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Light scattering has been used as a monitoring device in the study of the macromo· 
lecnles like proteins, nucleic acids and nucleoprotein particles like ribosomes and viruses, 
using a spectroftuorometer for the purpose. The molecular weight of a globular protein 
can be determined by measuring the scattering by a 10-20 mlcromolar solution and com· 
paring that with the standard proteins of knowu molecular weights. In case of polyribo· 
nocleotides the scattering is dependent not only on the chain length but also the higher 
order structures. Scattering by ribosomes or viruses is proportional to their amounts 
within certain range. Light scattering measurements also reflect the differences in the 
structural features of viruses. The decrease in light scattering due to the degradation of 
the substrate has been utilized for following the action of enzymes like RNase I on polyri· 
bonucleotides. 

LIGHT scattering has been extensively used for 
various biological investigations1 • 2 • The basic 
principles have been elucidated by Steiner and 

Beers8 • This technique has been specially useful 
for the study of the macromolecules ... s ; for example, 
it has been successfully used in the study of 
dissociation and association of ribosomal sub· 
units8 -". Specially designed apparatus (for example, 
described by Gorisch et al") bas been built for such 
measurements and in recent years laser beam is being 
used for these studies. Simple spectrotluorometers 
have also been used for studying static equilibrium 
at 90" scattering. In this laboratory light scattering 
is being routinely lused for monitoring various 
processes involving macromolecules. With the help 
of this technique it bas recently been possible to 
understand the mechanism of association and 
dissociation of ribosomal subunitsto-u, a pheno· 
menon which is known for 25 years but the mecha· 
nism of which was not known. Some of our studies 
with proteins, RNAs and nucleoproteins like viruses 
as well as the use of this technique in enzyme assays 
will be described here. 

Experimental 
Materials and methods : 
Bovine serum albumin, ovalbumin, trypsin, 

lysozyme, ribonuclease I and 5'-AMP were obtained 
from Sigma Chemical Co., U.S.A. Deoxyribonu­
clease I was procured from Worthington Biochemi­
cals, U.S.A. Various synthetic polynucleotides as 
poly I, poly C, poly A, poly U and poly I:C were 
procured from the Miles Laboratory, U.S.A. 

Bacterial viruses P22 and MB7& purified by 
isopycnic centrifugation were obtained as gifts from 
M. Chakravorty of this Department MB78 is a 
new virus isolated in her Iaboratory18 • 

Preparation of RNase I : The enzyme was puri· 
fied from the extract of Salmonella typhlmurium 
according to the procedure described by Datta and 
Burma18 • 

Preparation of 70S ribosome and its subunits : 
Escherichia coli 70S ribosome and its subunits were 
prepared from the alumina extract of E. coli accord· 
ing to the procedure of Datta and Burma16 • 

Preparation of 23S and 16S ribosomal RNAs alld 
transfer RNAs: 23S and 16S RNAs were isolated 
from 50S and 30S ribosomal subunits by treatment 
with phenol in presence of sodium dodecyl sulphate 
and cold ethanol precipitation at -20° according to 
Amils et al17 • 5S RNA was prepared from intact 
70S ribosome and purified by passing through 
Sephadex G-100 column. Transfer RNA was 
prepared from 100,000 g supernatant of the extract 
of E. coli according to the method of Zubay18 • 

Light scattering measurements : 
Light scattering measurements were carried out 

in an Aminco-Bowman spectrofluorometer. The 
excitation and emission monochromators were set 
to 400 nm. A sample volume of I ml was used in a 
1 ml cuvette and readings were taken at an angle of 
90". 

Scattering by proteins, rRNAs, tRNAs and 
synthetic polynucleotides : The scattering at 400 nm 
by proteins, different ribosomal RNAs, tRNAs and 
synthetic polynucleotides of various molecular sizes 
was measured in 1 ml containing 20 mM Tris-HCI, 
pH 7.6 and indicated amounts of polynucleotides as 
shown in Figs. I and 2. The scattering by bacterio­
phages as well as by ribosomes and their subunits 
was measured in I ml containing 20 mM Tris-HCI, 
pH 7.6, 30 mM NH.,Cl and 0.1 mM MgAc2 • 
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Fig, 2. 
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Light scattedng by globular proteins of vanou~ 
sizes. The scattering by the following proteins 
at 400 nm was measured as descnbed under 
materials and methods : 
RNase I (M.W. 12,600), Lysozyme (M.W. 14,500), 
Trypsin (M. W. 21,000), DNase I (M.W. 31,000), 
Ovalbumin (M.W. 45,000), Bovine Serum albumin 
(M.W. 68,000). The concentrations of the proteins 
were as follows : 
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Light scatter!Dg by dJfierent polynucleotides. 
Scattering was measured as described under mate• 
rials and methods : 
A. 0 23SRNA 

6. 16S RNA 
0 SSRNA 
\l 4SRNA 

B. e poly I:C 
• polyi 
• polyA 
.. S'·AMP 

Measurement of ribonuclease I activity by light 
scattering : The nucleolytic action of ribonuclease I 
on different ribosomal RNAs, tRNAs and various 
polyribonucleotides was measured in 1 ml contain­
ing 100 mM Tris-HCJ, IPH 7.0, 0.11 mM MgAc., 
3 A160 units of RNA (or synthetic polynucleotide) 
and 6 units 1 of RNase I. The decrease in scattering 
at 400 nm was followed. 

Results and Discussion 
Light scattering by proteins : 
For standardisation of the procedure, a number 

of proteins of various molecular weights (12,600-
68,000) were chosen and used at different concentra­
tions. Scattering measurement was done at 400 om 
and scattered light (arbitrary units) was plotted 

against logarithm of molecular weight (Fig. 1 ). It is 
clear that at low concentrations (10 JJM and 20 pM) 
the light scattering linearly increases with the logari­
thm of the molecular weight. At higher concentra­
tions (30, 40 and 50 JJM) there is deviation from 
linearity at higher molecular weights. 

Light scattering by ribonucleic acids : 
In this case both synthetic polynucleotide& like 

poly f.,, poly I and poly I:C as well as naturally 
occurring RNAs like 23S, 16S, 5S and 4S RNAs 
were used (Fig. 2). These polynucleotides are of 
widely varying molecular weight and various sizes. 
Since there was no correlation between scattering 
and molecular weight, light scattering (arbitrary 
units) was plotted against the amount of polyribo­
nucleotide& (A980 units). Due to widely varying 
molecular weights and heterogeneity in some cases 
the comparison was possible by this way as the same 
amount of nucleotide (A1160 units) was present for 
each set of measurements. Under this condition, 
23S RNA (2904 nucleotides) scattered maximally 
and in the case of tRNAs which were of the smallest 
size ( -80 nucleotide&) the scattering was minimum. 
Scattering by t6S RNA (1541 nucleotides) was less 
than that by 23S RNA. The scattering by 5S RNA 
(120 nucleotides) was still lower no doubt but much 
more than 4S RNAs. 

Among the synthetic polynucleotides, poly I:C 
scattered maximally, poly I was next and poly A 
scattered still less. 5' -AMP which was used as 
control scattered to small extent which may be 
conside~ed as blank value. 

Scattering by ribosomes and bacterial viruses : 
The ribosomes of Escherichia coli and vir,uses of 

Salmonella typhimuriu'll which are of very large size 
and both nucleoproteins were also used for 
scattering studies. Although the scattering plotted 
against the logarithm of concentration was not 
perfectly linear yet it increased with the increasing 
amount of the ribosome or virus added (Fig. 3). It 
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Light scattering by bacterial viruses and nbosomes. 
The scattermg was measured as described for the 
Fig. 1 with the only difference that 30 mM NH.CI 
ahd 0.1 mM MgAc. were also present in these 
cases. 
\1 MB78 phage 
0 P22 phage 

e 70S ribosome 
• SOS 11bosome 
• 30S ribosome 
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is interesting to note that MB78 scatters light some· 
what more than P22 although they are of same size 
(molecular weight --27 x 108 ). It may be due to 
the fact that MB78 has a tail which is missing in 
P22 (reference 15). The scattering by 70S, 50S and 
30S ribosomes (molecular weights, 2. 7 x 108 , 1.85 x 
108 and 0.85 x 108 , respectively) is proportional to 
their sizes and practically linear with the amount 
ef ribosome present in the solution. Due to their 
smaller size than viruses, 60 to 200 fold excess of the 
rib011omes produce the same amount of scattering as 
the viruses. 

Light scattering as a tool for measurement of 
enzyme activity : 

The scattering by the macromolecules has been 
taken advantage of in following enzyme activity. 
J'ig. 4 shows the decrease in light scattering of the 
polyribonucleotides due to the action of RNase I. 
The details have been described in materials and 
methods. The 238 and SS RNAs are found to be 
degraded at very fast rates. The rate of degrada-
1ion of 16S RNA is comparatively slow whereas 
there is hardly any degradation of 4S RNAs. 
Similarly, poly A is found to be a good substrate 
whereas poly I is foun4 to be a poor one. Poly I:C, 
a double stranded polynucleotide, remains practi­
cally uneffected by RNase I. The results are in 
agreement with those obtained by direct spectro­
pltotometric measurements19 ·• 0 • 

As mentioned in the introduction, light scatter­
ing is extensively used in various investigations 
specially in the study of the macrom~lecules. 
Sophisticated instruments are available for measure~ 
ment of light scattering ; laser beam is also used for 
such purposes. One of the advantages of this 
teebnique is that it does not produce much of 
perturbance in the structure of the macromolecules 
that are being investigated. 

It is clear from the results presented here that 
light scattering can be used for several purposes, for 
example, the determination of the molecular weight 
ef a globular protein. It can be used like the gel 
filtration technique by making a standard curve with 
a few proteins of known molecular weight (Fig. 1). 
A concentration of 10-20 ,_,M is most suitable for 
such measurement. Even the concentrations of 
organelles like ribosomes and complex living sy&tems 
like viruses can be determined by such measurement 
(Fig. 3). The scattering is naturally dependent on 
the size, for example, the extent of scattering by 
70S, 50S and 30S ribosomes is in the order of their 
molecular weights. Viruses scatter light to the same 
extent at 1/lOOth concentration of the ribosome. 
One of the interesting observations in this connec­
tion is the difference in &eattering by P22 and MB78 
(Fig. 3) which are practically of the same size. As 
already mentioned, it is quite likely that MB78 
scatters more light than P22 as it has a long tail15 • 

As expected, there are anomalies in case of polyribo­
nucleotides which have extended structures unlike 
globular proteins. Poly I:C which is of small mole­
cwar we1ght in comparison to 23S RNA scatters to 
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the same extent. For comparative purposes equiva· 
lent amounts of nucleotide units were used irrespec· 
tive of their molecular weights. Another interesting 
observation made in this connection is that although 
5S and 4S RNAs are of comparable size, 5S RNA 
scatters much more than 4S RNAs. This may be 
due to the differences in the three-dimensional 
structural organisation. Unlike the structure of 
tRNAs that of 5S RNA may not be as tightly 
folded, as predicted from the enzymatic studies1Mo, 
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Fig. 4. Measurement of ribonuclease I activity by 
light scattering. The activity of ribonuclease I on 
different nbosomal RNAs, tRNAs and various 
polynucleotides was followed by measuring the 
decrease in scattering at 400 nm. Details described 
under materials and methods. 
A. • 4S RNA B. • poly U 

• 16S RNA A. poly I:C 
0 SS RNA 0 poly I 
e 23S RNA e poly A 

Ftnally, the use of the technique in enzyme 
assays has been demonstrated (Fig. 4). The decrease 
in light scattering properly reflects the action of 
RNase I on its substrates. Two RNAs, 238 and 5S 
are degraded at fast rates19 " 10 and this is reflected 
in the rate of decrease of light scattering. The 
decrease is slow in the case of 16S RNA and negli· 
gible iu the case of tRNA, truly reflecting the rates 
determined by hyperchromicity. This is also true 
for the synthetic polynucleotides like poly A, poly I, 
poly I:C except in the case of poly U. The rate of 
degradation of poly U can not be conveniently 
measured by hyperchromicity due to its unordered 
structure but it is a good substrate for RNase I as 
determined by trichloroacetic acid precipitation 
method. May be, due to the unordered structure 
the difference in scattering between poly U and oligo 
U (or UMP) is negligible. The same method bas 
also been successfully used for the assay of proteoly­
tic enzymes (results not presented). 
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