
new knowledge are fed in ever increasing volunle into 
the processes of sorting, polishing, recording, distri- 
bution, storing, and application, even those who by 
inclination or talents have taken stations in this proc- 
essing network behind the front lines of research will 
reap their share of credits and rewards, as  they them- 
selves take a n  essential share in the accomplished pro- 
duct: the advance of the biological sciences. 

Of course, reward is counted not only in  economic 
terms, but more in terms of intellectual and emotional 
satisfaction-the thrill of discovery, the pride of 
achievement, the sense of service to man and his wel- 
fare. Being young and in the ascendancy, biology can 
promise the members of its family more of these re- 
wards than most other fields of science. What  is more, 

being highly diverse and relatively undeveloped, it  
offers the i~zdividualmore latitude of personal choice 
and broader opportunity fo r  the  expression of his 
personal talents than older, more standardized and 
grooved endeavors. 

Therefore, biology has room for  a very wide range 
of personalities and trainings; while for  its frontline 
advances it  needs the best of brains and eyes, and 
hands, i t  is no less dependent on the large corps of 
comrades in  arnis who support, consolidate, exploit, 
and enlarge those advances. ,411 it  takes to join these 
forces is:  some aspirations, to point the goal; some 
inspiration, to point the way; and perspiration, to get 
you there. What can you get out of it?-& happy and 
a useful life. 

Observations on the Formation and Behavior 
of ttConjugation" Cells and Large Bodies 

Norman C. Dondero and Max R. Zelle  
Laboratory of Bacteriology, Cornell University, Zthaca, N e w  Yovk  

URING SINGLE-CELL STUDIES on Axo-
tobacter agile, strain M.B. 4.4,2 the develop- 
ment of two unusual cell types-l'conjuga- 
tion" cells and large bodies-was observed. 

Lijhnis and Smith (1)reported cellular fusion in Azo- 
tobacter, but this was considered by Lewis ( 2 )  to be 
incomplete division. The formation of large bodies in 
A. agile M.B. 4.4 was believed by Eisenstark e t  al. ( 3 )  
to  be caused by the stimulus of substances in the cul- 
ture medium. The formation of large bodies was fol- 
lowed by time-lapse, phase-contrast, photornicrogra- 
phy in a Bacillus by Schaechter ( 4 )  to the point of 
formation of apparently motile granules, and small, 
nonmotile, occasionally budding elements. 

So f a r  as  the authors are aware, this is the first re- 
port of observations of these forms a t  close intervals 
under conditions such that some previously advanced 
interpretations of the causes could be ruled out. These 
observations are reported because they offer support 
to the contention of Lewis and a possible alternative 
to the interpretation of Eisenstark et  al. 

The strain was routinely carried in  stock on slants 
of modified Karlsson and Barker ( 5 ) selective medium 
in which 1per cent glucose was substituted for  1per 
cent ethyl alcohol. The medium was nitrogen free ex- 

1 From investigations supported jointly by Cornell Cnivrr- 
sity and the  Atomic Energy Commission under contract No. 
AT(30-1)-1244. 

=Obtained from A. E. Eisenstark, Oklahoma A. and 31. 
College, Stillwater. 

cept fo r  that contailzed in 0.03 per  cent yeast extract. 
An inoculum was transferred in  water of syneresis 
from the base of a slant, by nleans of a iliicropipet 
and micromanipulator (6),to the surface of a film of 
the same medium on a coverslip inverted on a moist 
chamber, where i t  could be watched with the micro- 
scope. For  the initial experiments the moist chamber 
slides were incubated a t  30' C in closed cans contain- 
ing wet filter paper. F o r  ob~errat ion,  the chambers 
were removed from the tins and placed on the micro- 
scope, which rested on a bench a t  room temperature. 
There was considerable loss of water during obser- 
vation, to the extent that i t  becaine difficult to express 
moisture from the agar with the microneedle. Under 
these conditions, the viability of the inicrocultures 
was, in general, rather low, Many cells either failed to  
grow and divide, or divided once or twice in the usual 
manner and then became vacuolated and nonviable on 
transfer to fresh medium shortly after removal from 
the tin. I t  was noticed, in more than six separate in- 
stances, that a cell would start to  divide in  a n  unusual 
manner, the first sign of which appeared as  a refrac- 
tile granule near the center of a swollen cell. The 
granule elongated to become a line across the cell, and 
shortly after, a cleft appeared in the center of the 
line and proceeded along i t  so that the cell divided ns 
in  Fig.' 1; a-d. Uneven division resulted in earlier 
separation a t  one end, thus learing the two sections 
a t  the incompletely divided end attached by a narrow 
str ip  and giving the impression of two cells joined by 



FIG.1. Stages of division in Azotobacter in the formation 
of "conjugation" cells. 

a tube. These forms, if seen in a stained smear, might 
easily be interpreted as conjugating cells, since the 
developmental sequence would not then be apparent. 
Because of the deterioration of the slide culture it was 
necessary to test the viability of the paired individuals 
by transfer to fresh niedium by means of a micro-
pipet; none of the transfers showed any signs of 
viability. 

Still more rarely, a ring of four cells (Fig. l e )  was 
seen to arise by a process similar, in the early stages, 
to that just described. Before separation a t  the ends 
of the cleft, a new division was seen to start in a 
plane perpendicular to that of the division already 
in progress. Completion of this type of division was 
never observed, although it might have occurred. 

I t  is believed that these abnormal divisions were 
the result of unfavorable environmental conditions 
induced by the method of handling the cultures, since 
they were never again seen after the complete ap- 
paratus was installed in an incubator room with pro- 
vision for humidification. 

The appearance of large bodies occurred under con- 
ditions whioh seemed favorable to the overwhelming 
majority of cells among which the large bodies arose. 
The cells were grown on the same agar as previously 
mentioned and examined in, sit%& in a moist chamber in 
a humidified room. In  populations which were other- 
wise normal in appearance, there would appear spor- 
adically the abnormally large and irregularly shaped 
cells from which other normal- and abnormal-appear- 
ing cells stemmed. Several such incidents were closely 
followed and recorded. An account of one of these 
follows in detail. 

Cells from a 48-hr nlicrocolony grown on a cover- 
slip at 30' C were transferred to a fresh coverslip. 
Abnormal forms did not appear during the first 1 2  hr 
of incubation, although a considerable number of nor- 
mal cells had grown. Single cells were isolated to un- 
occupied areas of the agar according to routine (6) 
and further incubated for 4 hr. I n  one of the sub- 
cultured microcolonies of about 8 cells, 2 cells about 
three times normal length were seen. Each cell was 
again isolated to another portion of the agar. Twenty- 
one hours later the microcolonies formed from the 
loiig cells each contained both normal cells and large 
bodies. Ten hours later some of the large forms had 
divided to form more large cells, while others con-
tinued to enlarge without division. Large bodies often 
exceeded 20 y in length and 10 h in breadth. Lateral 
budding was observed in some large bodies, others 
constricted off the ends, and some divided into several 
cells simultaneously (Fig. 3a). Most of the cells were 
limp, flexible, and delicate. Upon rupture by light 
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touches of the microneedle, the content of the cell, con- 
sisting of large refractile granules in a liquid of low 
viscosity, was released upon the surface of the agar 
where it would persist for a few minutes before dis- 
appearing. The released granules had no motion of 
their own. 

The schematic summary of cell relationships (Fig. 
2) is based on several pedigrees and illustrates various 
observed relationships in the lineage of normal and 
abnormal cells. To sum up the observations, the nor- 
mally ellipsoidal cells were very stable with respect 
to morphology, and formed large bodies only a t  rare 
intervals. The apparently spontaneous appearance of 
large bodies was seen, however, in several independent 
instances. Many of the large bodies died before pro- 
ducing any offspring. EIowever, when offspring were 
produced, normal cells, large bodies, or both could 
result. The resulting large bodies would behave in a 
manner similar to the primary large bodies in that 
they, in turn, would be nonviable or produce a mixed 
lineage. The normal-appearing ellipsoidal cells de-
rived from large bodies were of two types-those 
from which a normally stable line of ellipsoidal cells 
arose, rarely producing large bodies, and those pro- 
ducing an unstable line of apparently normal cells 
which formed large bodies a t  much higher than nor- 
mal rate. The incidence of large bodies, therefore, was 
clonal rather than general. 

The similarity of the normal-cell large-body rela- 
tionship to the pedigrees of Hansen and Smith (7) 
for the segregation of types of Botrytis cinerea 
through repeated monospore subculturing is suffi-
ciently striking to suggest that the phenomenon in 
Azotobacter similarly may have resulted from segre- 
gation of dissimilar nuclei in a heterocaryon. Stained 
preparations of large bodies lent plausibility to this 
hypothesis since they contained numerous chromatinic 
structures, presumably nuclei (Fig. 3, a-c). The nor- 
mal ellipsoidal cells (Fig. 3d) mag also be multi- 
nucleate; as suggested by the apparently multiple 
chromatinic structures and inheritance pattern. 

RIG. 2. Schematic relationsllip of large bodies and normal 
cells ; n - normal, I = large bodies. 
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Fro. 3. a-c, Large bodies of A. agile M.B. 4.4. In b, the 
indentation in the side of the cell represents collapse of the 
cell wall, not incipient cell division. In c, a large body and 
some smaller cells from the same microcolony. Note the very 
small cells to the right which have resulted from irregular 
cell division. In d, normal cells in various stages of cell di- 
vision. All preparations giemsa stained after treatment with 
N / 1  HCl at 58' C for 8 min. 

which has no effect a t  low ratios of mutant to normal 
nuclei, but which interferes with cell division and not 
with nuclear division when the nuclear ratio exceeds a 
critical value. 

Toxic factors, as the agents responsible for large 
body formation, were not entirely ruled out by these 
observations. However, the physical disposition of the 
cells on the surface of the agar was such that a large 
body could arise from a cell in direct contact with a 
normal cell. Because the incidence of large bodies was 
clonal rather than general, it seems more likely that 
the expressed effect was genetic rather than environ- 
mental. 

Since the reported observations were subsidiary to 
the main purposes of the experiments being under- 
taken at  the time, no further efforts were made to 
investigate alternative possibilities. 
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Sergei Nikolaevitch Winogradsky : 1856-195 3 
Selrnan A. Waksman 

Department of Microbiology, Rutgers University, New Brunswick, New Jersey 

SERGEI NIKOLAEVITCH WINOGRADSKY was born Sep- 
tember 14,1856, in the city of Kiev, Russia. His father, 
N. K. Winogradsky, was a native of Bessarabia, the 
most southwestern province in Russia. His mother, 
N. V. Skoropadskaia, came from an old Ukranian 
Getman family. His father engaged in banking and 
eventually became director of the first private com- 
mercial bank of Kiev. H e  purchased several estates in 
the Pod01 region, in the neighborhood of the town of 
Gorodok, or Grudok, state of Kamenetz-Podolsk, not 
far  from the city of Proskurov. These estates he com- 
bined into one and brought the soil under intensive 
cultivation, paying special attention to seed selection. 

Winogradsky was born and brought up in a large 
old family house, with an extensive garden, overlook- 
ing the river Dnieper. He  had two brpthers and one 
sister. His older brother, Alexander Nikolaevitch, re- 
ceived a law education at  the University of Kiev, but 
subsequently became interested in music. 

Winogradsky entered the second class of a classical 
gymnasium a t  the age of 10 and was graduated from 
the eighth class, at  the age of 16, with a gold medal. 
To prove his hearty dislike of the bureaucratic atmos- 
phere of the gymnasium, which was characteristic of 

the Russian middle schools in general, he sold his 
medal immediately. 

I n  1873, Winogradsky entered the University of 
Kiev, where he spent 2 years, a t  first studying law 
as his father and elder brother had done, but, tiring 
of legalistic studies, he soon transferred to the divi- 
sion of natural sciences, in the physico-mathematical 
faculty. This period a t  the university left no deep 
impression upon his development. Although he at- 
tended the lectures regularly and passed all his ex- 
aminations on time, the whole atmosphere of this in- 
stitution of higher learning offered but little attrac- 
tion for him. 

Science, especially as i t  was organized a t  the Uni- 
versity of Kiev, failed to satisfy his natural curiosity, 
and he became interested in music. This led him to the 
Conservatory of Music at  St. Petersburg, where he 
was admitted to the piano classes of the most brilliant 
music teacher of that time, Professor Leshetitski, who 
later became the teacher of Paderewski and of many 
other famous musicians. Winogradsky developed a 
deep interest in his work a t  the conservatory, which 
left an indelible imprint upon his personality. He 
soon became convinced, however, that "aesthetic emo- 


