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~[ore than two and It half centuries have elapsed since 
Leeuwenhoek, It Dutch naturalist, discovered an unknown 
world of microscopic animals-the Protozoa. Many thou. 
sands of species have now been described and studied, and 
their varied forms, structures, and activities never fail to 
fascinate the observer. 

Although Protozoa vary i ll size trom one-ha lf to one 
twenty-fit..e thousandths of an inch, each is an independent 
self-per petua ting uni t of prot oplasm with the cha rac te rs of 
a sing le cell. Few obse rvers allow their imaginations to go 
buck over tilt> past history of any une of these animated bits 
of living substance, and few realize that its protoplasm has 
been continuously living since the begi nnings of life and. 
harring- accidents, has the abili ty to live ind efinitely in the 
future. This miraculous phenomenon is what I mean by 
"<protoplasmic longevity" and in th e present paper I shall 
deal main ly with the factors which control thi s longevi ty in 
Protozoa. 

What is true of Protozoa is a lso true of every other type 
Clf living thing, including IIUln, for protoplasm always has 
the sume attr-ibu tes. It is more eas ily studied in these uni
cellular animals thnn ill othe r types and the cont rolling' factors 
ur'e more obvious. . 

Before discussing the fuctc rs which have tu do with 
long-evit y, let lilt' consider one matter of great importance, 
viz. UIf' concept of protoplnsmic organization. You nU rec
ognize without reflecti on a sta r-fish, a sea-urchin, a fi sh, a 
frog or toed, a reptile, a bird or mammal. You recognize 
them at once from their adu lt st ructures. You do not stop 
to reflect th at each one of these comes from a minute hit of 
protoplasm, the ,-'g-g cell, which is no larger than a protozoon. 
Th ese adult st ructures constitute the deri ved orgmliiatWlI , 
i. e. derived th rough processes of growth and differentiation 
in th e COUt1H"! of development from th e single egg cells . The 
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protoplasm of an ~J..,rg cell has what I have caned the funda
mental orgrmLzatiotl of the speci es. The fundame ntal organi
zation gives ri se by development to the finished adult w ith 
it s derived org-aniza tion . It is quite obvious that the egg 
('('II of a sta r-fish is 8 8 d ifferent from the eg-g cell oC a sea
urchi n 8M the star-fish is different Cram a sea-urchin, a nd 
yet the egg cells of th ese uninmls a re so simi lar that only 
a specialist can tell them apart. F urtherm ore, thi s Cunda
mental organizatio n of the ~~~, when subjected to the same 
:O:C riCH o f en vi ronnu-n ta l sti mul i, a lway!' gives r ise to the same 
type of deri ved organization . In'IJ('e the members of the same 
species of anima l!' are a lways a like. Change Ute s timuli a nd 
the derived orgunizatio n i!'l changed, lead ing to the fo r mation 
of aberrant st ructures or even monsters. 

T he point I wish especially to empha size is tha t we find 
exactly th e same difference in fundamental a nd derived organ. 
izations in the single celled Prot ozoa, F or example, Figure 
l A represen ts II ('y~ t of till' ciliated prot ozoon Slyl ul4ychia 
mytil"J(. Like an e~~ cell, it is 8 minute ball of apparently 

homo gvueo u- nucl eat ed pro to 
plasm enclosed in au impe rmeable 
cnpsuh-, :\ro:,t other Protozoa 
have simi lar (" '!"I!" aud the differ
(·U(·(· between these ('y:,1s in many 
f' ll:'('l" ('1111110 1 hI' made out even bv 

Fw. l the l" IH·('i lllis t. The homogeneous 
hulls of protoplasm hun their 
Iuru lumeutal orgunlzat ion« e a e h 
r-luuuet e rlstic of its species, a nd 
1'111·11 of t11l'1lI deve lops (hut with. 
out l't 'l,t ilizllt ioll ) af'tur the abeorp
t ion of wntcr uurl oxygen, into an 
act ively moving adult o rganism. 
F rom this Stylonychia erst the B 
ad ul t emerges us shown in Fig. lB. 

• "lIll"U I. .'1' lI f_ ,Id . ... "'lItil...... Till' derived s t ruct u res, including 
..I. Fu ptla m..nt"t orgll lli""tion eu  t he macronucleus, th e adoral zone 
{',!!tN. Ii. Adult illdiv idua l l'i"ith 

of membrnnelles, cirri. mouth,it. derived orlanintion. Tw o� 
,u... rocuU'l..i. with III U. ..h...1 mi·� cout rat-ril e vacuole a nd other st rue�
e"" nu..l.-i III ....nl ..r . tu res , are all formed from the� 

Iundameuta! orga niza tio n contain�
1'(1 ill th e cys t which could give ri se 10 uothiug else any� 

http:Pt"F.RTO


619 

mono 1111111 the ('gg cell of a dog could give r ise to a uy
thing hut a dog. In short , fund amen tal o rganizat ions of 
different spec ies a re entirely d ifferent although alike for the 
same species. Xow, just 88 in a metazoan, where the egg 
cells an" germ p lasm conta ined. within t he der ived orga niza
tion, so in a protozoon the genu plasm or fundamental orga n
ization is conta ined within and is protected and fed by, the 
der-ived orga nization. This is easily demonst rated as follows : 
Fig'. 2..\ represents a 
ciliate cal led Dileptvs 
an8er and F ig. 2B a B
Stentor polymorph-us, 
r epresentativ es of 
two entire ly different 
groups of cilia tes . If 
we cut out of the 
center of each a small 
piece including a por
ti on of the nuclei, 
these piec es round out 
into sma ll hulls which 
L08e a n)" s t r u c t u res 
or iginally pos se ss ed. 
Th ese balls now look 
exactly like cyst s ,....ith
out capsules, hoth com
posed of apparently 
homog en eou s proto I" W\·IIE :!. n ikl't"" tl""n ( A) lUId S r~M" r ' '''/1/

n/Or p /Off" ( Il ). 'I. f rll l::llI ('nt " f Hill'p lUR eu t plasm Wig. 2 a and b) . 
f rUIli A IIR indieuted hy li ,w lI. II, lIi lllil"r frllg·Place these in u nu
Ill <'nl. froll! Il ; ('Il <'h f r ll ll llum i will ,It·.·..I,,1' Int" 

t r ie nt medi um and one il R " wn "p' 'I'i"s. 
will de vel op into II 

Dilcptu », the ot her into fl Stentor. A~ fur a!' the concep ts of 
fundnment ul aurl deri ved organ izat ions are eoneo mod. th ere
fore , P rotozoa and ~I t'tnzoll life alike. 

Let us now tu rn to the factors cont r olli ng longevity. This 
young Sty lonyc hin which ha s just come f rom its C)"8t r eacts 
to st imuli from th e environment , moves about acti vely, t ake!' 
in food in th e fo rm of bacteria and other minute livin g thi ngs. 
These are digested in an improvi sed sto mach where they 
a re acted upon hy di ges tive ferments, one r esembl ing pepsin 

t 
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in that it acts in an acid medium. the other, like trypsi n, act." 
in lUI alkali ne med ium. The results of digestion in the fo rm 
of polypept ide and am ino acids are dist ri buted through out 
th e protoplasm, the minute parts of which take all th ey need 
(or their own regeneration, an d the organism grows. W heu 
it hecomvs full s ized-e-nnd there is n limit of growth for 
ever)' known orga nism-s-a condition ensues which we may 
speak of as sat iety. 

Appropriate environment a nt! metabolism ate a bsolutely 
essential fOI' li fe of till' individual a ll n temporary cus tod inu 
of the f'u ndn mental organizat ion . It s period of meta bolism 
and growth which can occur only in a suitable environment, 
is one phuse-c-the const ructi ve anabolic phase-s-and th is, 
with environment, eonstitntes our firs t factor cont ro lling 
longevity of protoplasm. 

When the poi nt of satiety is reach ed in our example, 
Stylonychia. the organism cannot make use n[ anything more 
and something must happen if it s protoplasm is to continue 
to lin. A second ph ase of ac tivity-s-a katabolic phase-c-sete 
in which results in reproducti on of th e organism by division. 
As a result of this katabolic activity practically all of the 
st ructu res of the de r -ived organizat ion are absorbed into the 
fundamental organiza tion. CPt 1Il(' br ietly descr-ibe what 
happens a t this time to the macronucleus and to tilt' rnofile 
organ!'>. T Ill' macronucleu s, which is lilt' most important 
s tructure of th e (',l'11 concerned with metaboli sm, is not ab . 
sorbed. On th e cont rary it retains it s integrity hut under
goes an indepen dent proe...ss flf reorgan ization which vuti es 
slightly in different types of ciliate s. In Uroleptns /IIobili.o; 
there a re eight mneronuclei, all of which undergo the 81111U' 

type of r eorganization. YounK maeronuelei have cha racter . 
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istic densely staining chromatin granules. After a few hours 
of metabolic activity there appea r in each nucleu s granules 
of a different kind 
which do not sta in 
like chromatin and 
which are hydro
Iyaed out with the 
F'eu lg en nucl ear 
reaction (Fig. 3 a). 
Affer about eight 
hours of normal ac
tiviry, these gran- a e 
I1Ips, which I have 
railed the IIX gran
ules", come to
gether at the ante
rior third of each 
of the eight macro
nuclei. Here they 
act as ca t a lysts, 
and cause a fur row 
or cleft in the nu jo'l, m u 3. Rffi rJ/:&Diution "I t he 1II.~ ro Duelel 01 Uro
cleus (F ig. 3b). It phu Ifto /)i/i... II , ac'<'lIImulat i" n 01 X·grannIN ; /), 

The portion ante 10rmd ioD 01 t lt lt in .....th n'auonudCUI and ~ar. t ion 

01 hro k ind~ 01 ehr omati ll; th e IInel,. Itranular ehrorior to this cleft 
matin bting thrown o lf while t he I'utl with l"oal'Mr 

contains chromatin JCranul... lull(' (0) to lorm tb e .inlt lt dh 'b ion nu 
which has it dif t]"'UN (d ) . 
ferent appea ra nce 
from that of the uucleur pa rt posteri or to the cleft; this un
te rio r portion of euch of the eight nuclei is thrown olT and 
absorbed in the cytoplasm. The eig ht remaining nuclear 
pm-t« now fu lo:(' (Fi,lot'. 3 c) to fonn 8 single division nucleus 
(f'jg. 3 d) . 

This process is undoubtedly one of nuclear reor gan ization 
and similar or slightly modi fied pr ocesses occur prior tc 
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division in every other ciliate ~tl tha t the macronucleus under 
~!'l a form of house-cleaning nt every period of division 

and the ch ro mat in g ra 
nules art' restored to R 

vj r i le con d i t io n, In 
so me ci lia tes the sam e 
resul t is produced by 
so-called II reorganiza
ti on bands." which, a ll 

catalysts, pa...s th rough 
the macronucleus and 
hrin~ a bout the change 
in chromatin granules 
from a condition of in 
creasing lassitude to n 
condition of vouthful 
virility (F ig, 4"> _ 

. 'IIJI'&I: " , Jt.ootll'aaw ti ,," I........ in nUU't,," udl'i
 
Similarly with the of "~pi<t i ...... ( .\ , B, t ' , ) a ..d of t :ul'l ot ,.. [ D,
 

t:.) In t b.. formt't t bt"lll.' I.an ,b . ' art in tht' moti le orga ns. At the
 
rl'lltl't an " move to \\·. ' ols t he t'IId,, ; I" the lat · hH!" (> of eve ry one
 
t l', th t , lrtart lit tbe t' 1,, 1~ Ilud mo\"<' t o t h,'
 small bud a ppears from 
eeeter, Tbt eb t'Oma ti n ia r ha llgt'd in r hllt ll'" t he fundnmeutal organ
ur wit h t h.. plI_Ke of U.... h"..d ... 

iza tiou. no h i I e this 
bud g-n)w!'l the old mot il.. orguu becomes reduced in size b)" 
absorption ill the p rotoplasm. The elid result i:-l the com
plcn- d isn ppeurunr-e of t ill' old one while u brund IIl'W mot ile 
H I'KIIIl , deri ved from the Iuudauu-nta l orgunizufiou, tu kes it s 
plneo WIWll t1J('~ (' pro( 'e :-~ e :'i are comp leted tho cell d ivid es. 
und two ~'Oll llg' cells, each with a new set of motile orguns 
proport ioun tv i ll size to the young cells and wit h a reorganized 
macronucleus, result . Division, then, wit h ea talytlc ncfivi 
tics, iJol It second facto r i ll longevity and II most important one, 
for ti ll' protoplusm I'C!WW" it s youth , 

Now th e question IlriltPs-arlJ these two factors, environ 
ment with metabolism, a nd division-c-ndeq un te for the indef
inite mnintenanee of protozoan protopl asm f " ..eismann, more 
than fifty years ago, beli eved that they an' an d, for the animal 
flagellates at least, he was ri ght. Hut they are not adequate 
for th e vast major ity of other P rotozoa including In fusoria , 
Rhizopoda a nd Sporozoa, In order to determine this matter 
we have recourse to the method of isolation cultures of which 

8 
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T shall describe, as br-iefly as. possible, one series of expe rt
ments with Urole ptu« mobilie on which I have worked for 
lOnny :yeacs. 

.:\ sing le indi vidual Iroru a cyst or from conj ugatio n W8M 

isolated in u sma ll drop of nutrient med ium which W8~ 

det ermined II)' expe r-i ment. This drop with th e one individ
ua l \VB l" 1'-..t aside in u moist chamber. At the end of twenty
fou r h OU TfI. t here W ('Tl' eight individuals in the drop and fin> 
of these were isolated, one each in 8 container. On th e fell ow
ing day one each f rom these five lines was simila rly isolated, 
while the rema ind er were placed in a large contai ner like a 
S)"n U'UlOt· di sh wit h ample nutrient medium, when.' th e organ
i i"D1 !" dividod f rM>ly un til bundrods we re present . Thill con

i,e 

l5 ! 
" 
• I 

: :
• "' "� 

1i' la n E 3. th a l' h of th.. d ivilliOIl m ....8 o f on" M'ri l.'.< hi r "ro l r p lHll IN"/l ili.o- ahowina 
.mniug ,·it atit,· aD,1 ult im at e death "ftn thn.... hundred 1I11~·1 in 
illOlntiun eult ure . Orllinatt'tl lndieat .. nu ml>erll of t1iviaioJUII in tPTI ' 
.h.y ,"'r ivll ll ; a hl'ei!ll<811 indi..at.. 1I11...._ive 1('Jl ·oIl1.y ,"'rindll" 

st itutes an encystment o r II conjugatio n test about whieh 1 
sha ll speak later . T his process of dai ly isolation was CO lt 

tinued day a fter day, month after month, for R peri od of 
about n yenr ur until the individu al which was origi na lly 
isolated and its progeny ha d d ivided upwards of 360 times. 
S ow, if divi sion were adequate to keep that protoplasm going. 
these divisions would certainlv have done so. But not at 
all, Rather, the division rate"during this period g radual ly 
decreased until it got to nil and the protoplasm died (Fig, 5) , 
The last individuals of such a series were frequently abnormal 
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or undeveloped and th e macronucleus was filled with X
granules. 

It is very difficult to compare vitality hy inspecti on of the 
daily r ecords. In order to get such a compar ison it is nee es
sary to average the numbers of divisions for unit periods 
such us ten days. -The thirty or more ten-day periods of 8 

typical series of Uroleptns "wb ilis ere th en plotted to give 
a curve on which the ordinates a re the average num bers of 
divisions in ten dO)"8, a mi the abscissas tilt' consecu tive ten 
day periods. Such a graph begins with en aw>rage of ap
proximately eighteen divisions per ten da ys and gradually 
descends until it ends in zero showing an inevi table waning 
of vita lity of this original hit of protoplasm and the inef
Iective ness of division to mai ntain it ( F ig. 5) . 

As stated above, I worked on this p rotoplasm for many 
years and the material was all de rived from the protoplasm 
of th e first ind ividual that WlUI isolated. How was this 
possible when the protoplar...m in isolation cultures , hy the end 
of approx imately one year, always ended in death ! Here is 
where th e encys tment and conjugatio n tests come into play. 

After about twenty to thirty days in isolation cultu re, some
of the organisms in such an encys tment test will encyst, and 
a little late r full y 90 per cent of such a population may be 
thu s encysted. Encystment, which invol ves the phenomenon 
termed "undonrixis " hy Woodruff and Erdmann in 1914, is 
the third of our factors und erlying longevity. The process 
involves a much more thorough ca ta lysis than does division. 
All of th e motile organs of th e der-ived organ ization disappear 
hy absorption while the eight macronuclei break up into small 
Irugments which ult imately likewise disappear by absorption. 
'Vater and waste matter s a rc thrown out nnd only the fundu
menta l organizatio n per sists as an apparently homogeneous 
muss of protoplasm with n nucleus und su rrounded by an 
impervious cyst wal l. These cysts may then be dried and 
may per sist in a dry sta te for months or yea rs . ' Vhen placed 
nguin in a nutrient med ium, they give ri se to normal individ
ual !'. A new set of macronuc lei art> formed fro rn the micro
nucleus which is the last strongho ld of the fundamental 
organization, and a completely new derived organization is 
formed. Th e result is a young protop lasm with 8 full po
tential of vitality and it may now undergo 360 plu s or minus 
divi sions before it, in turn, ,,;11 die. I have kept such a cys t 
for six months afte r it was formed in a parent seri es. After 
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8U mont hs it was placed in a nutrient medium which was 
being used Cor the parent se r -ies. During these s ix months
the vi tality of the parent se r-i es had waned from seventeen 
divisions in ten days to two divisions in� ten dUY8. The 
protoplasm de rived from the cyst had U vitality represented 
b)' t wenty divisions in te n days. Yet is was the same pro
teplasm U I:' the parent series, the only di fference be ing that 
it hnd undergone complete reorganiza t ion.� Here is a th ird, 
and a must potent fac to r controlling longevity and a type 
in which ca talysis affects that most important organ of 
metabolism, the macronucleus. 

The per-i od during whis-h encystment may occ ur lasts only 
lor 8 limited length of time in the life his tory of an)' se ries. 
T he protoplasm su bsequentl y con ti nues to divide in th e parent 
series hut with decrea sing energy, and, sooner or later, a 
slill different t)'PC of ca talysis ensues. With this type the 
cortex of th e individual is affect ed, particularly in the region 
of the mouth. H..r .. the relatively solid ecto plasm liquifics, 
and two organisms on coming in contact , fuse in th is region, 
the process be ing known as conj ugation. The partial fusion 
of the two individuals provides u s timulus for 8 ser ies of 
division reactions by tho micronucleus 
whic h we speak of us the maturation divi
«ions. T Ill' micronucle us of each orguu
ism di vides three t imes, the lust division 
I-{i \' i ll ,l.{ I iSl' to two pron uclei one of which 
remain s ill »i t n, whi le th l' other migrates 
through th e' protoplusmie hr irlge into the 
ot her indiv idual nne! f llSl 'S wi t h the resting 
pr'OUUcl('IIH there ( F iJ{, fi ) . This i ll fertili 
zat ion, uud it ii'l mut ual . Conjugat ion re 
quires about twe nty-four hours and after 
fusion or I lit> pronuclei. called am phimixis, ,.. I U (]. E fl . Un)/llphM 
the Iwo JlU ren I individual s sepa ra te. A� IM bU.. in r onj UjlaUtm. 

period of thn-o 0 1' four days now elapses� Thr mlrronur l.i a r, 
d iain t"RratiD~; fh l" mi· durin g which tilt> old macronuclei a re 
lI"rating pronurl fti 11'1"

broken int o Irngments a nd the fragment !" about to 1'-- at th l" 
IIU- a hsnd wd in tho cytoplasm, A new a pe" .bile tb. qui", · 
macronu r-le us i!'l fo rmed bv divi sion of the� rent pronudej u . In 

the re nteu of the t ...f 'er tj liz..uiou 'uuclens a nd ' the reorganized 
ind lYidula. n . Crane· individ ua l is ready fo r its first division in 
"" .... JiBe illdi ea tea tJw.

about five da ys. plalle of «Il1m r . 
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Conjugation is a fourth factor und erlying the phenomenon 
of longevity. It 1:-: shout the same in it s effects on vitality 
as endomixis during encystment and again the old protoplasm 
is complete ly revivified. The exte nt of thi s rejuvenescence 
rna)' be illustrated b) ' one series in which the protoplasm was 
dividing at the rate of only one division in forty-three days. 
Two individuals Irotu thi s old aerie!' conjugated j after eon
jugation both individua ls started to divide a t the rate of 
seventy-five divisions in the same time. 

After conj ugation involving amphimixis, as with endo
mixis, we have th e same phenomenon of r ejuvenescence. The 
only difference between the two is partial and temporary 
fusio n of two individuals with uni on of micronuclei in con
jugation while no such fusio n and union of nuclei occur in 
endomixis. Even with conj ugation amphimixi s is not neces
sary for rej uvenescence. This, with Urolep tu.... mobilis, hns 
been shown repeated ly by cutting apart the two individuals 
during the early stages of conjugation. Two conjuga ting 
individuals, which are uni ted by their an terior ends {P ig, 6) , 
can be cut with a scalpel eo that th e fused end is completely 
removed. The opera tion leaves two freed individual s which 
a re now isola ted and cult ivated. It is found that the who le 
process of reorganizat ion goes on just as though the two 
individuals wer e still united. Reorganization is perfect and 
the renewal of vitality likewise is complete. There has been 
no amphimixis or Iusion of pronuclei j hence, h)' the expe rt
ment, we change amphimixis into endomixis. 

These Iour factors-appropriate envi ron ment with met 
abo lism, division, endomixis, and conj ugation- are now BU t'. 

ficient for thi s protoplasm to retain indefinitely its power to 
live. The secret is a constant restoration of the derived 
organiza tion to th e fundam ental organization, and a re-fcrma
tion of the der -ived organiza tion. This is accomplished in 
pa rt by division of the cell, more thoroughly by exdomixis 
and by conj ugation. 

In conclusion let me briefly co mpare the Protozoa with 
the Metazoa. The fundamenta l organization of the latter in 
the form of ger m plasm in egg and sperm cells is equally 
immorta l, 1111t in most eases th ey must unite to live. The 
fertilized l>/{f( divides and by a series of successive divi sions 
giv es rifle to million" of ce lls which are specia lized in wave 
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that are charucteeisti c for each of the higher types of animals. 
The de rived orgu nlza t ion, or the adult, like our isola ted 
ciliate, has 8 more or less limited potent ial of vitality. Whea 
this pot ential is exhausted the derive...l o rguuizat iou of the 
individual dies fro m old age and the germ plasm or funda
mental organizatio n, which is protected and nourished by 
the derived organiza t ion, is killed. In the meantime, how
ever, egg Cf'US have Jeft the body of the individual, and in 
sons and daughters the fundamental orga nization is carried 
nn. L'nlike thf' Protozoa, .lfetazoa ca nnot absorb the deri ved 
organiz at ion into the fundamental and g row out a new one, 
and herl', as I see it, i~ the most esseutiel difference between 
the unicellular animals and the .lIetu zua. £\ g Weismann 
maintained more than 6ft)" years aKO, natural death of the 
individual with it t'! special de r -ived organization, is the penalty 
which ~r etazoa must pay for the privilege of specialization. 


