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FIGURE 7. Balbiani ring from Chironomus. Courtesy of Dr. 
spread apart in the active region. 

gene loci, and that some loci or groups of loci may 
have a highly intense function resulting in the ap- 
pearance of great protein masses, containing RNA 
also, either splitting the very chromosome struc- 
ture or, like the main nucleolus and the small 
nucleoli, gathering in the neighbourhood of definite 
chromosome parts. The early work with cyto- 
chemical methods had already revealed that the 
concentrations in various parts of the Chironom~s 
chromosomes show great dissimilarities. Judg- 
ment of sizes of nuclear structures can in this 
material be misleading. The variations in concen- 
tration between, for instance, different parts of 
Balbiani rings and main nucleoli and different 
chromosome sections may amount to a factor of 
10 and thus good methods for quantitative deter- 
mination of total amounts of protein are needed, 
such as have not been developed until recently. 

The very promising results on Chironom~s were 
encouraging but the work difficult because of the 
lack of culture techniques for reasonably constant 
genetic strains. Because of this Bauer developed 
culture methods for Chironomus tentans and re- 
cently very good methods for Chironomus thummi, 
which is still better for cytochemical work. In 
addition, he has recently developed correspond- 
ing methods for Tipula species which offer rare 

Hans Bauer. The picture demonstrates how the strands 

opportunities for cytochemical studies of mitosis 
meiosis and the spindle mechanism, and are thus 
an excellent complement to Chironomus in the 
cytochemical work on the gene metabolism. At the 
end of my lecture I will give some examples from 
this joint working project. From Bauer's group in 
Wilhelmshaven has also come strong morphologi- 
cal support for correlations between primary gene 
products and function. I expect that Dr. Beer- 
mann will describe the beautiful work of the Wil- 
helmshaven group in these fields. 

To summarize briefly: Ultramicrospectrography 
has hitherto demonstrated protein metabolic 
processes in the primary stages of gene function 
as follows. The metaphase chromosome contains 
polynucleotides and proteins. The interphase 
nucleus contains great amounts of proteins and 
polynucleotides, RNA as well as DNA. During 
prophase the main part of the protein in the 
chromosome material disappears upon contrac- 
tion. During the meiotic prophase it is possible 
to follow the disappearance of protein masses 
from the prophasic chromosomes inside the still 
unbroken nuclear membrane. During telophase 
proteins appear again, probably as primary gene 
products around gene loci. In particularly suitable 
material like the salivary gland type of nuclei 
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QUANTITATIVE DETERMINATIONS ON THE NUCLEUS 9 

these proteins to a considerable extent remain 
between the gene carrying elements and can be 
directly observed. The nucleolar material con- 
sists of primary gene products which gather in 
such great quantities that they can be observed 
clearly with morphological methods. In some ma- 
terial nucleolar organizers play a role in these 
formations. An excellent opportunity to study 
these primary protein production processes during 
gene activity is offered by certain differentiations 
in the chromatin. Particular chromatin parts are 
especially active in the formation of the great cyto- 
plasmic protein masses which occur, for example, 
in rapid cell growth. This nucleolus associated 
ehromatin produces (Fig. 3) very great quantities 
of proteins and also some RNA, which results in 
great amounts of nucleolar substances. Simultane- 
ously great RNA masses appear outside the 
nuclear membrane and the proteins in the cyto- 
plasm increase. This mechanism is universally 
seen in the animal and plant kingdoms and repre- 
sents a fundamental mechanism in the function of 
the cell nucleus. The analogy between nucleolus 
associated chromatin and the heterochromatic 
chromocenter is striking in the salivary glands of 
Drosophila, for example. Whether heterochroma- 
tin may be identified in a more general way with 
nucleolus associated chromatin cannot be settled 
owing to the difficulty of finding an exact and 
general definition of the concept of heterochroma- 
tin from the morphogenetic viewpoint. 

INSTRUMENTATION FOR MORE GENERAL 
QUANTITATIVE WORK ON 

CELL STRUCTURES 

The main working possibilities for direct micro- 
spectrography, that is, work on the cell structures 
in their sites in the cell, are illustrated in Figure 1. 
In the optical range, substances with selective ab- 
sorptions can be studied within the whole range 
where optics with sufficiently high resolving power 
can be used. In this part of the spectrum the 
technique was already so advanced in early years 
that no important improvement with regard to 
resolution etc. has been possible. Within the X-ray 
field the possibilities offered are those of mass 
determination, according to EngstrSm and Lind- 
str5m (1950) and element determination, accord- 
ing to Engstr5m (1946). Recently LindstrSm 
(1954, 1955) developed these procedures to a 
resolution and a sensitivity which makes it possi- 
ble to work on endonuclear structures. Suitable 
photometric procedures for the analysis of micro- 
radiograms have been developed by Carlson and 
Zech (in press) especially adapted for routine work 
on nuclear structures in larger series. For work 
with a scanning optical interference method de- 
veloped by Svensson (Caspersson, 1955a and b), 
interference optics according to Borer have been 
used. 

In the presentation I have just given of the 
biological material, I have pointed out how on 

numerous occasions the progress was blocked by 
insufficient technique. Analyzing the situation in 
these biological projects in some detail one finds 
that for more penetrating work on protein me- 
tabolism in the nucleus the following requirement 
must be fulfilled: 

1) All previously mentioned methods must give 
a better resolution than 1 p for spot measurement. 

2) It  must be possible to work on one and the 
same biological object with different cytochemical 
techniques one after another. Special work on 
preparation techniques for biological objects will 
also be needed for this purpose. 

3) It  must be possible to make total determina- 
tions of material in very heterogenous systems in 
large numbers. 

4) Time necessary for measurements must be 
brief and the exposure of the preparation to radia- 
tion must be low. 

5) Methods suitable for routine work must be 
developed for determination of the optical con- 
stants of the substances to be determined under 
the conditions prevailing in the biological prep- 
aration which is being measured. 

6) The cytochemical methods should be worked 
out so as to render it possible to control one with 
the other under suitable conditions. In addition, 
the cytochemical methods should, at least in some 
critical cases, be directly calibrated with macro- 
chemical determinations. 

An inevitable condition for efficient work in the 
field is that these six fundamental conditions are 
simultaneously fulfilled by the equipment. Little 
would be gained if only one or two of these require- 
ments were met. That is why we have attempted 
to carry through a more general program for de- 
veloping instruments at the institute for cell re- 
search in Stockhohn during the last few years. 
We believe now that a point in the program has 
been reached where the essential ones of the above 
mentioned requirements are met. ~ 

Before going on to describe the technical pro- 
cedures it is for practical reasons appropriate to 
treat separately three of the different problems 
met with: The way of overcoming the hetero- 
geneity of the objects; the procedures for deter- 
mining the physical constants of the substances to 
be studied ; and finally, certain control procedures. 
These problems correspond to points 2, 3 and 4 of 
the basic requirements mentioned in the introduc- 
tion to this paper. 

1 In this program, the results of which are in the proc- 
ess of publication, a number of people have collaborated 
in different combinations in the separate working proj- 
ects. The core of this group has been: Aquilonius, Bahr, 
Carlson, Kudynowski, LindstrSm, Lomakka, Issler, 
Jacobsson, Ruch, Svensson, and S~fstrSm. In the devel- 
opment of biological preparation methods Moberger, 
Vogt KShne and Zech have also participated. The work 
was mainly supported by Swedish government grants, 
the Wallenberg Foundation and the Swedish Anticancer 
Society. Parts of the project have been supported by 
the Rockefeller Foundation. 
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T H E  P R O B L E M  O F  H E T E R O G E N E I T Y  

One of the most comprehensive of the problems 
was the development of methods for the mastering 
of the influence of the inhomogeneity, suitable for 
biological routine work on large series of material 
(Caspersson, 1950-1955; Caspersson et al., 1951, 
1953, 1955). In principle the technical problem is 
the same whether it concerns optical absorption 
measurements, X-ray absorption measurements or 
measurements of optical path differences. The only 
precise way to work on an heterogeneous object of 
the degree of heterogeneity concerned (e.g. a 
Drosophila chromocenter or a mammalian nucleus) 
is to carry out so great a number of separate meas- 
urements on the object that together they give a 
representative value for the total amount of the 
absorbing substance in question, and to do that 
with measuring spots so minute that the influence 
of heterogeneity in each separate spot can be neg- 
lected. For the objects mentioned, which are 
generally representative of the material concerned, 

this involves work within the region of the dimen- 
sion 0.5 u. In practice this implies two points: 

l) Measuring a very great number of separate 
spots. 

2) Conversion of each separate measuring value 
according to a special function, which is different 
for optical absorption woik, for the X-ray field 
and for the optical path difference measurements. 
This is followed by a second calculation, as a rule 
consisting of additions of these converted measure- 
ment values under careful control so that no in- 
dividual measurements from regions outside the 
selected region to ~e measured are involved (cf. 
Fig. 8, part 2a). Practical experience from a con- 
siderable number of different lines of biological 
work has dictated that the number of measuring 
spots to be managed in this way per day should 
be of the magnitude 10,000-100,000. Such meas- 
urement series could of course not possibly be 
made by aid of the original spectrographs for spot 
measurements and in fact this tediousness of the 
work has been the main factor checking the rapid 

Optical spectrography in Umsp 
I /  Determination of absorption curves ("spot measurements') 
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s x x 
x x 

x 
x x 

x 
x 

x 

b/Registering 

r % 
2/Determination of total amounts 

(Scanning + data transformation+ integration) o/ Line scanning, most common type of object 
Ok oct 

ONect (surrounded Transmission reg. 
by tissue) in Umsp 

A O b j e c t  . 

Total amount �9 k / ,  I f ~ l ) d x  + | f (T~dn+ . . - ' ]  

Function transformer+ 
integrator 

b/ Area scanning 

r . . . . . . . . . . . . .  

I ,..j'j" f( T ) dx dy 

'~f(T) 

Total amount-kf/f(T)dx dy 
F I G U R E  8 .  

 Press
Cold Spring Harbor Laboratory on September 17, 2016 - Published by symposium.cshlp.orgDownloaded from 

http://symposium.cshlp.org/
http://www.cshlpress.com
http://www.cshlpress.com


QUANTITATIVE DETERMINATIONS ON THE NUCLEUS 11 

widening of the field of application of microspec- 
trographic techniques to more general biological 
problems during the last decade. The way to 
overcome these difficulties has been to automatize 
the measuring procedure by developing special 
scanning high resolution spectrographs which can 
be used as well for direct absorption measure- 
ments of the object in visible and ultraviolet light 
as for analysis of photographic plates from the 
X-ray spectrograph, for measurements with inter- 
ference optics, etc. Automatization of this part of 
the work gives a considerable saving of time, but, 
however, not enough when dealing with hetero- 
geneous populations of heterogeneous cells and 
sensitive biological materials. A further very con- 
siderable increase in speed of the work has been 
attained by the development of electronic data 
handling systems (Lomakka, 1954, 1955 and in 
press}, electronic analogue computers, which con- 
vert the measured values and integrate them, 
either directly during the measurements in the 
spectrograph or as a later step in the work. One 
may ask why not develop television-like systems 
for measurings with direct electronic data trans- 
formation, which might permit a further increase 
of the rate without introducing any serious new 
instrumental complications. There are two reasons 
for this choice. Unfortunately the most frequent 
biological objects by far have the character given 
in Figure 8, part 2a; the object is of irregular shape 
and is surrounded by tissues which must not be 
included in the measurements. This causes obvious 
difficulties for too greatly automatized systems-- 
inclusion of even a small part of the surrounding 
cells, which have often quite another absorption, 
may cause great errors. The second reason is the 
practical experience that it is most desirable to 
have a record of each individual measuring spot, 
particularly in the optical microspectrographic 
work. The object may change during the course of 
a series of measurements, which are as a rule done 
at a number of wavelengths one after the other. 
Furthermore it should be possible later on to con- 
trol the main course of the absorption spectrum in 
different parts of the object, which can only be 
done if permanent records are made. Here I may 
also mention our practical experience that again 

G o m p u t e r  a r r a n Q e m e n t  

in material which seems ideal for work according 
to 2b in Figure 8 with more highly automatized 
scanning systems, such as blood cells, ascitic tumor 
cells etc. one frequently finds that the "free area" 
surrounding the object often contains substances 
which cannot be directly observed with the eye or 
on the photographic plates in a convenient way, 
whereas they clearly show up in the recorded 
curves. Thus the continuous recording as a rule 
gives much more precise values for the incident 
radiation than can ever be obtained with unre- 
cording systems in the most common types of 
biological preparations. 

The main functions of the central data-handling 
spectrograph for optical work are indicated in 
Figure 8; parts 2a and b give the two main types 
of biological material. As indicated in the figure 
every scanning line is continuously recorded and 
the conversion of the transmission values and the 
integration of the converted data, which is made 
in a special computer, is also continuously re- 
corded. 

It is not surprising perhaps that the working out 
of a model of this relatively complex machine, 
which was well suited for biological routine work 
on a large scale, proved to be a fairly complex un- 
dertaking. Special emphasis has always been put 
on this practical side of the problem and we believe 
now that at last the present construction satisfies 
reasonable demands in this respect. It  has been 
used in continuous large scale work for a couple 
of years and has become so stabilized that it has 
now been given over for marketing by Carl Zeiss 
(Western Germany] as the instrument is decidedly 
not suitable for construction with the usual uni- 
versity laboratory facilities. 

Figure 9 gives the main lines of the computor 
arrangement. Two types of data-handling units 
are used in the first place. Both may be classified 
as electric analogy machines. One of them makes 
the function transformation by aid of a tapped 
potentiometer which can be adjusted to give any 
arbitrary function, integrates the result and re- 
cords the current integral on the curve. The other 
type uses systems of diode chains for the function 
transformation, different for extinction measure- 
ments, X-ray measurements and interference 
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12 T. CASPERSSON 

measurements. It' also has two integrating sys- 
tems, one for the object and one for the back- 
ground. Both types of machines continuously 
record the results graphically. 

The development of this scanning data-hand- 
ling spectrograph has resulted in some further 
results, which were originally hardly expected. By 
suitable arrangement of the biological study-- 
mainly by use of whole cells--it is often possible 
to get entirely around the difficulties conditioned 
by a fixation shrinkage of the material and also 
microtome sectioning, which otherwise often give 
very unreliable results. Also the scanning pro- 
cedures give good opportunities to use very low 
light energies in the study of transient processes 
in living cells. Finally it has also been possible, by 
means of this spectrograph, to develop different 
devices for work on model substances which I 
shall now deal with. 

MEASUREMENTS ON MODEL SUBSTANCES 

Figure 10 demonstrates the general course of 
the optical measurements. It goes without saying 
that there is no use in carrying out measurements 
with any exactitude of the absorption in the prep- 
aration if data on the optical constants of the 
substances to be analyzed are not available and 
valid for exactly the conditions which prevail in the 
biological preparation to be studied. The difficulties 
involved in the determination of these constants 
lie in the vast distance between the cytochemieal 
working field, 10 -9 to 10 -I2 g, and most general 
chemical and physical micromethods which as a 
rule work near the mg or gamma range. Svensson 
(1954, 1955, 1956 and in press) has developed 
procedures for determination of extinction and 
index of refraction suitable for routine work on 
such material as, for instance, proteins in concen- 
trations up to more than 40 per cent. The central 
difficulties are to be found in the handling of such 
Solutions at the time of the measurements, which 
must be carried through in thicknesses of layers 
only a few micra thick, the thickness of which has 
to be known with an accuracy of a few per cent. 

Optical u l t ramicrospectrography 

. .  . Preparation . . . .  ~ Object .4.. Analysed 

~ o, F t . . . -  \ d . , .  
p.tro, of ,~ d,ffr.II 
]Determination of I "  
ImeoL  up. needed | 

I Urn,p+ I 
Model _ lien. cuvette I C (and n) under 
substances - Ifor r and n I ~ m e a s u r i n g  conditions 

IdetsrminotionJ 

Marks in oll figures 
u special piece of 
instrumentation 

FIGUR~ 10. 

With regard to the extinction, the most important 
point is the determination of its dependence of 
concentration. The value of the index of refraction 
has to be known because of the possible light losses 
due to refraction and diffraction, and the possi- 
bility of anomalous dispersion. The possibility that 
dichroism may appear has also to be taken into 
consideration. In general, however, dichroism 
gives no particular difficulties in the biological 
work. Since the very start of microspectrography 
it has as a matter of routine been controlled by 
very simple instruments (see Caspersson, 1950a; 
Ruch, 1951) and is of very little practical im- 
portance in spite of some regrettably misleading 
claims in the literature from the last decade. 

Recently methods have also been developed (in 
press) by which the optical constants of solid 
model systems can be determined. Small drops of 
solutions were treated by common fixation meth- 
ods like freeze drying or formalin fixation etc. in 
the same way as biological objects and after that 
extinction and refractive increment were deter- 
mined. 

In these ways one can in model substances very 
closely imitate the conditions in the complex bio- 
logical objects for measurement and make the 
proper determinations of the optical constants 
needed for the data analysis. The kinds of ap- 
paratus are rather simple and are constructed as 
complements to the scanning spectrograph in the 
form to be described later, the universal ultra- 
microspectrograph. 

CALIBRATION OF METHODS WITH EACH OTHER 
AND WITH MICROCHEMICAL PROCEDURES 

The first part of this subject needs no special 
argumentation. With regard to the second point, 
it is evidently most advantageous if so complex a 
biophysical procedure could be directly comleared 
with macrochemieal determinations in spite of the 
very great difference in working range--106 to 109. 
There is, however, another special reason for 
making these efforts. The optical conditions at, 
for instance, polynucleotide determinations in a 
nucleus with chromatin granules of the magnitude 
of the light wavelength, irregularly packed, are so 
complicated that it is not theoretically possible to 
foresee whether an exceedingly accurate measure- 
ment, made in the way described above of a great 
number of measuring spots, will actually give a 
correct expression for the total amount of absorb- 
ing substances. In this case a comparison with 
macrochemical determinations on the same object 
will be decisive. This comparison is, however, diffi- 
cult since it is not possible to produce entirely 
homogeneous cell populations of higher organized 
cells in such quantities as are necessary in order to 
get macrochemical data. The comparison using the 
usual more or less heterogeneous cell populations 
presupposes that one is able to carry out the cyto- 
chemical measurements on such a very great num- 
ber of individual cells that together they are r e -  
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QUANTITATIVE DETERMINATIONS ON THE NUCLEUS 13 

presentative of the entire population. With the 
automatized scanning spectrograph the working 
rate has now become so high that such determina- 
tions can be carried out. Especially regarding the 
ultraviolet work during the last six months such 
studies have been made on a rather large scale 
using ascitic tumor material for determinations of 
the total nucleotide and protein content in cells 
and isolated nuclei. In most cases material consist- 
ing of 200 cells and on an average corresponding to 
100,000 measuring points yield constant results 
and are thus representative of the population. 
The macrochemical determinations were on an 
average made on a 1000 million cells. With the 
present equipment such series of measurements 
and data conversions can be made within a few 
days. The agreement has been satisfactory, in all 
cases better than +10 per cent. 

GENERAL ARRANGEMENT OF 
THE INSTRUMENTATION 

In our efforts to develop a system of instru- 
ments for more general cytochemical work on a 
quantitative basis the following ten separate lines 
of work have been the central ones: 

]) Development of arrangements for prepara- 
tion (possibly fixation) of objects and for the 
measurement of their geometrical dimensions. 

2) Development of arrangements for spot meas- 
urements (wavelength after wavelength or record- 
ing) in the optical region (ultraviolet and visible). 

3) Microradiograms for mass determinations 
suitable for analytical work and working in the 
range of dimensions of the cell nuclear structures. 

4) The same for determination of elements. 
5) Instrumentation for scanning interference 

microphotometry. 
6) Instrumentation for the control of light scat- 

tering and refraction in objects and determination 
of the minimal measuring aperture necessary in 
the microspectrograph. 

7) Automatized scanning arrangement for work 
in optical region. 

8) Data-handling units for function trans- 
formation and integrations of transformed data. 

9) Instrumentation for the determination of 
optical constants of model substances in highly 
concentrated solutions and especially in the 
neighbourhood of the absorption peaks. 

10) Instrumentation for the determination of 
extinction and refractive increment in dried or 
fixed model sgbstances. 

In order to avoid boring you with a number of 
photographs of different pieces of machinery, I 
have tried to present the mode of working of the 
complete instrumentation in series of diagrams. In 
these diagrams a rectangle marks a special instru- 
ment, as a rule a result of one of the lines of work 
just listed. The abbreviation Umsp denotes the 
"universal ultramicrospectrograph" described be- 
low, a central piece of instrumentation which con- 
tains the main scanning and computing units. 

X ray mass determination 

Micro Obj'ct ~ ~ -- rod,ogrom-- ~ - - ~ - -  Data 

FIGURE 11. 

I 

Plote trantmitsioo 

Figure 10 illustrates the main procedure for 
work with optical absorption measurements. The 
object, after suitable preparation and after con- 
trol of light refraction and diffraction in a special 
instrument, is worked at in the Umsp. The optical 
constants of suitable model substances are also 
determined and these data, together with the data 
from the object, give the background for the final 
analysis. Figure 8 gives the main different modes 
of work in the optical region in the Umsp: Spot 
measurements and scanning measurements, either 
line scanning or area scanning. The conversion of 
the scanning data and integration of the converted 
data occurs in the computers. 

Figure 11 shows the course of the X-ray mass 
determination. Radiograms are taken in the high 
resolution X-ray microspectrograph for mass-de- 
termination according to LindstrSm. After de- 
velopment the microradiograms are analyzed in 
the Umsp scanning units. The transmission data 
are fed into the function transformer and con- 
verted according to the density curve of the plate. 
A very great advantage of the X-ray technique, 
which outweights its relative complexity, lies in 
the fact that the X-ray absorptions are largely 
independent of the physical state of the object 
and thus model substance determinations in the 
way in which they are needed for optical work are 
as a rule not necessary. 

X-ray element determinations are made in 
fundamentally the same way after exposure in the 
proper X-ray spectrograph, a vacuum X-ray spec- 
trograph developed by Lindstr6m, using curved 
crystals as monochromators. 

The interference mass determination is made 
with a scanning high resolution procedure using 
interference microscope optics but otherwise in 
principle fairly similar to the scanning work for 
absorption measurements. The Umsp can be 
equipped with interference optics and the meas- 
urements can be made directly in the Umsp. The 
function transformation is made according to a 
sinusoidal function indicated in Figure 12. In this 
case determinations are needed on model sub- 
stances of the specific refractive increment under 
the proper conditions, for which a technique has 
also been developed, as indicated in the figure. 

It is evident that the function of the computer 
is fundamentally quite similar for the different 
procedures. We have tried specifically to make 
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Interference moss determination 
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FIGURE 12. 

this part as simple and reliable as possible in order 
to suit the urgent demands of large scale biological 
work for convenient instrumentation. Figure 9 
shows the general arrangements. The computer 
arrangement can be directly connected with the 
scanning Umsp in which optical absorptions or 
optical refractive increment can be measured in 
an object, or X-ray mass and X-ray element de- 
terminations can be made in microradiograms. 
The transmission data are fed into the function 
transformer which transforms according to the 
proper function, as indicated in the diagram. The 
converted data are accumulated in an integrator, 
and for some specific types of material, in the first 
line mieroradiograms because of their granularity, 
a second integrator for the background is also 
provided. All data coming out of the computers 

are recorded with exception of the background 
data, which accumulate in a usual conventional 
counter. It has proved to be practical in a labora- 
tory where several people work with the equip- 
ment to provide also for the possibility of making 
the curve analysis as a separate step after the 
original transmission measurements have been 
made. Experience has shown that in this way the 
relatively expensive equipment can sometimes be 
used more efficiently. Thus the computer has been 
arranged so that transmission recordings from the 
Umsp can be put into them and analyzed by aid 
of a manual curve following system. 

Time will not allow me to enter into the control 
systems, and the arrangements for measurements 
on model systems. 

Leaving out details and certain smaller pieces of 
instrumentation, one can present the whole set as 
one unit, as in Figure 13. This shows clearly, I 
hope, the four central lines of work in the optical 
and X-ray regions, the central place of the scan- 
ning arrangements and the computer units and 
also the fact that it has been feasible to concen- 
trate the more expensive parts, mainly concerned 
with the scanning work, into one unit, which can 
be used for all four lines simultaneously and also 
for the work on model substances. The work on 
model substances is carried through by aid of 
special instrumentation for e and n determinations 
and a considerable part of the work is made by aid 
of the scanning units. A central thing in the whole 
system of instrumentation is the fact that it has 
been possible to concentrate so many different 
functions in the instrument which is called the 
Umsp. In that way the amount of instrumenta- 
tion necessary for practical routine biological 

Direct ~ . - -  , 
work Opt o .  I - -  I 

Object / ,con- _Ob l t 

- r~  . , . ~  t- I / 

~ s176 s~ L ]Opt abs ~-- 

M o d e l  ~ O p t  me.s ~ :c::p 

. . . .  p o . . .  

~ x ' ~  ~ X IV.ray elementl___ 

FIGURE 13. 
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TABLE 1. FUNCTIONS OF THE UNIVERSAL 

ULTRAMICRO SPECTRO GRAPH 

(UMsP) 

A. Optical msp of biological objects 
1. Absorption curves 

a. Wavelength after wavelength 
b. Recording 

2. Determination of total amounts 
a. Line scanning, data computing 
b. Area scanning, data computing 

B. Interference microphotometry, scanning, data com- 
puting 

C. Analysis of X-ray microradiograms from high resolu- 
tion X-ray msp for determination of mass or ele- 
ments, scanning, data computing 

With supplements : 
D. Determination of e in highly concentrated solutions 
E. Determination of n in highly concentrated solutions 
F. Determination of e in fixed or dehydrated models 
G. Determination of n in fixed or  dehydrated models 
H. Determination of dichroism in object 

1. Presence or absence 
2. Measurement thereof 

work has been kept down to a minimum. Table 1 
summarizes the tasks and function of the Umsp. 

Again turning to Figure 13 1 would like to point 
out two things. In particular cases it is possible to 
take considerable shortcuts in the work. I am 
sorry to say that the range of work of such meth- 
ods is extremely limited but they can be of use in 
preliminary work. For optical absorption work one 
can exploit the phenomenon that within the 
straight part of the density curve the transmission 
of a developed photographic plate is a logarithmic 
function of the originally incident light energy. 
Within the fairly long straight part of the density 
curve of the microradiograms and in the regret- 
tably short straight part of the corresponding 
curve for interference work, one can also use sim- 
pler techniques in suitable material. The second 
point is the following: As yet only direct ultra- 
microspectrography has been discussed, that is 
measurements of absorption data directly in the 
cell structure in its place in the cell. Of course it 
is possible to use the same procedure on cell struc- 
tures or cells, with suitable procedures isolated 
from the tissue and collected in sufficient quanti- 
ties. In that case the main advantage of the high 
resolution of the procedures is lost, but on the 
other hand the field of application is much wider. 
The group of procedures as presented in the figures 
present as a whole a good background for the 
development of ultramicrochemical procedures 
working in the range between the usual micro- 
chemistry and the range of the direct microspec- 
troscopy. Using the scanning procedures it is, for 
example, easy to determine, in a very small dried 
droplet the total amount of, say, proteins, nucleic 
acids, total mass, phosphorus, sulphur and so on. 
Infrared procedures are also being used in this line 

of development which is at present under way in 
our laboratory. Another interesting and promising 
mode of application of these procedures is the ex- 
ploitation of staining or colorimetric techniques. 
Ultramicrocolorimetric techniques using ultra- 
microspectrographs of types mentioned has been 
described earlier (Norberg, 1942). Staining pro- 
cedures in general are extremely bad for quantita- 
tive work, as is well known. The main reason for 
that is to be found in the fact it has been impossi- 
ble to introduce the proper model systems in the 
objects to be measured.With the techniques de- 
scribed above it is often easy, however, to build up 
a model system, for instance for SH staining 
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procedures, by introducing a small droplet of 
protein of known weight and composition in the 
object to be stained. Then the color reaction in 
the preparation can be judged on the basis of this 
simultaneously stained model system. It is possi- 
ble that this field is one of the most important ap- 
plications in the future of the general techniques 
I have described today. 

In this presentation I have tried to show how 
the efforts to develop more general quantitative 
cytochemical procedures were directly provoked 
t)y the early ultraviolet microspectrographie work 
on gene function and nuclear structure and also 
that these methods have now on the whole de- 
veloped so far that the essential ones of the 
primary conditions mentioned in the beginning 
have now largely been fulfilled. During the last 
few months we have taken up the basic biological 

line again, but the results are so incomplete that 
I will not try to give any presentation of the data 
of a more general kind. I would like to give just a 
few examples to show that the structures in ques- 
tion are accessible. The ultraviolet procedures need 
no special presentation. In this respect of course 
the data I cited earlier about the good agreement 
in the comparison with macrochemical data, which 
was made possible by the data-computing spec- 
trograph, shows that these data are solid. Figure 
14 gives another example, In an ascitic tumor 
cell population the macrochemical protein and 
nucleotide determination gave data corresponding 
to an absorption spectrmn as the curves in the 
figure for a homogenate of one cell. Cytochemical 
measurements of 250 cells corresponding to about 
150,000 measuring spots, gave the three points 
marked, when expressed in the same units. The 
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~ " N u c l e o l u s  

m a s s  750.  IO'12g 

FIGURE 18. Main nucleolus in a fullgrown larva of Chironomus thummi (interference m~cr. photograph), mode of mass 
measurement and result. Chromosome breadth 7-8 tt. Similar measurement in small young larva from same batch, 
(with chromosome breadth 60% of the fullgrown ones) gave 25.10 -12 grams i.e. 30 times lower value showing the ab- 
solutely and relatively very great increase of these nucleolar masses during salivary gland development. 

agreement is good qualitatively as well as quanti- 
tatively. Calibration of the X-ray  procedures in 
similar ways also gave very good agreement. 

Figure 15 gives, as an example of X-ray and in- 
terference methods, measurements during meiosis 
of T i p u l a  of the total mass of individual cells and 
nuclei. A considerable increase in total cell mass 
and a parallel increase in the total mass of the nu- 
cleus is evident until approximately diakinesis. 
Then the total mass (of the daughter cells taken 
together) remains constant. The mass of the tet- 
rads and of metaphase plates has also been meas- 
ured and marked ( + )  in the figure. The very 
great difference between the total mass of the 
early prophase nucleus and that of the sum of the 
metaphase chromosomes, indicated in the begin- 
ning of my lecture, is very clear (Vogt-KShne, 
Zech, Carlson, Svensson, in press.) 

Figures 16 and 17 show examples of the pro- 
cedures used for work on small chromosomes and 
nucleoli--those of the order of magnitude of two 
micra are readily accessible for measurement. 
Lastly, Figure 18 shows measurements on the 
main nucleolus in a fullgrown larva of C h i r o n o m u s  
t h u m m i .  In the early larval stages studied the mass 
of the nucleolus was more than ten times lower. 

These examples were given only to illustrate 
that  it seems to be possible to go further in the 
field of the cytochemical study of genetic mecha- 
nisms with these procedures. 
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