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ABSTRACT

The content of canavanine was measured and analyzed in leaves, roots and xylem exudate
of Canavalia lineata. In non-nodulated plants, the cotyledons were removed after a week of
sowing and the plants were grown for 3 weeks. The quantity of canavanine measured by cana-
vanine specific-PCAF colorimetric assay was 9-10 gmol/g fresh wt. in leaves, 5-6 umol/g
fresh wt. in roots, and 0.3-0.5 gmol/ml in xylem exudate. When free amino acids of leaves,
roots, and xylem exudate were analysed by HIPLC, the relative proportion of asparagine plus
glycine was the highest and canavanine was high secondarily. And the relative proportion of
canavanine among total free amino acids was 30-35% in leaves and roots, and 12-13% in
xylem exudate. In non-nodulated plants grown for 8 weeks, the canavanine content of each
part was similar to that of 3-week-old plants. By the formation of nodules, the canavanine
content of leaves, roots, xylem exudate, and nodules decreased apparently. In xylem ex-
udate, the nitrogenous compounds were also analyzed. The relative contents of NOy~, free
amino acids, and ureides (allantoin and allantoic acid) were 60-80%, 20-30%, and 5%, respec-
tively. From these results, it can be assumed that canavanine is synthesized in the root of
plant and nodulation affects the canavanine content. It is obvious that canavanine is con-
sidered one of the reduced-N forms transported via xylem.
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Canavanine & arginine ¢ guanidino-oxy 7= F2H
24 jack bean (Canavalia ensiformis)8 ZANA A&
3218 ¥ (Kitagawa and Tomiyama, 1929) Canavalia
22 v 23 Zolale] FAlel] FuHelA EAldhe e
2 oelx glew (Bell er ¢l., 1978; Rosenthal, 1982a),
oogheke Fxb 73kl 249 =RE 10-13%°lx, F
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1977). Canavanine ©] ¢}zl A-EolA viehie ohapAs)
3= canavanine ©| arginine wiAle] Aoldlz] w4l
Aoz odelx 9lolA, allelochemical 2414 7%50] A4
H7|x shgict (Horowitz and Srb, 1948, Maas, 1960 .
Rosenthal, 1982b).
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g 3 QA o] fsl= em ]l (Kwon ef
al., 1986), HZollE canavanine o] BE olo)i=al Aol
A BAasloz a4gcte 237}t gle] (Rosenthal ef al,
1988) A4AA8].2 24 canavanine 8 Ghe] A3 A w
Uk,

Zaell 2745 canavanine £ ZAb k] 7] Folel
3722 (pod)ell X AR F ZAWR olFslE 2 2ot
obA Az iAol e FxlA canavanine o 4ol
eRll BalAE s Ud=ixl vl gloh(Williams and
Hunt, 1967 ; Rosenthal, 1971). 3 canvanine & ar-
ginine 2] 4%4 79l 3FL Krebs-Henseleit ornithin-
g-urea cycle & 53 FA=EE Az 2o glony, o]
Haled = FAEZo] Yolut =do] 4 Z&E 92 (Rosenthal
and Nayler, 1969 ; Shargool and Cossins, 1969 ; Shargool,
1971), jackbean® e zREE Zrpilgel Fg
canaline o] 2]% ®} 9o} (Miersch, 1967), 22} o]
3l cycle ©] in vivo ©14] canavanine Aol AAlZ ZE
healel tiEk A2 FodA] g,

Fl, n5AEeM FEzde =g Fied goe=
ol FEE AL FH el NO, ollx4l, amides,
ureides?! 2 2= %3 & o} (Reinbothe and Mothes,
1962 ; Pate, 1973), ®&olA NOE Ffsled A7
FHL AR Fnlr) cloksled o712 wajelold] HA5]
+ NO;-N:organicN& vl&z 9xg @Az ot
(Oghoghorie, 1971 ; Atkins ef al., 1979), =38 AL 37
AEel4d =S 5ol ol Asd FH Huh=
amide} ureideql Ze® <= 9lc}(Sprent, 1980 ;
Pate and Atkins, 1983).

olAhg] HnEL AuEm A Fol AEAe)A can-
avanine Al #AF A7l elmA gR e Aol
H&-o] FApA|7|of] EA)ElE canavanine ©] Wolet vlEof
o} &5 o}2 oo A7) Eat AEAl A EAT A
Ee PAER gleA] Bol e AT A gle Aol
o} (Rosenthal, 1972)., vwiebd B odFelAdE FAhldl
canavanine 3ol T olo] 1 o)fF &we] xAlHe]
g 52 djalo = 5le] canavanine 4ol #AE &
el AL eduat o] e, =elel)A canavanine ¥
H2lE slglen olE 93 PCAF g 23] s
432 HPLC olw]ic4l A4d84-5 A5,

Mz H LY

Az o wfiexE, 2 A"dd Agd &%
(Canavalia lneatz) FA AFE 2714 ddle] A=
ol A AT Aoz (19861d) 4T koA 2ghalalA
2E Afe] ALFgct deldl F4EY {2
Hoagland wieokdo= A9 plastic £7] (11X12.5cm)
8 Aol :AAZ] lem 574 polyurethane foam of
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Fa 19U B3t oF 2700 £ =& 70001ux (16 : 8)Sfoil A1
wfofallef] ol £7)2 WA growth chamber (25+
2C)ellA wekateiet,

2 Aol sdobdad Fof gy AiEE Agdie
2 slged Age=zde o|Fse canavanine(can)&
ulAl 5] Hgle] 2l & 1 kel ARde AlA s (257
Ge Mgy A%, Az 3T 877 viske AES
Az2 slEch, 35 efakd suige Ae TF0 ¢
Ho2, 44 243 Hoagland Holl wiokelglm, AL
A2 ke ol Aol slxnt 1578 KNO,
2 NO, #5Aelg sled AHgslge}t, 85 ufokdl Ag:
Z%7F 8l% 29 9= o= 104 343 Hoagland <4
oA ofstgon] RS Lee ot Kwon(1990)2) 1k
u-E wglth

Epofel £33 TR ol 9% 1.64A7KA] 54
7ol AM FAsigch, 2od-g $a57] 2470 A H)
ol A} Aew Zolpgln, X 30-33CelA wokle]
ALl £75 M Hrdg o]Edle] Alguin] uiz
olel ¥-9% AL F AZ HoflA et =HNE Fa}
7]2 kel Eppendorf tube (1.5ml)oll =gke}, mafelle
A= F9 04Tl FAEAT 3 3 —40Co) &
FAaledct,

Canavanine & £ fFelolojcite] & o SakEm,
Canavanine 2} & f-#|opn|abe] 52 Pate(1980)9]
g Z1x2 sl9dr), Canavanine @) %S PCAF
(pentacyanoammonioferrate)ol] 9j3 ¢AHez sy
9], d44zl & 530nmeolld FREE ZAsEed L-
canavanine sulfate 32 FFFA o eN3d3ld canavan-
ine 3RS AME3)9 ) (Rosenthal, 1976). & -felofn]i
Ake] AeES canavanine A#E A2 ninhydrn Ak
Edsle] 570nmeld F3=F A5 XF obelx
Ao 2 glycine-§ AHESIGen, ZFFAE 0|85k
F #elobvlxate §eRE 425 ek (Plummer, 1978).

Reverse phase HPLC (high performance liquid chromato-
graphy)oll 2|8t olo|ite] B4l A58 fzloln) il
HA4-& ofu|x4le] phenylthiocarbamyl F=A1% 3kds}
I o] HPLCZ #4381 S wjghe}, oln]xale
22 AHNY 9 PITC $=A49 A)zE Heinrkson 3
Meredith (1984), FEbert(1986), Lavi® Holcenberg
(1986)¢] w2 7l&= st HPLCol <3 434
2 Seferiadis §(1987)¢] ¥L 7|22 skl Adsigie
w P42 A2 Beckman model 338 conventional gra-
dient system ©]3it}, NEC controller (model 420, Bec-
kman) & AH-3te] 2919 pump (model 110A, Beckman)
5 ZA5193, column (Ultrasphere™-0DS, Cys, 5 um,
4.6X250 mm, Waters)-2 &3] & 542 UV detec-
tor (model 166, Beckman) 2 254nmoll4 §3=7} =4
gl9le, computing integrator (model 427, Beckman)
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T ARl $4AE-S 71583 integration St B
AnpAe, =A Lo A(0.05M ammonium acetate, pH
6.8)2 4047 column-g equilibration A1Z] & 20 412
injection loop 7} ¥l manual injector (model 210, Bec-
kman)oll ¥44185 FU3lg o]% o A2} g
B(0.1M ammonium acetate in acetonitrile : meth anol :
water=44: 10 46, pH6.8) 2 gradient & &=A3}e] olr]
=245E £2A450 gradient 242 0-15% B(153),
15-33% BQ0%), 38-60% B(10%) = 60% B(0%)
2 slgih, fel =28 A $<5-e Iml/min olgn
column- 2EF 39CE FAAged 2E L=
HPLC grade & AHg-si3ie},

NOQ,, allantoin 2 allantoic acid E2e| £, =z
el NO,F%-¢ Cataldo 5 (1975)9) #hilg o]g3le &
Z8tglew, allantoin # allantoic acid ¢ #ak& Vogels
<} Drift(1970)8] wjo = &743gic},

=Rt gz sivZel o, %al, ST canavanine
of g, RAlEY A4 ARolA EFEE canav-
anine & A% #AEY] Hsled AF B 1 Fale] AP
AASZ 35F vkt Wil PCAF o] o3t
canavanine @ AgA3 ), ), =3 (exudation
rate ; 2-10 l/plant-hr) Z%<l4] canavanine o] 22
= Ao eylon] o gaRe dal Hejo AdA ek
2 247 9-10 gmol, 5-6 gmol o] $3. el = 0.3-0.5
mM o|gich, ol FEE F Fejotnlal T 24-60%
= HAShE 2 75 Zelgirt(Table 1), #azA] ¢
o= canavanine o] AEH AMle} gle}(Rosenthal,

Table 1. Content of canavanine and free amino acid meas-
ured by PCAF and ninhydrin colorimetric assay from leaves,
roots, and xylem exudate 3-week-old, non-nodulated Cuenava-
lia lineata

Content Canavanine/
Plant < - - }
material Canavanine Fre‘e amino F ree amino
acid acid (o)
Leaves? N-free 9.1+0.64 194+2.8 47
NOs 10mM 9.7+29 20.7+69 47
Roots? N-free 56115 8.6+2.3 65
NO; 10mM 58+1.9 109+2.5 53
Xylem® N-free 0.26 0.86 30
exudate NQOs; 10mM 0.48 2.0 24

2Each value is averaged over 9 replicates and the dimension
of value is pmol/g fresh wt.

bEach value is averaged over 2-3 replicates and the dimen-
sion of value is nmol/ml.
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Table 2. Amino acid content expressed as the relative peak
area percentage of HPLC analysis from leaves, xylem ex-
udate, and roots of 3-week-old, non-nodulated Cenerelia
lincate grown in nutrient solution containing 10 mAl KNQ),
for a final week

Relative content (%)

Amino acids Leaves Xylem exudate Roots
Asp 2.6 0.4 249
Glu 3.2 0.4 1.8
Ser 1.6 5.6 2.
Asn + Gly 37.0 40.3 26.0
Can 33.9 12.5 30.8
Ala 1.3 3.5 1.8
Arg 1.2 1.7 1.7
Pro 4.0 2.4 2.1
Val 0.3 5.6 1.1
Phe 4.6 5.4 7.0
Others? 10.3 22.2 22.3
Total 100.0 100,0 100.0

@(n, His, Thr, Tyr, Met, Cys, lle, Leu, Trp, Lys.

1972) A &7 AGE AAsldx Felel zIele
canavanine o} £A&cH= A2 o272 B3 ul gl
o,

i F fejolr|kal Foll4] canavanine ©] R F-E
FHLAE Bl A4 dold nal HPLCel| 9% ofn]=
Aol AARAL & AalE Table 2044 2+ uiel 7
o], =} HejollAE canavanine ko], & frejelu]x
4ke} 30-48% & ARGk gled, 30-40% & AAShn 3=
asparagine+glycine 7 &7 713 &2 vl EAslgie
o ol T canavanine o TERE £ FElojo]wil
T 12-13% & AR oA 40% F AA|EE aspar-
agine+glycine thHg22 E¢kel, = E7R] jack bean
FoiFelM, ARz 2 A, 4 2 REelA AE
H canavanine 2 AP 2HE o] 5H Aoz oz ¢
27 (Rosenthal, 1970 ; Rosenthal and Rhodes, 1984 ;
Chung, 1987), #dF-2 Holrt Azt & 9-184 Apole]
A9 canavanine ##o] A ASEHA canavanine
o] YA TR oflFgekn 1=d] (Kwon ef al., 1936 ;
Chung, 1987), £ Ao Agozds HrAzlq
canavanine °|F°] A==z Aql, FAFHA 15 B 2}
Gg AAAZL g 4 FolM 2R £ gk
2] canavanine ¢] AGozrE o) FH Ak opde] £
3o, diE F4Ee] dat ¥elolal canavanine & &
M3t arginase EAo] SoldiA 35 A2 (Kwon ef
al., 1986, Yu et al., 1988) u]Fo] Hel, =loje] A)AF=]
2% Fol% canavanine 8] #gko] 43 EA FAHT
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Table 3. Comparison of canavanine and free amino acid in leaves, roots, and xylem exudate of non-nodulated with that
of nodulated Canavalia lineqata grown for 8 weeks

Non-nodulated Nodulated

Plant Canavanine Freeamino Canavanine/ Canavanine  Freeamino Canavanine/
material acid Free amino acid acid Free amino acid

(%) (%)
Leaves? 6.2 +0.67 119+1.4 52 261041 8.3+£2.0 31
Roots? 474+1.1 6.5+0.73 72 21+1.2 7.2+0.57 29
Xylem? exudate 0.49 34 14 0.19 34 6
Nodules® - - —_ 1.8 294 6

eEach value 1s averaged over 6-9 replicates and the dimension of value is umol/ g fresh wt.
bEach value is averaged over 1-2 replicates and the dimension of value is zmol/ml.
cEach value is averaged over 2 replicates and the dimension of value is #mol/ g fresh wt.

Table 4. Amino acid content expressed as the relative peak area percentage of HPLC analysis from leaves, xylem ex-
udate, roots, and nodules of 8-week-old, non-nodulated and nodulated Canavalia lineata

Relative content (%)

Amino acids Non-nodulated Nodulated
Leaves Xylem exudate Roots Leaves Xylem exudate Roots Nodules

Asp 6.7 0.3 7.3 3.2 8.4 2.2 1.8
Glu 7.0 0.1 39 25 1.0 2.9 7.7
Ser 4.1 0.7 5.2 4.1 2.3 35 14
Asn +Gly 324 247 29.5 46.6 494 467 39.9
Can 20.3 11.6 20.5 4.7 1.5 12.5 3.3
Ala 24 0.5 7.2 4.7 3.6 3.5 4.2
Arg 0.6 2.3 0.2 7.2 0.1 1.0 04
Pro 2.9 25 1.4 2.7 1.3 1.0 54
Val 2.6 12.0 1.3 03 2.9 2.2 0.8
Phe 3.8 8.1 26 4.8 5.7 4.6 5.7

Others 17.2 37.3 20.9 19.2 23.8 199 294
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

2GIn, His, Thr, Tyr, Met, Cys, Ile, Leu, Trp, Lys.

genl =d 87 WR dhigel A%, TE RPld = fASE Aee el 22F T canavanined] 45

canavanine ©] % frejolu]inalel sl 34 wfiolgle wis)
w8 gheke 2 BAlstgn (Table 3) HPLC 24l &%
canavanine & u]-& (Table 4) 33 #oFie wio}
Z Zejr} g Aoz vebd AL ki Foz W
Zo| 4% canavanine F4e] o|F A YLL olulshe
Zoleh, B4 =N A canavanine o] AEHck= Ay
2 ®zlol|A canavanine o] AR glee] FAAEE
Aelrk, o]2]gl AL allelopathic & A% sl ol %
2% 7o 2 Az # ) (Rosenthal, 1977).

3, =3He] canavanine SHERE a2 HE o|F
= opnlxealE F asparaginetglycine theo s &
vg-8 AR Ea glsim, ofzeh kel slE T §FA|

o] A% wHAlolnt =3E HAre ohix olelgt HoiA
canavanine & 3iFe] Fej2iE olTHE AU A4
o] %8 9] shiqle] Hgdict,

olate] ANE2RE canavanine ¥ v} Hajeld
FA ol TAe Sl Fz= o HAT 5 Y=
d ®ajuc} slebe] A fAlHT 9 ¥ canavanine
o] ¥el2¥u Lol Aojalunt e AL vk
2al7} gl Aoz Atad 4% ok zev Newrospora
s} AIEAHZoA] arginine o] AZoll FHE 4 gl A
Az B (Karlin ef al., 1976 ; Micallef and Shelp, 1989)
#{Foll A5 canavanine ©] cytosol ¢] ol HFojl ==
2 4+ 9 7hegel A7 wEel YellA canavanine &
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Fig. 1. HPLC chromatograms of amino acids from xylem ex-
udate of 8-week-old, non-nodulated(a) and nodulated(b)
Canavalia lineata.

Feke] ®Elnr) 2 ZAuto g Qo)A canavanine
B Aol o] A £ gl 7 Frh, glo] EA)
3l canavanine o] AF oz Faleld Fefslez =&
el PE = AR FE= £ Agntes g}
3177 ofel 9t MaloA FA4H canavanine o] £ &
2} A AEE ggE Zlolake dl42 wof we] fAE B
2loll 4] §A44 phosphorylcholine ¢ £3he 2 Sgrslvhe
A3 (Martin and Tolbert, 1983 ; Yu ef al., 1987 ; Yu
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and Kwon, 1988) ZAFol& o sigd 2oz ¥ald, %
A A Zol e arginase FAde]l AulE pHelA
canavanine o] ¥ =7} P AMLERH (Yu and
Kvwon, 1990), YeollA o829 canavanine 2 A% &=
2 4 g A B,

oR7 A= dH3e] 9, %, THd, ZRM
canavanine 2] &, A= dhZole HeE ulhE)
2lotote] FAle g ZHIL FAH] 9lervs B T4
= FE Edsle] 85 wiokl A9 o, ¥el, zald
ol ZFoll4] canavenine 8-S 2ALE ddc), 7 A
HPLC ojujx4l H4dEA o4& (Fig. 1, Table 4) &, =
Holl 7l FHell4 canavanine Eeke] & FRlolmixal F
5% Tlstem ZH7) sle Aol via] ZA Polzle Ha)
°lel PCAF 24W-2 %% canavanine 9 554 =
ol A% canavanine B F Folrixale] digh
canavanine o #Eh|g2 ZH7F gl Afol BlE ¥A
8 g9kh(Table 3), @ 275 A9 #ele) A=
HPLC o}t 424 #5(Table d) canavanine &
gko| 12% AE 2 asparagine+glycine tHEo & Fokont
Hef7d 2 (Table 3) canavanine 3l & -] oln] Ak
ek dakdlg ¥ o, 2ol ZRoll4l9) ohalrixz
57 ol Aol wiE o9 wheld Ao eyl

AA ARl AFE BEAdeA AAEE(198913) S
Z9 o7 Helolde PCAF S £4] canavanine 7
g 2 23 canavanine T2 A¥ ey okl &)
vE (ZR7 #45)e Jdot #alelld Helk A wisg
Tl (R A, olimt o] L defeole
8 FAez ZH7 AR o2 ¢lske] canavanine §ko|
A5 Tolre 7o Mol THe] Sz Haol4 A
¥= canavanine o] oFo] Zhidlw =8 3oz A=
= canavanine & 9] 2A AF=HEL FeR 4T £
gev] 2 d3o 2 Yol canavanine TF= AHEEE A
o2 A4t wdebd FFFA it YeijAg]
canavanine J¥Ae] AslHckn & S g7 dfe o
o]l EA45E canavanine & HelE8y £43 Aoz
Atk Flo] Bl A 2, ZFF g4l wlel Bl
canavaning TEe| ZradlE o]t el HEl A=l
T sz gA AT RS 228 Rhizobium
SNU 003¢] 4] canavanineo] 2] A=z =
canavanine & #8l3le HA4E 7R glA] ebvke A
(Lee and Kwon, 1990)2 ¥ o} Fz & Ao o
canavanine AJg4AlL] BAlo] dulald| 2d=E Heg
ki

E@dofld olH E4ziEel sz,  2H0 gle
MAFol A canavanine -2 EHEL Bl Iz e o)
He 343 A4 o5 shtbaa zhgsle] B odelld
grEgich, o9 ol&e SigelA Eabg 53 A4

29 olFWE F ] A3 LA, NO;, & folet
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w4}, ureide (allantoin, allantoic acid) ] A= ek
£5 2485 2 28 250 g i 2Rl
A1 NO;7t 60-80%, “relolwlicale] 20-30%, allantoin 3¢
allantoic acid 7} 5% o2 ZAl#e] elytel(Fig 2).
L NOo| kg2 oat Wejola &% nitrate
reductase #-4¢) ol v)s) ¥al7} Lok A (@LR
A "redsle Aolsl ez} (Oghoghorie, 1971 ;
Atkins et al.,1979).

o|2]dt Fek|-g ol NOwt FFEw Aol
FEHA o2 A% (control)ell ®ls] NO.& Aeld e
u|go] ofz}l Frlehe ATE Helxm glont o Fel vl
nlatgd e olelgt Axe 1349e NO,; starvation £ 2
#1F9] NO, poolell ob5a&l o8k ojx)z] Zs}%i7] =i
Folgl edAzTk, Canavanine % 4] 153k] NO,
Aule]] A3k whx] kgl A= (Table 1) vkE7RA] ol
oA} Hejzrh, memzg ®of A3 4¥ez, wrf
A go] T ok T 7ot

Fw, Wi Falos ddd Aae 2571 UE 3
% tH¥E asparagine~+ glycine (C,, Nova-pack column)
& o|&%lel asparagine ¥ glycine£ FAI#ES o
asparagine ©] 95% A% t)F-Fo] asparagine ¥ <&
T Ysieh) Hejz AAEE o] FSka lgle (Table 4,
Figs.1,3) canavanine = 4% Fubsle carrier 24 =
252 4 4 dth =E ER0t Fise 2alaelA
allantoin 3} allantoic acid & ¥#u|g°] 77 9= 7%
o wla] EolA (Fig.3) allantoin o+ allantoic acid 2= %
Ax Aol Aol olFdlu YEE & 4 UYT
Allantoin 7 allantoic acid 9 #4AL7} nodule )74l
nodule ®l4 N, fixation 22 =" A7} allantein #
allantoic acid & wHAkEle] ofFE& Aaer Reolxwt

100}
B8O
#
= e Allanloin +
S 60 PR Allantoic acid
§ EZZ Free amino acid
o 40 COnog-
z
‘8
T 20}

N—{rea  NOg~ NOg™
2mM SmM
Fig. 2. Distribution of N-forms in xylem exudate of 3 week-
old, non-nodulated Canavalic lineata grown in 1/4 strength
Hoagland solution for 2 weeks and treated with KNO; solu-
tion for a final week.
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100t
__ 8of
£
= Allantoin +
g 60 | Allantoic acid
g EZ7] Free amino acid
¢ 4o LONog
®
o
& 20t

non-nodulated nodulated

Fig. 3. Distribution of N-forms in xylem exudate of 8 week-
old, non-nodulated and nodulated Cunavalia lincata grown in
1/10 strength Hoagland solution for 8 weeks.

(Streeter, 1979 ; Atkins, 1987), o|xsd Z5s =4z 2
2ol Aamiile] dlge] Helx ol ohE 23215
Ax &+ gle A=A (McClure and Tsrael, 1979;
Peoples et al.,1986), &3] slvZol4+ canavanine o
ARt el EAel sled G = e s4s),

& 2

NAF (Canavalia lineata)d o, g, =Ty
canavanine TEHFAE dlgoh HFE & 1Tl 2edS
AAAZIL Z5glel 35 wigH 7QAlell+, PCAF =4
el 93 canavanine A%AR, U, Feldld can-
avanine-& A Fekel 27t 910 gmol, 5-6 gmol ES
2 EA%r glev, =AM 03-05mM $Feg
£ o = glodet, =3 HPLC olm)xat R4
AR, & fejolu]xAl 2 canavanine ] 2=|FE Tatu]
& 47 el 20489, ZalolilE 12-13% 2
F felelvlxal AREdlA s AV asparagine+
glycine vh2o 2 Eskvh, ofwldl dEk} dzkulge g3
wlekst Aoz Ag Hlgdel, TR HA4=, 4,
Fe], =gel, 2Fol4 canavanine ¥} & felofn)
LAlel ik g HAs) dobdrt, gl =atele)
A% canavanine & obge] o] EF AL HYEo ey
A dged] NO,, Faloke)i4t, allantoin 3} allantoic
o] Ao g 60-809, 20-30%, 5% ) Fol%ich
olgo] ANEHE doF P4 Fol AT el
canavaninee] PAE = 722 Hedxv] 3 maldhio]
Al canavanine ©] M) ZRE o]FulE FUF 45T
2 Z393 9% FAF2 gle] canavanine ] =P &
8 o]FE= B9Y A PrE a2 o 5 i
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