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li ma,)' flll'ihel' bc lYICllLÏuued here ihal all the chcmicnls llsed wel'C 
exa,mined &cpantlely in tbe snme way to ascel'tain whethel' thc,)' 
containecl radium; iltis appeared not to be thc case. It is fUl'thel' 
notewol'tby th at cveLy solution, uOlh the aCld and the alkaline ones, 
were boilpd lwo Ol' tln'ee times, anel that the vaiues inserted in the 
table al'e the average ones of the l'eslllts obtained in the different 
expel'ÎIllenis. By fal' the g'l'eatel' part of the radium is fOlmd in the 
acid solution ; it was evell aften, - pal'ticularly fol' the rocks pOOl' 
in radium - not 10 be demonstrated at all in the alkaline liquid. 

It is seen thai ihis investigation yieills a similal' result as the 
IJl'eccding ones: tlLe I'ocks fl'um Sumatra have ,1. same 1'elalively high 
content of radIum of the oreler of magnitnde 10-12 g1'. pel' gramme. 

We shaJI nol, J el draw ally COI1CJUSiOllS concel'ning tbe problems, 
mcniioner! in Lhe inll'oduetion, bnt postpone lhem till a number of 
rocks ti'om Borneo have been discnssed in a following communication. 

Ano1'g. Cftem. Lrtbomtory University of Amste1'clam. 

Botany. - "On t/w stl'ltct'ttl'e of i/te nucleus and ka1'yokinesis in 
Closte1,ium Elt1'enbe1'gii .Men." By Prof. C. VAN WlSSNLINGIJ. 
(Connuunicatecl by Prof. J. W. MOLTJ). 

(Communicated in the meeting of ~une 25, 1910). 

While the SLructUl'e of tbe nucleus and the kal''yokinesis of Spi1'Og!J1'a 
have beell repea,tedly exarninecl, tbe nuclei of the genus Clostel'ium 
have mL'ely been the subject of investigation. l'his is the more 
l'ema,l'kable, because [he nuclei attain a considerable size. The few 
statements made in ihe literaiul'e about the strueture of the resting 
nucleus of Clostel'iwn chiefly amount 10 this that the nucleus agrees 
with that of other algae, especially f::J"'pi1'Ogy1'a; thus for in stance 
DE BARY 1) sttttes: Ein Zellkel'll VOll der für Spil'ogyl'a, Zygnema 
beschl'iebenen Siructlll' nimml clie MiUe "der Desrnidieenzelle ein. 
DJ~ WILDEMAN~) sayA: 1e noyau des Closteriwn est du même type 
que celui -des Cos7nm'ium et des Spt'l'o,qyra. The latter also g'ives 
some partieulars of the nucleus. According 10 DE WILDJl1l\fAN the 
ntlcleus is fOl'med by a l'otlllded Ol' reclangulal' mass, containing 
a large nucleolus at its centre. The nuct~us contains hardly any 

1) A. Dl:: BAllY, Untersuchungen libel' die l~amilie del' Conjugaten, 1858, p. 40. 
2) E. DE WILDmIAN, Recherches au sujet de l'influence de la température SUl' la 

n~ul'che, la dUl'ée et la l'réquence de la caryokinèse dans Ie règne végétal, Extrait 
des Anllules de lu Sociélé belge de micL'ose., t. XV, 1891, p. 47 and following. 



- 3 -

( 366 ) 

clJr()matin, while the nucleolus staint': \'CI')' dceply, no matter what 
reagent is used. It is remarkn,ble, that DE WnDmrAN in his investi­
~atioJ1s of living matel'jal, came io l'esnlts somewhat difTel'eIlÎ fl'om 
Ihose obtained with fixed malm·jnl. In thc living ll1atel·jal he found 
considerable val'iation. In some cases the nucleolus was l'oundcd, as 
in the fixed material, hl otbe1' cases, howevel', the ceIltL'al mass was 
of a g1'anula1' substance, and missed definite shape. DE WILDEM:AN~ 
could aften distinguish small globllles, which were separate or united. 
The number of ihese small bodies decreased by fusion. 

The accoun Is in the literatul'e of the n llcleal' di vision of Clostel'iu7n 
al'e as scal'ce as those of the stl'llctlll'e of the nucleus. Same investi­
gálol's, especiaUy FIscmm 1), HAUPT.I!'LT~ISCII e) and LÜ'l'KElIIÜUgR. 3) have 
examine(! the division of Closterium in detail, but their in­
vestigatians l'efe1' almast exclu'3ively to the cell-wall. Several investi­
gatol's, ineluding FISCHER 4) and D"E WIWEl\fAN 5) have dil'ected attentiol1 
to the division of the chromatopho1'es, whirh begins befare Ol' dllring 
the lluclear- and cell-division, and to the movement of Ihe daughtel'­
lluclei aJong the eell-wall fa tbe places where the chl'omatophol'es 
are divided into Lwo. FrscHER fUl'ther mentions thai several nuclcar 
badies Oteul' in thc danghtel'-nuclei. 

'fIle most important data cOllee1'l1ing the nneJeaJ' diYision have 
eel'tainl.y, been flll'llished by KUWAIIN ij J. His investigations refer to 
the gel'minating z,)'gotes, 'in whieh he obsel'ved 1he llnian of both 
nllclei to one, the mitotÏe division of this nucleus into t.WQ equal 
daughtel'-nnclei anJ tbe subseqnent mitosil:i of these dallghtel'-nuclei, 
whieh bJ' thai pl'oeess eaeh pl'adure two unequal 11 uclei. The figures 
of KLEBARN cleady show that the nuclei divide by mitosis, and that 
in tl1Îs di\'ision spindIe f01'l11ation takes plaee. Th€' nuclear- and cell­
division of the vegetatire cells was not examilled by KLEBAITN. 

It is evident ftoom the above summal'y of the l'esults of val'ious 
authol's, that QUl' knowledge about the nuc]eal' stl'llctlll'e of Clo8te­
teJ'ium is still vel'J' incomplete. l'he accounts of some investigators 
of the resemblanee of the nuclei of Closteriwn lO thoGe of 

I) A. l<'rscHER, Uebet" die ZeJlteilung der Closterien, Bot. Zeitung, 1833, N0. 14, 
p. 225. 

2) P. HAUP'l'FLI:rSCH, Zellmembl"flll unc1 Hiillgallerte der Desmidiaceen, Inaugmal· 
Di'Sserlalion, 1883. 

3) J. LÜ'l'KEMiiLLI:R, Die Zrllmembran der Desmidiaceen, Beitriige ZUl" Biologie del" 
Pflanzen (Cohn), VIII. Bd., 1902, p. 31,7 . 

. 1) 1. c. p. 226, 232 and 233. 
ti) 1. c.~ p. 50, 51 aud 53. 
0) H. KLI:BAHN, Studien über Zygoten, I, Die Keimung von Closlel'ium und 

Cosmal;ium, Pl"ingf;lteim's Jahl'b. für wiss. Botanik, XXII. Bd., p. 420 et seq. 
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Spi7'ogyl'a and other Conjug.1tae have especially litLle value, because 
th ere is not even a de~nite consensus of opinion among botanists as to 
tlie sll'uctul'e of thc Spi/'om/J'(( nu('~us, which has been so ft'eqnently 
examined. 11'01' inshl,l1ce, how different are the views about lIJe nucleolus 
of 8pirog,ljl'a. Some' take it as identical with the nucleoli which 
occu!' in the vegetable kingdom generally, while others regard it as 
a srnall nucleus lying in a larger one. Hence the mere statem<?nt 
that the nucleus of ClosteJ,iwn agl'ees with that of Sph'vgyra men/ns 
but little. Fl1l'thel' investigations will have to show whethel' the 
nucleolns of ClosteJ'i1Lln indeed agl'ees with that of ,SlJiJ'ogyra; i. e. 
w1JctheL' it is an ordinal''y nl1clcolns, Ol' something cOl'l'esponding to 
a small nucleus, 01' something el se. Tlle val'iations in the nucleus of 
Clostel'ium, mentioned by DE VVILDEl\fAN certainly heighten the interest 
in ihis point of investigation. 

The investigations of the \'cgetative nllcleal' divisiolJ in Ciosteriwn 
11a\'o bl'ougbL but little to light. ThllS iL is not even cel'tain, whether 
tlle nuclenr clivision is a mitosis. This mny anI,)' be thought probabIe 
in connection with tbe resIlIls Wllich Kr.EBAHN obta,ined with germi­
nating zygotcs and bacallse the nuclei n150 divide b,r mitosis into other 
C0?7ju/]iltae. Whe!ber chl'omosomes m'ise, whethel' a spindIe is formed 
\VImt dHwges tbe nucleolus undel'goes, of all these cardinal points 
in tiJe investigalion of tbc ktU')'okincsis of ClosteJ'iwn nothing is 
kncwn as J'ct. . 

.lV1a,IlY yeal's ago I intenc1ecl to examine the l1nc]e::H' and ceU division 
of Uloste1'iwn. More t11nn onee 1 had to give up lIly attempts fol' 
Inck of sufûcient matel'ial, nntil in .i.\Inl'ch anel April 1910' I was 
able to cllltivate Clostel'iwn E/mmbar,qii Men. for some time Sl1ccess­
fully sa that at last 1 had at my disposal a vel'J' abundant and 
hraltby matel'ia.l wilh nllmer01l3 stages of c1ivision, whi<:h enabled 
me (0 examine repeatedly all occl1l'l'ing stages of elivision. 

Fixed matel'ial had to be llsed fOl' tlle iu vcstigation because not 
mnch is visible of lhe nuclear di\'ision in liVIng lTItlteril1I, even less 
tball in SpiJ'ogyra; FJ,ll.Mi\l1NG'S mixtme was used fol' fixation (1 g. 
chrornic acid, 6 g. glacial acetic acid, 0.5 g. osmic acid, 120 e.c. 
distilled water). To bring the nl1clear figures into pl'ominence a 
SOll1tiOll of chromic acid wns uscd. With the help of th is the cyto­
plasm witb the chl'omatophol'es ancl the SliLl'{'h was dissolved. When 
this has happenecl the flat nuelei turn over, wltich is of great ad van­
tage, becanse it eml,blcs one to examine micl'oscopicnlly the same 
nucleus in a horÏzontal and in a vCl'tical position; this appIies to 
tbe resling lIucleus as weil as to the val'ions stages of division. Aftel' 
more pl'olonged action the chl'omic acid also dissolres the nuclei, 
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uut (lIe c1iIIcrCllt pnrts ,we c1issolved to ,til lllleqllal exlcnt. TlJis 
CÏ1'cumsta,nce ma)' tl1e1'e1'o1'o also cont1'ibule 10 n wider lmow lellge of 
the nucleal' strnclnrc. Sometimes the material was examined aftel' it 
had been acted on by Chl'Olllic acid for some time, washec! anc! 
stained with "Bl'illanlblau exlm gl'ilJllich". I vvill Olllit the details of 
this method because I have nlready deseribed it in all earlier publi­
cn.tion 1). I ani,)' wiElh to point out thai the maLerial lias La be very / 
C~trefL111y tl'eated with FY,JI:ilfiUING'S Elolution. By this tl'eaiment Ihe 
nuclei must obtain a g1'eat l'esistaJlce 10 chl'omic acid; on the olhel' 
hand tbc cytoplasll1 with the chl'omatophol'es I1nd 1,he staréh _must 
slowly dissoJve in tbe chromic acid solution, without conlracting Ol' 

losing their clefinite ol1tline. For tbis purpose the material was fixecl 
with a. smalL quantity of IhElIIllIlNG'S mixture anel wa" elaily exnmined 
1,0 sec whethe1' tbe nction hnd been suflicient nncl if necessary more 
of the FI,ElIIMING'S mhture was addecl. 

In this paper the l'esults of 111y investigalion wil! be meIJtionecl, 
ns ütr as they concern the structure nnd the divisioll of tlle nucleus. 
Before doing' so I must briefty indicnte my stand"point with respect 
1.0 the different views of the nucleal' struc(,ure and ihe karyokinesis 
in SZJiroYVl'a, fol' otherwisc it would not be elenr what I mean by 
snch expressions as cOl'l'esponding 10 Ol" different from SpiJ'vyy'l'a. 
Aftel' my last publicatiol1s on the lmryokillesis of Spi1'o,fJ,l/m, I have 
more than once retul'l1ed to the subject, not only with species 
about which I had written before, uut. nlso with othel's. In 110 

case dicl these in vestigations raise cloubt ns to the endier resuJts. 
On the whole tlle newly examined speciys diffel'ecl ver)' lilde ti'om 
iJwse tlmt had been e.xnmined befare. Tbc investigaLion of a species 
l'eceivecl from England ttlone led 10 new 1"esu1ls of which I hope 
to give an account later. 

Ncve1'theless all the species ex.amiued agree in this, that Llte 
nucleolus or t}le nucleoli must be t'egarded as small nuclei insicle a 

1) Ueber den Nuck:olus von Spirogyra, Bin Beilrag ZUl' Kenutnis der Karyokiucse, 
Bol. Zeitung, 56. Jahrg. 1898, 1. Abt. p. 199. 

Ueber das Kernge1'üst, Zweitel' Beitrag ZUl' Kenntnis der Karyokinese, Bot. Zei. 
tung, 57. Jahrg., 1899, 1. Abt., p. 155. 

Ueber Kernteilung bei Spirogyl'a, Driller Beilrag ZUl" Kennlllis der Karyakinese, 
1.'lora ader Allgem. Bot. Zeitung, 1900, 87. Bd. 4. Heft, p. 356. 

Ueber abnormale Kernteilullg, l"ünftel' Beilrag ZUl' Kenntnis del' ({aryakinese, 
Bot. Zeitung, 61. Jahrg., 1903, 1. Abt. p. 210. 

Uebet· die Karyokinese bei Oedogonium, Sechster Beilrag zur Kellntnis deL' 
Karyokinese, Beihefte :::um Botun. Centralblatt, Bd. XXUI, 1908, Abt. 1, IJ. 138, 
13\), 148 et seq. 
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hu'ge OlIe, a view w,hiclt u,gt'CCti with the Oj)llllOll of CAIWOY 1)) wbo 
ilrst drew n.ttention to the intet'eslillg slI:uelure of Ihe nucleolus of 
Spi1'vH//1'a. As I hn.ve found, Z) all1he detail., whicll can be distinguished 
in a llucleus cn.n also, by suitable 111eans, he demonstrated in the 
IlucleoIufl of SpiJ'ofJY'rll, llamely: a wall anel contents, con1aining 
olle Ol' two tlll'cn.cls, ot' a netwol'k, snclt as nuclei usually have, 
in addition to a snbstance which ll1a.y be compa.l'ed to tha1 of 
orelinary nucleoli. As a rule these elements of lhe contents do not 
entirely fiJl up the space inside the nucleolus alld ('iwities containing 
flniel may further be clisLinguishecl inside ii. Also in their clivisioll the 
nucleoli of Spi?'ogYl'a show ver}' important points of agreement with 
nuclei, for instance the elissol ving of the wall anel of the substance 
agreeing wilh t!tat of ordinat'y llucleoli a.nd llte longiludinal splitting 
of bodies which are compa1'l1ble to chl'omosomes. 

Tbe nuclei of f3pi1'Om/1Yl are, as fat' a.s the research extenels, 
elistinguished from all vegetable nuclei by theü' l'emal'kable nucleoh. 
It is selt:'evident therefOl'e that in exalllining the nuclei of Clostel'ium, 
which are still so little known, I paiel special attention to the 
nucleoli, the peculiar a.ppel1l'ance of which had al ready attracteel the 
attention of investiga~o]'s. The answer to the question, whethel' 
Clostel'iwn possesses a.s l'emal'kable nucleoli as those of SL)i1'ogyra 
and whethel' thel'efol'e bOtll these Conjngatae ag1'ee in tbis respect, 
was thus an important point of investigation fot· me. In other respects 
a.lso 1 have, howe,'e1', endeavoured 10 bring to light as mllch as 
possibl"e cOl1cerning the nuclear structure and karyokinesis. 

Resting nucleus. The unicellular plants possess a :sillg'le nucleus. 
As a rille it is found neal' the centre of the ceH, i.e. it is about 
équidistant frolll both apiees of tbe cell and everywhere abouL 
equidistant fl'om the cell-wall, which witit regard to the nucleus is 
concave on one side, convex on the opposite siele. Often, however, 
the nucleus is somewhat nem'er to one end than Lo the ot/lel' anel 
it occasionally lies cOl1sielerably nearet' LO that pa!'t of the wall, 
-\vhich turns its concave side town,rels Lhe nucleus. 
, Al:; fat' as its shape is concel'neel the nucleus of Clostel'ium, agrees 
with that of /:)'pi1'o,qyra, fol' it is fla.ttenecl, appeal'ing oval when 
"ieweel fl'om above anel Cil'Clllal' when vieweel sidewa.ys. 'rhe 
position of the nucleus in the cell a.lso agl'ees with tha.t seen in 
f?piro,qyra. The fla.ttened pol es are tllrned towal'ds the apices of the 

1) J. B. CARNOY. Biologic cellulaire, fase. 1, p, 286. 
g) Ueber den Nucleolus von Spirogyt'a, 1. c. p. 220 et seq. Ueber Kel'nteilung 

bei Spil'ogym 1. c. p. 374 et seq. p. 359 anel 3liO. Debcr abnol'male KCl'l1tcilung, 
1. c. p. 215 et seq. and 241. 
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cello The size of the nuclei surpasses that of the nuclei of Spirogym. 
Observations on the diameter of nuclei of Closterium Ehrenbergii 
and of some thick species of the genus Spi1'ogyra are given below. 

Closterium El~l'enbe1'gii jJ1en. from 37 ~to 66 .u, average 53 11, 

found nea1' Groningen. 
Spil'ogyra cmssa J(tz. fl'om 40 to 44 p, average 42 .u, found I 

nea1' Utrecht and determined by MOLL 1). 
Spi1'ogyra 1JUlaJinw (Bass.) l'Vittz. from 31 to 40 p, average 36 ti, 

found near Groningen. 
Spi?'ogym t1'ifol'mi~ n. sp. (with 6 chl'omosomes in the equatorial' 

plate Z) from 27 ta 31 p, average 28,5 lt, found nea1' Steenwijk. 
Spi1'ogyra setifo1'7nis (Roth.) Kg. from 27 to 31 F, average 27 ft,' 

found near Steenwijk. 
In the nucleus of Closte1'Ïwn Eltl'enbe1'gii there may be distingnished ' 

the same component part:;, as generally occu1' in nuclei namely 
tlte nnclear wall, tbe netwo1'k, the nucleolus or the nucleoli and 
the nuclcar fluid. Tbe wall of the nucleus is thin; it seems to be 
thinner than that of Sph'ogYl'a. It canno\' long l'esist the influence 
of chromic acid. The network has a delicate, regular, reticulate 
structure. The nucleolus has a peculiar appenrance. It consists of a 
collection of 1nore or 1ess l'ounded polJhedral bodies, whirh are 
mObtly n,ttached tO olle another, but still may quite weJl be 
distinguished sepal'ntely. When the netwol'k has dissol veJ in 
chromic acid, it may easily be obsel'ved that many of the small 
bodies are joined, Each body may oe regarded as a separate' small 
nucleolus and the whole as a collection of small nucleoli. Amongst 
these oeeasiona/ly one Ol' a few oeenr wbich are consiclerably lal'ger, 
and also more Ol' less sphel'icaL It 8eems to me th at the small 
nucleoli !ie in the mesheó of the network whieh probahly 
prevents t!Jeir fusion to one great nucleolus. In dealil1g with tbe 
lutl'j'okinesis we will sho w i!mt there are good 1'eaSOl1S f'or tItis 
view, as weU as fol' tlle concll1sion that they cOl1sist of a fluid 
substal1ce. rrhe small nncleoli ngree with those which are genel'ally 
foul1d in the vegelable kingdom and not with t110se nOl'mally o('('u1'­
ring in Spi1'ogyr'a. They al'e Hot at all to be compared with smal! 
nuclei. They have no wall, l1eithe1' is the collection of nncleoli 
surrounded by' a waU, nol' cau threads be distinguished in it as 
integral eIements or be liberated' from it by means of chromie acid, 
as is the case with the nucleoli in the nuclei of Spirogyra. 

1) J. W, MOLL, Observalions on Kal'yokinesis in Spil'ogynt, Verhandelingt>n del' 
Kóninkl. t\.kad. van Welenseh. te Amsterdam, 2e sect. D. 1. N°. n, p. lG. 

2) U. VAN WlSSr:LlNGII, Uebel' Kcrnleilung bei Spil'ogyra, 1. c: p. 356 und' 362. 
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In ClosteJ'ittm E/l1'enb81'[}ii I have 1I0t fOllnd important varia,tions 
of the nucleoli in different nuclei, such as should occur according to 

<DE WILDEMAN. It is true that the small nucleoli in the nucleus seem 
to form a more compact mass ih the one than in the othe1' which 
p1'obably has led DE WILDEMAN to distinguish two different types. 
I have not howeve1' fOllnd e8sential points of difference. 

Kal'yokinesis. When in Closte'f'ium Eh1'enbe7'pii division is about to 
take place, modifications occur in the cytoplasl11 as weU as in the 
nucleus. At some distance from the nucleus both chromatophores 
show a constriction as thE' beginning of a divisiol1 into two. Cytoplasm 
coUects near the nucleuR and the latter also shows considerable 
modifications. The nucleoli become distributed in the nucleus. The 
nuclear wall is dissolved and the networlc forms visible th1'eads. 
The most striking of these th1'ee processes is the dist1'ibution 
of the numerous nucleoli in the nucleus. The thl'eads arising ft'om 
tbe networlc are at first rosary-like. They slowly contract to 
form a great number of short thick threads or chromof:iomes. 
lVIeanwhile many nucleoli unite so that of ten large globulE's arise. 
The modifications which the networlc undel'goes, seem to go hand 
in hand with the 11nion of the nucleoli. By the contraction of 
the networlc to broad threads the nucleoli seem to have more oppor­
tunity for fllSioll. The numel'ons nucleoli sometimes prevent the 
distinct obseryation of tbe chromosomes. When the action of the chromic 
acid somewhat disintegrates the nuclear figure the chromosomes become 
distinctly visible. The fusion of the nucleoli to globules shows that 
they consist of a Huid substance. A large proportion of the nucleoli 
get outside the nucleus; in conscquence of this a great munber of 

,globnles of different si zes are seen on either side of the nucleus. 
Gradually these dissol \Ie in the cytoplasm. 

Wben the nucleus has umlergone the above mentioned modificatiolls, 
the formation of tbe equatorial plate begins. The chl'omosomes move 
to the plane passing through the CquH,tOl' of the nucleus alld finally 
ihey aU lie iu lhat {lIane. Thus t.he equatorial pln.te has been 
fOl'med. The latter has thc following peculial'ities. It is flat, se en 
sideways ~ it is almost l'ound. It is of a considerable size. The dia­
meter is fl'om 26 to 40 1/ on an average 35 ,ti. Althollgh the 
structure of the equatol'ial plate is rather fa,yourable for the de ter­
mination of the number of chromosomes, tlle latter are so numerous 
that I have not succeeded in cOl1nting them exactly. Thel'e are more 
tban sixty. Just as in other cases (SpiJ'ogym, 1), embryosac 2) of 

1) Ueber den Nucleolus von Spirogyra, l.c. p. 209. 
2) Ueber das Kerngerüst, l.c. p. 168. 
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Fl'itillrl1'irt anel LeucojwlI, Oerlo,ljonill1n 1) the chl'ol1losome& are not 
q uite fl'ee in Ihe cytopll1sm but form a connected whole b.v men,n& of' 
delicate fibres. The cytoplasm ma~r be dissolved tlnd the enth'e equatol'ial 
phlte isolateel by trenting materinI, fixelr with FJ,ElI1l\lING'S mixtme, 
with chrornic acid solntion. The oveL'tl1l'ned eqnatol'ial plttte is fOl1l1d 
flonting allel at th'st the e11l'0mosornes keep theil' original position with 
respect to etlch othel'. DJ\I)' tlfter pl'olongeel actioll tlle)' become loose 
n,ncl separate. The chromosomes differ in lengti!. In general the)' are 
short, most of thern ver~' short; the longer olles pl'otrucle frorn Ol1e 
of the sides of the eqmltol'ial plate. Their slmpe varies ; sorne, especially 
the smaller ones are straight Ol' slightly !1f>nt. Otllers are bent in 
different ways and form J-, S-, 1.1-, U-, V-shaped and other fignl'es. 
Longituclinally they show tt lil1e w hich il1elientes the place where 
they will split into two. 

As fo11ow5 from wha( has been snicl I1bove, Clostel'iwn agnin 
supplies nn example of a nueleus witl! chl'ornosoll1es of vm'ying 
lengti!. FOt'merly this phenomenon attl'aeterl little aUention in the 
vegetable ldngelom. In 1898 l~) pointeel out tbat in Spirogym two 
of the twelve chrolllosomes cliffel' ft'om the otl!ers in havillg tl thinner 
enel from \V h lch a small t hl'eael-like body coulel be isolatecl whieh 
wns rathel' l'esisinnt to tbe nel ion of cbromic ncid, when the rest 
of the chl'omosomes had nlt'enely been dissolvecl. Tbe two aberrant 
chl'oll1osomes were often tl litUe longer tban the others. Ltlter on I 
noticed (wo corresponding clll'omosomes in a Spi/'oy/p'a-species in 
which the whole Ilull1bel' of chl'omosomes was six 3). In C'losteriwn 
lhe cht'omosomes onl,)' difrer in length. In 1905 thi!; phenomenon 
was notieed in the vegetnble kingc10m b.r ]~OSENBERG 4) lltlmely in 
Listem anel in 1908 b,)' myself ij) in Oedogoniwn; htet' it hns n.1so 
been noticed in otller plants. 

The c1ivision of the eqnntol'ial pla.te into two ha.lves nnd the sepnmLion 
of these hal VC~ takes plnce in the orclinary Wtly. The chromosomes split 
10ng·itlldinnl1y. When the haJves of the plate sepamte tbe encls of Ihe 
ch!'oll1osomes 1'emnin togethel' longest. Consequently both hnlves often 
forIll l'homboiclnl figllt'oS anel biel' on when sepal'aled V-fOt'meel Olles with 
the al'rns poinLing 10 each ollte!'. This especially OCCUl'S wilJt lhe smaller 
Ch1'0111080me8. Wïl h tlte longel' ehrotnosomes first tl18 pl1rts thai are 

1) Ueber die K,U'yokinese bei Oedogonium, l.c. p 140. 
2) Ueber den Nucleolus von Spirogyra, l.c. p. 205 et seq. 
3) Ueber Kernteilung bei Spirogyra, l.c. p, 147. 
l) Z1Il' Kenntnis der Rcduktionsleilullg in Pflallzcn, Botan, Nolisel', 1905/ Sepa­

ralabdr. p. 9. 
:i) Ueber die Karyokinese bei Oedogollium. l.c. p. 141. 
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united with oL11el' chl'omoiomes split anti aJterwat'clb the free pl'okn­
c1illg pOl'Lions, When the halyes of the equatorial plale separate the 
halves of these chromosomes remain connected for a longer time fit 
theit' free ends than at tEe ends which are not fI'ee, Fina,lly these 
halves of the chl'omosornes also sepat'ate complete!y, During the 
acLion of the chl'omic acid the above mentioned pa,rticnlal's are 
reaclily ousel'vahle, The l'homboic1al, V-shapecl ftnd othel' figl1l'es vvhich 
al'ise ft'om Ihe splitting chrolllosomes become entil'ely free, 

The hahres of the eq natol'ittl plate become smaller w hile they separate, 
At the S[Ll!1e time the free pads of the longel' chromosomes turn 
more Ol' less ont warels ; tlms tltet'e is also = eleveloped)n Closteriam 
lhe typical aspect pecl1lial' to the phase knowl1 as cliastel', 

As I Il[LVe l'emarkeel above, the nucleoli get into the cytoplasm, 
whel'e they fOl'm on both sic1es of the l111clear-figl1l'e a llllmber of 
gl'catel' anel smallel' globllles, lt not infl'equently hap pens that at first 
a pOl'tion of the nucleoli l'emaillS behind attacheel to the eql1a.torial 
plute between the C'hl'omosomes anc! sornetimes considel'able globules 
anti masses n,I'e fOllnd bet ween and on the separating hal ves of the 
eq uatol'Ïal plate, 

vVhen t he equa,tol'ial plnte bas beeIl formeel the fOl'mation of tbe 
Ü'tl,nsvel'se wall also begins, Thc tml1sverse wnlI develops in n Wtl,Y 
cOl'l'esponding to that of Sptro,(/yra, The pl'ocess uegins at tbe cell­
waH anc! cOlltinues l11w<1rds nntil the ceIl is divielecl into two daughter­
cells by a flat cliaphragll1, In Closte1'iwn this process is folIo wed by 
a,nolhel' one, namely by, tlte splitting of tbe ceIl-wal!. Thel'e where 
the lmnsvel'se wnU m'ises, the cell acquil'es a const1'Ïction, which 
becomes cleepcl' anti cleepel' nncl is accompaniecl by a fission of the 
wall of Ule 1110ther cell anel with a splitting of lhe trallsvel'se wtl.ll, 
the hal ves of which c1evelop strongly aftel' splitting, 

Tbe eqllatol'Ïal pIn,Le is slll'l'onncled by Lhe spincIle, l'his m'ises 1'rom 
tlle cytoplaSlll s\1l'l'onnding the nucleus, 111 aecOl'clance Witll Ihe size 
of tbe lluclem; anel of the eqnatol'ial plate the spinclle is \Viele unt it 
is not st l'ongl.r developed, fal' less t.han in Sph'og.lJ]'a, Tlle spinclle 
fibL'es m'e _cleliCnle anti !llin. I have poinrecl out berore 1) [hat the 
spindie of the nucleus in 8piJ'ogyra most pl'obably contributes to the 
l'eguIn,Lioll anti accelemtion of the sepamtion of the daughter-nnclei; 
Lhal whon IlO spindIe Ol' an impel'fect spincIle is formeel, th is sepa­
l'tl,tion goes ll1uch more slowJy anel that throngh the elevelopment 
of tlte spinclle the claughtel' nuclei are also driven apart, when tbe 
nuclons Ims been fOl'ced fl'Olll its place by centl'ifugillg, anel with 

1) ZUl' Physiologie der Spirogyrazellc, Bcihcfle zum Holml, Centra1blutl, Bd, 
XXIV (1908), Abt, 1, p, 147. 
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chl'omatophores anel pl'otoplasm bas been pressed against the wall. 
On account of what has been saiel above I am inclineel to connect 
the infel'iol' development of tbe spin dIe in Closter'imn, witl! tIle way 
in which the danghtcl'l1uclei go to their appoil1ted places in the 
dallgh tercells. 

In Spirogyra the e1n,ugllter nuclei are widely separatccl by the 
development of the spindIe, bO that each almost immeeliately 
takes up its appointed pi ace, while in Closferiwn, in which the 
spillclle does not e1evelop as strongly as in Spil'opyra and e1issolves 
more quickly in the cytopJasm, the e1Hughter 11l1clei at til'st do not 
SepHl'ate so faro Aftel' tbe trûl1sverse wall has been formeel, the 
dallghter-nuclei iu Closte1'iU1n are Ht a small distance ti'om this­
on eitber side. Next they moye along the cel! wall to the places, 
where the chl'omatophores e1iviele into two. First tbey move along 
the transverse wall anel llext along tbe waIl of the mothel'-cell, on 
that side which is uent most. In the daughter-nuclei they take a 
pI ace between the two cbromatophol'es, whirh have m'isen by division 
from a single chromatophore of tbe mother-cell. 

As a mIe the nuclear spinel Ie in Closte7'iwn is developecl regu­
lady. lf, ho wever, the nucleus is not situatecl in the micldle of the 
transverse plane of the ceU, but more on that sicle which is most 
stl'ungly cm'veel, the spinelle-fibres extend more on the opposite side. 

The lw.Ives of tbe equatorialplate develop to daughtel'-nuclei in 
tIle following w[ty. They become SUl'l'OllUded by a w[tU [tnd thc 
chromosomes gradually c1evelop to a fine nel work. At fiL'st tbese 
get a looser strl1rture [tncI more [tncl more l'esemble tbrea.ds 
of beacls; soon tbey cau no longer be c1istinguished fi'om one 
anothel' ; they seem to form a tissue of fine threads of beads [tnd 
in the end tbey constitute a clelicate uehvol'k. Ti is c1ifïicult to incli­
c[tte the exact moment [tl \vhich Uw yOllng c1mlgbtel'-nuclei berol1Je 
sl1l'l'oundeel .by a, wall. Very soon l111merOUs little nucleoli [tppeal' in 
the elaughtel'-nllClei between the thl'eaclwork. The,v cotlle Bem'cr to 
each other, form some small l11[tbses anel fin[tlly Olle gl'eat centml 
whole Ol' a, collertioll of nucleoli. When the young' c1anghteI'-nllClei 
are still founcl near the transverse wal!, the nucleol i m'e still blwe[tcl 
in great quantities all over the nucleus. When the nncleus [tITi,'e::; 
between the two chromatophol'es of the c1mlghtel' cell, they fOL'm [t 
few mai'3ses. This bas led to the conclnsion that [tt fh'st I he dallgbtel'­
nuclei have not one, but sevel'al lIucleoli. 'l'}le c1rwghtel'-nuelei m'e 
flat, lilie the resting nucleus. On lheir way [tJOl1g tbc cellwnIl their 
sha.pe more Ol' less [tcl[tpts ilselt' io the cil'cull1sl[tnces i i1l 1l1[t!üng 
CUl'\'es the nuclei are bent. 
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Above I have briefly c1cscl'ibed the stl'uctl1l'e of the nuclells anel 
the details of tlle kal'yokinesis in Clustel'7:tl7n Eltl'enbe7'fJlï. As nppea,L'S 
ti'om what hns been said the nucleus, as fn,r as the nucleoli are 
concel'ned, does not agl'ee with tlle nuclei of Spiro,qyra, as earliel' 
ü1Vestigators have supposed. In this respect the nucleus of Closte­
j·Ï7.mt differs on an important point from those of Spi1'ogyra, na,mel)" , 
it does not possess a nucleolus which may be identified as Ol' 

compal'ed wUh a nucleus. The nuclei agree with nuclei, which are 
genel'ally found among plants, especially the higher plants. Never­
theless they show one peculiarity: the nucleoli which are incleecl 
present in gl'eat llumbers, farm in the middle of tlle nncleus a con-
glomeration. . 

The nucleus divi<1es by karyokinesis or mitosis. All phenomena 
which generally occur, also take p]ace in Clostel'imn. In Clostel'iwn 
the nuclear clivision pl'esents the fallowing particulal's : tbe distl'ibutiol1 
of the nucleoli in the nucleus anel their extrnslol1 into t11e cytoplasm, 
the great flat equatorial plate, the gJ'eat number of chromosornes 
which is more than 60, the different length of tlle chl'omosomes, 
which in general are short and of which the langer ones on1y have 
fl'ee ends, pl'Otruding siclewarcls, the wide, feebly developed spindIe 
and the tral1s1ocation of tlte daughtel'-nuelei along the eeUwall. 

Later I hope to give a more eletailed account of the karyokincsis 
in Closteriwn nnd to illustl'ate with fig'!1l'es the above menLioned 
l'esults. In th is paper hal'dly anything has been sa,iel about tlle 
eeU division and the growth of the cellwall. To this I also hope 
to reLer latel'. 

Mathematics. - "On t!te J'elation between tlte vertices of a d~jinite 
süxlimensional ZJo~ljtope anc! tlte lines of a Cltbic .~w1ace". 
By Prof. P. H. ScnouTE. 

1. In his investign,tion about semiregular polytopes, anel polytopes 
possessing a higher degl'ee of l'eguln,l'ity iVIr. E. L. El/1'E, whose 
clissel'tation is to appeal' shortly has met with a sixctÎ1uensiona.l 

3 
polytope of elegrce of regulal'ity 4 with 27 \'ert.ices. Om aim here 

is to poillt out. the complete curresponelence in l'elations of position 
between the 27 vertices of this polytope and' the 27 lines of' a 
cubic smofacc. 

The symbol of the chu.nwLeristic numbers of tbis polyLope is 

(27, 216, 720, 1080, 432 + 216, 72 + 27), 
24 

Proceedinss HOyl:\.l ACl:\.d. Amsterdl:\.ID. Vol. XilI. 


