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loidal particle. This mechariisiir by-passes the soil s o l ~  
tion and postulates that hydrogen ions on the roots cx- 
change directly for cations on the clay. The theory for 
cation exchange by contact is supported by theoretical 
considerations (4).  A detailed account of both theories 
tliscussed briefly here was given receritly by Jenny (2). 

One difficulty in appraising these two niechanisms arises 
from the fact that ions exist in both the liquid phase, or 
soil solution, and in the solid phase, or soil colloid. From 
the data already presented, the possibility was considered 
that i t  might be possible to identify from wliicli of the 
two phases the plants absorbed Zr and Nb. This pros- 
pect was explored experimentally in the following way. 
Five-gram samples of soil contaiiriiig radioactive Zr and 
Nb with an activity comparable to that in  which the 
plants were grown, were leached with a liter of each of 
the following solutions: Hoaglarid's solution in equi-
librium with atrnosplieric CO,, giving a pII of 5.0, and a 
similar solution saturated with CO,, giving a p H  of 3.9. 
Distilled water, under-the same two CO, pressures, was 
also used as a leaching agent. Of the two leaching 
agents, IIoagland's solution was considerecl the more rea- 
sonable facsimile of what is understood by a soil solu- 
tion. Tlie use of CO, is an attempt to simulate the 
respiratory excretion of roots. 

The leachings were evaporated to dryness and meas- 
~ r ~ c d  No activity was for activity on the Geiger counter. 
detected with any of the leacliing solutions. From this 
it was concluded that no Zr and Nb were present in the 
soil solution and therefore the C0,-soil solution theory 
was inadequate to explain the uptalce of these radioactive 
substances by plants from soils. 

However, from the leaching experiment with organic 
acids (Table 1)  i t  is entirely within the realirr of pos-
sibility that a soil solution theory incorporating as  an iin- 
portant feature the excretion of organic acids by plant 
roots could very nicely explain the absorption of Zr and 
Nb. Such a theory might conceivably account for the 
uptake from soils of such ions as iron made available by 
complex formation with the same organic acids as  were 
used in our leacliing test. I t  is common practice in the 
water culture of plants to supply iron in the form of 
citrate or tartrate. So the organic acid tlieory offers a 
possible explanation, even though i t  has not been ad-
vanced very seriously as a mechanism for  ion uptake. 
For instance, a recent review of organic acids in plants 
(7') considens their role as intermediates in respiration, 
as agents in the maintenance of cation-anion balance, and 
as participants in protein metabolism, but no mention is 
nrade of their possible excretion by roots in connection 
with ion availability. 

Of course, i t  is not strictly necessary that pltlrits them- 
selves excrete organic acids, inasmuch as  microorganisms 
in soils could perfornl this function just as  well, to their 
mutual advantage. The biological excretion of organic 
acids has been demonstrated ( 8 )  and their function in 
increasing the availability of phosphate and potassium in 
soils has already been considered (9).  Obviously, the 
possibilities of organic acids require serious consideration 
and investigation in relation to ion availability. 

Another mechanism for explaining these results is 
offered by the contact theory. According to this idea, i t  
is not necessary to have ions in solution in order for 
plants to absorb them. All that is required for an ex- 
change of ions is the intermingling of the electric double 
layers between two colloidal particles. I n  this connec-
tion, soiire interesting results were obtained by Sengupta 
(5). He was able to remove ZrD5 and Nbo5 from clay by 
synthetic cation exchange resins such as Amberlite IR- 
100. This behavior would be analogous to the activity 
of a root acting in accordance with the contact exchange 
concept. 

I t  is concluded that insofar as the absorption of radio- 
active Zr and Nb is concerned, the COX-soil solution theory 
does not offer a satisfactory explanation. The only pos- 
sible meclianisms are offered by the contact theory or by 
a soil solution theory postulating the excretion of organic 
acids by plant roots or microorganisrns growing in the 
same environment. 
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New Method for Studying Electrical Orien- 
tation and Relaxation Effects in Aqueous 
Colloids: Preliminary Results with 
Tobacco Mosaic Virus 

Chester T. O'Konski and Bruno H. Zimm 

Department of Chemistry, 
University o f  Cal i for~zia,  Berkeley 

Various investigators have observed the double refrac- 
tion edscts produced by the application of sinusoidal 
electric fields to suspensions of anisometric colloidal par- 
ticles. Lauffer ( 3 )  studied by a visual method the birr- 
fringence produced in aqueous tobacco mosaic virus 
(TMV) solutions by 60-cycle sinusoidal fields. Mueller 
(4) and Norton (5) observetl in bentonite aquasols bire- 
fringence which varied in magnitude and sign with the 
frequency of the applied sinusoidd voltage and the con- 
centration of the sol. Although the phenomena are 
similar to the Kerr effect ( d ) ,  a number of interesting 
anomalies have been reported which suggest the existence 
of orienting mechanisms other than those due to perma- 
nent or induced dipoles. 

I t  seems clear that data obtained with sinusoidal fields 
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are difficult or impossible to interpret where different 
kinds of orientation may occur during a single cycle. 
Heating and electrophoretic effects are  troublesome, par- 
ticularly with biological materials. The apparatus de-
scribed here utilizes a n  electronic switching circuit ca-
pable of producing pulses of alternate polarity1 a s  shown 
in Fig. IA, to minimize heating and polarization effects, 
and square waves (Fig. I B ) ,  for certain experiments 
described below. 

-- -1 

FIG. 1. 0scillogr;lms of ( A )  pulses and (B)  square waves 
generated across the cell by electronic switching circuit. In 
our experiments, ta - !It1 ; t~ = 3, 0.3, or 0.03 msec. Rise time 
in all cases was one psec. (C) The photosign~l from 0.073% 
TMV solution. 1,ine;rr sweep ; sweep time= 10 msec; 238 
v/cm pulse applied at  r& and removed a t  b, 3 msec later;  
applied vo1t;rge nero otherwise. ( U )  The same as ( C )  but 
with 1.4% TMV (solid curve) and 2.75% TMV (dashed 
curve). The re1;lxation is exponential in (C) but not in ( D ) .  

I n  the optical systems employed previously, the electric 
field was applied transversely to a cell containing the 
solution between crossed nicols oriented a t  45" to  the 
field, and a n  increase in light intensity was produced by 
birefringence of either sign. I n  the present apparatus, 

This apparatus was developed before the a~ithors became 
aware of the work of Berioit ( I ) ,  who obtained plilses by 
111eans of a motor-driven interrupter. 

a h / 4  plate is interposed between the cell and the analyz- 
ing nicol, wtiich is rotated slightly from the crossed posi- 
tion, with the result that  light intensity increases when 
birefringence is positive, but decreases when it is  negu- 
tive. The transmitted light beam is focused upon ail 
electron-multiplier phototube. A d-c wide band-pass 
amplifier converts photocurrent variations into vertical 
deflections of an  oscilloscope beam, which is synchronizecl 
with the applied pulses for photography of the build-up 
and decay of the birefringence. The rectangular cell, 
10x 5 x 2.5 mnr, contains two bright platinum plane 
electrodes. 

Because of ranclom fluctuations in the photocurre~rt 
due to stray light transmitted by the crossed nicols, and 
the function relating the signal strength to  the angle 
between the directions of polarization and of the ana-
lyzer, the maximum sensitivity (signal-to-noise ratio) is 
realized for  small values of double refraction, other fac- 
tors constant, when the analyzer is  rotated from the 
crossed position by an  angle a,' given by the equation 

sinam - (Zp/Zo)&, (1) 
where 1, is the stray light intensity and 1, is the total 
intensity. This ratio was determined experimentally for 
our optical system and gave a, 10". The sensitivity 
achieved in this way was shown to be greater than any 
sensitivity achievable without the h / 4  plate. 

For any setting a, the relation between the change in 
light intensity AI  and the optical retardation 8, in 
radians, of the ray vibrating along the electric field was 
found to be: 

For a = 10" and small values of 8, in wbich we are pri- 
marily interested, this reduces to:  

By suitably calibrating the amplifier and oscilloscope 
and adjusting the photomultiplier current to a predeter-
mined level, values of AZ/I, are obtained. This pro- 
cedure compensates for  any variations in the light source 
( a  battery-operated tungsten lamp) or electron-multiplier 
sensitivity. Values of the optical retardation for  the 
mean wavelength of the useful light are calculated from 
the above equations. 

Fig. 1C shows an  oscillogram typical of the results ob- 
tained with dilute TMV solutions." Alternate positive 
and negative pulses separated from each other by a long 
period a t  zero potential (Fig. 1A)  were applied to  the 
electrodes of the cell, while the amplified photocurrent 
was introduced to the vertical plates of the oscilloscope. 
It can be seen tha t  both the onset and removal of the 
voltage pulse are followed by an  apparently exponential 
rise or fall  of the birefringence of the solution. The 
time constant of the exponential curves is  0.6 msec, with 
the birefringence decaying to zero af ter  the removal of 
the pulse. Since the photograph was a time exposure 
covering many pulses, i t  can be seen tha t  the effect of 

"We are indebted to Dr. IToward Schacllman of the Virus 
Lt~bnratory for :L purified samplc? of tot~acco mosaic virnx. 
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both positive and negative pulses is exactly the same. 
The birefringence in both cases is positive, i.e., the slow 
ray has its electric vector oriented parallel to the im- 
pressed electric field. Concentrations as low as 0.03% 
behaved similarly. 

In  Fig. ID are sketched two of the curves observed 
with more concentrated virus solutions for a 3-msec pulse. 
The birefringence varies with time in a complex manner, 
first becoming slightly positive, then decreasing to zero 

WIG. 2. Peak values of optical retardation in radians pel. 
cvntimeter of solutior~ versus applied field strength : (a)  
0.073% TMV, 1.5 x 10-401buffer ; ( b )  0.073% TMV, 1.0x 1 0 " ~  
buffer ; ( c )  1.4% TMV, 1.5 x 10-4~buffer; (d )  3.75% TMV. 
1.5x 10-4~buffer. 

and becoming negative, and finally becoming slightly 
more negative after the field is removed and before de- 
caying to zero. The build-up and decay do not follow 
exponential curves and occur somewhat more slowly than 
in dilute solutions. 

Employing 3-msec pulses, the peak values of bire-
fringence were determined as a function of field strength 
for solutions of various virus and buffer concentrations. 
I n  all experiments a phosphate buffer, pH = 7, was used. 
Data are shown in Fig. 2. 

I f  i t  is assumed that the rotations of the rodlike virus 
particles may be characterized by a rotational diffusion 
constant, D, a quantitative expression may be obtained 
for the time constant of the exponential decay. I n  this 
case the Brownian motion of the particles should follow 
the diffusion equation ( 6 ) : 

where f is the distribution density of rods with respect to 
0, the angle between the electric field and the axis of the 
rod, t is the time, M is the torque caused by the field, and 
k and T have their usual meanings. When the field is zero, 
corresponding to the relaxation between pulses in our ex- 
periments, M is zero and the solution of the equation is 
found by standard methods to be 

f = a + bP, (cos 0) e-2Dt + oP, (cos 0)e-0D8 t . . . . , (5) 
where the P,  (cos 0)  are the Legendre polynomials and 
a, b, and c are constants. Further investigation shows 
that the first term of this series that contributes to the 
polarization tensor characterizing the double refraction is 
the one involving P, (cos 0). Hence the double refraction 
is exponential in time, with a time constant of 1/6D, unless 
higher order terms are unexpectedly important. Now 
using the formula of Perrin ( 6 ) ,  simplified for a, b :  

where 2a is the length of the particles and 26 is the 
diameter (here assumed to be 2800 A and 150 A respec-
tively), one may calculate that the time constant should 
be 0.3 msec, compared with 0.6 observed. The disagree- 
ment is somewhat larger than would be expected. 

The length of the particles calculated from the relnxa- 
tion time, assuming a/b = 19, is 3660 A. 

I t  is of considerable interest to determine the nature of 
the meellanism causing the birefringence. Four possibili- 
ties by which the particles may be oriented with respect to 
the electric field have been considered: (1) permanent 
dipoles, (2) induced dipoles, (3) viscous drag of the sur- 
rounding medium on particles moving by electrophoresis, 
and (4) distortion of the ionic atmospl~ere surrounding the 
particles. 

I f  permanent dipoles were responsible for the observed 
orientation in dilute solutions one would expect the 
anomalous Kerr effect discovered by Raman and Sirkar 
(7 ) ,  i.e., a decrease of 6 with increase of frequency. Our 
calculations, based on equation 4, show that this effect 
would be very evident with square waves (Fig. 1B) a t  
frequencies of the order of the reciprocal of the observed 
decay time constant. Experiments, however, showed that 
the peak birefringence remained constant within experi- 
mental error as  the frequency of applied square waves was 
increased well beyond this point. This has led us to dis- 
count permanent dipole orientation as the mechanism re- 
sponsible for the positive birefringence of dilute solutions. 
An attempt to treat the phenomena on the basis of a 
torque arising from translational electrophoretic motion 
of the anisometric particles in a viscous medium fails be- 
cause of the well-known tendency of anisometric bodies 
consistently to orient themselves across the direction of 
inotion. 

I t  has been shown (8) that the torque on a dielectric 
ellipsoid within a dielectric medium will be in a direction 
to orient the ellipsoid along the applied electric field, 
whether the dielectric constant of the medium is greater 
or less than that of the ellipsoid. Thus, induced dipoles 
would give positive birefringence, as observed with dilute 
solutions. Since the induced dipoles reverse their direc- 
tions when the field is reversed, the torque remains nn- 
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changcd and the birefringence with square wavcs sliould bc 
cqual to  the stcady state value with a n  equivalent stcady 
ficld, and this is consistent with our ohscrvations. Bccausc 
tlre conductivity of the dispersing ~ n c d i u n ~will affect thc 
ionic atmospllere and the elcctric field in thc vicinity of a 
particle, a change of birefringcncc with buffcr conccntra-
tion is  to hc expccted. Thc obscrvcd result, a decrease in 
bircfringencc with incrcasing buffcr co~~centration,is illus-
tratcd in Fig. 2, curves a and b. The complcx ilaturc and 
revcrsal of sign of the bircfringcncc a t  higher conccntm-
tions (curve c)  might be duc to interactions bctween tlrc 
particles and tlrcir ionic atmospheres. 

Whatevcr may 1,e the orienting nrcclraiiisrns involved, i t  
is  clear tlrat tlre bircfiingencc and its decay arc vcry 
sensitivc to  the size and slrapc of t l ~ cparticles. For  this 
rcason, tllc method shows promise of application in aggrc-
gation studics and otllcr investigations in which the size 
of large colloidal particles is important. 
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The Induction of Resistance to 4-Amino-
N1O-Methyl-PteroylglutamicAcid 
in a Strain of Transmitted 
Mouse Leukemia1 
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and M. N. Kushida 

Section on Leukemia of the Divisioa of 
Experimental Chemotherapy, 
The Sloun-Kettering Institute for Cancer Reseurch, 
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Lt has bcen shown previously (2, 3 )  tlrat therc is  a. 
marked prolongation of thc survival tirnc of mice inocu-
lated with transplantcd leukcrnia Alc 4 when thcy arc 
trcated with 3 mg/kg of 4-anrino-Nu-mcthyl-pteroylglu-
tamic acida (6) tlrrec t i ~ r ~ c swcekly to a total of tcn doscs. 
Even wllcn treatment is continued until death, howcver, 
thc rnice eventually die of lcukcr~iisbetween tllc 28th and 
40th day. I n  vicw of thc ultimatc failure of tllerapy ob-
scrvcd with this and closely rclated substances in many 

1 This investigation was supported in part by a rescarcli 
pr:clrt from The National Canechi- Institute of Thcb National 
Institutes of Health. United States 1'ul)lic Health Servic(?, 
;rlr(l in part hy a rest-arch grant frorrr The Alncbriran Canccr 
Society. 

Wc are indchted to Dr. J. 13. \Villianrs of  the 1,wlerlv 
Laho~ntoric~sfor our supply of this coml~ound. 
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clinical trials in acute Icukemia, the mccllanism of this 
eventual lack of responsc in mousc leukcrnia was dee~ncd 
worthy of further invcstigation. 

EXPERIMENT I 

0;C O N T R O L S  

= 4 - f i M m o  NUMETHYL 

I . 1 (:cnc:~logy of 4-amino-N1O-mcthyl PGA-resistant 
strains. l'hc fignrc~sin the rircles represent the ilverage 
survival time in clays of groups of ten untreated mice; those 
in tlrc squares the average survival t in~eof groups of tcn 
mice treated with 4-amin0-N~~-metlryl-I'GA3 mg/kg intm-
peritoneally thrcc, timcs weekly. 

Many exa~r~plcsof thc development of drug-fast strains 
in ~r~icroorganismsundcr drug treatrncnt in vitro and in 
oivo have becn notcd in thc history of chc~r~otherapy(1, 
4, 7). Unpublished work clscwherc has shown a similar 
drug fastness to dcvclop in cclls of t u ~ r ~ o r sof chloroleu-
kcmia Ak 1394 in rnicc treatcd with bcnzene (5). 

Thc cxpcrirncntal studics undcrtaken to develop such a 
drug-rcsistant subline in ~ r ~ i c care hercwith reported. 
A k ~ nmice inoculated with leukernin Ak 4 in from the 21st 
to tlrc 35th transplantcd gencration were uscd in these 
cxpcrirncnts. Saline suspcnsions of s ~ ~ l c n i ctissue, which 
had bccn obtaincd from mice dying of lcukemia Ak 4 
despite continued tllerapy with 4-amin0-N'~-mcthyl-PGA 
in doscs of 3 mg/kg given tlrrec times wcclcly, were in-
oculated intrapcritoncally into 20 A k ~ nmice. Forty-cight 
hr latcr these were divided into two groups of ten mice 
cach. One group was considered as  a control and re-
ceivcd no treat~ncnt.  The othcr group was trcated with 
4-arnino-Nm-methyl-PGAin closcs of 3 mg/kg givcn intra-
pcrito~icallythree timcs wcclrly until death. Thc average 
survival tirnc of trcated and control rnicc was noted and 
trnnsfcr of thc linc continued through one of the treated 
mice. Tlrc gcncalogy and differing rcsponsc to therapy 
of suhlines after repeated passages through treated or 
untreated mice can be seen in  Fig. 1. 

I n  esper i~r~ent1, a subline of this lukemia developed 
co~r~pleteresistance to 4-amin0-N~~-rnethyl-PGAafter throe 


