
148 SCIENCE VOL. 76, No. 1963 

I t  happens often that the cold hypo solution, even 
highly oversaturated, does not crystallize. I n  this 
case a small grain of hypo dropped into solution pro- 
duces a n  immediate effect-recrystallization of salt. 

Certainly any other salt, differently soluble in  cold 
and hot water, may be used f o r  this purpose with the 
same result as hypo. F. e. sodium sulfate or washing 

soda are very good. I n  the case of washing soda the 
same solution may be used a t  first fo r  boiling shale 
within and then, when boiling alone would be found 
insufficient, for  crystallization through cooling. 
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SPECIAL ARTICLES 

TOPOGRAPHIC SIMILARITIES BETWEEN 

REVEALED BY ULTRA-
PHOTOMICROGRAPHY 

O F  LIVING CELLS AND BY 
MICRO-INCINERATION1 

L u c ~ s , ~Wyckoff and Ter Louw,3 Lucas and Stark; 
and Wyckoff, Ebeling and Ter Louw5 have recently 
published excellent ultra-violet photomicrographs of 
various living tissues. While examining these photo- 
graphs, especially those of Wyckoff, Ebeling and Ter 
Louw, it  occurred to me that there was a striking 
similarity bet~veen the shadow casting material (that 
~vhich absorbed ultra-vioIet light of wave-length 2750 
A )  and the mineral ash deposits in micro-incinerated 
cells of similar types. ~h~ idea is not altogether a 
llew one, as pol icard~ had already pointed out that 
the calcium content of the nucleus might furnish an 
explanation of its capacity for absorbirlg ultra-violet 
rays previously ~h~ following noted by ~ i j h l ~ ~ . 7  

observations mere in a n  attempt to ascertain the 
precise degree of similarity which exists. ~h~ method 
of microincineration was that of 
~ ~ l i ~ ~ ~ d ~ .some later nlodifications im-
pyovements in methods of observation introduced by 

Scottio. l1 and by Scott and Horning.12 

(1)BACILLUSSUBTILIS 

The ultra-violet photomicrographs of B. subtilis 
published by Wyckoff and Ter Louw serve as a n  ex- 
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cellent starting point, since the morphology of this 
organism is relatively simple. They show that the 

ultra-violet rays of wave-length 2750 A are intensely 
absorbed by spores (Figs. 2, 4, 5 and 6).  The authors 
indicate that the spores do not arise from a gradual 
merging together of preexisting cell bodies having 
similar physical properties. Indeed, a t  their first ap- 
pearance they have already acquired their ultimate 
size and shape. Furthermore, the cytoplasm of spore- 
bearing cells is said to be of the same degree of 
opacity the younger forms. 

Smears of of B. subtizis 
were dried in air and some colored with Giemsa's 
stain, while others were incinerated. The spore was 
found to be the locus of greatest mineral deposit. 

The residual ash was whitish grey tinged in laces 
with a definite brownish red indicative of the pres- 
ence of iron oxide. The mass of mineral was not 

refractive when vielved with polarized light, 
hence, it was probably devoid of silica. The remainder 

the 'el1 was almost free of inorganic salts, with 
exception of its limiting membrane, which i n  most in- 
.'tances be made out rather clearly. There were 
no definite concentrations of ash in the cytoplasm 
but only faint, finely divided deposits about the spore. 
Microchemical tests demonstrated that calcium was 

present in the ash. 
From these findings it is apparent that the material 

which shows the greatest ultra-violet light absorption 
is exactly comparable to the mineral ash deposits in 
incinerated B. swbtilis. Furthermore, a heavy deposi- 
tion of salt in  the spore lends weight to the frequently 
expressed opinion that spore formation is a concen-
tration of cellular substance accompanying dehydra- 
tion. 

(2) RESTINGNUCLEI OF TUMOR CELLS 

Lucas gives photographs of cells of  a mouse tumor 
which had previously been fixed and cut but not 
stained. I n  this particular instance the comparison 
of ultra-violet photographic results and those obtained 
by incineration is more exact, as tissues must of neces- 
sity be fixed in the course of preparation for  the latter 
kind of study. I n  Lucas' Fig. 7 a number of "optical 
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sections" of a fixed section of mouse tumor are  pic-
tured. One is struck almost immediately by the hy-
perchromatic condition of the nuclei of the tumor 
cells, which supports Cowdry's13 observation that in  
tissue cultures they exhibit a more pronounced Feul-
gen reaction than do non-malignant cells. The 
formed chromatic material is densely packed a t  the 
margin of the nucleus, with one o r  more heavy flakes, 
which may perhaps be nucleoli, near its center. The 
cytoplasm of the tumor cells shows a rather greater 
absorbing power fo r  the ultra-violet rays than one ex-
pects after examining photographs of other types of 
normal cells. Definite granules are  quite prominent 
in the cytoplasm. 

The micro-incineration method has already been 
used in the study of neoplastic tissues by Policard and 
Doubrow14 and by Scott and Horning,15e l6and photo-
graphs and drawings are  available in  the literature. 
When incinerated sections of a neoplasm are ex-
amined the observer is a t  once aware of the large 
amount of mineral ash in  the cells. The area of in-
vading growth is clearly delimited from the surround-
ing stromal tissue by its increased salt content (Fig. 
1,Scott and Horning). I n  the cells shown in Fig. 2 
(Scott and Horning) the increased ash deposit a t  the 
periphery of the nucleus is  brought out clearly. The 
arrangement and distribution of the mineral deposit 
corresponds in  every way to the formed chromatic 
material of the stained nucleus. A comparison of 
Lucas, Figs. 7 and 9 with Scott and Horning's Figs. 
1and 2 leaves but little doubt of the similarity of the 
nuclear materials shown by ultra-violet photomicrog-
raphy and those remaining after micro-incineration. 

The relatively heavy density of the cytoplasm-its 
absorptive power fo r  ultra-violet light-is in keep-
ing with the results obtained by incineration. Neo-
plastic cells of the types examined showed a greater 
concentration of salt in the cytosome than did normal 
cells of similar types. 

Wyckoff, Ebeling and Ter Louw have discussed 
the similarity in appearance of ultra-violet photo-
micrographs and Feulgen staining of cells in  tissue 
cultures. Their comparison, to be sure, is more o r  
less fortunate as regards the formed chromatic ma-
terial but not so of the cytoplasmic constituents com-
mon to protoplasm. Their photographs show that in 
the nuclei of resting fibroblasts the only material 
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strongly absorbing ultra-v,iolet rays is that of the  
nucleolus but that the nuclear membrane is distinct 
(especially Figs. 3 and 4). The nucleoplasm has. 
practically the same translucency as  the cytoplasm. 
Flakes of chromatin are  frequently seen in the nu-
cleus. I n  Fig. 2 (Wyckoff, Ebeling and Ter Louw) 
a fibroblast is illustrated which has many small highly 
absorptive granules scattered throughout its cgto-
plasm. Amongst these g,ranules are  seen several 
vacuolar structures which possess rims not transpar-
ent to ultra-violet light. The fibroblasts of their Figs. 
1,3 and 4 also show the same structures. 

Micro-incinerated specimens of fibroblasts and 
fibroblast-like cells have been described by Horning 
and Scott.l7 The nucleolus leaves a residue of very 
dense, whitish ash simulating in appearance the struc-
ture revealed in  TqTyckoff, Ebeling and Ter Louw's 
F,igs. 1,2, 3 and 4. OccasionaIIy the rim of the nu-
cleus can be made out as a distinct ash deposit 
arranged in a very fine line. I n  some instances tiny 
bead-like deposits are  visible a t  the margin of the nu-
cleus quite like those shown in Fig. 3 (Wyckoff, 
Ebeling and Ter Louw). 

The cytoplasmic residue of incinerated fibroblasts 
gives an appearance almost exactly like that seen in 
the ultra-violet photographs. There are in  some in-
stances diffuse deposits with larger cluinps of ash of 
an entirely different appearance scattered about in a n  
irregular fashion. I n  other cells large, empty, ring-
like spaces with heavy borders of mineral material 
are  found. The appearance of a similar type of 
cell after incineration is shown in Fig. 1 (Horning 
and Scott). The boundaries of the incinerated tissue 
culture cell are usually sharply outlined by a definite 
ash deposit. A comparison of Fig. 2 (Wyckoff, 
Ebeling and Ter Louw) with Fig. 1 (I-Iorning ancl 
Scott) shows that the minute granules i n  the ultra-
violet photographs are  of the same order of magni-
tude as the individual ash deposits in the incinerated 
cell. This point has been checked by nleasurements 
a t  the same magnification of the granules in  the 
photograph and in the incinerated cells. The average 
diameter of the light-absorbing masses in the photo-
graph is calculated to be equal to 0.83 microns in the 
living cell, whereas the mean diameter of the ash de-
posits is 0.79 microns. 

Wyckoff, EbeIing and Ter Lou~v's Fig. 1 2  shows 
the nucleus and the surrounding cytoplasm of macro-
phages to have about the same opacity to ultra-violet 
light; but there are  present in the cytoplasm certain 
intensely absorbent granules. 

Gordon ~ . ' s e o t tand. E. S.Horning, Arner. J. Path., 17 E. S. Horning and Gordon H. Scott, Proc. Soc. Ezp.
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Examination of macrophages which have been in- 
cinerated shows very little ash in the nucleus; the 
nucleolus leaves a definite residue though the nuclear 
membrane is very feebly marked. The cytoplasm is 
filled with heavy, highly refractive masses of ash 
which are  birefringent in  polarized light, indicating 
the presence of silica. These ash deposits are  ob-
viously the remains of granules similar to those show- 
ing so clearly in the ultra-violet photographs. 

(5) XUCLEATEDERYTHROCYTES 

When adult chicken erythrocytes axe photographed 
with ultra-violet light the nucleus shows as a highly 
absorbing mass revealing but little structure (Fig. 8, 
Wyckoff, Ebeling and Ter Louw). The cytoplasm is 
moderately dense, indeed rather more so than that 
of the fibroblasts and macrophages. 

Adult chicken blood was prepared in a thin, even 
smear and incinerated. The nuclei appeared as  
dense deposits of greyish white ash quite sharply 
separated from the surrounding cytoplasm. The cyto- 
plasmic residue was finely granulated and evenly dis- 
tributed throughout the cell. The limiting membrane 
of the erythrocyte was not a t  all sharply defined, but 
since the blood plasma leaves little o r  no residue, 
difficulty was not experienced in determining cell 
boundaries. 

(6) SPERX CELLS 

Lucas and Stark have published excellent ultra-
violet photomicrographs of living sperm cells o f  the 
grasshopper. As their study is primarily one of 
certain differences in chromosome formation, they 
have pictured but few resting cells. I n  Fig. 1 of 
their paper there are three large cells near the center 
which may well be true examples of the resting 
nucleus. A close examination of these cells shows the 
nucleus to be quite distinctly outlined. There are  
definite though faint flakes of chromatic material 
present. I n  Figs. 3 and 4 of Lucas and Stark's 
article the true resting nucleus is admirably shown 
in the sustentacular cells. I n  these nuclei the nucleo- 
lus absorbs the ultra-violet light and hence appears 
a s  a marked shadow. The nuclear membrane is sharp 
and patches of chromatin material are visible. 

Preparations were made of testes fixed in absolute 
alcohol and formalin and of rapidly dried fresh 
smears. The resting spel~natocytes showed but slight 
ash in the nucleus. The nucleolus was always repre- 
sented by a highly refractile deposit of minerals and 
occasional ash clumps were scattered throughout the 
nucleus. 

(7) CELLSDURING- MITOSIS 

The actual process of cell division with the coinci- 
dent formation of chromosomes in living sperm cells, 

as  observed with the ultra-violet microscope, h$ been 
described by Lucas and Stark. Their findings are 
well illustrated. I n  general i t  can be said that the 
chromosomes absorb ultra-violet light and conse-
quently appear to be very dark in the photograph. 
This holds true f o r  all stages of division, from the 
earliest prophase to the daughter cells. The cyto- 
plasm of cells in most of the earlier stages of mitosis 
seems to be quite transparent and cell membranes 
are  rather indistinct (Figs. 6 and 7, Lucas and Stark) .  
I t  is  significant that there are  no marked granulations 
in the cytoplasm in the later stages. 

Incinerated sperm cells of grasshoppers were ex-
amined and the arrangement of the salts noted during 
division. The findings in this form differed in no 
essential respect from those in  the skin of the frog 
and in the testicle of the white r a t  previously recorded 
by Scott.18 I n  each instance chromosome form was 
perfectly preserved by the ash residue and but little 
mineral matter could be seen in other portions of the 
cell. Even the early changes in  the division figures 
could be followed with considerable accuracy. 

Sperm cells of different orders do not appear to 
vary ill the inorganic constituents revealed by micro- 
incineration. Dividing cells of the cat and ra t  testicle, 
f rog skin, intestinal epithelium of ra t  and of cat, 
epidermis of Tritztrzts viridescens and developing eggs 
of the frog, all show a concentration of mineral in -
the formed chromatin-especially in the chromosomes. 
Very little, if any, ash residue can be seen i n  other 
parts of the nucleus either of resting cells o r  of cells 
undergoing nzitosis. 

Evidently in  these several kinds of material avail- 
able f o r  comparison, there is a definite resemblance 
between the topographic distribution of the substances 
of the living cell which are  opaque to bltra-violet 
light of certain xi-ave-lengths, and the mineral ash 
deposits in incinerated cells of similar types. With 
the present evidence it  is impossible to decide whether 
the material absorbing ultra-violet light in living cells 
acts as a surface or focus of crystallization for  the 
mineral materials in the process of fixation and de- 
hydration, or represents an area of proioplasm com- 
posed largely of an inorganic colloidal complex. The 
conclusion is warranted that these two techniques 
(ultra-violet light photography and micro-incinera-
tion) are mutually supportive insofar that they reveal 
the presence of similar substances. Together they 
constitute a new and valuable method f o r  the investi- 
gation of the chemical constitution of living matter. 
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