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Changes in β ―cyanoalanine synthasc(CAS)activity and amygdalin content of

」a p a n e s c  a p r i C O t ( P F‐口, J s  mど " e  S i c b . e t  Z u c c . ) s c e d s  w e r c  m o n i t o r e d  d u r i n g

stratification at difrerent tcnlpcratures  ヽF`hen sccds 、 vere kept undcr moist condi

tions at 5, 10, 18,24 and 30°C, β―CAS activity increascd at 5 and 10°C from the

start to 20 and 40 days, respcctiVely, follo、vcd by slight declines. The lo、ver tempera―

ture was morc efficicnt in the elewated activity.However, β
―CAS activity was gradual―

ly dec〕‐eased at temperatures higher than 18° C. Thc higher the tcrlpcratures, thc

grcater thc activity dcclined, The content of amygdalin i nlajor seed cyarlogcnic glycosidc

of Japancse apricot, seenled to be slightly declirled at 5 and 10°C for a k)ng Stratifica‐

tion, but tendcd to incrcase slightly and thcn dccreased at 24 and 30°C. Secds ger‐

minated only at 5'C.「 urthermore, Whenever sceds kept at 24°C were tranSfCrred to

5°Ci the β―CAS activity increased and sceds gcrminatcd. Upon the transfcr, amyg

dalin contcnt seenlcd to be lo、vel‐ed compared 、 vith the control. Benzytanlinopurine

(BA)enhanced both sced gcrmination and β
一CAS activity. Thereforei the β

一CAS

activity is associated 、vith cyanide nletabollsm in dormancy breaking of 」
apanese ap―

ricot seeds

introduction

PF‐ロア?」S SpeCies are cyanogenic and contain cyanogenic glycosides in their tissuesl19). Prunasin

is detected in 、vhole plant parts but amygdalin is localized in maturing seeds9 10 131. Prunasin in

thc root residues in peach replant sites cattses soll sickness, because its hydrolysates and deriva―

tives such as hydrogen cyanide, benzaldehyde and benzoic acid repress the grow′
th of peach

seedlings 91. β―CAS is thc enzyme that Catalyzes the formation of β
―cyanoalanine from hydrogen

cyanide and L―cysteine2 3 4 61. Thus it iS considered that it plays a role for detoxification of free

cyanide in the tissues.β
―CAS activity increases concomitantly with the increase of amygdalin

content in」apanese plum seeds at iate devclopmental stagesl°. Vヽe found that β一CAS activity in

peach floいヽFer buds renlains lovvr during dormant period but gradtlally increases with the release of

dornlancylll. Prunasin contcnt in peach flower btlds increased conconlitanly ttFith the increasing 19
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一CAS activity!! It is well known that most fi・uit seeds requires

(stratincati()n)fOr dOrmancy breakingl‐|. Vヽe investigated how β―CAS

major seed cyanogenic glycosidei change in Japanesc apricot seeds during

Hrct chllling conditiOns

activity and anlygdalin,

stratification.

Materiais and MethOds

Seeds

Japanese apricot(Pr♂βてFs,?ど加e Sieb.et Zucc。)fruit were obtained in late June fronl a local

nlarket and pits ‖rerc taken Out from the frtlit. The flesh Hras thoroughly remOved fronl the pits

in ordcr to prevent pathogerlic infectiOll during stratificaitOn. The pits were nlixcd with sand and

vermiculite(1:1)and kcpt at 5, 10, 18, 24 and 30° C. Pits stOred at different temperatures

H′erc taken out at intervals and secds wercj renloved frOm the pits fOr analysis. In anothcr ex―

periment, Japanese apricOt pits including sceds Obtained from a nursery store in Nagano Prefec_

ture in late OctOber. This means that the pits had passed scveral months after harvest ttnder

anibient tenlperature fluctuatlons before the stratification began. The pits were simllarly mixed with

sand and vcrmiculite(1:1)and stored at 24°C and 5°C.Part Of the pits stOred at 24°C werさ
transferred t0 5°C 60 days and 138 days after the start Of stratification.

BA treatment

Pits inluding seeds that wcre stored at 24° C fOr abOut 8 mOnths 、 vere used. Seeds 、vere taken

out from the pits and treated with 10% NaOCi sOlution(effective ch10ride, about l%)for 15

min, followed by sevcral rinses in sterile 、vater. Seeds wcre soaked in 200 ppm Bezylanlinopurinc

(BA)solution(pH 5.5)fOr 24 hOurs at 25° C, whereas cOntrol seeds simllary sOaked in dis―

t11led water.The seeds were placcd On moist filter papcr in petri dishcs and kcpt at 25°C.β
一CAS activity and gernlinatiOn were nlonitOred at intervals.

Assay for p_cAS acttvity

A seed Hras 、veighed and homogenized 、vith a cold mortar and pestle which had been previously

k e p t  i n  a  f r c e z e r . T h c  h O m O g e n a t e  w a s  t a k e n  i n  1 2 . 5  m l  c 0 1 d  T r i s―H C l  b u f f e r ( 5 0  m M , p H  8 . 5 )

and 300 ■lg ins01uble P 「ヽP was added. After centrifugatiOn at 12,000 x g at 4°C fOr 10 nlin・ the

resultant supernatant Hras used for the enzynle ass‐ay, NaCN and L― cysteine BFere dissolved in 100

mM Tris― HCi buffer(pH 8.5)tO a final concentration of 50 and 100 mM, respectively.To the

crude enzyme extract(1.O ml)was added O.5m10f the buffered NaCN,f01lowed immediately by

O.5 nl1 0f the buffered L一cysteine solution, After one―hour incubation at 30°C, the reactiOn was

stopped by adding O.5 ■11 0f O.02 ぶ,1 ,V,FV―dimethyl―p―phenylenediamine sulfate in 7.2 N HCl and

O.5 ml of O.03 心,I ferric ch10ride in O.2 N HCl. The samples were thcn centrifuged at l,050 x g

for 5 nlin to remove precipitated proteins and the optical density at 650 nm M′as recorded 、vith a

spectrophOtonleter. Iderltical assays iacking substrates and containing b01led enzymc 、ハFere uSed as

control. Sodiunl sulfate 、FaS uSed as the standard rcference. The eP.zynle assc‐ty ぃras triplicated

and the result was expressed as the mean tt SE.
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AnalysiS Of amygdalin

Fl‐eeze―driCd」apanesc apricot seeds were ground in a mlll and a 50 mg samI)le was taken in a

3-mi viall tO WhiCh i nll pyridine containing l、3、5-triphenyibenzene(]ng/ml)as an intcrnal

sta1ldal‐d Was addedちThe vial was subjected to an uitrasonic generator for several tines during

a 48-hour extl内action period at room tcnlpcrature. A 20 μ  l aliquot of the stlpernatant of extract

FヽaS taken in a l―nll reacti―vial and dricd in air. To the vial. 20 r/1 pyridine、  20 μ  l hexanlethyl

disilazane and 10 μ  l trinlethylchlorosllane Hrere added succcssively and the sealed vial heated at

603c for 30 1min.A2.0 /″ l of the reactlo■mixture was iniected intO a Hitachi 063 gas chromatograph

equipped with FID.Cas chromatographic conditions were as follows i column, 2 mx3mm φ

glass column packed with l.5 % SE-30 coated on ChrOmosorb ヽ
VAW DMCS(80-100 mesh);

Ovcn temperature, 280'C;carrier gas, N2 ;fiOW rate, 11.5 m1/min.

Resuits and Discussion

lt is well known that sceds of many fruit trec species require moist chilling conditions for dor―

nlancy breaking. In this experilllent, pits including seeds 、vere mixed with sand and vernliculite

(1:1) and stored at different tcmperature regimes.Germination occurred only at 5°
C 100

davs aftcr the start of stratificatio■. ヽヽ
re can often see seed germination under continuous low

temperatures.Erfect of tcmperatures on β
―CAS activity is shown in Fig.1.Temperatures higher

than 18°C dccreased the enzyme activity, but 5°C and 10°C enhanced it up t0 20 and 40 days of

trcatmcnt, respectively, folloM′ed by slight dcclines. The lo、ス′er the telllperature, the greater the

elevated activity. At 30°C amygdalin content in seeds gradually increased and pcaked aftor 40

days followed by a slight decline  ;  at 24・C a sinlllar but rather delayed incrcasc was observed

with a peak after 60 days ; at 18°C a slight and steady gradual increase H′as noted. On the other

hand, at 5° C and 10° C only slight decrease in amygdalin content 、 Aras found after 100 days
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Effect of tempcratures on β―CAS activity in

Japanese apricot seeds during stratification.
(Thc stratification bcgan soon after fruit werc

harvcsted. The numcrical i1l the parenthests

in thc figurc is the mean root iength of ger‐

minated seeds)

0    20    40    60

Days

80   100
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5・C On β―cAS activity in Japanese apricOt
s e e d s  d u r i n g  s t r a t i f i c a t i o n。( T h c  p i t s  i n c l u d―

ing sceds 、vere used aftcr exposed undcr anl

bient  ter1lpcrature  fl(lcttlations  about  four

months  after  fruit  、vere  harvestcd.  The

ntimericals in thc parentheses in thc figure

are  the  mean  r00t  length  of germinated

sceds )
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(Fig.2).Amygdalin is■ Ot detected in young Prと r,コs seeds but appears in latc developmental stages

and the content illcreases as the seeds mature9 10 13). BeCause 」apanese apricot seeds in the abOve

experilllent 、vcre employed soon after harvest, it seems that the ability to b10synthesize amygdalin

still functioned and M′as favored by high stratification temperatures,

In the second experiment, the pits including seeds were obtained in late OctOber from a nurs_

ery store in Nagano Prefecture, Therefore several months had passed under anlbient tenlperature

fluctuations before the stratificatiOn started. It is considered that the β―CAS activity had been

declined bccause seeds had been exposed undcr anlbient temperture fluctuations and relatively

dried(nOt wet)conditlons.In fact at the start of stratittcation β―CAS activity was lower than

that of the ril‐st experimcnt, in which rather freshly harvested seeds were emp10yed. But the

exact conlparison is impOssible due tO cultivar difference. However、ve confirmcd this point by using

peach secds(data not shOwn).ヽ Vhenever sceds kept at 24° C were transferred to 5° C, β 一CAS

activity bcgan to increase and the seeds eventually germinated (Fig.3).On the other hand,

a■lygdalin content seenled to be lowered compared with the cOntrol, 、 vhen seeds H/ere transferred

t0 5°C arter 60 days and 138 days (Fig,4).

BA was effective in prOmoting germination(Fig.5)and enhanced β ―CAS activity(Fig.6).

Cytokinin is known tO be effective to break dormancy in secds and buds.Ethylenc can evoke β

―CAS activity in citrus fruitil)but not effective in dormancy breaking of grapevinc buds' 8). In

our prevlous paper, we reported that β―CAS in peach flower buds increased with relcasing dOr

mancy. The prescnt resuits show that β―CAS in Japanesc apricot seeds also activated by chill

ing tl‐eatnlent, It seenls that the activity level itself is not sO ilnportant for dornlancy breaking

bacause thc activity is grcatly different at the time visible germination occurs(Fig.3).Cyanidc

is anothcr effective chenlical in breaking dormancy5 12 17), ThuS it is interesting to knowvr hoH′
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cyanogenic glycosidcs and frce cyanide in cyanogenic plants like JapanCSe aprtcot function in regula‐

tioll or breaking dornlancy. For this end, furthcr research for accurate measurcnlent of free cyanide

levels in seeds and buds in relation to their dormancy is needed.

(])
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要

異なる温度で層積したウメ種子のβ―シアノアラエン合成酵素 (CAS)活 性とアミググリン含量の

変化を調査 した。 5、 10、18、24及び30℃で層積すると、 5℃ と10℃ではβ―cASの 活性はぞれぞれ

処理開始後20日目と40日目までは増加し、その後は少し減少した。10℃に比べて 5℃ のほうが活性が

高くなった。しかしながら、18℃以上で層積 した種子では活性が低下し、温度が高いほど低下の程度

も大きかった。ウメ種子の主要な青酸配糖体であるアミググリン含量は 5℃ と10℃では層積期間が長

くなるに連れて少し減少するようであったが、24℃と30℃では増加してピークに達した後減少する傾

向が見られた。層積中に発芽が見られたのは 5℃ のみであった。さらに、24℃に層積していた種子を

5℃ に移すといつもβ―cAS活 性は増カロし、種子発芽が起こった。24℃から5℃ に移すとアミグダリ

ン含量は減少する傾向が見られた。ベンジルアデエン (BA)を 処理すると発茅を促進し、β―cAS!舌

性を高めた。以上のことから、β―cAS活 性はウメ種子の体眠打破、種子発芽過程での青酸代謝に関

係していると思われた。
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