 28 9.72 27.08
Average 91.31 75.27 24.73 12.83 107.71 84.52 15. 48 13.09

Table. 3 Enzymatic hydrolyzing activities

poisoned rat kidney.

of FAD and FMN in the homogenate of normal and CCl,

Normal rat kidney

CCl, poisoned rat kidney

B Hydrolyzed | Ratis of formed B, | Hydrolyzed | Hydrolyzed | Ratis of formed B, | Hydrolyzed

quantities quantities quantities quantities
No. of FAD of FMN of FAD of FMN
(T/ml%tissue> FMIEI%) FR( %) (r/ml%tissue) (T/mlgltissue) FMIEI%) FR( %) 7’/mlz(éltissue>

1 272.65 11.97 88.03 102.23 90. 28 14.69 85.31 47.40
2 118.55 18.78 81.22 64. 53 55. 26 + 100. 00 60. 58
3 93.52 -+ 100. 00 68. 83 60. 33 -+ 100. 00 43.57
4 88.59 12.03 87.97 33.06 71.21 -+ 100. 00 21.50
5 234. 66 + 100. 00 49. 36 131.01 4.63 95. 37 72.76
6 120.73 9.44 90. 56 91. 86 124.99 6.73 93. 27 53. 34
Average 154. 45 8.70 91. 30 63. 31 88. 84 4.34 95. 68 49. 85
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Table. 4 Enzymatic hydrolyzing activities of FAD and FMN in the homogenate of normal and CCl,

poisoned rat small intestine.

Normal rat small intes tine CCl, poisoned rat small intestine

o Hydrolyzed | Ratio of formed B, | Hydrolyzed | Hydrolyzed | Ratio of formed B, | Hydrolyzed

quantities quantities quantities quantities
No. of FAD of FMN of FAD of FMN
(T/ml%tissue> FMIEI%> FR( %) Hml%tissue) (r/ml%ltissue) FMIZI%) FR( %) (T/ml%tissue)

1 151.09 41.15 59. 85 50. 32 98. 77 34. 40 65. 50 52.13
2 80. 45 23.04 76.96 36. 26 174.52 21.83 78.17 49.93
3 38.18 61.82 38.18 6.41 167. 16 61. 48 38.52 37.81
4 55.21 46.15 53. 85 38. 47 104. 68 53.38 46. 62 25. 42
5 — - — — 151.11 36.02 63.98 66. 87
6 — — — — 152. 83 53.93 46. 07 49. 09
Average 81.23 43.04 56. 96 32.87 141.51 43.51 56.49 46. 88

I E M B A RTHETH - 72 B, A Tid FAD - FMN ADK#EAE Lindic FMN - FR A
DKW D U T b ih o7z, B2 FAD, FMN dicifi< KfigL, FAD gt A & FRicETktsh
7o /NBE FAD, FMN JLici< K4 525, &z i7zan, FAD 25 FMN, FR 1 : 1 DHI&TKRHS
Nic, CCly b k BRFEEHIcid Table. 1 wiRd X 51, Alk-Pase {EfEid# 832% WD Lizicd b4,
FAD K08 FMN Ofz#0KRIEE I, BRI, 12 LA EERBO BRI -Tc, BRI TE, CCl
kR Alk-Pase iHud (EFUICH L, %% 55% WD, 140% #imcxd L, #cild FAD Ktk 0% i
>, FMN JK##/EMZ 20% WL R L, B TR& L 709 tin, 40% Winak e, ZhBDRIRAHIERE 7
v O, B, Bicisit s FAD, FMN OIS M B2 R4 E2al 5 e 2h, CClL#5k L%
Alk-Pase jEMED B & FAD, FMN ZKf#iEE & 3RO A% R385, TR FOHME RS Rnol,
M HeCle BEEEREOM, Bzt % FAD, FMN OB K S

Table.2 O#HE LY, Bickits FAD, FMN 5 5 FR ~0/Ki#EE Iz &L <, FAD, FMN oKftic
RERBRNEGT 2ENHEIN, 220 HeCle 25 LT, FRCEHEELRLC X, ZhEUHON, ®o
FAD, FMN Jkfgrtt, Alk-Pase iGf:, M OHEED B MASHELOL#H L ME L,

IEHZRO & T 24— 0 FAD, FMN JKigiE#iz, 5o el LE L, FAEEB AT 2—-10D
WD 1/10 13 ¥ 20D, FEFiekit s FAD, FMN O/Kcid ks iz B L CnnX Sic il b
b, ERFEDH &€ 24— b D8e, FAD sMihHE 250. 3y ©£D 23% 5 FMN, 77%2 FRCdh -7, FMN
IIMELNR 2357 T db o fo, AT I FAD 3 I IERBlIic L 20% Db & 8wtz FAD 2 5HD/ERL FMN,
FR QHud ibHnE e /e b, FMN63%, FR 12 37% <, A FMN Ok & 08 >7c, FMN 53fifhiid 80% Uk
U, Alk-Pase ififlid 50% w/b Utz il cid i &AM ifid Lieas, #ilic A% &, FAD, FMN K
frEYEE, I, Hihc L Tin L, Fiic FAD JKIEEEIZRIE BRI & 7 UiEE &2 /R Ule o #1ER B2 M5
Hazsaihe, B, Bt ERflick L FAD oz L, FMN, FR ol inL%, (Table.5)
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Table. 5 Enzymatic hydrolyzing activities of FAD and EMN in the homogenate of liver and kidney from

HgCl, poisoned rabbit, alkaline phosphatase activity and the ratio of three types of vitamin Bg in

the kidney and liver of the same animal.

Hydrolyzed| Ri; IHydrolyzed|Alkaline :
3 | Stage of quantities Ratio of formed B, quantities |phosphatase Ratio of three types of B2 (%)
g o of FAD | of FMN |activity
£ | poisoning 7/mg y/mg unist/mg ;
( Ntissue) FMIZI%) FR( %) l< Ntissue) Ntissue)i FAD FMN FQ
Normal 22,58 60. 05 39.95 14.77 74.3 85. 07 9. 66 5.27
t= | The first 12.24 82.54 17. 46 9.68 27.4 63.61 25. 40 10. 99
s
% | The second 28.10 86.23 13.77 11.86 35.0 68.76 26.29 4.95
The last 30.34 72.65 27.35 23.47 43.8 71.03 10. 28 18.69
|
Normal 250. 31 23.10 76.90 149. 29 234.7 76. 43 14. 90 8.67
g The first 202. 43 62. 66 37.34 28. 42 114.7 58.65 22.64 18.71
E" The second 151. 68 68.78 31.22 28. 51 97.4 66. 01 23.57 10. 42
The last 255. 62 40. 65 59. 35 81.60 140. 4 60. 83 12.58 26.59

Table. 6 Total excreted Bs and the ratio of three types of B: in urine after intravenous injection of FAD
and FMN to normal and HgCl. poisoned rabbit.

Intravenous injection FAD 1200y

Intravenous injection FMN 870y

Concn.offTotal ~ |Ratio of three types Concn.of/Totel  [Ratio of three types
Urine |B: in  [excreted lof B: in Urine (%)| Urine |Bz in |excreted |of B, in Urine (%)
Urine (B2 Urine B
g )| Gmb| (| PAD|PMN| FR | | mp| | FAD [PMN| FR
Before . . .
% injection — 3.80 — -+ -+ [100. 00 — 4.0 — + + [100. 00
o
E:T ﬁ 1hr 11.0 32.00, 352.0, -+ 4.12] 95. 88 17.0 18.0 306.0 2.62| 97.38
c_‘ Lyl
?: (:b_ 2hr 12. 5 5.92 74.0 4.71] 95.29 11.0 12. 00 132.0] -+ 3.37 96.63
5
@ | 3hr 13.0 3.04 39.5 4,79 95.21 6.5 7.20 46. 8 1.64 98. 36
5 |4h 110 3.84 42.2 3.34) 96. 66 4.0 880 352 2.49) 97.51
Tolal 47.5 507.7 38.5 520.0
. N . ac Total net excreted B, after injection of
Total net excreted B: after injection of FAD : 327. 2y FMN : 366. 07
Before _ 0.80 — | « | + ]uwo. oo“ — 2100 — | = | = [100.00
njection
0% E‘: 1 hr 12.5] 32.00 400.0 -+ 10. 42] 89. 58 25.0/ 16.00 400.0] -~ 6.53 93.47
S| % |eh| 275 240 66.0 - |18.88 812 13.0 580  75.4 + | 20.59| 79.41
o =
¢ | % |3hy 1400 4.80 67.2] + |20.1379.87] 13.0f 5.00| 65.0] = |20.13 79.87
@ =
2-‘ ] 4 hr 12.5 6. 40, 80.0, -+ 29. 38 70.62 4.5 10. 00 48.6] = 27.19| 72.81
-
& | Total 66. 5 613.2 55.5 589.0

Total net excreted By after injection

of FAD: 560. 0y

Total net excreted By after injection of

FMN 472. 47
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I HeCle 8 5ic X 2P piER T FAD, FMN fi4ii L =5 & O KA kil Be & & Be AR HOEIE Z4b

T 2T

Rk H 57— 57 VICTHREDCHIR I 725, Ebic FAD 12007 & 5\ \id FMN 8707 #IT#RL v #2'5L T,
RGN IR U T, HEl Be /208 Be WS HIZ O WTHEIE LA, (Table. 6)

IEFROS A, FAD 2 ffiid 5 &, A0 1A B: BIZEIICHIML 2225, LOBEMEL, 4KMHE
i i i Uiz, 447 FAD @ 4 F5fic ki 5 Be #Eilttiiz 327.3y ¢35 FAD (FR 2 L<T574y) @
57% hiffilt X iz, F7- FMN 8707 (FR & LT 574y) {Afid84a s 21k b 1 IEI#c KA B Sl Wi
BN U223, DSR2, 48500 Be HEIHRIZ 3667 T#5 FMN D 64% % /R L7z, IR B MBI, %
Haikrpiciz FAD, FMN 232 < B bh T FR DK ThH »7z, F/ FAD »H\id FMN 25 L -¥a ks
WTd FAD g #ftx 4, FMN OEBHE2ZEDHDAEATH -7z,

iz HgCle 5 & h BREL & KB (PHEERIACH M) &, FAD 12007 & 5\~ iz FMN 8707 %A
M5 Lastcd, 85 4RO B ShlRUZEEM L v $mL, FAD o¥i&id 560y ¢, £998%, FMN
P50 4727 T 85% Ot R AR L,

% £

CCl 5 X W IFAFEIEAT v FOME B: SHRR, T, BT FRLRBDEADK, mwﬁf%li,
CCly #55 » bTid, FFTO) v BIESKEINT, IFO B: BEEDHINHBN, FFOBERGEICRD L
INBESDBTBEVE & B I B E WG LT 5, ifck//\{%%e; CCl, Rz, An B: OGS
T, HMHEIND EREL T B, BHEDOFEMc L b, CCl, JFFER iz, Alk-Pase 2[FCid s, HTid
FERET LB S, UH, KMESOHEIC L - T, CClL [FPEEMROME B: SERORDR, WMED ) v 8
{EREDIE R, KROERD Be RIAREDE Fic L 23D &Bbh 5, % CCl, #1512 X B AFEHEI I, HEED
RERHET L LI CT 5 5 L Wb T Bt b fa s ¥, ko m<, o Be &&, Alk-Pase &2
3 HHik, B AHERT, BRAXARIEH LT DD LHEEINS, ZOZLXB+rEOA— O
FAD, FMN /KiiEttboffishicb L, e, CCly [Fpisific st 5170 FAD, FMN /Ki##iEED
A RBD b - 7en, HTEdsx b Lega b e, B @ Catabolic 7{CHHictsi) 5D K&
R THMENT,

P kit D Be AU B L <id, BT, /\Kéggcm%rlﬂ@, JERRMIM & & Blb9, 5Nz Be /DRI
T, A ZEN T, FMN it/ 5 L ikNTWw 5, Rugs)r 12 Be CIEEEY 2T o MINEREBID Z Y & ) Lokl
WA B e, By ) oBRx A7 VAVET B BB DR R & LT, Hibner, Pulver B3, ¥, X3, I
DO/NGREED Aoton Powder B AWT, Be LMEEEY @R L D, B VoM 27 VOAKEBREL, Ezcmﬁ)
Lmiﬂ%)i) AR ES TN B, U EORR/DMSRBICE B: O Y VRERTEELTW S BRI TH 5 2,
CCly fFPERR i, B2 @V B2 FEEZ N, phosphatase JEFEDE L\ N2 S, Be Uiz Catabolic
CHEWT WD EHEEIN D, BlLz & S, B B EE AR NEE T 5MemEI®LZAR, FAD, FMN
EAM LT, RO Be HRIC DTS L e

i, EEH%)a;t BicHMBRHL R 285, RFEYLIRIP B Hiitt2iinL, FR &itic FMN 2E i
L7z & HELTW5,

J%Mﬁ%w T P L ABECEIFC T Be O RIPPEILOIRIEZ B/ LG L TwB, Ll HgCle itk %
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BEERIT, A% B AT 5 &, FAD 3Rfice<@Edohd, FMNRLZEHHXh, Liad 4B
it B: 4812, FAD #0841 98%, FMN EriDE5&13 86% Mkitxh, F-REL KX 409, 47% tE
mu, RE3RLZHEREEL, CORRLLT MY 7, Hell 3B+ sMEFOERCL S
Db, WILHERY 7> DR EACEECHET 5720, BROBEIESIIFIZN T, RH~D B,
BitBIER 5 2o+ & Bbh s, LaL, HgCl: 51k EER I, BOFE @i EREFFEWIRER
b B, MRE LD OBTROEESC L Y KT B: B, REOHMNZE/LzbD LEbh s,

Lowell, Chiquoine tc kU, iERICRE, BoSUOMARMRERCHEL, 0P RRERBEREC
u&aaz%ﬁﬁv&aamﬁoik%*,@%ﬁm&%3%®pmmee%%uﬁ%M¥mmﬁ%ﬁéﬁb
TelWMELT0D, ZUHOENDD, HIREBOEENENT OIS,

Pbl~iztgie, AERNICEREINAZE 2 T2 B KRN FR & Uit h 5 BB itc, —CCl, iz
7y b, ROBEEERED FAD, FMN KBEMEDEEN D, BREERREHEZE L TWIERPE LA E k-7,

#® E ]

D CClL G VFREFEX DLy FOXMEHEB: BERIBE, MH B, NETREITH
Lllc, ¥ v bEMHD Alk-Pase 3B TOETINELL, HTRENDETEEDLL, /INETIE 2 ZL
k@I,

2) 7v O, B Ko FAD, FMN OEFKZECHEREREELA L, Fcild FADOFMN, &
FAD-FR, 5Tt FADS>FMN+FR (1 : 1) ~OK#ERTRb S, iz FMN KgE#E, B>B>SFoO
METCdH -7z,

3) CCly fff#E 7 v FORF TR IEEMIcL, FAD, FMN O/K@EICA X i ZS83 B b, Boipit
CEBRED, DNETRIBMERD,

4) EWFHRC FAD &5\ FMN 2 HEERS Lca, IR~ FR K855 <, FMN 1Ep, FAD
134 < Bt X N7t o 7o, HeCle $¥5 8=, FAD & 5\ iz FMN %45 U784, Réicit FAD 3 iF
Hol & FREIC RS Bvinh - 228, FMN ROt B: BB OWEME Rk,

X B
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Takeo Ono and Youki Ose: Studies on Spa (T)
On Aso Spa
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