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Botany. - "StJ'uctll1'e ol tlte ii!cl1'clt-gmin". By Prof. Dr. LVI. W. 
Bm,mRIJ'\cK. 

If one gl'am of potaLO-6ÜI.I·ch is boiled wüh 100 cM a of elistilled watel' 
{llis is just sllfficient to b1'ing -fhe gl'ains to theü' maximum of swell­
ing and l1Jake the starch take up about 70 °10 of tile water so that 
it remains suspendeel anel rannOL preripitate, as the swollen gmins 
touch one anothel'. Eacil grain sweIIs thel'eby to a somewhat i1'1'e­
gIllal' gIobule whose diameter is about a.5 times that before the 
ebullition. \Vhethel' the boiIing lasts shol'tel' Ol' longel' is of no con­
sequence_ If more water is used fol' the hoiling no fUl'ther sweIIing 
lakes place; w hen left, to sedimeniation thc Iiq niel above the stai'ch 
coloul's but feebly bille with iodine, 

When a microscopie pl'eparation is made, containing but few 
stareh-grains, and a stl'ong ta11l1in SoIlltion flows sideways nnclel' 
the Cov€l'-glass, the following is seen (eompal'e the figul'e). 

EXPLANATION OF THE l~IGURE. 
Magnified 200 times. 

Potato-staL'ch after prolonged boiling alld treatment with a tallnin solution 1'he 
gmins are by the boiJing chullged into WIe vesicJes with dissolved eontents. 1'he 
wal! of the vesiclcs eonsists of amyloeellulose tamylopeetose), thc eontents of gru-
1l\lJose (amylose), lhe latteL' being precipilated by the tallnin. 

At the momenl the tallnin comes into contact with them, the gl'aillR, 
which at til'st sight seem homogelleous, show 11 very distinct mem­
bmne tl?-rollgh whieh the tannin ea8iIy diffuses to the inside where 
it dil'ectly forms a characteristie pi·ecipi,tate. W"hen using <1. more 
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dilllte Sollltion 1) this pl'eeipita,te consists of liltle c!l'oplets in very, 
lively Bl'owJlian movement anc! with Et more concC'ntmied iallllin 
soll1tion, of solid pa,l,ticles, aelhering together a,nel filliug \lp tlle 
",hole inner space of the vesiele, This experiment is so simple aml 
cOllvineing that it cannot be doubted fOl'-a moment bl1t UJC boiled 
stal'ch-gl'ain consists of a solieI, sac-shapeel, ql1ite doseel wall, con­
taining a liquiel' 

How it is possible tllat this fad seems l1nknown I caunot llndel'­
stanc!, but I have nowltere found it nJentioned in the extensive lile-, 
1'atnre . tl,bOllt lhis snbject. 

'I'lJe liqniC! in' the yesicle is a granulose soll1tion, Ol' as is said 
, at t.he present day, an amylose soilltion, containing 0,6 gmm of the 
1 gl', originally used, w hich diifuses but witi} difficultly throllgh the walls 
into the slll'l'ounding watel', H, 110wever, the boiled starch is I'Ubbed 
fine with sa,nd the delicate sa~s bUl'Sl anel the gl'allulose solution 
cliffllses in lhe water, which Ihen beconies intensely blue witlJ iodine, 

That tILe wall consists of a ver,)' soft sllbstance may be obscl'ved 
as weIl by its gl'ea~ val'iability of' shape at pressure, as by the ease 
with ",hieh it is distended to' short threac1s by moving the covel'-glass, 
to which it adhel'es, when touched by it. Wben tlle boiled stareb­
gl'ains are washed out clnring some days with water constantly 
l'enewed, ir is possible finally to obtain tbe \'esicles without 
theil' rontents and fWed with water only; aftel' dl'ying tbey weigh 
,O,J gl', if one gl'. of stal'eh has been lIsed: With iodi~e they colol1l' J 

lighiel' than the gl'alllllose and somewbat violet, Wben pl'esel'ved 
(bey become partly solubIe in watel' containing clllol'ofol'lll. By Ien­
kodiastase they a1'e easily cOllvertecl into maltose and dextrine, qnite 
like granulose; by el'ytlll'ocliastase a little less easily, btolt a, mal'ked 
diffel'ence does nOL exist. 2) 

If tlJe boiling is etfecteel not in distillecl but in canal wa,l el', the 
starch shows astrong clisposition to pl'ecipitate whereby aftel' 24 
homs a layel' l'csults of I/a to 1/4 of t.he whole volullle ij' again 
1 010 sk'1!'ch is llsed. If 4 % stal:ch Öl' mOl'e is boileel in canal watel' 

1) Vet'Y much diluted lalmin solutions give 110 precipitate at all with stal'ch- or 
gl'an u'lose solutio11Fi. 

2) By leukodiaslase I undel'sland the slowly difTusing diastase secl'eled by the 
genus of germinated cOl'n'gl'ains, whiel! on slarch.gelatin plates, when trealed wilh 
iOllillC, prodllces difTusi0D fields whieh remain 'uncoloul'ed, By erythrodiaslase Lhe 
more quickly diffusing diastase of lhe endosperm of the grain, which On the saic1 
plates aftel' treating with iodine, is recognisible by the crythrodextl'ine reactÎon, 
WIJSMAN (De diast,ase beschouwd als mengsel yan maltase en dextrinase, Amster­
dam, 1889) called lellkodiaslase "dcxtrinase" and eJ'ythl'odiastase "maltase", but 
these lerms aré not weil chosen'. 
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no sedimentation ut all OCCUl'S, the swollell gl'ains aguin tOllching one 
another. The pl'ecipitation ma)' be caused in the stal'ch boiled with 
distillod ,"vatel' by adclition of dilute solutions of salts, arids, Ol' alkalies. 
At 0,001 °10 a slight contraction of the vesirles is alreacIy ;isible 
anel it l'eaches its maximum ut about 0,1 °10 . 1) With still stronger 
concentl'ations all acr,rcase ju thiclmess of the Pl'ecipitutecI layel' is 
observed, pl'obably beeause the vesicles then lose somewhat of their 
weight in the heavlel' liqllid. 2) As non-elech'ol)'tes sneh as rune sugur, 
meu, aeihylaleohol, uncl metllylalcohol, even in 1 °10 sollltions, cause 
no scdimentation ut all, it is evident that we have to deal here 
wilh all i0111'euCliol1, which perhaps will prove to be ver)' weIl apt 
for exuct meusure. Aethy luieoholof 5 °10 anel lllC'thylalcohol 
of 6 0/°' ho \I-ever, clislinctly b1'Îng the \Tesic]es to precipitation,' but 
then the supel'standing liquiel becOlnes l'athel' turbid, the dissolved 
gral1ulose precipitating also. Above 10 °10 methylalcohol tbe precipi­
tatlon is complete. 

If the stal'ch is boiled in dilute salt solutions, the volume of the 
sedimellt aftel' stunding i~ as large as if the bftlJ had been adcled 
later to the starrh boiled in distilled wuter. 

When fhe seclimentation is cansed by ummonium sulphate it is 
-easy to show that us weil the ammonium as the sulphnric ion are 
present in stl'oJlger coneentmtion in file pl'eeipitate than in the liquid 
above it .. 

The forcgoing is quite in accordance witll the result~ of an in­
vesiigalion of Mme Z. GATIN-(huZEWSKA. 3) By extraction of stal'ch 
with dilute canstic soela she obtainecl ~ solllble sllbstance, amylose, 
anel an insolnble rest of amylûpecLOse in about the same proporlion 
as the abol'e (0.6 und 0.4). Her view, hmvevel', of the 10ealisatiol1 of 
the two eonstitnen(s is unothel' than that which follows from my 
obseryatioJls. 

She says thai amy lopectose forms lilt Ie scules Ol' sacB, evidently 
cOl'l'esponding with (he luyers of the stal'ch-grain, 80 thut this con­
stituent wonlel occu!' us weil within as outside the gI'H,in, whilst, 
uceol'ding to my expcricnce, the whole inner portion dissolves in 
boiJing watol' and is homogeneous, the ontel'wall onl)' being insolnble 
anel ihus matel'iuIly different. 

1) No great llill'erence in the lhickness of the precip:lated layeL' (ca. 4 cm. fl'om 
a liquid layer of 17 cM.) was pel'ceptible aftel' 24 hours at room tempel'atUI'C 
when using 0,1 "/0 K~ H PO.l! KCI, Na Cl, (NH1)2 S04' Ca Cll , AI2 CIM K NO.l , 
HCI, or Na2 COJ • 

2) Marc diluLc solulions of Sl1~ar and urea do cause same sedimentation for a 
not yet explained reason, SU'onger solutions do the same perhaps because of cont(1," 
minalion by eleclrolytes. 

S) Comptes Rendus T. 146 p. 540, 1908. 
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Tbe words "amylose" and "amylopcctose" have fh'st been used 
by 1. MAQ.UEl\?lE aJld E. Roux, I) but they consider both these sub­
stanc;es as perfectly mixed and Bay: "L'empoix d'amidon est conslitué 
pal' une sollltion pat'faiLe el'amylose, épllissie pal' I'amylopectose" 
(I. c. pag. 219). 

That lVIAQ.UENNg, even aftel' the com11111nication' of Mme GATIN­

GIWZEWSKA, had by no means the view here given füllows from the ~ 
observations which he adds to the said communication. 2) 

The change of the teems "amylocelll1lose" and "gmnulose", so 
long existing in the literatul'e, into "amy lopectose" and "amylose" 
by MAQ.UENNE, seems not neces~ary. 

The diifel'ence betvveen tbe walls anel the cOJltenfs of the starch­
gmih pl'obably reposes on incl'uslation. We have Hamely to think 
the sllrface of the gl'ain as consisting of the albuminolls matter of 
tbe amyloplast mixed with tbe secl'eted granulose by wbieh the thns 
foi'med mixture has become insolnble in boiling walel'. This wOllld 
be jn accordance witb the general ObS81'\'ation, tbat incrusting sub­
stances highly alter the solubilily of bodies StlSCel5tibJe of imbibitioll, 
of which Ihe lignifiecl anel subel'ified eelI-walls of plant cells and 
talllled leathel' are good examples. This conception wOllld lead to the 
conclllSiol1 that tbe amyloplast does ol'iginally incl'ust the l1Iembrane 
of the siarch-gl'ain, but later draws back from it, whcl'ewith Ihe 
change of amylocellulose (amylopectose) into granulose (amylose) 
wOllld correspond. 

If this view is right the Cjllalltity of albnmiuous matter; whicb 
OCClll'S in the membrane, must be ,oelT smal!, fol' in the rate of 
nÎtl'ogen 110 distinct difference bet ween amJ locell ulose (amy lopectose) 
anel starch could be fonna, in both cases it being abont 5 milIigrams 
pel' 100 gt'ams of dry matter. 

l\1AQ.UHNKI<: says t hat his amy Iopectose is not cololll'ed by 
iodine; the amyJoceIIulose (amJlopectose) obtaineel fl'om stal'ch aftel' 
ex11'l1ction of the gl'anuloae (amylose) in the manner here described, 
pl'oves to colour violet bll\e with it. It is not impossible that in this 
case, too, a kind of inCl'llstation shou lel orcm', namely of an adsorptioll 
of grannlose in the all1yloceIllllose wal!, whicll then itsclf wOllld in 
pure condition l'emain nncolollred by iodine. 

All othel' species of starch examined by me bebave in the same 
way as potato-starch. 

1) Recherches SUl' l'amidon et la saccharification dias[asique. Ann. d_ Chimie et 
de Physique, 8e Série, T. 9, pag. 179, 1906 . 

. S) Observation SUl' la Note de Mme GATIN-GRUZr:WSKA. Comptes Rendus T. te6 
p. 542, 1908. 
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