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SEPARATION SCIENCE, 6(3), pp. 467-472, June, 1971 

NOTE 

Practical Evaluation of Continuous Particle 
Electrophoretic Separation of Bacterial Species 

INTRODUCTION 

111 1966, Stricklcr :iii(l (;:ifford ( 1  ) rq)ortccl t l i a t  ( 'ht .o/r /obncfet . i r r / t i  
i~iol(cc.crrt/i ,  IZnc.illiis globigii, Escherirhitr coli, niitl Xcrrnfin t / r n t ~ e s c c ~ s  
coultl I)cs w1):ir:it(~(l froiii cac~l i  otlirr by coiitinrious I)artic*lr c>lcctro- 
\)liorcB>is (C'€'I<!. Tlicy : ~ ~ i i i i e d  tlmt rcsolution of :t 1)nctcrial inistiire 
iiito discrete lxiiids eou l~ l  I)c cclu:itcd n-itli tlic sel):irntioii of iiiclividiinl 
organisills iiito 1)urc cultures. S o  attcml)t w a s  m:dc to vnlidnte tlie 
(*iiltur:tl 1)urity of thcir sc1)arntioiis I)y morpliological examination or 
l)y rlnssicnl cultural tccliiiiqucs. Bccnuse of tlic desirnhility of a 
siiiil)lc~ nnt l  ral)id technique for the absolute resolution of n mixed 
1)ol~ulatioii iiito coiiil)oiicnt s;l)eciw;, the 1)rcwiit study 1v:is iiiitintcd. 

* Mic.rot)iolo#ical Scicnc.cT ;idvisor to Food :tiid l h i g  Atlministr:ition, Sew 
Yo1.k District. Prcscnt a(I(lrc,ss : Rutgrrs University, The, State University of 
Xcw Jersey, Newark, New Jersey. 
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MATERIALS AND METHODS 
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470 H. A. SINSABAUGH AND W. NORMORE 

bated a t  room temperature (22-25°C) to stimulate pigment produc- 
tion for the former and to provide an optimal growth temperature 
for the latter. Morphologically distinct colonies on these agars were 
gram stained and their relative numbers noted. 

RESULTS AND DISCUSSION 

The operational parameters and band positions for the six typical 
separation experiments performed are given in Table 1. The correla- 
tive cultural-analytical data for the microbiological content of in- 
dividual bands appearing within a single separation experiment are 
given in Table 2. 

TABLE 2 

Microbiological Content of Resolved Bands 

Organisms Blood" S.P.C.b 
~~ ~~~ 

S. lutea 
and 
B.  megaterium 

E. coli 
and 
S. aureus 

E. coli 
and 
S. marcescens 

S. marcescens 
and 
B. megaterium 

E. coli 
and 
B.  megaterium 

E.  coli 
and 
S. cerevisiae 

~ 

Band A: Equal proportions of 

Band B: Slightly higher num- 

Band A: Equal proportions of 

Band B : Equal proportions of 

both organisms 

bers of B. megaterium 

both organisms 

both organisms 
Left half-band (concnc) : High 

numbers, S. marcescens; low 
numbers, E. coli 

Right half-band (weak) : High 
numbers, E. mli; low num- 
bers S. mrcescem 

One band: Equal proportions 
of both organisms 

Band A: Equal proportions of 

Band B: Slightly higher num- 

Band A: Equal proportions of 

Band B: Equal proportions of 

both organisms 

bers of E .  coli 

both organisms 

bot,h organisms 
~ 

* 596 Defibrinated sheep blood in trypticase soy agar base 
b Tryptone-glucose-yeast extract agar. 

Concentrated. 
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SEPARATION OF BACTERIAL SPECIES 471 

The selection of organisms for study was based on two considera- 
tions: first, the possibility of electrophoretic separation; and second, 
the ease with which they could be identified culturally or morpho- 
logically. The separation of two organisms is dependent on a difference 
in their zeta potentials. Unfortunately, the zeta potential for any 
particular organism could not be known in advance. Therefore, it was 
assumed that if the chosen organisms differed greatly in cellular mor- 
phology, their surface charges would also differ greatly and their ease 
of separation would be enhanced correspondingly. All of the six orga- 
nisms used appeared to possess these physical attributes. Furthermore, 
differences in gram staining, colonial morphology, pigmentation, and 
biochemical characteristics made these organisms especially easy to  
identify. The results show that under an applied voltage, bacterial or 
bacterial-yeast mixtures do resolve into separate bands. Unfortunately, 
the proportions of mixed microorganisms in each band are similar or 
not substantially different from the composition of the zero reference 
band. This is true even when the microorganisms are as different from 
each other as S. cerevisiae and E.  coli. As seen in the viewing window 
of the CPE apparatus, E .  coli and S. marcescens did not separate a t  
all, but formed a single broad band with a left-to-right decreasing 
opacity gradient. Surprisingly, cultural analysis of the collection tube 
contents showed that the left-hand part of the band was composed 
predominantly of S. marcescens while the right-hand portion was 
predominantly E.  coli. That  was the best separation achieved in any 
of the experiments. 

The question of the significance of the banding which appears on 
electrophoresis still remains. Before the application of a potential, the 
zero voltage reference stream exists as a band approximately 1 mm 
wide. When a potential is applied, the bacterial stream deviates to- 
wards the cathode ; obviously these organisms possess an electrical 
charge. Furthermore, for any single test organism, the deviated band 
widens and exhibits an internal concentration gradient. This suggests 
that  individual organisms within a pure culture possess varying 
zeta potentials, possibly because of the heterogenicity of age groups 
within the culture. 

When a pure culture of E .  coli was subjected to electrophoresis, the 
band width of the migrating stream was narrower than that seen 
for corresponding cultures of S. aureus or B. megaterium. It is very 
likely that this occurs because E. coli cultures are composed of discrete 
units, probably of similar electrical charge, whereas cultures of S. 
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472 H. A. SINSABAUGH AND W. NORMORE 

aureus and B. megaterium form variable clumps or chains which upset 
the charge distribution pattern. Hence, for these two organisms, a 
broad band width might be expected. This obstacle can be overcome 
only if some method can be devised to prevent clumping or chain for- 
mation in bacteria. Improved methods of sample preparation may 
contribute to a more successful application of CPE in the separation of 
bacterial mixtures. 

Another problem still remains. In  order to obtain clearly visible 
bands of bacteria in the viewing window of the apparatus, the injected 
sample must be very concentrated (approximately O.D. 50). Unless 
a method of band detection appreciably more sensitive than visual 
observation can be developed, this limitation would severely handicap 
practical utilization of the CPE for bacterial separations even if there 
were no other complications. 

Under presumably favorable conditions, it was not possible to  ob- 
tain a good resolution of a binary mixture of microorganisms into pure 
cultures. It is concluded that use of continuous particle electrophoresis 
a t  its present “state of the art” is not a practical method for separating 
bacteria. 
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