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A B S T R A C T  

The base composition of RNA from individually isolated giant chromosomes, puffed 
chromosome segments, nucleoli, and samples of cytoplasm from Chironomus salivary gland 
cells was determined by microelectrophoresis. Data on the adenine :guanine quotient of the 
chromosomal DNA were also obtained. The results show that: 1) Chromosomal, nucleolar, 
and cytoplasmic RNA's differ significantly from each other in base composition. 2) Nucleolar 
and cytoplasmic RNA's,  in spite of the difference, show great similarities with regard to the 
base composition and are both rich in adenine and uracil. 3) The RNA extracted from 
chromosome I differs significantly from the RNA's extracted from different segments of 
chromosome IV, and the latter differ significantly from each other. 4) The values for the 
R N A - D N A  quotients of chromosome segments parallel the development of synthetically 
active genes, so-called Balbiani rings. 5) The chromosomal RNA does not show a base 
symmetry in any of the investigated eases, nor is the content of guanine + cytosine the 
same as that for DNA. The first of these two facts excludes the possibility that the chromoso- 
mal RNA is a complete copy of both strands of the chromosomal DNA. In  spite of the 
difference in guanine -I- cytosine content between the two nucleic acids the RNA may still 
partly or completely be a single strand copy depending upon how representative the DNA 
values are for the synthetically active DNA. 

The study of the process of information transfer 
from DNA x to protein-synthesizing centers in the 
cytoplasm has been carried out chiefly in bacteria. 
It  is understandable that technical difficulties 
should arise when such studies are extended to 
higher organisms. However, in at least one case, 
namely the dipteran giant chromosomes, a higher 
organism may offer a distinct advantage. Here, 
through polyteny and the phenomenon of puffing 

x Abbreviations : DNA = deoxyribonucleic acid, 
RNA = ribonueleic acid, A = adenine, G = gua- 
nine, C = cytosine, U = uracil, T = thymine. 

(2), products that are known to be due to the ac- 
tivity of single chromosomal loci (3) may accumu- 
late in quantities large enough to be analyzed by 
special microchemical procedures. 

The present paper describes results of micro- 
electrophoretic (5) purine-pyrimidine analyses 
(microphoresis) of giant chromosomes, nucleoli, 
and cytoplasm from the salivary gland nuclei of 
Chironomus tentans. One chromosome, the short No. 
IV element, was further subdivided into three 
segments, each of which included a very large puff 
(Balbiani ring). Genetically, a Balbiani ring is 
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e q u i v a l e n t  to a s ingle i n f o r m a t i o n a l  gene  locus  (3) 

wh ich ,  in b i ochemi ca l  t e rms ,  is c h a r a c t e r i z e d  by  a 

pa r t i cu l a r ly  h i gh  syn the t i c  ac t iv i ty  as conce rns  

R N A  (14). M o s t  of  the  R N A  ex t r ac t ed  f r o m  the  

s e g m e n t s  of  c h r o m o s o m e  IV  shou ld ,  therefore ,  con -  

s t i tu te  the  p r o d u c t  o f  those  gene  loci r ep r e sen t ed  by  

the  Ba lb ian i  r ings,  a n  in fe rence  w h i c h  c a n  also be  

d r a w n  di rec t ly  f r om ou r  da ta .  A n  i nd i ca t i on  of  the  

genera l  n a t u r e  of  the  base c o m p o s i t i o n  of  the  D N A  

of the  g i a n t  c h r o m o s o m e s  was  o b t a i n e d  by m e a s -  

u r i n g  its a d e n i n e / g u a n i n e  q u o t i e n t  by m e a n s  of 

mic rophores i s .  

M E T H O D S  

P R E P A R A T I O N  OF THE M A T E R I A L :  Chromo-  
somes, nucleoli, a n d  cy toplasm were taken f rom the 
large cells of  the  ma i n  lobe of the  larval salivary 
g land  of Chironomus tentans (cf. reference 3). Large  
four th  instar  larvae were used throughout .  Since the  
Balbiani rings do not  undergo  specific changes  dur ing  
metamorphos i s  it was not  deemed  necessary to make  
a distinction between larvae and  "p r epupae . "  For 
similar  reasons, we did not  de termine  the  sex of the 
larvae. Wi th in  each  series of dissections the  larvae 
were collected from a single cul ture bowl and  repre- 
sented the  progeny of a single mat ing.  As j udged  
from the size of the  Balbiani  tings, the  homogenei ty  
within such  cultures was excellent. Between different 
series of dissections where  larvae from different 
cultures had  been used some differences in the  size 
of the Balbiani  rings were observed. However,  since 
all cultures derive from related inbred  stocks, the 
mater ia l  as a whole can  be considered as geneticallv 
homogeneous .  

The  salivary glands  were dissected in body fluid 
and  immedia te ly  fixed in buffered isotonic formalin 
(5 per  cent  in M/60 phospha te  buffer of p H  7.1 
conta in ing  0.2 per cent  NaC1) for 30 minutes .  This  
was followed by a brief wash in distilled water  which 
served as the  m e d i u m  for fur ther  dissection as well. 
Microdissection of single cells was carr ied out  by 
hand  unde r  a binocular  (Leitz Greenough) .  The  
nuclear  m e m b r a n e  was torn open, with tungs ten  
needles, and  the  chromosomes  were freed f rom the 
nucleus  by gentle agitation. T h e y  could then  be 
d rawn  u p  individual ly into a m o u t h  pipette and  
transferred to cove~lips where they were air dried. 
Homologous  chromosomes  from different nuclei  of 
the same pair  of g lands  were put  together  on the 
same coverslip bu t  a r ranged  individual ly  in order  to 
permi t  the fur ther  dissection into chromosome seg- 
ments  (see below). The re  is no difficulty in identifying 
the  four different chromosomes  of C. tentans in- 
dividually so tha t  errors in classification are ex- 
cluded (see Fig. 1). In  the  case of ch romosome IV  
all inversion heterozygotes were discarded, which  is 

an  obvious prerequisite for obta in ing  clear separa-  
tions of the  ch romosomal  segments  f rom each other. 
For the  prepara t ion  of nucleoli  the  nucleolar  chromo-  
somes were transferred to coverslips and  air dried. 
T h e  nucleolar  mass  was then freed from the a t tached  
chromosome as m u c h  as possible. No  distinction was 
m a d e  between nucleoli  isolated from chromosomes  
II  or I I I .  Samples  of  cy toplasm were prepared  by 
placing enucleated  ceils on coverslips for air drying. 

T h e  prepara t ions  were post t rea ted as follows 
before being sent  to Go thenbu rg  for microchemical  
analysis:  One  series (lot No. 1, sent to G o t h e n b u r g  
on M a y  19, 1961) was t reated with 5 per cent  T C A  
(trichloracetic acid) at 4°C for 5 minu tes ;  the next  
series (lot No. 2, sent to Go thenbu rg  on October  21, 
1961), with 10 per cent  PCA (perchloric acid) at 
4°C for 5 minutes .  T h e  t r ea tmen t  was followed, in 
all cases, by water,  acetone, and  finally air drying.  

Lot No. 1 compr ised  30 coverslips with 104 No. 
IV chromosomes  f rom 9 an imals ;  5 coverslips, each 
with 5 or 6 nucleoli  f rom 2 animals ;  and  3 coverslips, 
each with the  cy toplasm of one cell f rom a different 
an imal  (2 of  these were fixed with acetic alcohol 
1:3). 

Lot No. 2 comprised 20 coverslips with 260 No. 
IV  chromosomes  from 20 an imals ;  12 coverslips with 
93 No. I chromosomes  from 12 animals ;  1 coverslip 
with 12 nucleoli  f rom 2 or 3 an imals ;  1 coverslip 
with the  cytoplasm of one cell. 

ANALYTICAL PROCEDURES: T h e  fixed and  
dried salivary g land  const i tuents  were hydra ted  with 
0.01 N acetic acid and  covered with l iquid paraffin 
in an  oil c h a m b e r  a r rangement .  T h e y  were re- 
a r ranged  and,  in the case of the  chromosomes ,  cut  
according to requirements ,  us ing the  de F o n b r u n e  
mic roman ipu la to r  equ ipped  with two glass needles. 

The  No. I chromosomes  were used whole and  
were collected in groups of 17 to 28 for each analysis. 
T h e  No. IV chromosomes  were divided into three 
segments  and  designated IV  u (upper),  IV m (middle) 
and  IV  l (lower). The  middle  and  upper  segments  
were separa ted  between their  Balbiani  rings; and  the 
lower segments  were taken off as close to the Balbiani 
r ing of the middle  segments  as possible (see Fig. 2). 
Th i r ty  to eighty segments  were used for each analysis. 
R N A  was extracted with r ibonuclease and  analyzed 
by microphoresis  as described earlier (5), bu t  digested 
at 37°C instead of room tempera ture .  

In  cases with a low R N A / p r o t e i n  quot ient ,  such 
as certain chromosomal  segments,  the  increased 
a m o u n t  of mater ia l  necessary for a microphoret ic  
separa t ion m a y  give rise to an  increased con tamina -  
tion of R N A  by proteins. If  no precaut ions  are taken 
the  effect is to increase the  values for uridylic acid. 
Evidence for such con tamina t ion  was obta ined  in 
some analyses of lot No. 1. In  view of this, lot No. 2 
was postfixed with 96 per cent  e thanol  for 18 hours, 
a t r ea tmen t  which  largely el iminates contaminat ions .  
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FIGURE 1 

The salivary gland chromosomes (I, II,  III ,  IV) of Chironomus rental .  N = nuclcoli, B R  = Balbianl 
rings. X 750. 
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I~GURE 

Chromosome IV from the salivary glands of Chironomus tentans. (a) The thrcc chromosomal seg- 
ments used in the analysis of RNA (IV u, IV m, IV l) and their approximate delimitation (arrows). 
B R  1, B R  2, and B R  3 = the three Balbiani rings. (b) Cytological map showing the banding and 
length relations when B R  1 and B R  2 are not developed (bands of origin indicated for both, after 
Beermann, 1952). X 2000. 

Some separations of RNA from whole No. IV 
chromosomes and one from IV l showed evidence of 
contamination, the former to a moderate degree. 
These are not included among the results. 

R E S U L T S  

The  base compositions of R N A  extracted from 
isolated chromosomes, chromosome segments, 
nucleoli, and  cytoplasm arc given in Table  I. 
Photographs  of separations, representat ive for each 
kind of material ,  are shown in Fig. 3. I t  can be 
seen that  the R N A  from all sourccs was char-  
actcrized by a high adenine content ;  in the case of 
nucleolar and  cytoplasmic RNA's ,  by a relatively 
h igh uracil  content  as well. The  RNA's  from the 
lat ter  two sources were very similar, bu t  still 
significantly different with  regard to their  G / U  

quotients,  the higher  quot ient  being exhibited by 
cytoplasmic RNA. 

All chromosomal  RNA' s  were found to differ 
from the nucleolar  and  cytoplasmic RNA's  
(Table  II) .  There  was, however, a wide var ia t ion  
in composit ional  values between the RNA' s  from 
the different chromosomal  sources. The  greatest 
var iat ions are to be found in the A / U  rat io (Table  
I). There  are significant statistical differences in 
this rat io between IV u and  I V  m as well as be- 
tween each of these and  chromosome I. I t  is true 
tha t  I V  l differs from the other  segments also; 
however, the few values obta ined in this case do 
not  usually permi t  the conclusion to be d rawn  tha t  
significant differences do exist. An  exception is the 
case of IV  l versus IV m, where the difference 
shows a relatively high t-value. 
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In  order  to make comparisons possible between 

chromosomal RNA and DNA, a few preliminary 
analyses of DNA composition were carried out and 
will be reported. Chromosome segments, which 

had been extracted for RNA, were incubated with 
1 N HC1 in the oil chamber  using liquid paraffin 

chromosome IV, section 1A) will necessarily be 

higher. 
A corresponding method for determining R N A  

amounts was not applied. I t  is, however, possible 

to make a very rough estimation of the amounts 
involved from the intensity of the ultraviolet ab- 

T A B L E  I 

Base Composition of R N A  Isolated from Various Cellular Components of Chirouomus Salivary Gland Cells 
Mean values of molar proportions in per cent of the sum 4-SEM 

Adenine Guanine 

Adenine Guanine -b 

Cytosine Uracil Uracil cytosine n 

Chromosome I 
Chromosome IV 

Upper  parts (IV u) 
Middle parts (IV m) 
Lower parts (IV l) 

Nucleoli* 
Cytoplasm 

29.4 4- 0.5 19.8 4- 1.0 27.7 4- 0.8 23.1 4- 0.6 1.27 47.5 4 

35.7 4- 0.6 20.6 4- 1.7 23.2 4- 1.2 20.8 4- 0.8 1.72 43.8 5 
38.0 4- 0.6 20.5 4- 0.6 24.5 4- 0.6 17.1 4- 0.6 2.22 45.0 6 
31.2 4- 2.2 22.0 4- 2.0 26.4 -4- 1.9 20.2 4- 1.4 1.54 48.4 3 
30.6 4- 0.8 20.1 4- 0.5 22.1 -4- 0.6 27.1 4- 0.6 1.13 42.2 13 
29.4 4- 0.4 22.9 4- 0.3 22.1 4- 0.4 25.7 4- 0.3 1.14 45.0 7 

* One nucleolar analysis excluded, showing the following composition : adenine 41.5, guanine 19.7, cyto- 
sine 20.4, and uracil 18.5. 

saturated with 1 N HC1. Incubat ion was allowed 
to take place at 37°C for 18 hr and the extracts 
were analyzed afterwards by microphoresis for 
adenine and guanine. The determinations of the 
A / G  ratio show high values, corresponding to 
about  35 per cent adenine and 15 per cent guanine 
in a complementary  DNA structure (see Table 
III) .  

In a few cases, a known amount  of cytidine (2 
to 3 /z#M) was dissolved in a volume of hydro- 
chloric acid used for incubating the chromosome 

segments. This ofl'ered a way of determining the 
absolute amounts of DNA. Values obtained ac- 
cording to this method are given in Table III .  It 
can be seen that  chromosome I contains 2.5 times 
as much DNA as chromosome IV, which is in good 
agreement  with the relative dimensions of these 
chromosomes (cf. Fig. 1). The values for the seg- 
ments  IV u and IV m, particularly the latter, seem 
to be too high in proport ion to the apparent  
chromosome length they constitute. This, however, 
is to be expected since the formation of a Balbiani 
ring considerably shortens the chromosome section 

involved (2). The true length relations as revealed 
in chromosomes where Balbiani rings are not 
present (Fig. 2) come much closer to the DNA 
values. Furthermore,  in short chromosome seg- 
ments, the weight of local variations in DNA con- 
centrat ion (e.g. heavy bands at the lower end of 

T A B L E  II 

Significance of Determined Difference~ in Adenine: 
Uracil Ratio among Various Cellular Components 

of Salivary Gland Cells 

De- 
grees P-value 

t*Value* of (upper 
free- limit) 
dora 

IV upper vs. IV lower 1.16 6 insig- 
nif. 

IV upper vs. IV middle 4.12 9 0.01 
IV middle vs. IV lower 4.04 7 0.01 
I whole vs. IV upper  5.87 7 0.01 
I whole vs. IV middle 8.49 8 0.001 
I whole vs. IV lower 2.09 5 0.1 

Nucleoli vs. IV upper 7.84 16 0.001 
Nucleoli vs. IV middle 9.83 17 0.001 
Nucleoli vs. IV lower 3.00 14 0.01 
Nucleoli vs. I whole 2.22 15 0.05 

Cytoplasm vs. IV upper 8.80 10 0.001 
Cytoplasm vs. IV middle 10.3 11 0.001 
Cytoplasm vs. IV lower 3.01 8 0.02 
Cytoplasm vs. I whole 2.84 9 0.02 

Cytoplasm vs. nucleoli 
(Guanine : Uracil  ratio) 

5.25 18 0.001 

* Statistical significance. 
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FIGURE 3 

Microphoretic separations at 257 mp of RNA hydrolysates from cytoplasm (C), nuclcoli (N), the 
first chromosome (I) and the middle  segment of the fourth chromosome (IV m) from Chironomus 
salivary gland cells. A, G, C, and U stand for adenine, guanine, cytidylic acid, and uridylic acid, 
respectively. X 150. 

sorption of the separated bands. These estimations 
can be used for obtaining round figures for the 
R N A / D N A  quotients in the different chromoso- 

mal  segments. These data are given in Table III. 
There is an obvious increase in this ratio as one 
passes from segments with low synthetic activity 
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to those of higher activity (as judged by the size 
of the Balbiani rings). 

D I S C U S S I O N  

There may be justification for giving some com- 
mcnts regarding thc extent to which thc obtained 
data  can be assumed to be representative for the 
in vivo conditions. I t  was shown for Carnoy-fixcd 
starfish oocytcs that the fixation and subse- 
quent  isolation procedure leaves R N A  in a 
suitable state for quantitative R N A  determination 
and base analysis (7). In the present work there 
are stages which cannot be checked easily with 
macrochemical control experiments. However, 

speaks against artefacts inherent in the preparative 
procedure. 

I t  immediately becomes apparent,  from an in- 
spection of the results on chromosomal RNA,  that, 
in no case, is there a symmetry in base composition 
of the same kind as that which has been found for 
DNA. While leaving several alternatives open to 
explain this result, e.g. heterogeneous origin or 
secondary modifications of RNA,  the data  make 
one thing clear, viz. that the chromosomal R N A  
cannot to any higher percentage represent a copy 
of both strands of complementary DNA molecules. 
Thus, it is obvious that there is no close resem- 
blance between chromosomal R N A  in Chironomus 

T A B L E  I I I  

Adenine:Guanine Ratio and Content of DATA in Chironomus Giant Chromosomes 
Values in parenthesis give figures expressed as fractions of 50. Data on DNA content refer to single 

determinations 

Adenine:guanine ratio :l:sE~t n DNA content in #/~g 

Estimated 
RNA:DNA 

ratio 

Chromosome I* 3.71 4- 0.29 (39.4:10.6) 4 457; 582 1:20 
Chromosome IV 

Upper  parts ( IVu)  2.58 + 0.12 (36.0:14.0) 4 78 1:5 
Middle parts (IV m) 2.15 -4- 0.20 (34.2:15.8) 5 69 1:3 
Lower parts (IV l) 2.48 4- 0.13 (35.6:14.4) 3 105 1:10 
Whole chromosomes 2.54 4- 0.09 (35.9: 14.1 ) 3 244 - -  

* Extended analyses, while confirming the results on chromosome IV, have given somewhat lower adenine 
values (37.8 per cent) for chromosome I. 

the substitution of formalin for Carnoy's fluid as 
a fixative seems reasonably safe in view of the 
findings of Hartleib et al. (10) that the nucleic 
acid phosphorus is conserved during formalin 
fixation. Comparisons between the R N A  contents 
of isolated Purkinje nerve cells which were treated 
either with Carnoy's fluid or Lillie's buffered 
formalin for 3 hours show inconsiderably lower 
values for the cells from the formalin-fixed tissue, 
and base analyses of starfish ovaries demonstrate 
relatively small differences between the values 
obtained for formalin-fixed and freeze-dried tissue 
(Edstr6m and Gall, unpublished data). The 
completeness of the R N A  extractions was con- 
trolled in a few cases by carrying out renewed, 
prolonged digestions and also by staining part of 
the material after R N A  had been extracted. 
Absence of basophilia was regularly observed for 
Balbiani rings, nucleolar substance, and cytoplasm. 
The reproducibility of the values obtained also 

and the DNA-like "informational  R N A "  in E. 
coli (1 I) or yeast cells (21, 24). 

It  might be permitted also to pose the question 
whether the data are compatible with the hypo- 
thetical view that the chromosomal R N A  only 
consists of unmodified copies of the single DNA 
chain, with the full understanding that a positive 
answer will not permit  any conclusions to be drawn 
as to the origin of chromosomal RNA. An answer 
to the question may  possiby be obtained through a 
comparison between the G-C contents in the 
chromosomal R N A  and DNA. This is because the 
G-C content has to be the same in a D N A  duplex 
and each one of its constituting strands. As is 
evident from Table I I I ,  the relative G-C content 
of D N A  should be of the order of 30 per cent, a 
value that differs significantly from the corre- 
sponding value for chromosomal R N A  (see Table  
I). The composition of the chromosomal R N A  is 
consequently not the one to be expected £or  a 
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product that is copied from the single D N A  chain 
unless one assumes that a fraction of DNA, particu- 
larly rich in guanine and cytosine, is synthetically 
active. 

It  is not possible to discern with certainty any 
rules governing the base composition of chromoso- 
mal R N A  in view of the few examples studied. 
From the available data only one trend is evident. 
The  A / U  ratio parallels both the R N A / D N A  
ratio and the synthetic activity of the chromosome 
segments, as judged from the development of 
Balbiani rings. However,  this parallelism seems to 
be fortuitous, since analyses to be reported of 
fourth chromosomes in which BR 3 shows a 
higher degree of development than BR l give 
values for the A / U  quotient that are unusually 
low for BR 3. 

An estimation of the size of the fraction of R N A  
extracted from segments IV u and IV m that origi- 
nates in the Balbiani rings may be made. On  the 
assumption that the quotient estimated from 
chromosome I for R N A / D N A ,  i.e. ~0 ,  is repre- 
sentative for all regions of low synthetic activity 
and with the knowledge of the values for the 
quotients of the segments in question, i.e., ~ and 
~ ,  respectively, it can be estimated that these 
fractions are 75 and 85 per cent, respectively. 

The  results of several investigations on different 
kinds of material, including giant chromosomes, 
indicate that the chromatin or chromosomes is the 
source of nucleolar R N A  (14, 8, 22, 20, 18, 16). 
In  the present study, there is no indication of a 
common origin for any of the investigated samples 
of chromosomal R N A  and nucleolar RNA. In view 
of the varying base composition of chromosomal 
RNA,  these results are not contradictory, of 
course, to those of earlier investigators. 

The results of autoradiographic investigations 
indicate the nucleolus to be a source of the major 
part of cytoplasmic R N A  (l,  23). It  is true that 
such investigations are subject to errors, such as 
the unknown influences of the turnover rates of 
various precursors (9), self absorption (I 6), as well 
as cellular radiation damage with the use of tri- 
tium-labeled compounds (l 7). Nonetheless, these 
results are supported by the microirradiation 
experiments of Perry (15) and microphoretic base 
analyses of isolated nucleoli and cytoplasm from 
spider (6) and starfish (7) oocytes. Further support 
is furnished by the present data on Chironomus. 
These results seem even more informative than 
earlier base analyses in the respect that both the 

nucleolar and cytoplasmic RNA's  are strikingly 
different from both the ribosomal R N A  that is 
usually encountered in animal tissues and the 
soluble R N A  (12). 

Although the nucleolar and cytoplasmic RNA's  
are similar there is a highly significant difference 
between them in the G / U  quotient. As was 
pointed out earlier (7), such findings do not ex- 
clude even the extreme alternative that practi- 
cally all cytoplasmic R N A  present at a given 
moment  is derived from the nucleolus. If  nucleolar 
R N A  is transported to the cytoplasm and if R N A  
is retained there, as seems to be the case in growing 
or proliferating tissues, including Drosophila 
salivary gland cells (13), any change in the com- 
position of the nucleolar R N A  during the life of 
the cell will give rise to differences since the cyto- 
plasmic R N A  would represent an integral of all 
nucleolar R N A  produced. It  has been found, for 
starfish oocytes, that there are significant changes 
in base composition of nucleolar R N A  during the 
growth of the oocyte (Edstr6m, unpublished). 

In E. coli, the fraction of the R N A  synthesized 
on the chromosomes that acts as a "messenger" 
R N A  is present in very low amounts (4). In 
Chironomus there is no sign of a contribution of 
chromosomal R N A  to the cytoplasmic RNA,  as 
judged by the base data, an expected finding in 
view of the results on E. coll. Cytoplasmic RNA, 
the bulk of which is ribosomal and is found usually 
to be rich in guanine and cytosine, shows an 
unusual base composition, in Chironomus, for an 
animal tissue. Similar results, i.e. a relatively high 
A-U content, have been obtained earlier (19) in 
analyses on Drosophila eggs. Furthermore,  since, 
in experiments to be published, R N A  of A-U type 
was extracted from whole Chironomus larvae, there 
is nothing which indicates that this composition is 
characteristic for polytenic tissues only. I t  is inter- 
esting to note that DNA from Chironomus giant 
chromosomes deviates in composition from the 
DNA of other known animal sources in a similar 
fashion, i.e. it has an unusually high A-T content, 
and it is tempting to believe that the parallel 
behaviour of the two nucleic acids in this respect 
is not fortuitous. 
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