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Recently, much attention has been given to the study of the morphological organization of bacteria, and 
to thcLr granular, cytoplasmic elements particularly. This question is especially interesting in cormcction wilh 
the morphological ch:mgcs occurring In bacterial cells due to bactcriophagie action. 

In this article, we present the results of observations concerned with the peculiarities of ~ e  cytopl~mic 
granules appearing in the course of bactcriophagic lyslt, 

EXPERIMENTAL METHODS 

Bactc~iophaglc lysis was observed on typical cells of a Bart. cell aeroEL~..C 2 culture, strain .t321. 

To observe what hapl~ned to individual microbes attacked by the phage and pat in conditions favorable 
to development~ we used the method of phase-difference microsc.opy during the life of the cell; the preparations 
t,~ed in this method were prepared by the method described by V. L. Troitsky and Z. G. Pcrshina [4]. 

We used suspcnsions of Bart. coli acre cn~ culture~ main 1321. 

To obse.~vc what happened to individual microbes att~x:ked by the phage told Fat in conditions favorable 
to development~ wc used the mc~od of Phase-contrast micromopy during the llfe of the cell; the prep~ationt 
used in tbls method were prepared by the method described by V. I. Troitsky and Zo G. Pershina [4]. 

Wc used suspensions of 8act, cell acro~cncs in a specific bactcrlophage (riser from 10-6 to 10-'/according 
to Appclman)~ with a concentration of I ml111on microbes per ml, as source matcrial for the preparations, 
Instead of a heating process, we used a special ~c.ubator to maintain a stable temperature of 36*; the phase- 
contrast microscope with the preparation was placed in this incubator during the'experiments. After finding 
corresponding fields of vision, the bacteria cells contained in them were designated by numbers on a chart made 
to scale on tim field of vision In o:der to facilitate obscrvatio~ This way of computing the results made It 
possible to observe several cells simultaneously, for, in most cases~ the cells were lyscd rather of.sickly. 

EXPERIMENTAL Rs  

Twelve ~xpcrlmcnt, wcrc conducted, in which wc observed 183 mlcrobcs during bactcriophagic lysis, 
One hundred and fifty-nine of thcsc lysed at intervals of 40 mlnutcs-6 hours after observation began; rapid 
lysls was preceded by the formation of spherical, fuslform and other forms. Four cells lysed by means of a slow 
&ad even hyallnlzntlon of thcprotoplasm, until the original contours of the cells were lost, which occurred 8-20 

hours after the cxpcrimcnt began. In this article, we shall not give a detailed dcscrIptlon of the lyses and the 
preceding motphologlcal changes; wd shall only note that there were no cells in this group with any discernable 
structural dlffc~cntlatlon in tim protoplasm which might lead to the formation of granules. When the remaining 
20 of the phage-attacked cells wcrc cxamlncd, granules were found which were characterized by the following 
features. In 12 of these 20 cells, the appe~ancc of the granules was connected with the hyalinlzation of the 
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protopla~n, which continued for 2-20 hours after the preparation was placed in the incubator. In some cases, 
u~ size of the b~c~rla did not chan~e, aa~, by t]~ end of the experiment, uhem cells were characterized by 
light protoplasm and granules, In other cascs~ the cells lost their contours completely due to the continuing, 
"thaw-like" hyalinization of the l~rotoplasm, but the contours were replaced by isolated granules, Tho amount 

distribution of the granules varied greatly, In 3 cells, them was I granule In the cevtcr or on one of the 
poles; in 8 cells, there was I grasulc on each of the poles; and, finally, there was 1 cell with 6 cytoplasmic 
granules, two on the poles, and four in different parts of the protoplasm. In the phase-contrast microscope, 
~Je granules looked ~ dense,rovaded formation equal to or sHghtly smaller than the bacteria In diameter.. 

Zeitrsffer microfilm showing phagocytosis of bacteria. 
phase-contrast, 
a) spherical form (arrow) of e_nteric bacillus before bac- 
teriophage lysis; b) granule (arrow) remaining aftea 
bacteriop~agic "explosion" of enteric bacillus ceil 

In some specimens, we aiso reeo,,ded protoplasm hyalinization and granule diffcrsntiation after a preli- 
minary formation of gigantic forms (4 cells) which were 2-3 times as wide and 5-6 times as long as ordinary 
cells of this r)Te of bacteria. And Rnally, in 4 cells, granule differentiation, began with l~otoplasm hyaHnizatlon 
aad was completed by the inflation or elongation of the specimens, followed by a lyric "explosion'. After such 
a !)~ic reaction, the granules remained in the same place occupied by the cells before. 

The preservation of tke granules after, me ceil had lysed by instantaneous %xplosion" was also observed 
when no previous granule differentiation had been seen in the cytoplasm, In this case, tile cells only slightly 
lost their contrastabiHty and, after forming a sphere or spindle,~'burst~ leaving granules behind them, This 
latter obse~ation was recorded by a Zeitraffer microfiIm in the AMS USSR department of microfilm scientific 
documentation (see Figure). The figure shows frames illustrating a bacterial cell of spherical shape bcfo,~ the 
"explosion," and the granule remaining ~,dter the lys~ of the cells. 

D I S C U S S I O N  OF RESULTS 

One must take into acc~mt the titerary data when evaluating the resulu we obtained. 

In 1934, N. N. Zhukov-Verczhnfl~ov and V. A. Friauf[1] established that the effect of a bacteriophage on 
typhcid fever bacillus causes formations to appear in ~ e  central portAon of the cell, which the authors treated as 
t)pica2 nuclei in view of the fact that they contained peculiar figures of division. Other authors [3, 16] confirmed 
thLs observa,'ion. 
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lIowever, the appearance of nuclear formations in d,e bacterial cells was apparently not t ~  only mani- 
festation of bactcrtophaglc Influence. 

la 1949, Boyd [81, conducting phase-contrast microscopy of cntcrlc bacteria cells attacked by a 
bacteriophage, discovered peculiar, dense zones on the poles of the bacteria which he believed to be protop}asmle 
thlckenings caused by the division of the phage In the central portion of the cells. Heden [13] observed similar 
pictures In phx~-conuast  and ultraviol~t microscopes. In his opinion, the protuberant polar granule= were 
accumulations of phasic corpuscle=. 

Later on, the~ granules, located at the poles or in other Portions of the cytoplasm, began to be considered 
mltochondrla, A simll~ opinion ]lad existed eaxlicr [10, 15J, but was not confLrmed until later by works of 
rcsc~chcrs wlio had ceased to indentlfy these cIcmcnts with nucleolds (nuclei) In the form of single, but complex, 
organelles [6, 7], 

The chemical properties of bacterial mitochondrta were defined at the same time [~0]. 

These granules have now been discovered In many bacteria and arc considered to be definite cytoplasmic 
structural elements, which are the centers of coordinated enzymatic oxidizing-reducing reactions tn the cytoplasm 
[5. 9, 11, 12, 17, 18, 19.21, 23, 24, 25]. 

We propos~ that the granules which wc found, like the granules found earlier in sound-t~eated microbes 
of a different type [2]. are analogous to mftochondrla, since there are indications that mitochondrla of bacteria 
arc more resistant to the bacteriophage, antibiotics and to a series of other Influences [12, 24]. The nuclear 
substance evidently disapl~ars In phagocyxosis. Of course, this proposition must be experimentally confirmed. 
llowcver, our data show that the resistance of the granules to the phage is of a strict}y individual character. 
Only gO, or about 11%, of fine 183 enteric bacillus cells contained the cytoplasmic granules. It Is at present 
difficu}t to explain the reasons for this phenomenon, One can only suggest that it is exp}ained by the activity 
of the phage corpuscles adsorbed into file mrface of the cells as well as by the individual properties of the 
bacteria} cells. The hctcrogcntcity among the lyric reactions of the microbe and the difference degrees of 
hetezogentzatlon of their protoplasm in the differentiation and h~eration of granules must be regarded in the 
.tame way. 

From our observations and from the literary data, one can conclude that the theory reg~ding bactcriophagic 
lysh as a ~cP.omenon ending in the complete destruction of bacterial morphological organization must be more 
accurately defined, s~nce, tn a definite number of cas~s, some cytoplasmic elements survive. 

Wc are not conccmcd in this article with the fact that filtrable forms of bacteria remain capable of life 
after lysls, as that Is a question which needs further study, 

SUMMARY 

In vtvo dynamics of phagocytosls in 183 Bact. coil zero eg.e.~2, strain 1321 were studied by ph;tsr 
microscopy. The formation of solid cytoplasmic g-~anuie= was noted in 20 cells, and In some cases the granul~ 
could he seen after lyfls of the bacterial celB. Microfilms revealed granules after Iyst= even In cells in wh.lch 
no protoplasmic differenflzUot~ was noted before "exploHon." It is probable that these granule, are identical 
wlth mltochondrla, and pc, sess an individual resistance to the phage. 
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