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The tra ns la tional diffu s ion coeffi c ie nt s of th e 455 and 50S s tates of the large ribosomal subunit of E . coli were 

de te rmi ned from the s pec tral di stri hu tions of quas ie las ti ca ll y sca tt e red li ght with a 5 rnW He -Ne lase r as th e 

source. The spectral ana lys is was pe rformed by directl y Fouri e r tra nsforming the photoc urre nt and fi l ting 10 

doub le- Lo re lli ziall profile via a non-linear regress ion rout ine. A s ma ll a mOllnt (a bout 10/0) of s trongly scall e ring 

contam inants requireo th e doub le- Lorenlzia n profil e in ord e r to ex trac t th e diffusion coeffi c ie nt s of the p rinc ipa l 

component s . The res ult s are: D20o, w(455) = ( 1.79 ± 0 . 12) X 1O- '("m 2/sec , and 0 20°, w(50 5) = (1. 9 1 ± 0.06) 

X 10-' cm'/sec, th e latter he in g in ac("or·d wi th those re port ed in the lit erature. The tran s ition from the 50 S s ta te 

to th e 455 sta te is not a tt e nded by a c hange in it s mol ec ular weight if the parti al spec ific vo lum es are assumed to 

be the sa me . 
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1. Introduction 

The most immediate task in c harac te ri zing co mpl ex s ub­

ce ll ular particles such as ribosomes, is to ass ign mol ec ul a r 

weights . This is commonl y performed by de termining the 

sedim entation and diffu s ion coeffi c ients in conjunc tion with 

th e partial specific volume. Wi th the advent of th e lase r light 

scatte ring techniqu e, [1]' th e diffus ion coe ffi c ients of a 

variety of subcellular particles, viruses, and macromolecules 

[2] have been de termined at a substa ntial savings in effort 

and time, though not necessarily with improved precision 

over co nve ntional techniques. As diffus ion coeffi c ien ts be­

come more readily available, molecular weight ass ignments 

will be less time consuming. Interest in the diffusion coeffi­

c ie nt also resides in deducing the geometri c eccen tri c it y [3] 

of a uniform density particle by comparing the equivalent 

Stokes radius to the radius of gyration obta ined by the 

scattering inte ns it y technique with X-ray, slow (or co ld) 

neutron , or visible li ght. Conversely th e co mpone nt densit y 

segregation within a pa rti c le can be infe rred when the Stok es 

* Certa in commerical ma ter ials and equipment are identified in th is pape r in order 
to specify ad equate ly the experime nt a l procedure . In no case does such identification 
imply recommendation or endorsemen t by th e National Bureau of Standards, nor does 
it imply that the material or eq uipment identifi ed is necessarily the bes t ava ilable for 
this purpose. 

** Pennanen t Address: Ins titute of Prote in Research, Academy of Sciences of the 
U.S.S.R., Pouslchino, Moscow Region, U.S.S.R. 

1 Figures in brackets indicate literature refe re nces at the end of this paper. 
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rad ius deduced from the diffusion coeffi c ie nt is larger th an 

th e rad ius of gy rat ion. Such an infe re nce was draw n by 

Se rd yuk et aL. [4] with the 50S subunit from the s tud y of 

s mall angle X-ray scalle ring and the diffus ion cueffi c ie nt. 

In this pape r, we report a s tud y of th e diffus ion coeffi c ie nt s 

of the 50S and 45S states of th e large ribosomal subunit 

us ing quas ielas ti c light scalle rin g (QEL). The purpose is two 

fold . Firs t, we show Ihat th e two s ta tes, which differ by 5 

Svedberg units, can be di s tingui shed by the diffu s ion coe ffi­

c ient as obtained by th e technique . Second, a method for 

extrac ting individual s pec tral halfwidths, he nce diffu sion 

coeffi c ien ts, from a bimodally di s tributed scatte ring systt'1ll 

is put forth. The sc he me is analogous to the one adopted by 

Barge ron [5] except that ours is in the frequency doma in 

whil e his is in the time domain. 

In the de te rminati on of th e trans la tion a l diffu s ion coe ffi­

c ie nt by QEL, a trace amount of conta min a nts hav ing a 

large r dimension th an that of the principal component poses 
a major ex pe rime ntal problem. This is s imply due to th e 

larger scalle ring intens it y of th e impurity component which 

obscures the scalle ring co ntribution of the principal one . 

This sort of polydispersity effect has been the cause of a good 

deal of examination in tes t syste mO' recently [5-8] . It is 

generally agreed that one indeed measures the z-average 

quantity [8-10] of the diffusion coefficient when the intra par­

ticle form factor is unity as first shown by Koppel [11 J. 



H ence the data analysis of the spectral profile of scattered 
li ght from a bimodally distributed system compared to a 
smoo thly di stributed system requires some care, particularly 
when one is interested in a small component that is contam­
inated by even trace amounts of a large component. Depend­
ing on th e ratio of linear dimensions of the two, one can 
easi ly be mi sled by the z-average quantity that is predomi­
nantly weighted by the larger component [12]. We show here 
that the spectral analysis has been successfully carried out 
in de termining the diffusion coeffi cients of the 45S and 50S 
states of the large ribosomal subunit contaminated by some 
larger particles, from sources as yet undetermined. The 
contaminant components appeared to be 6 to 7 times greater 
in diffusion coeffici ents than the principal ones, but present 
in no more than a few parts per hundred by weight. 

2. Experimental 

2.1 Sample preparation 

The ribosomal subunits were extracted from the MRE-500 
strain of E. coli in Professor Spirin's laboratory at the 
Institute of Protein Research, The Academy of Sciences, 
U.S.S.R. by a modified version of the method reported 
prev iously by Gavrilova et al. [12] with th e use of B-XV 
zonal rotor of a MSE* superspeed 65 preparative ultracentri­
fuge. All solutions were prepared immediately before the 
experiments from the ribosome preparations stored in satu­
rated ammonium sulfate. The 50S ribosomal subunit solution 
was prepared as follows . The ribosome suspension was 
centrifuged for 25 minutes at 1. 7 X 104 g to pellet. After the 
supernatant liquid was decan ted , the pellet was resuspended 
in a few ml of the buffer (0.07 M KCI, 0.01 M tri s-HCI , 1 
mM Mg+2 , pH 7.1) and dialyzed for eight hours against the 
same buffe r with threefold exchange. The 45S sta te of the 
subunit was prepared from a 50S subunit solution by dialysis 
against the followin g buffer: (0.5 M NH4Cl, 0.01 M tris-HCI, 
1 mM Mg+2 , pH 7. 1) . 

2.2 Sample Clarification 

The subunit solutions at a nominal concentration of 2 
mg' mr' were centrifuged on a preparative centrifuge for 1-
2 h at 6.7 X 103 g before subjec ting them to light scattering. 
In one case, we further clarified the solution by filtering 
through 0.1 J.Lm Nuclearpore* filter without imposing a 
positive pressure gradient upstream. Although the Schlieren 
patterns of the solutions before and after the scattering 
invariably produced a homogeneous single peak, the spec tral 
analysi s req uired the double-Lorentzian sche me (see below). 
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2.3 Light Scattering 

The instrument for this study has been described else­
where [13]. The laser source of the instrument is a 5 m W 
He-Ne laser (Spectra-Physics 135)*. The time varying output 
of a photomultiplier (RCA C7164R)* produced by the 
homodyne beating of the scattered optical fi eld at the 
photocathode [14] is converted to voltage, amplified by a 
wide-band device, band limited to frequ encies below the 
Nyquist limit of one-half the sampling freq uency by a filter 
(Dytronics 722)* , sampled and digitized at an appropriate 
rate controlled by a real time clock, then directly Fourier 
transformed, and accumulated on an on-line minicomputer 
(PDP8/E)*. Over a given bandwidth (2.5 KHz and 10 KHz 
for this study), the power spectrum is constituted of 256 
power coefficients that are averaged over 2000-4000 scans. 
After correcting for the instrumental profile, the spectrum is 
then analyzed by fitting it to model profiles via a non-linear 
regression routine [15]. 

The scattering angles were incremented by 15° from 45 -
90° and finally by 20 to llO° for both 45S and 50S solutions, 
and an additional angle at 30° for the latter was examined. 

Temperature of the scattering cell (10 mm NMR tube) 
immersed in a refractive index matching liquid (Silicone oil) 
was not controlled away from the ambient but continually 
monitored with a calibrated quartz thermometer (Hewlett­
Packard 2801A)*. For a given run of scattering, the temper­
ature variation was noted to be within 0.2 0c. 

2.4 Data Analysis 

For a bimodally distributed scattering system, the scat­
tered power spectrum in the frequency domain is given by 
th e following equations, [14] provided (1) the optical fi eld is 
governed by Gaussian stati stics and (2) the detection scheme 
is through homodyne beating. 

(1) 

where the current autocorrelation fun ction is expressed as 

(2) 

(3) 

(4) 

fi = Diq2 , q = (41T/'\')sin(8/2) 

Here, the e lec tronic charge is denoted bye, the mean 
photocurrent < i >, Delta function OCT) , th e mean square 



photocurrent < £2 >, and th e normalized intensity autocor­
relation fun ction g(2)(T) is given by the Siegert relation, [16] 

eq (3). The normalized field autocorrelation fun c tion g(l)(T) 
is expressed by a line ar combination of two exponential 
decays with the time constants r I and r 2 , which are 

proportional to the respective diffusion coeffi c ients, DI and 
D2 , and the correspond ing inte nsity factors II and 12 • The 
wavelength of the light in the scattering medium is de noted 

by J....'. Combining eqs. (1) through (4), we obtain the powe r 

s pectmm in the broadened frequency scale from the incident 
a ngular frequency W o, i. e . , v == (w - wo) /27r; 

P;(v::::: 0) = e < £ >/7r + < £2 > 8'(v) 

D 2 
(0 _ if{ 

<1V1/2 - --
7r 

wh ere 8' (v) is defined through 

1'" 8'(v)dv = 1 

(5) 

(6) 

The firs t term in the RH S of eq. (5) represe nts the shot-noi se 
level , the second term th e dc contribution , and the third the 

do uble-Lore ntzi an spec tral profile. Thus filling to the 
double-Lore ntzi a n profile of an obse rved power spectrum 
involves five parameters ; th ey are (1) the s hot- noise le vel, (2) 

th e constant total intens ity factor of th e s pectral portion 
/1 2 < £2 >/7r 2 , (3) th e halfwidth of the firs t component 

<1v \jL (4) the halfwidth of the second one <1Vl7L and (5) the 
intens it y ratio of the two co mponents / 21/1 • We adopt the 

co nve ntion for designating the halfwidth of th e slower mov ing 
co mpon ent as <1vm and of the faster one as <1v \% so th at 

<1v \% > <1vm. 
The ca li b ration of the clouble-Lorentzian analys is sche me 

was accomp li s hed as follows . A binary mixture of po lys tyrene 
la tex spheres was prepared by combining sphe res having 

nom inal di a meters of 0 .091 J.tm a ncl 0.810 J.tm , in we ight 

ratio of 98/2, i. e., 2 pe rcent of the la rge s phe res contaminat­
in g the principal componenl. Th e experim enta l power spectra 

acq uired at different angles we re a na lyzed according to eq 

(5) a nd <1vm and <1v\% were determined. Four sets of the 

halfwidth values obtain ed a t four diffe re nt scattering angles 
provided two linear plot s from whic h th e diffu sion coefficients 
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of the two spheres were determined according to eq (6), and 

found to be in complete agreement with those predicted by 
the Stokes law within 3 pe rcent. A parallel experiment with 
16 percent of the large sphere gave the analysis res ult which 

was indis tinguis hable from a solution consisting of pure 

0.819 J.tm latex sphe res; th e s ingle Lore ntzian analysis was 
good enough. Thus we can extract the halfwidth of the 
smaller compone nt of a binary mi xture if the la rger particles 

are present in about 2 pe rcent or less when th eir diameter 

ra tio is about 1/9. 

3. Results and Discussion 

The spec tra a t 45° of the 45S and 50S pre parat ions a re 

di splayed in fi gures 1 and 2 respec tive ly. In eac h figure, the 
upper pa rt s hows the experimenta l data overla id on the fitted 

s ingle-Lorentzian (chained c urve) and the double-Lorentzi an 
(solid curve) profiles , and the lower part indi cates th e 

co rresponding norm alized res idues for the two types of 

profil e . The res idue p lots clearly de mons tra te the s uccessful 
representation of th e obsen ed da ta by th e doubl e-Lorentzian 

sche me in each case . Sim il ar a na lys is was effected for a ll 
observed s pectra and the same co ncl us ion was drawn for 
e very spec trum . In tabl es I and II we co ll ect th e halfwidth 

data togeth er with the int e nsit y ra ti os (1211\ ) extrac ted from 

th e doubl e-Lore ntzia n analys is. Upon redu cing a li ha lfwidths 
to those in wat er a t 20 °C, we determin ed th e diffus ion 

coeffi c ients of th e 45S a nd 50S sta tes of th e large ri boso ma I 
s ubunit and th ose of th e co ntam ina nt parti c les via eq (6) at 
the hydrod ynami c s ta nd a rd co nditi on. In fi gures 3 a nd 4 we 
plot th e redu ced halfwidth of the princ ipa l co mponents a t 

differe nt angles aga ins t (/ fo r 45S and 50S pre pa rations 

respec ti ve ly. The e rror bar a t each scatte ring angle repre­
sents th e ra nges of <1V l/2 required fo r th e 95 pe rce nt 
co nfide nce limit of the fitt ed s pec tral prufile . In additi on, we 

a lso present in Fig. 4 the cOITes pond ing plot fo r the co ntam­

inating compone nt of th e 50S subpa rticl es; th e e rror ba rs are 
not show n for this case because th ey are co mpara bl e to the 

s ize of halfwidth data point s (as te ri s k). From th t'se plots we 
calcula te th e d iffusion coeffi c ients of a ll fo ur co mpon ent s: 

D20o,w (45S) = (1.79 ± 0.12) X 10- 7 c m2/sec. 

D20o,w (45S con!.) = (2.22 ± 0.30) X 10- 8 c m2/sec . 

D20 o,w (50S) = (1.91 ± 0.06) X 10- 7 c m2/sec. 

D20 o,w (50S conL) = (2.99 ± 0 . 14) X _10- 8 cm2/ sec. 

The uncertainty in each case is es timated by the 95 pe rcent 
confid ence intel·val for th e mean value from the estima ted 

1 



1---

S' 
$ 
en 180 

90 

00L---~~30~0~~~:6:00::::::~9:0;0 ::~~1~2 0~0~~~1~5~OO~~~I~B~OO~~~2~1~0~0=-J 
v (Hz) 

O . B ,---r---r---~--~--~--~--~--.---~--~--~--~---.---'---, 

- 0 . .. 

- o.BoL---~~3~OO~~--~6~0~0--~~9~0~0--~~1~20~O~~~1~5~OO~~--I~B~070--~~2~10~O~ 
v (Hz) 

F IGURE l. Upper; The obsemed power coefficients at 45° scallering angle of the 455 

preparation vs the broadened frequency v (Hz ); solid and dashed cumes represent the fitted 

double-Lorenlzian and single-Lorentzian profiles respectiveLy . 
The ordinate is in arbitrary un i t:;. 

Lower; The normalized residunlsfor the two analysis schemes vs v (Hz); Xfo r the double­

Lorentzian and + for the single-Lorentzian scheme . 

standard deviat ion and Student's t-value at a = 0.05. The 
co ncent ration depe nde nce of the diffusion coefficient was not 

exa mined since its absence up to 0.6 mg'mC l for the subunit 

has been verifi ed by Koppe [17] and it seems reasonable to 
assume that similar be havior would apply to th e 45S state. 

Setting aside for the moment the nature and so urces of the 

contaminant particles, we proceed with the discussion of the 

ribosomal subunits. The mean value of D200,w for the 50S 
subu ni t is in good accord with those obtained by Tissieres et 

at. [18] and Serdyuk et at. [3] with use of the conventional 

techniq ue~, as well as that by Koppel [17] who used the same 
techniq ue as ours . On the other ha nd the uncertainty in our 

determination is greater than the one in Koppel's work by a 
fac tor of two; we es tim ate 3.2 percent whereas Koppel quotes 

1.6 pe rce nl. The diffe re nce is attributable to the purity of his 
s imple which, unlike ou rs, appeared to be free of contami-
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na nts ; he obseI-ved s ingle exponenti al decay of the photocur­

rent autocorrelation function which is equivale nt to s ingle 
Lorentzian profile in frequency domain. Thus our study 

seemingly attests the s uccess of Koppel's ingenious scheme 

to effect the scatterin g with a pure sample at varying 
concentrations within a s ingle cell. It is interes ting to note 
that the two different s ignal processing routes, direct Fourier 

transformation in our case and photon count autocorrelation 
in Koppel's case, gave rise to an identical result although we 

could pelform detailed statistical analysis with 200 data 
points for each spectrum while similar analysis might not 

have been possible with 20 data points (in a 24-channel 
correlator) by Koppel. In terms of the signal to noise ratio, 
the two procedures have been proven to be equivalent [19] . 

To the best of our knowledge, the diffusion coeffi cien t of 
the 45S state of the large subunit has not been reported 
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heretofore in the literature. The uncertainty in the final value 

however seems unusually large, amounting to nearl y 8 

percent. Sources of the large error bound are unclea r; th e 
intensity ratios in the 455 are quite comparable to those in 

the 50S subunit which would rule out th e possibility of 
greater contamination in the 455 case. A question we now 
face is: Is the diffe rence in the mean values of the two 

coeffi cients [D(50S)- D(45S) = 0.12 X 10- 7 c m2Jsec) stati s­

ti cally s ignificant? To thi s end we evaluate a 95 percen t 
confidence interva l for the true und erlying diffe rence [20]. 

We find (0.013, 0.227), whi ch does not include zero. 
The refore, we may conc lude th at difference between the 50S 
and 455 mea ns is positi ve, i. e . , th at the difference is 

s tati s ti cally sign ifi cant at the 5 percent level of significance. 
Accep ting the difference to be s ignifi ca nt , we might conclude 

th at th e molecular weights of two s tates are the same because 
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of the same ratio of sedimentati on to diffu sion coe ffi c ient 
provided that th e parti al specifi c volumes do not diffe r. Hill , 

Anderegg and van Holde [21] however found that th e two 
sta tes had different parti al spec ifi c volumes but had th e same 
molecular weight. Our result.s t.hus appear to cont.radic t one 

of th ese two findings; eit.her molecular weight is diffe rent or 
parti al spec ifi c volume is identi ca l. A closer analys is how­

ever yields consistency. Based on the error bounds of our 
diffusio n coeffi cients and those of thei r partial s pecifi c 

volumes, we calculate according to the Svedberg equation 

the molec ular weights of two states as (1. 73 ± 0.16) X 106gJ 
mol (S20,w = 45.2 X 10- 13 sec) a nd (1. 55 ± 0.07) X lOti gJ 

mol (S2 0,w = 50.2 X 10- 13 sec) respec tively for 45S and 50S 
subunits . Hence, the two molecular weights are th e same 
within experimental e rror. We should note here th at th e 

molecular weights , by sedimentation equilibrium, reported 



TABLE 1. The results of double-Lorentzian unal)'ses for the 455 state of the large ribosomal subunit solution: 

Angle Temp 
(degree) (0C) 

450 27 .3 
(20.0,w) 

60° 27 .3 

75° 27 .1 

900 26.8 

110° 26.3 

After 0.1 fJ-m Nuclearporet filtration: 
60° 25.8 

~v\% 
(Hz) 

85.0 
(72) 
159 

(133) 
231 

(195) 
329 

(281) 
340 

(293) 

165 
(144) 

(a) Scaled (1211,) to match (P2IP')ca' , at 45°. 

Ll" \% 
(Hz) 

736 
(621) 
1150 
(971) 
1754 

(1487) 
2452 

(2093) 
2843 

(2453) 

1271 
(1109) 

Ll" \7l1 Ll"\ l~ 

8.63 

7.30 

7.63 

7.45 

8.37 

7.70 

1211, 
(a) (b) 

(P2/P I)' (P 2/P ,),al' 

0.397 1.21 1.21 

.568 1. 73 1.39 

.745 2 .27 1.64 

.882 2.69 1.96 

.980 2.99 2.51 

1.400 

(b) Calculated from P(q, R) = [ -i--,(Sin qR - qR cos qR)]2 for a spherical pa'ticle with a radius R and the Stokes law, R = kT n where kT has the 
q R 671"7)()L' 

usual meaning, 7)0 is the viscos ity of solvent , and D the observed diffusion coeffi cient. 

TABLE 2. The results of double-Lorentzian anal)'ses for the 505 state of the large ribosomul subunit solution: 

Angle Temp ~v \}~ 
(degree) ("C) (Hz) 

300 23 .6 33 .2 
(20.0,w) (30.5) 

45° 23 .8 86.5 
(79.0) 

60° 24.3 184 
( 166) 

750 24.7 278 
(249) 

900 25.3 403 
(355) 

1100 25.7 504 
(440) 

(a) Scaled (1211, ) to match (PzIP' )ca'c at 30°. 
(b) As in table I. 

Ll"\% 
(Hz) 

313 
(287) 
679 

(620) 
1180 

(1066) 
1695 

(1517) 
2536 

(2239) 
3219 

(2816) 

by Hill et a1. are (1. 58 ± 0.08) X 106 g/mol (45S) a nd (1.55 

± 0.05) X 106 g/mol (50S), whereby the absolute values of 
molecular weight by two experime nts are also in agreement. 

From these considerations, it is quite plausible th at the two 
sta tes have the same mass but differ in their conformations 

such that a sli ght cha nge in geometric eccentricity (or axial 

ra tio) is reflected in their hydrodynamic parameters. 
We now turn to the contamina nts . As indicated above we 

really do not know where these come from. They might be 

the unfolded forms or large aggregates of the subunits thou gh 
so small in amount th at th e Schlie ren optics was not sensi ti ve 

enough to detec t them. The fact that the impurity compone nt 

was representable by a Lorentzian profile (with ~JJ\~D cannot 
constitute the necessary conditi on for its monodispersity. 

Ll"\7l1 Ll"\l~ 1211, (a) (b) 
(PdP,)s (P2I P' ),ak 

6 

9.4 1 0.313 1.05 1.05 

7.85 .528 1. 77 1.11 

6.4 1 .669 2 .24 1.19 

6. 10 .836 2.80 1.30 

6.30 .873 2.93 1.43 

6.39 .902 3. 03 1.63 

Any collection of components if present in small amount 
should have been fitted by a seem ingly well defined one in 

the double-Lore ntzi an scheme, particularly when their diffu­
sion coefficients are far diffe rent [rom that of the majority of 

scattering elemen ts. Those solutions filtered through 0 .1 f.Lm 

Nuclearpore* fi lter gave rise to a larger intensity ratio /2 / 1 j, 
indicating that the con taminants could be removed, at least 

partially, upon filtration; they were not in equilibrium with 

the principal component. An example of this is provided in 
table I. While we cannot be s ure of its character or sources 
without further study, it is possible to estimate its approxi­

mate mass ratio to the principal compone nt. In addition, we 

can say something about its ax ial ratio compared to the 
subunit particles . 
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The mass ratio is es timate d as follows. The intens ity ratio 

is expresse d by 

K2M 2C2P 2( q, R2) 

K1Mj CjPj(q, RJ 
(7) 

whe re K2 is proportional to the re frac tive index inc re ment of 

the ith c omponent (over the buffer), Mi is the molecular 
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weight, Ci the concentration in mass per unit volume, Pi the 

particle scatte ring fun ction and Ri the linear dimension of 

the same component. In order to estimate the mass ratio 

CI/ C2, we need to mak e the following assumptions. They are: 

(1) K2 = KI , (2) Pi ( q, R;) = 1 at 30° - 45° scattering angle 

region, whi ch might be low e nough to allow such an 

assumption, and (3) M 2 is proport ional to Di - 3 , which is 

equivalent to adopt ing the so lid s phe re model. From the last 

assumption, M2/M I are es tim a te d as 1.9 X 10- 3 and 3.8 X 

10- 2 for th e 45S and 50S s tates, respective ly. Th e mass 

ratios C I/C2 are then computed from eq (7) as 5.8 X 10- 3 

(-0.6%) and 1.3 X 10- 2 (- 1. 5%) for th e 455 a nd 50S 

pre parations, respec tively, indica tin g on ly a s ma ll frac tion of 

th e large contaminants in each prepara tion. A s imilar s itua ­

tion was e ncounte red by Ch e n e/. ai . [23] in a rece nt s tudy of 

dipalmatoyl phosphatidylcholine ves icles . 

Th e re lative s hapes of the princ ipa l and co nta minant 

componen ts may be deduced as fo ll ows . S ince th e on ly 

scatte ring angle de pe nde nt te rm in eq (7) is Pi(q , Rd , th e 

obse rve d 12/ /1 ra ti o s hould be d irectl y proportional to P2/ PI ' 
Meant ime, one c an calc ulate th e ratios P2/ P I assuming t he 

s phe re model for both compone nts . We the n compare th e m 

to th e inte nsit y ratio 12 / 11 ; we sca le 12/11 so as to ma tc h th e 

ca lc ulated P2/ Plat the lowest ang le a nd exam ine th e angular 

d e pe nde nces of th e scaled ra tio , (P2/ P2)s vi s-a-vi s th e 

cal c ulated on e , (P2 / PI)calc, These are co ll ec te d in th e 

ta bles . It is appa re nt tha t (P2 / P I) S inc rea ses with th e 

sca tte ring angle fas te r than (P2/PI) ca lc, pa rti c ul a rl y with th e 

50 S pre paration. Thus we concl ude th a t th e princ ipa l ribo­

soma l s ubunit compone nt is more asy mme tri c than th e 

cont a minant compon e nt because the parti c le sca tt e rin g factor 

P(q, R;) for a s ph e re decays most rapidl y with q alTlong th e 

uniform d ens ity parti c les [24] a nd a ny a symme try ill th e 

part ic le s ha pe necessaril y redu ces the angu la r de pende nce 

of P(q , 1?2)' Our conclusion however mu s t be mode ra te d if 

th e two co mpone nts we re to diffe r in the uniformit y of particl e 

den s ity. 
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