<~ VBT OREL b IR
B B AEEEMTIE (5 1 #)
EFrFEBRAHEHOEE

Kbes B H KE
Masaki KATSUTA:

Physiological Studies of the Ripening and
Germinating Processes of Pine Seeds (1)

Changes of seed proteins

Z] x

1. #& B 125 3) HEBRCRIIELY
T. AR E R ceereerrremnmreeinieneiiee, 126 . O BIVEEET I JBEOZEBIT O T e 147
MW, FHFEERER coooooreemmmremrnerrrnrnninnin 129 V. # PP 155

) < EOBFEREBIC DN T s 129 V. SUMMATY:ecrereetrreeremmaneriiiienniiine 157

2) BIMERKITIELE

BIXOWERET 3/ BROZBIT DN Toveeeenee 131
I # B

BEToOBR# o0 RFBBR RO ONIMENELE L ST, EWENLRBERSTE
THRZLRERTHD, LEPNLMACE BROEOEER ok L BT RLET
b5, LHrdT ZoOXSKMEE EkED, TOFH ERIEESR, EFFZZOERE
BLT, BFEAEOEEZHRLL, ~VEBTORM AL FEEBREEMENTER
L

EHIZ LUY BRALETFOEABCOVT, FOBK RIV #MKEHROE, KRiTzs
Lholc, ZOMAITDH ESWVT, BTFORE 450K REABKRIS BFELEOZE
BELDLNC, bt BYFEAEOEEDORRZ—BECT 5Dic, HHERILANDZE
fbzdnic BRIEANORBOMEIRI L, 22k BROKEZRETS.

AR ER IS5 TYD>T EBRELEIFEL VWK Wi KBIERZEI L3 bomEile
HLBTS, ¥/t @2V WERACREE, BELEL X0 HRRRSOMm
CEMEBI S 72807 FREAR¥BEHEREEE, RRA¥EEKNBREEEOF 4t EL
HiLZBH L BT 5,



126

A gt K # #H

IL.

o o# & F ok

BRBROERICHAVE 7w~y (Pinus Thunbergii), 7 <y (P. densiflora) 0¥
HAEERNEHESHTERE L2 D TH S, BEGROERICH
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Table 1. Materials
BRPGERE (Fr~y, TH<Y) RIFEBRE (Fm<y) ©*
Ripening process (P. Thunb., P.densifl.) Germination period (P. Thunb.)
BFEHEDOERIC W7 3/ BRoER | BFEOHEOCRERET 3 /BOER
sSpRT | AuveEs @z c iRV rakiv TR E .
Samples used for Samples used for free Samples used for protein and free
Sample protein’s analysis amino acid’s analysis. amino acid’s analysis.
number | %8 W H B | & ®W® H H B R % B ¥ i
Date of seed collection | Date of seed colloction plaéiggstgegg ggrlgc;cll‘ n,?f bed Notes
No. 1 June. 15 June. 15 0 (day.)
No. 2 July. 15 * July. 15 2
No. 3 || (Quly. 31) * August. 8 7
No. 4 August. 14  *, ** | August. 23 9 ZE (DED)
No. 5 || (September. 2) ** | September. 7 12 HIEE 3~5mm
No. 6 September. 12 *, ** | September. 22 16 SHIEE 8~12
No. 7 October. 14 ** | October. 6 23 Shig
No. 8 — October. 16 29 n ([RFLDIE)

*: EABEEEIEC RV R

T REFRBTH B

BERES P VIMICS ~EEFRERE, FEOKEMAZb DRV, HERX 25°C, HO#E
DL ETIXENTHE L7,
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BEXMEII LR () LAKTH S,
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Fig. 1.

-Changes of seed weight in
the ripening process.

T: BF4&£ER total weight of seed

D: BFEWE dry weight of seed
W: #Fk4E water content of seed

T H <= (Pinus densiflora)
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Stage of growth.
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Fig. 2.

Changes of seed weight in
the ripening process.

T: HF4LEE total weight of seed
D: BTFEWE dry weight of seed
W: m@F7k4E  water content of seed .
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ru<v O (Embryo of P. Thunbergii) 7wmr=<v DR (Endosperm of P. Thunbergii)
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#3N RFBROETEROZ EAR  BEFEROETEEOR(L
Fig. 3. Cnanges of seed weight during Fig. 4. Changes of seed weight during
the germination period. ) the germination period.
T: BO4LEE total weight of embryo T: B4 EE total weight of endosperm

D: BoEMmE dry weight of embryo D: FIOEME dry weight of endosperm
W: JEosk4r& water content of -embryo W: B3 sk4r & water content of endosperm
W Z r< Y OETIE 1955 4, 1956 i HATEEBRCEER LA DOTH S,

HEMBOHFAR, EBREHRERBLIRCTT LRV THS,

EH D sample number & BFOEPRLNIL RFORBILOTOIALIDOTH S,
FHLCBWTIE AROREFAR 502 BRBOREABREZVWLVWLEETSC
LiZbTobLL »o EOHMEERECT S E By, T sample number %% 2>TZ
RiThxiz, LidoT XKk sample number 1% BT ORBMERRE, o0 FIE
BIEZTTHOLHEBINTIV, ELBROBTOEREAMIT Bl ~4MCFRTLEDT
b5,

B. #ili LT &35

BRE NP8 (RERTIE #9100 3RE, #9 5000 %7, FHEBEETIE 2000 K
BIE) ##kU soxhlet fHHERT IHEAVERR GBY ether VT 7 ~ 8Refll, RKBRFIL
R TRAETE D) OREEREEZI TRV, HELUTEHRRICL,

Lotz 1M NaCligne* VT 0~5°C Gl L, fli: w0 E:
BEL, TORMEEELACT AR 1~ 2RMORMBIER Dok L, MHW0E W
BLT BHBKE Lic, Theiy 208sfmK e LCEITL, # 0~5°C iikd, SHIT
RIBKCH U CEN L BREUBEZ 2, Thz BOSEIZBBEICE ST LEIRE BHRT
ToI s, BB EERE L Albumin R4pE L, ZORGO—EIEHLTER LA,
BT MM, TR BILEBL obLEEEE LT Globulin K4& L,

* DanieLsson 1951, iz X %, pH 7.0, phosphate buffer ¢ 5,
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1M NaCl FHECHIE#HOBREX %Kik 0.2 % KOH Bkx2AvT 0~5°C T L

oo HIHE RAISKMIFEL, oKk HHMETLETT Lo 1~ 2o RREES

<O L7z, T BOSHECX VZBBKRE L7z, 2h% CH:.COOH THHIT5 &k

BRSNS, COURE K FHEMR BILRE, BITHREZML, HEEEZEL Glutelin

K& Liz,

EZHBIZDOWT  Prolamin OWEL I TR0/, WD THED, DE5WIIHEEL L»OT
DT, LEoHHBEEERALLOTHS,

AR LcEBEIE &4 —EEZHEPRT 6N HCl 2wV 20 K Ik,
ChEREER L% 0.5c.c H:O IWHIBEML BT  /VBOSIT TV,

—F PO E o—5t  75~80 % C.H:OH BT < 0z ULHIHL BUEEEH
0.5c.c H.O ikHEMLT &7 I/ BoOSTiTHW,

C. Paper Chromatography

BHIE TNTC REREME No. 50 AL, EBHAE T Phenol: water (0.1% am-
monia) =5 : 1 (8-hydroxyquinolin ##hn) & n-Butanol: formic acid: water=75:15: 10
ZHwviz,

ML LTk @% Ninhydrin reagent (BErRry & CaIin 1949; 0.2 % ninhydrin,
‘'water-saturated butanol) ZFV, WL/ r< P ERBICEEINAZ—RITTZ =< MTHRL
Thx Isatin reagent (0.2 % isatin, butanol containing 4% of acetic acid), Pauly’s
reagent (BLock 1951, BoLLING 1949; 1% sulfanilamide in 10 % HCl, 5% NaNO., half-
saturated NaCOs), Ehrlidh’s reagent (BLock & BoLLING 1951; 1% p-dimethylaminoben-

Ala.-coceriverneens Alanine
y+A«B. ----..ccy~Aminobutyric acid

o Arg.-oeeeeeenenns Arginine
S Asp.-NHjg. ------ Asparagine
@ ASp. e Aspartic acid
I{ Leé.f 1sol. Cys‘ ............... Cygtine
3 Phe. Glu.-NHg, ------ Glutamine
N y,;/,o O Gly. e eevevvennnn Glycine
3 HiS. cecvvremeennnns Histidine
S B Ty Ottet. Glu. wvveevemneens Glutamic acid
S O O Pro. Leu.ccvoereernaan, Leucine
2 O (o)) +Iso0l. eeeeeennns +Isoleucine
R Giv. The: Ala. 7-Ag Lys. oo Lysine
§ fe) 616 (o) Met, - veeeeennnnnns Methionine
3 Ag Phe. rerereens Phenylalanine
o 52O 061”"””2 ro. Pro. eveeeeeenenes Proline

ASP-M‘/; His. Ly‘;‘ O Ser. -»----- RETTIN Serine .
T 00, o "0 Thr. «ooeeeenen Threonine

Tryptophan
Tyrosine
Valine

—> @. prenol : 0./ % ammonia sol.=5:1

BOSR 7 IV BOBE®EMBRK

Fig. 5. Two-dimensional chromatogram of amino acids.
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zaldehyde in 1N HCl) #ZRHWk,
7 3 JEROMIEIE RELTER LA EHEEBERN B5SRSR) Lok,
D BEH&ERE
IR ORBBRICOWT RoBREHRLC BEMEHEES ok, RRGOHESM
#7272k Navashin %% (1% chromic acid - acetic acid, formalin) 3 X ¢ Flemm-
ing A (1% chromic acid - acetic acid, 2% osmic acid) TEZEL .,

om. % % & R

. TVEOEFEREICONT

<Y HOBFEREOWMEL BLAERVY, LBoT <vEEBETORM KLU
KRBT 2B EOMARELORB LI ERED, v v EETFOBEABEIC OV THEEFDONA
wEoTzbhicmizy FETHENITHILITT D,

rr=v, 7THIYOFRLLETOREEMEM™ME B2KPD No. 7 ZRTLEITH
%, W O CHELLABAEERELTL, LB LKA Glutelin 0FFESHVTL
Thb, itk 2, 3 DS EDEE Glutelin 2FET 5 & & X3 Prolamin 3 [RRHICHFET 5
LR TW, RERCHLE Zr<vy, 7H<YTE, Wind Prolamin 2YREF, 3L
U, EETHoM, E7z Glutelin OSHENSVWELEHEKT, Glutelin 22 Albumin X
D Anvrid, LEOBRESHET, < YHEOBTO BHEEKO BHMT 5 LEbh
5,

su=y, 7TH<YERABL, B BRLLhFhoBEREERIE, F3EXHD No. 1 iWxsh
iR ThD, zhicksE Glutelin, Globulin ®K# % (Glutelin 98% 55, Globulin 97
%) 7 PBHLHEET L E3br b, COT LR FEMPICLEREEMEN HBHE
ERFOBEEEE LT BRACHHINTWDIZEEZRTIOTH S,

—%, Albumin IZEOLHBEE®D 80 BLLZED TS, Ll BICHETEHEINLD
Litvz, FOSHEEIX BTAEEEENh5 Albumin © 28 %®T KA IMHEYUYERESHS
hTna,

X SHETEAEOAREY EROMERME i 21T #hltl, SRIHEOMEE,
i BFOBEELY FORMBECX3EAEAHFEOME, S5 ARHSOERS
AEBARE LD THEVS L EREEERCVNDILERD D, FROFEEIL FHED
HEHEOX WL GHIECEPRGNER LRV,

* BrouuLT, S. and SanpeGreN, E.; The proteins II, 487, 1955, Danielsson, C. E.; Ann. Rev. Plant
Physiol 7. 215. 1956 7t & %3z SR,
M REAHERSOSHILERLEKT 3,
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Table 2. Changes of fractions in the ripening process.
7 w < v (P. Thunbergii)

Sample number and
date of seed No. 1 No. 2 No. 4 No. 6 No. 7
collection

(Weight for June. 15 July. 15 August. 14 |September.. 12| October. 14

100 seeds)

Albumin fraction mg 12,7 11.8 63.9 105.3 51.2
Rates for dry matter % 46.0 8.4 9.9 9.3 51
Globulin fraction mg 0.6 — 58 29.3 33.6
Rates for dry matter 95 2.1 —_ 0.9 2.6 3.4
Glutelin fraction mg 5.8 16.9 74.2 180. 2 182.6
Rates for dry matter 25 20.9 12,1 11.5 15.9 18.3
Total protein mg 69.0 28.7 1438 314.8 267, 4
Rates for dry matter 9% 19.0 20.5 22,3 27.8 26.7
Albumin/Total protein 2 66. 7 41.0 4.4 33.5 19.1
Globulin/Total protein %5 3.0 — 4.0 9.3 12.6
Glutelin/Total protein % 30.3 58.8 51.6 57.2 68.3
Albumin/Globulin — —_ 11.1 3.6 1.6
Glutelin/Albumin 0.5 1.4 1.2 1.7 3.6

7 4 =< v (P. densifora)

Sample number and
date of seed No. 1 No. 2 No. 4 No. 6 No. 7
collection

(Weight for June. 15 July. 15 August. 14 |September. 12! October. 14
100 seeds)
-Albumin fraction mg 15.8 12,9 28.3 25.2 47.9
Rates for dry matter 25 67.7 12,6 5.9 4.3 8.1
Globulin fraction mg — 0.5 2.4 23.9 33.6
Rates for dry matter 25 — 0.5 0.5 4.1 5.7
Glutelin fraction mg 0.8 9.0 62.5 ‘ 125, 8 140. 2
Rates for dry matter 2% 3.2 8.8 13.0 21,3 23.7
Total protein . mg 16.5 22.4 | . 93.1 174.9 221,7
Rates for dry matter 95 70.9 21,8 19.4 29.9 37.5
Albumin/Total protein % 95.5 57.6 30.4 14. 4 21.6
Globulin/Total protein 2% — 2.0 2,6 13.6 15,1
Glutelin/Total protein % 4.5 40.4 67.1 71.9 63.3
Albumin/Globulin ' — — 11.7 1.1 1.4
Glutelin/Albumin 0.1 0.7 2.2 5.0 2.9

BRALBEFOXERY bT S/ BRAIIBEL T Arginine, Glutamic acid, Lencine
Proline, Tyrosine 0&HE23% <, Aspartic acid HHEHI 7 v, Gystine, Glycine, Hi-
stidine, Lyéine @‘é}ﬁi%/}‘tﬁ\m |

HFICE Eh s BEEIE ML T Arginine, Leucine oaHE23%4<, Glycine #%% L <
HMETHS, ‘

BT 7H<vics T Serine DAHEMAALNT ELUMNTIE  KEASTD SRS
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Table 3. Changes of fractions during the germination period.
yu <D (Embryo of P.Thnubergii)

Sample number
\ Cye) | No. 1| No. 4 No. 6 No. 7 No. 8

(Weight for 100 sews)\ 0 9 16 23 2
Albumin fraction mg 19.7 23.7 31.2 73.6 86.3
Rates for dry matter 93 21.3 22.9 26,1 25,7 17.9
Globulin fraction mg 0.7 0.7 0.9 2.0 5.2
Rates for dry matter % 0.7 0.7 0.7 0.7 1.1
Glutelin fraction mg 3.4 3.5 5.2 12.0 49.5
Rates for dry matter %3 3.6 3.4 4.4 4.2 10.3
Total proteins mg 23.7 27.8 37.3 87.6 141.0
Rates for dry matter 23 25.6 26.9 31.2 30.6 29.3
Albumin/Total proteins 2% 83.0 85.0 83.6 84.0 16.2
Globulin/Total proteins % 2.8 2.5 2.3 2.3 3.7
Glutein/Total proteins % 14.2 12.5 14.1 : 13.7 35.1
Albumin/Globulin — — — — —
Glutelin/Albumin 0.2 0.2 0.2 0.2 0.6

7 r< v OB (Endosperfn of P. Thunbergii)

Sample humber | No. 1 | No. 4 No. 6 | No. 7 | No. 8
(Weight for 100 seeds) 0 9 16 23 29

Albumin fraction mg 49.9 : 50.0 41.1 22.3 7.3
Rates for dry matter % 7.2 7.3 6.9 5.1 3.1
Globulin fraction mg 27.0 |- 26.8 26,2 27.2 1.2
Rates for dry matter % 3.9 | 3.9 4.4 6.2 0.5
Glutelin fraction mg 159.9 | 153.3 74.9 19.8 . 5.9
Rates for dry matter % 22,9 22.4 12.7 4.5 2.5
Total protein mg 236.8 230.1 142.2 69.2 14.3
Rates for dry matter % 33.9 33.6 24.0 15.8 6.1
Albumin/Total protein % 21.1 21.7 28.9 32.2 50.7
‘Globulin/Total protein % 11.4 11.7 18.5 39.2 8.2
Glutelin/Tatal protein % 67.5 66. 6 52.7 28.6 41.2
Albumin/Globulin 1.9 1.9 1.6 0.8 6.2
Glutelin/Albumin 3.2 3.1 1.8 0.9 0.8
o7z,

2). HBBELCHIIZBARKIUERT I/ BROXEICONT

A. BFERHEOEE

a) ¥ &% B H

MEAEE B 6 TRORT X ST BRI bIC RECHRSN, TOERE X

* (Rate of synthesis). —%ﬁ%ﬁv%&iéh%%éﬁaa ZEAPCOWTRRLTH D, (%%‘OJ%A
¥ mg/day & LCRLTH5).
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s wr=v (P. Thunbergii)
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Fig. 6. Changes of seed proteins in the
ripening process.

T : Total protein
Gt : Glutelin
A : Albumin
Gb : Globulin
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Fig. 8. Retes of protein to dry matter
of seed in the ripening process.
T : Total protein
Gt : Glutelin
A : Albumin
Gb : Globulin
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Fig. 7. Changes of seed proteins in the
ripening process.
T : Total protein
Gt : Glutelin
A : Albumin
Gb : Globulin
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Fig. 9. Rates of protein to dry matter of
seed in the ripening process
T : Total protein
Gt : Glutelin
A : Albumin
Gb : Globulin
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133

4% Albumin © 7 I / B #H K
Table 4. Amino acid composition of albumin in the ripening process

% Pinus T hunbergii Pinus densiflora
No.1 [ No. 4 | No.6 | No.7 No.1 | No. 4 |, No, 6 | No.7
Amino acid 6.15 8.14 9.12 10.14 6.15 8.14 9.12 10.14
Alanine — ++ ++ ++ ++ ++ ++ ++
Arginine — | tF+| | FFF| — | +++ | F++ ]+t
Aspartic acid — | ++ + + +++ | ++ + +
Cystine — + —_— (+3 + + — _—
Glutamic acid — ++ | +++ | HF+H | | A+ | R
Glycine — + + (+) + + + +
Histidine — + + + + + + +
‘Leucine (+Isol.) — ++ ++ ++ + ++ ++ ++
Lysine —_— + (+2 + —_— + (+) +
Phenylalanine —_— +) —_ +) —_— _— S J—
Proline — + + + — + + +
Serine — + + ++ +++ ++ + +
Threonine — (+3 (+ + (+3] (+] (+) (+)
‘Tyrosine e + + + 4+ [+ + 44 +
Valine S + + + —+ + + +
unknown. A —_ + _ _ [+ + (+) PR

) 1. HSRHEAWREZTRTLSCEB LR, [ ) HRHEETHHRINBETE 53D, unknown
A. 1% Methionine *#EIN 3, ZHHDZ ERT I /BERETTREHZhS,
2. BRI X 2497 Ci: Tryptophan ZEAET XLV,
3. P. Thunbergii No. 1 3E¥ 0BG TRIFRENZ 2 bhid» o,

b). Albumin

Albumin OREBIZE DA SEIE 6, 7T RCRT X910, Ze<xvyDPARIE BERK
LEbicHiAL  No. 6 TREZRLE, LESST ZOARRT % 10 RitRTL i,
No. 2~No. 6 THEWHEEZRLZ, —F, 7H7<Y Tk SITEMNLHBOEREZRL £0
ZEALBE AR DT,

Albumin 13 I FEEAETDHSR (FE2XESR) TOLEREOESTHDZ L
2 FRCHT ORI 8 9 WITRTIOR, MBAELLIDIC FHLIRBAL K
Rk & BT 2WRAYIRD DL D T EBFRD bhiz,

Albumin ©7 3 /BRI BARLCHONDX S, BHHIBECENT FHLWELE
TR LTz, ZEEITIX  Arginine, Proline itaHiT %, Tyrosine $#EBETH o7, —5F,
Serine, Aspartic acid REEiCRHESIhZZ, ZHETIT SHEITEL® LT Arginine,
Glutamic acid, Leucine, Lysine, Proline, Tyrosine 7z &35k L, Serine, Aspartic acid
PRA UTe, ZHE#%0 Albumin 13 Arginine, Serine #SETF S\ 2 & DN RREME & FEEIE
| LN,

c). Globulin
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5% Globulin® 7 3 7 B # &
Table 5. Amino acid composition of globulin in the ripening process

% Pinus Thunbergii Pinus densifiora
No. 4 No. 6 No. 7 No. 4 No. 6 NN, 7
Amino acid 8.15 - 9.12 10, 14 8 14 9.12 10. 14
Alanine + + ++ —_ ++ ++
Arginine ++++ ++ ++ — +++ +4++
Aspartic acid + + + —_ + +
Cystine — _ — J— —_— I
Glutamic acid +4++ ++ +4++ e +++ +++
Glycine + + (4] _ + +
Histidine - + + (+3 — + +
Leucine (+1Isol.) ++ + 4+ —_ + ++
Lysine (+J — + — — +
Phenylalanine (+] — (+3] - — -
Proline ++ _ —_— _ + +
Serine + + ++ J— + +
Threonine {+3 (+] [+ — - 0+ (+3
Tyrosine + + + —_— ++ 4+
Valine + T+ + —_ + +
unknown. A _— —_— R _— (+] -

(¥) P. densifiora No. 4 3B 94 72<, RIFERERBZONEHDR,

Globulin 13 MR L FTLTHRINAZ, LOLERERT HIUROXSic EOHEBHE
B CREEZR LI, LELEFREODDEIPRVWERRT BALAETT BREAED
12~15 % T&H D7z,

Globulin DWREIE R & BERBEND D, TOAKE H5VIE BEOEICNT S
#iz Albumin & RxFOEMMBEED bhic, £D7 I /BB BO5RThIBIOR, &
e BB SR Rsok, ThIIRBEBR ARSI EAES KEk: @Eilli
MEkTHo L 2RTdDOEELLND,

d). Glutelin

Glutelin & % 6, 7 MORTX ST ZFEIIKIE T WETHOR, BRELEDIT
BRTERShc, Ll I ERAMERL TS, £RERE 8§ 12 RoFTX o
ROFERMCER T RCRETH D, COBFE 7H=vik Zre~<vELT BERD
Wi e EE SRR Shi,

HEAHICNT IR IUREET 12E—E0l 6070 %) ZRL, ©oBETE
Glutelin 75 FEBREKEB>TV5, |

Glutelin OO 7 3 VEBEEK %Y F6ETHSE, Arginine, Lysine, Phenylalanine %
#mH Eh$, Leucine, Tyrosine, Valine 3347 <, Aspartic acid Sevine & BIZ&Eh T
W3, TRNHOFERIFTHEODOLES LIRHITH S,
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6% Glutelin ® 7 3 /7 B # A&

Table 6. Amino acid composition of glutelin in the ripening process

Samﬁhemb er Pinus Thunbergii Pinus densiflora
No. 1 No. 4 | No. 6 No. 7 No.1 | No.4 | No. 6 | No. 7
Amino acid 6.15 8. 14 9.12 10. 14 6.15 8.14 9.12 10. 14
Alanine ++ ++ ++ ++ ++ | ++ ++ ++
Arginine C+J | +++4 ++ ++4+ ) — ++ | | 4+
Aspartic acid ++ + + + ++ + + +
Cystine (+] — | — (+] (+ _ — —
Glutamic acid +4+ | +++ |+ | ++ | ottt | |
Glycine ++ + + (+3 ++ ++ + +
Histidine (+3 +) + + + + “+ +
Leucine (Isol.) + +++ ++ ++ + ++ ++ ++
Lysine — | | | — |+ + +
Phenylalanine {+3 + + + (+3 + + +
Proline + + + ++ + + + +
Serine + + + + ++ ++ + -+ + +
Threonine + + + {+3] + + + +
Tyrosine (+3 ++ + ++ + ++ ++ ++
Valine + + + ++ + ++ ++ ++
unknown. A _— —_— —_— — —_ + [+ _
709 PHIY
. (Pinus Thunbergii) Pinus densiflora)
7avY ThHITY g
‘2{' (Ainus Thunbergii) (Pius densiflora) §
S
é ol ] W2 Mok WS M7 Mol M2 NoF Kas M7
S-/F >
¥ g
3 -1
% -
S Y M7 Mol 11 - Globulin DAk
= Nod Wb — To? Fig. 11. Synthesis of globulin in the
§ ripening process
®
It 7wy v FHVY
+4r CPinus Thunbetgii) (Pinus densiflora)
§
_2 - §
S+2
210 Albumin OAREE 5
Fig. 10. Synthesis of albumin. in the §

0
ripening process /I' Mol M2 Nod WS M7 Mol No2 Med MoS Mo7

w12 Glutelin D4R
Fig. 12, Synthesis of glutelin in the
ripening process

TZREOBTORBEETIE 7 I /MR LEOZERRBD SR rDT,
B. #BE7I/BOEE

a) FHRHHOZLE ,
ZRYOWERET I/ BOEE B 7T RCRTLEEITHD, TORMITRD X 5 AL
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Table 7. Free amino acids during the fertilization period

\\ing{fmb or :‘ - Pinus Thunbergii Pinus densiflora
~—_ o. 1 No. 2 No. 3 No. 1 No. 2 No. 3
Amino acid T 6.14 | 7.15 8.8 6. 14 7.15 8.8
Alanine ++ C+++ ++ ++ +++ ++
y-Aminobutyric acid +++ +++ + +++ +++ + 4+ 4+
Arginine +++ ++ (+] ++ —
Asparagine - (+3 (+) C+] + —_—
Aspartic acid + —+ -+ + + +
Cystine (or Cystein) —_— _— + — —_ +
Glutamic acid (+3 + +++ —_ + 44
Glutamine + + +++ + + +
Glycine + _ - + - +
Histidine + _ + + PR 4
Leucine (+Isol.) + + + + + +
Lysine {+] + {+3 (+] (+ (+]
Phenylalanine e —_ —_— S - S
Proline (+] (+ + (+3 -+ +
Serine + + + + + +
Threonine (+] +] (+3 (+3 + +
Tryptophan (+3] — — (+3 — +
Tyrosine (4] + + (+] + +
Valine + + + + + +
unknown B —_ —_— S PR J— J—

(ﬁ;) unknown B |} Arginine Dk (@ 0.90—®@ 0. 17) "E‘ﬁﬁitﬁ%ﬂ'qﬂ’@b%’)o UTD7 3 7 BRMLRR
#£o unknown B 3z KR TH B,

HEHIh,

Arginine X 7 r=v, 7H=v LT, TORHCERICHEL, BREELLEITLOFE
2 FERTERL Kok, ZOBEME 7r<yOBEFT, —BHEECED LN,

—%, amide 1T ZREHIC HOI2IELET 5, ERECEIROT [WPRINI,
Lrd Ze<yO@ET Tk Glutamine & LT, 75 <~y OEF Tl Asparagine O T
FBHEEK I,

Glutamic acid 13 MERgELE LD SRR Sh, OB Zer<yOEFT B
EraEwshi, chitat LT r-Aminobutyric acid 13 7 r<YOEFT BR4ELED
TRA T BERBSRD N, THTYDETTIE WIEEZEICHEEL, »r5HEAX BH5
hiniorz, |

b). MHEAEBOEE

1) Rickirs%EL

EREHOROWERET 3 /7 BEOZEE 8 8, 9 RIFTER0THE, KABROETF DR



137

8 X  REBBIKILI/Ie<vOROWHET I /B
Table 8. Free amino acids of embryo (P. Thunbergii) in the ripening process

\\‘\\\\Effffi\\\\\ No. 3 No. 4 No. 5 No. 6 No.7 | No.8
o~ number 8.8 8.23 9.7 9.22 0.6 | 1016
Amino acid
Alanine ++ ++ ++ + + ++
r—Aminobutyric acid + ++ ++ + + ++
Arginine — — - +++ +++ +++
Asparagine — _— [+] 4+ + +
Aspartic acid + + + + + (+3
Cystine (or Cystein) {(+3] + _ 44 4 +
Glutamic acid +++ +++ +++ +++ +++ +++
Glutamine ++ ++ + ++ + +
Glycine [(+1 + + + + +
Histidine _ —_ _ R R -
Leucine (+Isol.) + + [+] (+3 + N
Lysine —_— _— — — _ -
Phenylalanine —_— R _ - JES— -
Proline (+3 + R — S -
Serine + + + + + 4+
Tereonine _ e (4] J— S (+]
Tryptophan e R N % % ok
Tyrosine — (+3 —_ — (+) J—
Valine + + + + + +
unknown B _— —_— — P J— I

% ; Ehrlich's reagent X HHSER % 2 o> T 7Rl

T RO & 5 g ks EE Shie,

RS/t 2 & b1 j55 L7 Arginine 13 No.5 2T MRHIT S 7aso75% No.6 LIt Ak
WARSINSEICHFET 5 2 E85RBD b,
LEREDERERLIDS, TH <y OETCIE No. 4~No. 5 iz —#kElbERLZ, T
O—FE A E Tyrosine 138D bhiz, Ll Zr<yOBEFTIE —RNRBAME
M3E8d 5T, %7: Tyrosine & KFUARTITE A LM TE ok, Cystine & 7 r =
v OEET-Clx Arginine, Asparagine EBIOEMAERL Iz,

—% Proline ¥ No. 5 Lt BB TEXkbro/, 2hil 7TH<YDEFT —BIFET
B0l

FRTIIE sm=y, 7H<YERIT

Asparagine 3, /7 r <y DOEFTiX Arginine

Glutamic acid, Glutamine, jy-Aminobutyric acid,
Alanine #381C F#H% B 1C M X huin
ZRILRD LN/,

y-Aminobutyric acid 1% 7 => D FEFIL,
Glutamine & 7 r <Y DEFIC
i) PRELizkIF 5Z1L
st olRAoEE#E7 3 /7BOoZEE 8 10, 11 RiTRTERITHS,
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HFOIEK RBEBCKIS 7HvvOROWHT I /8
Table 9. Free amino acids of embryo. (P. densiflora) in the

ripening Process.

Sample
m " number No. 8 No. 4 No. 5_ No. 6 No. 7

Alanine + 4+ + + ++ 4+
r-Aminobutyric acid +++ +++ +++ ++ ++
Arginine —_— e — +4++ ++
Asparagine + 4+ (+] + ++ +
Aspartic acid —_— + _ (+) (+]
Cystine (or Cystein) + + _— + +
Glutamic acid + ++ ++ +++ + 4+
Glutamine + + (+) + +
Glycine + + + + +
Histidine + JE— _ — I
Leucine (+Isol.) + + + 4. (+]
Lysine —_ —_ S (+) J—
Phenylalanine _— S S S _
Proline ++ + _ N -
Serine + + + + +
Threonine + + —_ (+3 (+3
Tryptophan —_ _ — —% —_k
Tyrosine ++ + [+ + +
Valine + + + + {4+

unknown B —_— J— — P [

* ;  Ehrlich’s reagent \Z X 2RELZ R 2TV,

7-Aminobutyric acid i3 7#» <y OEFTIE No. 6 LiE AMITRA L WO THER
#ote, Z7r=yOEFTHELOEMBIIRD S, B No. 7 BgErREbLhL,
Proline 23 RRROBEMARS 7z, Glutamine 2 dBLUDEMPHERHTE S, 7TH <>
OETFTIE ThosBETAR s D/, Asparagine 1T 7 <> DEFTIX No. 4 i@ —FE
BAETRL, No. 6 KERITHRHINAN, Zre<yOBFTIE BBUCLIRoTHEXL,
No. 7 L% WA T2 fHmMER L7,

Arginine 1% 7 # <Y OBEFTIE No.5 FTHRHETERVA, No. 6 DR IN
ST, —Fh /r=vOBTFTIE No. 6 iz —RWIERIhZ, 7TH <y 0BT Tk Hilo
ffm % Tyrosine X583 Z L BT EI,

Glutamic acid, Alanine /% £@BE2BL T BRI FHEENEZETEELR.

©. % =

a) EHLEBEFEAHORE
BToR#EREZ ZRNE BRREROKFBRL KL TRIZMAS LTS,
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F£10x RBBEBCRITSD s/e~xvORAOBEET /B
Table 10, Free amino acids of endosperm (P.Thunbergii) in the
ripening process

Sample No. 3 No. 4 No. 5 No. 6 No. 7 No. 8
T~ number 8.8 8.23 9.7 9,22 10.6 10, 16
Amino acid
Alanine ++ ++ ++ ++ ++ +++
y—Aminobutyric acid + ++ ++ ++ + (+3
Arginine —_— PR S ++ PR (+]
Asparagine (4] + ++ ++ + +
Aspartic acid + + + + + (+)
Cystine (or Cystein) + J—— —_— + - —
Glutamic acid ++ +++ +++ +++ +++ +++
Glutamine +++ ++ ++ ++ + +
Glycine + + + + + +
Histidine + —_— _ J— _— N
Leucine (+Isol.) + ++ + + + 44
Lysine (+] —_ _ — - _—
Phenylalanine _ _ _ _ P +
Proline + ++ + ++ — +
Serine + + + + + +
Threonine [+ + [+) —_ —_— +
Tryptoyhan _— N _— —% — % %
Tyrosine + + (+] (+] - 4
Valine + + + + + ++
unknown B _— (+3 J— _ — (+)

* 5 Ehrlich’s reagent T X 3EZH T R2TWVARV,

I BRERLETFEOEOZLEETH S, Phot. 1, 2, 31k ZH» L RBEMHOET
(MR BIR) DOFREMZ LR R LD TH S, ThHOFEABMTTT 5L Phot. 1 &
PR D DERICHZDLESE  2ODBINGEIFET S, Phot. 2 & BRI 37320
JEIRE o LIRS 2ERD BN S, ZOFEHEIX Phot. 1, Phot. 3 & IbEfiBT 2 2 itk oT,
VHORFEEDOEBEZRTIOLEELLNS, LB >T ¥ No. 1 & No. 2 offlick
bbb DEEXZOREXDL 5 ICRPIhD,

TOX S HHEBWEICE 32T, B No. 2) it AW AKSBBERDShiz,
B 1L 2 MZR) ZoKSBROBRRIE FEHEBEOMMICEI TR & DK SRBUTER L A
B Bbh, —EOKSBIA FRET 5 WEERICE DOTRARDERTHH LR LA
DLV D,

BYEOEIR oD, BOCTEPTIEIBERLTVS, BEEOLERWE ICNT 5
Ry ZOMBIZQEITRI L, d7erdBEEOBRD EZRTLOZELTH55, (B 89 X
ZH) T OEBOBRIE BEROBT GEUEK) X hoWwHEiIck LT, EOES D THRIC
CERINTWEDR, (B2ERSR) ZREIERDE oMK L, (Phot 2,3 288) EEAKN
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Bl1lE REGEBICRTL Tr<vORIOBET I /B
Table 11. Free amino acids of endosperm (P.densiflora) in the
ripening process

Sample
$‘; 7 sumber | No. 3 No. 4, No. 5| No. 6 No. 7

Alanine _ ++ R S ++ ++
7-Aminobutyric acid +4++ ++4+ +4++ [+ (+)
Arginine — — — +++ +++
Asparagine +++ o+ ++ SENTNT ++
Aspartic acid + + N + -
Cystine (or Cystein) + — S + -
Glutamic acid ++ +++ 4+ +++ +4++
Glutamine + ++ (+3] -+ +
Glycine ) + + + + +
Histidine + J— I S I
Leucine (+Isol.) + + + + +
Lysine [+3 _ —_— + -
Phenylalanine — —_— P U I
Proline + ++ + —_— N
Serine + + + + +
Threonine + —_ N + [+)
Tryptophan + _— — — % K
Tyrosine + _ J— ++ 4+
Valine + + + + +

unknown B _ —_— —_ + _

* ; Ehrlich’s reagent iZ X 285ER BT DTV,

HOEML 7272 R 20D T, BEHERF DL DREATIEDH L MALTVEDTH S,

—F ZFEEiO BAEERE %25 L, Albumin #4812 8HXh, RALA-BTO BLY
BIKE EDI{ B oTWwd, S5 FiEe LRREEMH~OREOEEEOZE{LE 25 &,
Albumin PEFEE RO TWAEEE#EKAS Glutelin Zrh.iic LABREEE OHR TR L
DOHBHILBbPD, ZOZE(E  Albumin 04K RIEERZEBELT HEDTERTH
501, (3 10 RBB)* M54 s & dic Glutelin OFEAVIL EL72DTH 5,

CORIOEAE (Bic Albumin) 7 3 /BRI BREBOELEDT I/ BHRE
BEHECHEL TV, ZOBE B K500 MR E V5 AmIZEhc: 3o THI>
RbDLEZLND, FROBRKT RPBRICHIS BT LHMMmicaE S5 Albumin
DEICHFED BN B,

73R OZEE BrE @I, A) iRc Xk 5z, Arginine bk 3% M T 3

*; Bisuop, L. R. 1930 ; The proteins of barley during development and storage and in the
mature grain. J. Inst. Brewing 36. 336.; DanieLsson, C. E. 1952; A contribution to the study
of the synthesis of the reserve proteins in ripening pea seeds. Acta. chem. Scand. 6, 149.
BRERT TR IOFEEZRDTW S,
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a

Microscopic observation in the ripening process.
Phot. 1, Sample No. 1

a; P. Thunbergii b; P. densiflora

J i it = Aspartic acid, Serine, (Glycine)
o s i g =
s Bz, vl

e Xk HTERST LIS,

3 /R D AALICE B 70T, BHUARD 7 3 BT E 2

4 t AT
2% Arginine it Ed, ARZE4: 2 2 40T amide D BL2S

"

RNz ETHD,

WigAE o 5 Arginine o, HAcoBIRIE EOE KT S

Tt Arginine o R 2s
bR LTS, EORFENMIZER TSR H5 0t IRA-5EFEM
~DEERBTRS LIS, ZOZENLEHENS B L0 HEELE~o Arginine OfF
s AmMprEibizd -2 THELS5LDEFHLALNE,

i
7z amide OFERIZ  FRANEREZELTLCS L L

Ok LEHZzd 20 HALRD
b) EOWRENIGE - B HAHOLE
Phot. 3, 4, 5 {2

v

Phot. 5 T [RIZIEENIZSENK R S R ;
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GENRIAn

PP W %

Glutelin o =g

Tl FOARED

60~70 %o mT & H

Glutelin

#. Hype, T. G, 1954.;

DAJTIHER

FED]

Microscopic observation in the ripening process.
Phot. 3. Sample No. 3
a; P. Thunbergii b; P. densifiora

S EBEEHE oZ iz Glutelin, Globulin @Rk 25 b

T h~wiZdoi o TS,
=h % Globulin MIERL

VREEOMMFEY Mol i

Nitrogen metabolism in Pisum sativa. Proc. Roy. Soc.

ERLLOFEAT LIS L0 L ELRE,

[B]
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s
.

Microscopic observation in the ripening Process.
Phot. 5. Sample No. 5
a; P, Thunbergii b; P. denciflora

F7: Loz fRFLT  amide, Proline, y-Aminobutyric acid g X &L T LT, B
BET </ EESEUITEA L7z, Zhid IBET HEEAEOMMESS IEbND I EETL
TwWHHOLEELZLND, COYEo amide (HEOMEMIZ IR EMID amide B)% = [E%
Uiz —HoBRT, REE~O ZBEBITL L2500 IRsGEmio s ok ods
W, ERMOBREANTER SH ST A SRS ERRAT O, X510 ZoRIcREE
FTORFNOWMIcH I H2RL YR, HHRE amide OFRE, HikizLto>TrRshbeEb

hs,

amide {3 *: LT #e<=w7i: Glutamine * L7, 7 #- v TltAsparagine » LT

*; Harano, K; 1955: Freie Aminosiduren in den reifenden Gingo-Samen. J. Jap. Forestry Soc.
37-12. 527, i Asparagine OEWAGHEHOIEZ TR LTV D,
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5r —/00 EEhs, ZoZiid Y HIU
; 4} s RD KO EBET &I AT @D LR
v 7
3k 160 ’
S Briz 9 AR FUREHITER T5
Y 140 R ;3,
EE. - P, BEHOREE 9 APDIC TTIR
Qy /F 4208 Be ==
N N HOHRBZ L Fi EEBMICERLT
~ ¥
P 0% b FEFBI B RV CEMEA Sh
~ .9
4 it lp¥ = BB RS sk ABMEBET
SV &
Sl nS F ERE EUABZ RBLTHLRS
v TYo
353 THEABHD, Ei KBAETOBH5E
S&JIF -160 . .
&3 , BEOREIE  RESE MASED ERSD
- ]w B REBROEEIIE 9FBAET T
st 100 <y OETH se<vOBTLL FHF
FB® BRFELETFEQHE ot s . >
Fig. 13. Germination and deposition of RiFEpofes 10 AHAIC T OBRRIE
reserve protein in the ripening process Mot
« FHER germination percent

_______ Glutelin/Albumin LRSS RBTFORFNOFEETLDLD
@eiesecrneisanas . A]bumin/Globulin E%EEE@@EET&%%ZJ;; E%@%ﬁzj}@
S SRR ER CHEB SN FENE0—E0a R LEAKRTH I LIZHLATHS, L
o T ROBBHICERT HREE T Glutelin Z2h.0& T 2 IFBEDEORRAFEST T
D5k L BRECEET 5D EE 2 5N %, Glutelin, Globulin D&FE H% Wi Glutelin,
Globulin O/kEMEAB LN TSR (OF 13 M) &k IE, ThB—EDEICE LRI
RENBRETEZEZ2ILRLTS, Lian>T HBIRAOBEMET: »BEORH
HEeRToE B0 RBEICE I S5ERITORFEROMESRSIE ERoBREMSHMAT
x5 LEbh3,

¥ BROWEBHICERT2EMICS b b T I /7 BOZEbs BrEEAHE OHRICB®
LTWBZEnd, HM7 3 /BOZrbd BENORE H5WIE RBCE b7 5ERH
TORFROMERER MDILEHTED,

—FORFHEAEOHREIE EROX S5, RENORELERCEEL TV 2, RAE
FO—EONRBARFRLEAS LR RARRETRRSNVETTS —EOFHKE
bz —EOBREZREIESE HAOREBTERAS LGS L ARG, HBRNEREREO

* ek, oW ki BARNOBMLSEE »50ii B, BRLOXEEBLECIS>TETOR
REBTWER, FORLEREEELELTIC, BFHRIEFTHDLNS,
# REL, PAAYE, 1955.: AIEECd  COFEREEIN TV 5,
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ERABE~OEKRNTOERBE LB E2RLTVWEHDEEZLNS,

3 RFBECHIDZIBEARSIUERT I /BOETEICDONT

EFRBTIE, /e~y 2EZBRRBICHWE, 7 =ik §lEkEOMABEIMEMTH B T
& BXU HH, FHRTHRARES D ENEETHL T ERD, ThEDEVE,

A, BEFEHHEOESR

a). RoOBTERE

D #% & A H

REBBCHOBFOROKEREIT 14 MCRTISIC RBFCEIROTHESLLIHE
Klic, BHEERIZAEFTMRICET 2MERRKE L3R 50T wHE T sk 2
FREREBLT IHF—FEDME (25~30 %) ZRLTWVS,

BTrefoRERER I BE—Z0EERL, REHRSL, OB —EOMEER
L7z, (B3RS REBRTERD LRSI BRI 58E Bekd5HEROL
bW L ICEAEL, BMo—-E0ERESERIX % AFRAEROFTLTVSZ LI
b3 EER LR,

7 r=<vOF (Embryo of P. Thunbeagii) 7 vn<v DO (Endosperm of P. Thunbergii)

1507 . T R —
20 \\\
‘/ - A
Gb.
L_tE Gb,

> L 1
Aol Ho4 No.6 #o.7 o8 0 ./ Mo 4 No.&
Stage of germination. Stage ‘of germination.

FUR REBEOBTEOEOLE FBR REEEROBTEAHOEE
Fig. 14. Changes of seed proteins during Fig. 15. Changes of seed proteins during
the germination period the germination period

mg (100 Jesa’s)
S
»,
h N
2

(7Y
@ ;
mg (100 seeds)
S
=

T : Total protein T : Total protein
Gt : Glutelin Gt : Glutelin
A : Albumin A : Albumin
Gb: Globulin Gb: Globulin

ii) Albumin

R Albumin OEDOKMEEE T T 5HE®EIE No. 7 2T 80 BLELOERERLE, T
hiz RBFEEROEFOETIE Albumin RXEEHETH L LERLTWS,

RO Albumin 13 2 14 RZRT X5 HBEEEZEBELUCHEATS, No. 1~No. 6
FLOY No. 7 MET BIEOEMAER LA, KK 16 IR T X 5k No. 6~No. 7
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TRAZRLL, #12% Albumin 07 3 / B
o> Albumin @7 3 7 EEHAK Table 12. Amino acid composition of albumin
during the germination period
BE 12 RioRT LS S Sl?t?lrg]l;r Embryo ‘ Endosperm
T WT Arginine, Glycine, Amino acid | No.1 ’ No. 8 ’ No. 1 ‘ No. 8
Tyrosine s OB, FIC H Alanine ++ ++ ++ ++
b7 3 BRF OB EE &h  Arginine L+t (+1 | +++ | ++
Aspartic acid \ + + + +
7o, TOT 37 BRMROZEE Cystine I _ — [+
ZRWOZLE(LE L L Em ey  Clutamicacid | +++ | +++ | +++ |+t
Glycine L+ [+ S [+
2. Histidine + + + +
iit) Glutelin Leucine (Isol.) 4+ 4 4+ 44
R Lysine + + + (+]
Glutelin 1& R 2@+ D Phenylalanine [+) [+] [+) [+]
BT HOTHBLLIFELR Proline + (+3 ++ +
Serine ++ ++ ++ ++
pofz, LAl 5 14 KRt Threonine " (+3 (+] 4+
X5 PHEHT ABTCEEZ Tyrosine ++ (4] 4 +
Valine + ++ + ++
iz, chid RAROBAES  uknown A | (4] | (4 | (4D | (4D

ShiE# i, Glutelin OF % &
BLEERLTVS,

R Glutelin o4 e EELo Glutelin ” (Ernng'yO) (fnzgSpgeer)
ofMmEEELBE BURCRTI >,  §+
Moo AMEhic (Nonsprotein ni- %f | o et Ro6 o7 o
trogen compounds) TRET S I &3F % § -2 lol to# los te7 fos
BhB, - .

B RXU YiE#Hmo Glutelin 07 3/ Fig%ltf Breglibgi)nv:rt; fn%ﬁfei;fiiis of
B B 13 BRSO L < LR albumin during the germination period
BIRREZ R LTz,

b) HAOBTEHE

D # & 8 H

MIOMEAEIT FBLHECRTI S EFE [RTES LA, Fic No. 4~No. 6 T
Z DGR KR ER Lie, BAEOZREIEIHICE Zibh/z, Thid RFAROER
&L BBAT DEMEOMEM L AL HICRL DTV,

ii) Albumin

fEfLo> Albumin 1& % 15 MICRT X 510, BHEHE BOTHEEZR L2, FOSHT
16 A T41<, No. 6~No. 8 L@V HE AR Lz, =0 Albumin OZfbiz #3&iC
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#13% Glutelin ©7 3 / BAUR LS, BHOBEHRITH
Table 13. Amino acid composition of glutelin T L RO AY BT Lz,
during the germination period
¥ No. 8 it )
\\Sample Embryo Endosperm PEFLERER ) HET
number Albumin 7 $ /EEMRIE
Amino acid ~~—_|| No- 1 | No.8 | No.1 | No.8 ) *
Alanine + 4+ +4 + 4+ + 4 12 ﬁ@:}: 5L, @%@ M)#Lb&_ﬁ
Arginine ++ ++ ++ ++ £+ % Albumin & ME{PIL7-#
Aspartic acid + + + ++ B
Cystine J— — (+] - kERLR,
Glutamic acid +++ +++ +4++ +++ iii) Globulin
Glycine + + 4+ ++ )
Histidine + E_I_] + E_I_j HI)?L@ GlObulln b‘i% 15 [27] iz
Leucine (+Isol.) ++ ++ +4++ ++ T EXS5ic, No. 7 £T 1ZiF—
Lysine + + (+3 + o
Phenylalanine [+ + (+] (+) EDEERLIZ, L»L No. 8
Proline L+t ++ ++ + T D KGN 5 Sh iz,
Serine ++ ++ | ++ ++ e
Threonine + + (+) [+ No. 7 ‘Tz £BHEH» BEHE
Tyrosine + - + ++ + BETHDHZ LD, ZORHITIX
Valine + ++ ++ 4

unknown A ! C+) (+] (+] SEOHS HOVIE SEEME
RECHERET SMSETTS

5 hortEZILNIZ,
*or ¢ E:Eryo) (Emfas;erm) .
l D3RO L Globulin 28 B 5%
s WIESEIT XOfFE REUT BRAME
5 Mol Mo Wb M7 8 . n
¥ O Ter %od %6 o7 %3 T—] HTHDHT E»D, BEAETIE IEEH
S BELT H5WVIE giampkic EEX
S-4}
£ EREEEAZ5C LIETERL,
-8} FEEEHo Globulin 7 3 7 EEHRZ
0 || PURCFT L, BFHOLDL KO
2L - X o
17" Glutelind 547 > BAR | BR7SAEDERD Bz, T7adh b Arginine
Fig. 17. Break down and resynthesis B bE 5 EREME 7 3 R EE O B,
of glutelin during the germination
period Leucine, Proline, Serine, Tyrosine 7; &

DOXERERT I /BEROBA L, Glycine DR TH S,

iv) Glutelin

RADKEEED 68 %Fr5»5 Glutelin 13 15 [ICRT X 510, RFESEMITES
Ui, Z05REIE 17 MoRTL 51, No. 4~No. 6 TRAZRLE, %/ HEULO
Glutelin @ 96 %35 RIF@/EBTHAEINI,

—% BAOREEECHTS Glutelin O&FHRIZ HEIXCHLNBL S, FHEL
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bz ERL, Thit Glutelin $£14% Globulin ©7 3 / AR

OBBMOEEE LT A Table lfl. Amino ac‘id c.omposi!:ion of globulin
during the germination period

v
BICE bl LR LT Sa::};ll% or Embryo Endosperm
%, Ammino acid No.1 | No.8 | No.1 | No.8
IEFERED Glutelin 7 37 pppine + ++ ++ ++
ERRkIE B 1I3HRICETI AT, Aarginine : +++ (+3 ++++ ++
- . " Aspartic acid + ++ + +
ETolRilo Glutelin & gL Cystine (+) —_ —_ (+3
T kDX S5 LEENEDLh Glutamic acid +++ +++ +++ +++
. . Glycine + ++ —_— ++
7=, bt Glycine, Aspartic Histidine + (+) + {+)
acid, 7t X iek:  Leucine, Leucine (+Isol.) ++. ++ et +
_ ) ) X Lysine . (+] (+J + (+3
Valine, Proline, Tyrosine 7z& Phenylalanine (4] [+ [+) (+)
DBWAHTHS, Proline + (+ ++ (+3
Serine ++ + ++ +
= Threonine [+ + + (+]
B. =
BRET 2/ ROEE Tyrosine ++ + +4 +
_ Valine + + 4 + +
AETIE 7m=viidic unknown A (+3 {+3 C+3 (+1
~A4 < (Pinus palstris) HER
BzHWE*, hid BFE I YiE (f? 7
. - naosperm)
MR D SV OWEEET 3 7 BEoZE L 5ER +/c
‘ 2 Nol  Nod M8 M7 WM&
BB VTh &5 2K 58 LSS TH 3
5%, S |
\ =
a) FRickir 5%E §
S s
s DA~ DOAEFRET HEE7 3/ -5L
Bz %15 % RS0 16 RioRT 18 Globulin D4
Fig. 18. Break down of globulin during
Lo wE L, the germination period

r-Aminobutyric acid 1x BR#%EDRS  HEHLMAL, BFHE BOTIEMEZTRL
7z, Glutamic acid % No. 2 THAL D#BRBA L, 20X 5 mRBERRST BT
1=y OBTCHHECRD N, £ BERSBLZLIC BT I/ BrSECHET5E
i B, BRELE D ICRED I,

*EBCHWAN T =ik dLEEHRERREATRRINALOTH S, {5 60 5osEmm(0°C
BEDZ L, £ OREHREBERAKLEX kD EEDTHD, Sample No. 1: fK2h L 72EF, No. 2:
ZH (A%V), No.3: RF#%50, HHiEE 5~Tmm, No. 4: H# 10 B, YiBE 10~14mm,
No.5: H# 25 H, SiEMOERK, No. 6: FIHE# 30 A, HALORE, 7tk FBHEEKCIE VM
CHEEOKEEALERIE#EZ LW D2V, 25°C TEE L,

*®EOKIETE Ze<vdflEnT 5,



151

BI5E RBEBBECEIDL /r<vOROBEHT I /B
Table 15. Free amino acids of embryo (P. Thunbergii) during the
germination period

W No.1 | No.2 | No.3 |No.4 |No.5 |No. 6 |No. 7 |No.8
Amino acid 0 2 7 9 12 16 23 29
Alanine + +++ + I I o o o o S
r-Aminobutyric acid 43 +++ | +++ | +++ ]+ |+ + (+1
Arginine ++ ++ +++ | +++ | — | — | — | —
Asparagine — — + ++ + ++ |+ [+
Aspartic acid + —— + R {4+ ++ ++ +
Cystine (or Cystein) + + + + By — | —  —
Glutamic acid ++ + 4+ + ++ -+ + + +
Glutamine — (+] + ++ | ++ + ++ | ++
Glycine —_ _ + + N — N _
Histidine —_ —_— — + + + + +
Leucine (+Isol) —_ + + + + ++ + +
Lysine —_— _ J— —_— R P - P
Phenylalanine —_— _— —_— — U _ S 4
Proline —_— e - {+) _— (+) + -
Serine (+] + + + (+) + + +
Threonine _ — [(+3] + _ —— U —
Tryptophan — L) ) Y| )| ) | )|
Tyrosine — — + +3 | (43 | + + +
Valine (+ + + + + ++ | ++ | ++
unkown A _ —_ _ —_ _— N J— -

amide 13 HFFEH SEBCHEAELI. ¥ Asparagine X No. 2 ¥ THRHEINRT, RFEE
51 <HikL, Glutamine X DZ{LEIIRETH R, ~f <~y OBF TS T OMEAIZERD
Shieas, REWL7-BEFT Asparagine BEEXHEL, BFEOIVWIREIhAR»Ok, 7
r <Y OEFCIE Alanine 3 FHERSBCHEELL., 20X 5 hBEFEER SN S ERAT
Histidine, Tyrosine 75 & iz d 3% Sz,

%7c Arginine 13 RFENICHEL OLREIhZPORE ~1 <Y TR SEmict
DHFEZER LT,

b) iz kiF 5%

HEBRCHEBFORIICK TS W7 I 7BOZE UE B 17X KXU F 18 Ri
FTEITHS,

Alanine, Leucine, Valine It FIERFIC AR L, DERASTAEHAZRLE, 72
r-Aminobutyric acid ¥ No. 2 iz, Glutamic acid X No. 2~No. 6 ¢, Proline % No.
4~No. 6 ZLBIHEL, DBRA LA, TOX S RBBFREZPLCSEICHBL, DERA
FTHEME A~ <Y OBEFILENTE HRCRDLh,

—7% Glutamine & No.5 D% WS EICHEELA, ¥/ Tyrosine /& No.1~No. 2
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HI6R FEFABLRIS ~M~vOROHMT I /B
Table 16. Free amino acids of embryo (P. Palustris) during the
germination period

Sample
number No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

Amino acid
Alanine + | + ++ ++ + +
7-Aminobutyric acid (+3 +4++ ++ 4+ + +
Arginine + E— —_— _ — + 4
Asparagine +++ —_— + ++ ++ +++
Aspartic acid + — + + + +
Cystine (or Cystein) + _— L —_ - -
Glutamic acid ++ + + + + +
Glutamine — ++ ++ +++ +++ +++
Glycine _— _— + [+ S [+]
Histidine _— + + + + +
Leucine (+Isol.) —— + (+] + + +
Lysine —_— P N S - R
Phenylalanine — _ N - - _
Proline —_ _ J— - _ [+3
Serine 4 —_ -+ -+ -+ +
Threonine —_— e —_— —_ - (+]
Tryptophan —_ (+] _ R — +
Tyrosine [+] T e— _ + S [+3]
Valine —_— + + + +

unknowh A — _— _— J— - S

RS, No. 4 it SBHEELR,
" Asparagine, Histidine /3%53¢%%  HFHEZ A L7038, Arginine, Cystine i3 FHFwTic #
AR L, Ll A <=v T Arginine 3 RIFERITRD S,

C. % =

Ta) RFELBTEAHOLE

BTORFOBFK BTEAHOREXHLCEXS L, HEBECRIS ERHOSMR
L, AEBECHIS BHHOFAKRLD o0k ER3200@BZHFLNS, 22T
R HEOSRERERLICRITEMAD L & T B,

RECEDRSBTEALEOENEAD L, I TIE HFEE EDHIT Glutelin OLFEIEE
WkZrbhs, 20 Glutelin N3z BFEHBICRATDY, Fh REABLZBELT
MEOEHIILTD, 2BEMECHT TS ZOAFHRBMERT L ZE»5, (B3EER)
Glutelin »fHEREL LT RHFLLIT 5 AAShEIOLEZLND,

Zhit LT Glutelin o5 E o/ {HmZ£ic+%  Albumin, Globulin DZE{kA358
B»oh5, Albumin 13 RFICEIHOT LEWICHST 553, Albumin ORERE KT
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Table 17. Free amino acids of endosperm (P. Thunbergii) during
the germination period

W No.1 | No.2 | No.3 |No. 4 |No. 5 |No 6 |No. 7 | No.8
Amino acid d 0 2 7 9 12 16 23 29
Alanine + +4++ ++ |+t ]+ + +
y~Aminobutyric acid (+3 ++ ++ + + + +) | (+)
Arginine ++ +4 ++4 | ]
Asparagine —_— — [+ + + + + [+]
Aspartic acid + —_— [+ —_— + + + +
Cystine (or Cystein) + + _ P I P - _
Glutamic acid ++ +++ +++ | +++ |+ |+ | ++ +
Glutamine — + + + ++ ++ ++ ++
Glycine — + +3 + + + + o+
Histidine - — — B + + + + o+
Leucine (+Isol.) — + + +4++ | ++ ++ + [ +
Lysine B, ' - - J— — - R _—
Phenylalanine —_ _ —_— e | — - S \ +
Proline B — + ++ + T+ (+]  —
Seriné‘ : S (] +. + 4 + + + 4+
Threonine v — — +) - + _— —_— — ‘ -
Tryptophan + + RO NSNS RS
Tyrosine ' — — + ++ | ++ |+ D+
Valine (+3 + + +++ | ++ | 4+ + o+
unknown A —_— J— - R . o I
H

DRI MROBMETRLTWE*, B3XSBW) CoOBKT Glutelin o&pkrs 5k i
LT, Albumin OABILRMEV /DT, BHICEHESHS Albumin 78 BEEESEE L
THEE ZF3h, DEDERORZD BT 0THE W & ZIRLTWEh0EEZ LN
5,

T BEFEMO Albumin @7 / BERSETORILICEE I TW2H0E FELT
WHILh, LELOFEBELT BEKEL, FHXNhB,

Globulin i3 No. 7 #T ZO&HENIE—ETH55, WIBIHT FOREMENRE
BINDLVOSRBASMILET LTS, (8 15 NEMH) ZORKO5Mi% Globulin pif
DEHHEFEFRTDHY, Tt BHEOLESDR N End, FT DEBBRICGERE -
LEDDLEZDLND, DEWT ZOHE, BRAMETHS &m0, REBETIE B
BEWE S OREESE L E X LR, '

FEFERERICH1F 5 Glutelin, Globulin 7 3/ BEMRL IC1L Arginine, Leucine, Proline,
Tyrosine * (Valine, Serine) 7 EH WAL, Glycine, (Aspartic acid) 23HA+2 &5 5

*; Daniersson, C. E. 1951; The breakdown of the high molecular reserve proteins of pea during
germination. Acta. Chem. Scand. 5. 541. DFERD O bR~ DEENEHTE 5,
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Table 18. Free amino acids of endosperm (P. Palustris) during the
germination period

3 ampl?mmber No. 1 No. 1 No. 3 No. 4 No. 5 No. 6
Amino am
Alanine ~ + +++ +++ +++ ++ +++
y-Aminobutyric acid -—_ + ++ + ++ +4
Arginine _ _— P _ ++ [(+)
Asparagine + +3 ++ + + +
Aspartic acid (+] + ++ ++ + +
Cystine (or Cystein) — _ —_ N - N
Glutamic acid — +4 +4++ ++ ++ +
Glutamine S ++ +++ ++ + +
Glycine +] + ++ + + +
Histidine : e + + + + +
Leucine (+IsoD) —_— ++ + + + +
Lysine — —_ J— - R -
Phenylalanine — — (+) (+3 + I
Proline —_— + + ++ + -+
Serine (+) + + + + +
Threonine _ —_ _— — I +
Tryprophan — +] +3 + — +
Tyrosine (+3 ++ ++ ++ + +
Valine : —_ B + + + +

unknown A R — o — _— —

SIS v, TR LIRFGEMPICH T T, Arginine »34:K 1, Aspartic acid, Glycine
T EDRRATE VS T 3 B O BRSO bhicss, oBEIE ElRoX S, Th
LESlLHEOBERAEBNS, thid BHEZERKTS Arginine 3 ABEPWZELITGL
CRBICHET S ERERLTVWE b EEbhE, Shic BABRRO7 I/ BEROZR
bick BFEAEOEERRT $ / BROBEAE LD 5h, BLTEEEOMRLVABASET
b5 EERLTVS,

EAENFR—OBREEZRLTS 07 I /BEKE EfRoX S #F#HLVEERD
B, COTEIE ERECD LS AREERRAT A HAR, MokkEBOERN LR
THHTEERLTVHLEPNS, ¥ BEOHRACHLNZLSK AIZELD R T D
B A ETT MIEEEOT  BARERECRET 5L Db, LOMRS BFOR
PR ABEREAGCE ST FOXSTELTcremb s —BEERILTHHLEX
bhs,

o T 3 JERTVE BRE#E LA F ML di Glutamic acid, y-Amionbutyric
acid, Alanine 75X 7 SRICHE LA, 55 ZORHIE ETHERSREEED O,
BTAT TTRK WHEERBREIOTWEIEETFLTVWS0LEbh5,

/4
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ZOMOZELITOSNWT B kIO LoBEKI BT HHT7 IV EBIELILL4E
Eh, X5 FRSEECHEETLIHRERD SN, CZORFE LRShET I /HO
Kihms BFEABLZERTIZTERT I/ BTHHErD, BHE KILT R[BFICEA
Bon@hrsivbh, £/ £RIhi7 I /E» £RBELC 2RCBTT50LEX
bha,

b) SiEmOEKEETEAEOLE

HEMORRICE b 5 BFERAEOLE(LE A5 &, Albumin 25 Wb SYHEM~OLEFR
BT ARCEKEh, ZOBEZEBLTREAEICH LT H>hic 80 BULOERTEES
htvws, Zhiiz By SEM~OLBRBCZAONSEHAOHAKY 13& AL Albumin
BTHHZEERLTWS,

Fi TOXWIT SEWEE IS Albumin © 7 3 BEKIE BRik&ihs
Albumin ©#h & Hi#g L <, Arginine, Tyrosine 7 E»3Z 5 LB LTWSE, 2D &I
bRoEREEELGEEI RS,

OHE~DLETBRT +doX>ic Albumin BEBEEIN, ¥4 F0O7 I /EE
B ZEELTwWBHZ eiE, BTEAREOEEZPLICL THELIE, To@Ess ZNHE R
PUL7bDTHHEHELLND, £hiZ HABRDX 5T, iEHT Glutelin R sh, X1
RELREHEORRCBTIIREENRDLLNINLTH D,

SIHEY Tz Glutelin QAR LK D bvic*, ZOX VW HPEMTHARK IS Glutelin
D7 3 EBEEDS BzgBFIhs Glutelin ofh & L T, KEBRDLNL»D/cZ &
REEIATIVWERDIS,

Thiz BREBORMBBCERK IS Glutelin LHELLAEMTHS, Licn>T %
T 5 Glutelin OFEKS TOHBARELEEILXD ZREMTHIHLEXD
ns,

RodEsE7 3 /BT RI¥ATIC Arginine 24 EBICHEL, BHFEHIT amide BERIH
D ENER SN, BET SRICHB LA Arginine 13 BRHER»S BfILidok
E25058 EY0XSic Bbhb, ZoiE Arginine o RIFLOHEKIT LhEY TER
Xh3 Glutelin & FHECHEELTVWSEELLRD, .

¥7. amide OFRRIT MET EFHE T I BRLZECHRTSI LD, BEK
ShABEEE LD, EEBE~NOEEBITENET I IDLRbNS,

IV. & =

*;  BisHor, L. R. 1929; The changes undergone by the nitrogenous constituents of barley during
malting-I., J. Inst Brewing 35. 323. »i3Tic glutelin OFHFREZFRD T 5,
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1) s7v~=y, 7TH<YORALBFCEEINSEAEIX Glutelin, Albumin, Globulin’
& Prolamin ‘G, Glutelin 23:EEHH THo/, Prolamin i EHTHET, DT LiX
FERDHIFERERLEL LOMERZRLE, ¥ K BHAOSFBCI>T ZRIOBAEBERK
OER LT Dk, Thbh ETIE Albumin 235, HELTIX Glutelin 2EEER
BTHY, Glutelin & Globulin OAERFE EIICHFELK,

2) MEOMRCLESVT, RIARICK TS BTEAHORELERIICKETL, ik
ZEOBOLEE 207 I /EBEROBITE DLDT, bk 3V BITToEMER
{EEHOBMZOWT ROTEEHRELI,

a) BEITCIE  Albumin REBREFAIN, RALACBETOELSEBRE O &ko
Twiz, ¥7c COBYOEAE (B  Albumin) o7 I /7EBHRE BREABROEHHED
7 37 BRRAAK & BRE CHRE L T, A

7 3 7 BB 0% ki Aspartic acid, Serine 34k, Arginine, Proline, Tyrosine 7
ErBAT B LTHS, |

b) EFEMMIC Glutamic acid, amide &Y D7 I/ BHBFRICHEK SN, T
Arginine 23 SEHIICHEMIRETSRICHEL, MEAL L DITHEL, BREDT I/ Bl
ROZLEFEECEHEL TV Z LBRRD ORI, ,

c) THEBOMOWIEMFEEICL I A2T, BHEMICMETS O Glutelin DRELK
A b, EHAHEICSER SNSRI OERRITFEAZR LT, FRIC ORI
Globulin D4R AERD Hh, WHEDOEILAD—EDEMRY: BTORFNORELEETLHZ
L EER LT, ; :

i ZORBEERINAEAEDT I/ BERIE RE®LENL2b0TH Ok,

d) ROMBHICER SNSRI BT @87 I/ BRIRBITEA L. FRIC B
LIET BRHIL EOMEE TS Arginine OZ{LM3ERD LI, . B
3) EHEERICKIS BTERE Lo T I /BoZEib: B BHE2STT

Thrhaemstl, UTol: SER2 7.

a) WA TIE Glutelin 8 FFEKC SECHBSHE, 72 20 Glutelin 05
L F57 M7 L7- Globulin, Albumin OZE{LRL LNz,

EELEZER O Albumin 7 I /BRI BTOREFICEEN S Albumin ©7 I/ EBRIER
LIEBIL T3, FRELEEERD Glutelin, Globulin @7 3 / EgfI: BFORILICEEND
H D& g LT, Arginine, Proline, Tyrosine, Leucine, (Valine, Serine) 7t & 25841,
Glycine, (Aspartic acid) 7z &AL TWz,

b) FFLidbww KFATIE EAEZEKTLEELRT /BN GEHRECSETHER
L, ZOHEAHETHEETHIRERPRO BN, +7bDh  Glutamic acid, Leucine, Valine,
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Tyrosine, Alanine, Proline, Aspartic acid, Glycine 7z & D& TH 5,

) EHrOSHEM~D4E ERETIE Albumin 2322 L ER X, HEMTIE Glutelin
PEERINDOEHER L, |

ZoL & Albumin ©7 3/ BMKIE BFORCEEh S Albumin orhe #5LL
FREL TWehs, Glutelin 07 3/ BRIE BTFORCEENh 53 OEUL T/, Albumin
D7 I/ BEROZEE FRPOLELITEBL TW, ‘

d) RFFMOMETIE HEHEO Arginine BERICHFELL. i RHFRIT amide SRS
i, o

Summary

k- and amino acids which
‘period " from fertilization to:

- ‘Thig paper deals- with the metabolism of. 8
o ‘OCClim;ed in the seeds of Iapanese pines during}
o - germination. . S »

Results pf the mvestxgatlm 30 ‘are as follows L
1) The proteins found it ‘ripe seeda of Japame black and red pines (Pmusf
Thunbergii and P. densiflora) were glutelin, albumin, globulin and ‘prolamin of which
glutelin was most Want -and prolamin very scarce. Thls fact found by the.
author differs from the results hitherto ohtained by other investigators. According
to the author’s investigation, the main protein of embryo of both pines was albumin
while that of endosperm was glutelin. Most of the glutélin and globulin existed in
endosperm. (cf. Tab. 2 & Tab. 3) ’
2) Following the above-mentioned study, the changes of proteins of seed during
the ripening process as well as the changes and movement of free nitrogen com-
pounds resulting from the change of each protein were studied and the following
results were obtained: »

a) Throughout the period of fertilization, albumin occupied the main part of
protein of seed. On the contrary, at the beginning of embryo growth, the quantity
of albumin was comparatibly less than that of total protein and other conponent
substances. The reason of this fact is comprehensibly shown by the gradual
increase of albumin and rapid increase of other substances including other proteins
during the ripening period. (cf. Fig. 6-9)

Comparing the amino acid composition of albumin before and after fertiliza-
tion, a marked difference was noticed, that is, after fertilization, aspartic acid and
serine decreased while arginine, proline and tyrosine increased. (cf. Tab. 4)

b) Free amino acids such as glutamic acid and amide were formed abundantly
in the period of embryo growth. The formation of amide in this case can be
thought to play a role in the movement of nitrogen from lower molecule to
protein-type. The appearance of abundant free-type arginine at the fertilization
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period has a close connection with the change of amino acid composition of protein.
(compare Tab. 4 & Tab. 7)
In this case arginine is assumed to be set free resulting from physiological changes.
¢) Along with the embryo development of seed after fertilization, rapid
formation of glutelin, which was very little at the beginning, was noticed. (cf.
Fig. 6 & Fig. 7) At the end of embryo growth, its synthesis was most active.
Globulin formation was also noticed in the latter period. (cf Fig. 11 & Fig. 12)
Formation of glutelin and globulin in the endosperm was found to have a close'
connection with the appearance of seed germinative power.

The amino acid composition of protein formed during this period was similar
to that of mature seed. (cf. Tab. 4-6)

d) At the stage of completion of embryo development, free-type arginine
appeared in embryo, and at the same time, the quantity of arginine combined in
the protein decreased. The change of arginine found in this stage is quite contrary
to that occurred in the fertilization period. In the endosperm of this stage, free
amino acids such as amide, proline and y-aminobutyric acid, etc. decreased rapidly.:
The rapidity of decrease of these amito acids differed according to the difference
of species. This phenomena, however, was accompanied with the difference of
germinative power. (cf. Tab. 8-11)

3) The changes of the proteins and free nitrogen compounds of embryo and
endosperm during the germination period were studied and following results were
obtained:

a) Glutelin in the endosperm was rapidly decomposed immediately after
germination, whereas, globulin was not decomposed and albumin very slowly at the
same period. (cf. Fig. 15)

Although the amino acid composition of albumin in the endosperm fallen down
from [seedling was similar to that of the endosperm contained in the seed, the
amino acid composition of glutelin and globulin of the former case was quite
different from that of the latter case, i. e., arginine, proline, tyrosine, leucine,
(valine, serine) decreased and glycine, (aspartic acid) increased in both proteins
at the end of germination. (cf. Tab. 13 & Tab. 14)

These phenomena shows that each protein change independently.

b) In the endosperm, at the beginning of germination, free amino acids such
as glutamic acid, leucine, valine, tyrosine, alanine, proline, aspartic acid and glycine
appeared abundantly. As there is no supply of nitrogen from the outside of the
seed, it is clear that these free amino acids were formed by the decomposition of
proteins. These amino acids disappeared repidly in a few days. (cf. Tab. 17 &
Tab. 18) '

c) Albumin was rapidly formed during the period from embryo to seeding
and glutelin was formed in the seeding. (cf. Fig. 14)

Although the amino acid composition of albumin in the seedling was quite
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different from that of embryo contained in the seed, the amino acid composition of
glutelin of the former case was similar to that of the latter case. The change of
the amino acid composition of albumin during the germination period was similar
to that of albumin at the fertilization period. (cf. Tab. 12 & Tab. 13)

d) Free-type arginine appeared abundantly before germination and amide was
formed after germitation in the embryo. (cf. Tab. 15 & Tab. 16)



