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Concentrated culture filtrates and cell extracts were prepared from selected
mycobacteria and analyzed by a multistage polyacrylamide electrophoretic pro-
cedure. Various staining procedures were used to detect protein, carbohydrate,
nucleic acid, and lipid constituents. Visual examination of the more prominently
stained components indicated differences and similarities in each species of Myco-
bacteria. The majority of the individual components were of small molecular
weight; however, there appeared in all culture filtrates and extracts examined a
slowly moving protein component of relatively large molecular size. Evidence
based on immunodiffusion suggests that it is a common mycobacterial antigen.

It has been demonstrated by a number of
studies that the mycobacterial cell and its meta-
bolic products are of an exceedingly complex
nature. The biology of the tubercle bacillus and
the relationship of its complex products within
the host have been studied for many years to
better understand the pathogenesis of tubercu-
losis. There have been many physicochemical
techniques which have been applied to the sepa-
ration and isolation of these complex cellular
products. It is also important that their chemical
composition be known so that the mechanism of
tuberculous disease and, consequently, how to
combat it may be better understood. Moreover,
by employing more refined mycobacterial frac-
tions of known composition, the similarities and
differences that exist among the various acid-fast
organisms could be more sharply defined and
thus contribute to a more satisfactory under-
standing of mycobacterial relationships.
The present study is a direct outgrowth of our

long-range investigations concerned with de-
veloping and standardizing methods for isolating
and purifying mycobacterial antigens and eluci-
dating their possible biological effects. Specifi-
cally, it has been one of the major aims of this
study to identify and compare mycobacterial
antigens by utilizing a modified pore gradient
polyacrylamide electrophoresis method. The
present report characterizes these biologically
active components from various selected strains
of mycobacteria utilizing this technique. Anti-
genic profiles from each of them are obtained

and compared, and the possible interrelation-
ships are examined.

MATERIALS AND METHODS

Source of organisms for culture filtrates and bac-
terial extracts. Selected mycobacterial species were
obtained from the American Type Culture Collection
and the culture collection of the Microbiology De-
partment of The George Washington University
School of Medicine. These included: Mycobacterium
tuberculosis H37Ra, M. tutberculosis H37Rv, M.
bovis, M. bovis BCG, M. aviuim, M. kansasii, M.
intracellitlare, M. scrofulaceum, M. phlei, M. for-
tuitum, and M. smegmatis. Cells were grown as sur-
face pellicles on Proskauer-Beck medium at 37 C
for 6 to 8 weeks before separation from the culture
fluid by Seitz filtration. The culture filtrates were
concentrated by pervaporation to one-tenth their
original volume. The total volumes obtained were
each divided into two equal portions. One portion
was lyophilized and stored at -20 C, and the other
was divided into 2-ml samples and also stored at
-20 C. When ready for use, each of the lyophilized
filtrates was reconstituted with sterile, distilled water.
The bacterial extracts were prepared by suspend-

ing the collected cells in isotonic saline and centri-
fuging them at 2,010 X g. Centrifugation was re-
peated twice, and one volume of the washed cells
was suspended in 1.5 volumes of 0.15 M phosphate-
buffered saline (PBS), pH 7.2. This suspension, which
was maintained in an ice bath, was sonically treated
for 20 min with a Branson model 575 sonifier. This
sonic extract was centrifuged at 10,000 X g for 1 hr,
and the sediment was resuspended in 1.5 volumes of
PBS and subjected to sonic treatment for an additional
20 min. The sonic extract was centrifuged as above,
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and the two supernatant fluids were pooled and
centrifuged at 144,000 X g for 100 min. The final
cell extract was then stored at -80 C in small vol-
umes. Protein was analyzed by the Lowry method
or by the Nessler reaction (6).

Discontinuous pore gradient polyacrylamide gel
electrophoresis. Electrophoresis in polyacrylamide
gel was performed as reported by Wright and Af-
fronti (8) with tris(hydroxymethyl)aminomethane
glycine buffer, pH 8.3, and 5 ma per tube. This
method utilizes a multistage gel for the separation of
mycobacterial cellular products and is a modifica-
tion of the discontinuous pore gradient technique
described by Wright et al. (9) for the separation of
serum proteins. The complex ionic tuberculin mix-
ture migrates through a four-stage separating gel in
glass tubes (6 mm inner diameter by 12 cm). These
gel columns consist of (total gel concentration fol-
lowed by gel height): a 3.50%h/ (1 cm) upper gel fol-
lowed by a 4.75%o (1 cm), a 7% (1.5 cm), and finally
a 12%0 (5 cm) bottom gel. From 0.2 to 0.5 ml of
sample containing 300 ,ug of protein and 20%7 sucrose
was layered over the 3.75%, gel. Electrophoresis was
allowed to proceed at room temperature until the
bromophenol blue tracking dye reached a point 1
cm from the bottom of the tube. The differential
stains used for approximate identification of sepa-
rated components were amido black and Coomassie
Blue for protein, the periodic acid-Schiff reagent
(PAS) for mucoproteins and polysaccharides, the
Feulgen stain and acridine orange for nucleic acid,
gallocyanin for ribonucleic acid (RNA), and the
Oil Red 0 stain (ORO) for lipids. After the myco-
bacterial samples were subjected to electrophoresis
and their patterns were well established, the Rp
values for each of the components which had been
developed by the Coomassie Blue stain were calcu-
lated.

Conventional disc polyacrylamide electrophoresis.
The conventional disc electrophoresis procedure
which was described by Ornstein and Davis (4) and
which employs homogeneous gel columns of single
concentrations was used.

Polyacrylamide gel densitometry. Polyacrylamide
gels which had been stained for protein were scanned
using a Gilford densitometer and multirange re-
corder (model 2000) used together with a Beckman
DU spectrophotometer. This technique had the ad-
vantage of eliminating subjectivity involved in visual
observation of the stained patterns.

Antisera. Twelve male albino guinea pigs weighing
from 500 to 700 g were sensitized with a mixture of
M. tuberculosis H37Ra culture filtrate and dried
cells in oil (Bayol F). Each milliliter contained 10
mg of cells, and each guinea pig was given 0.4 ml
subcutaneously in several sites on the back of the
neck at weekly intervals for 2 weeks. Sensitization
was evident since lesions of the Koch phenomenon
were seen 1 week after the last injection. The injected
animals were bled from the heart, and the sera were
collected in the conventional manner.

Recovery of protein components from acrylamide
gel. The protein components studied in precipitin
tests and by immunodiffusion were obtained by

pooling eluates from 50 gel columns after electro-
phoresis. The combined 3.50 and 4.75% gel portions
were removed and pooled, and the components
were eluted from the gel by grinding in a mortar
together with an amount of distilled water equal to
10 times the volume of the gel. They were allowed to
diffuse at 4 C for 48 hr, after which time the liquid
was removed and concentrated by means of either
ultrafiltration or pervaporation. The eluates from the
pooled 7%o gels and the eluates from the 12%O gels
were similarly prepared.

Precipitin tests. The precipitin tests used were as
described in a previous report by Affronti (1). The
concentrated eluates from the combined 3.50 and
4.75%h0 gels and those from each of the pooled 7 and
12%o gels were made to the following concentrations
on the basis of their protein content: 50, 10, 5, and
1 ,ug per ml.

Double immunodiffusion. The concentrated eluates
recovered from the gels were analyzed by double
immunodiffusion in 1% agar and were buffered with

-~~~:.0

FIG. 1. Comparison of proteini-stained profiles of
M. tuberculosis culture filtrate samples as obtainied
by the coniventionial disc and the disconitiinuouis pore
gradient electrophoretic methods. Samples were sub-
jected to electrophoresis in gel columnis as follows
(total gel contcenitrationi followed by gel heighit):
A, 4.75%l' (6.5 cm); B, 7%l (6.5 cm); C, 4.75%c (8.5
cm); D, 7% (8.5 cm); E, four-stage disconitinuous
pore gradienit polyacrylamide gel.
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sodium diethylbarbiturate, pH 8.2. Plastic templates
with wells 0.2 cm in diameter and 0.5 cm equidistant
from each other were placed on glass plates. When the
gel had hardened, the concentrated eluates and the
antisera were placed into the wells. The units were
then placed in a humidified chamber at room tem-
perature until the precipitin pattern had developed.
The plates were stained with amido black for pro-
teins.

RESULTS AND DISCUSSION
With the introduction of a polyacrylamide

electrophoretic multistage system for the sepa-
ration and isolation of mycobacterial antigens, a
simple method is available for the improved
separation and resolution of mycobacterial
products. Also, by utilizing various differential
staining procedures, profiles of mycobacterial
strains can be established for comparison, thus
allowing a more refined characterization of
their interspecific relationships.
A comparison with the conventional disc

electrophoresis procedure of Ornstein and
Davis (4) which uses gel columns of single
concentrations is given in Fig. 1. A 300-Ag
amount of protein was applied and after elec-
trophoresis was stained for protein with 0.05%
Coomassie Blue (Colab, Chicago, Ill.). It can be
noted that increased resolution and separation
of the mycobacterial cell extract constituents
are achieved by electrophoresis in a pore gradient
polyacrylamide gel system. Even a modification
of the conventional disc electrophoresis pro-
cedure, wherein the length of the gel column was
increased to the same gel length as utilized in the

l 2 3 4

pore gradient gel system, resulted in neither
better separation nor better resolution of the
mycobacterial samples. Because of these find-
ings, the multistage method was selected as the
procedure of choice for this study.

Electropherograms of culture filtrates and
cell extracts from representative mycobacterial
strains (M. tuberculosis H37Ra, M. tuberculosis
H37Rv, M. phlei, and M. fortuitwn) stained
for protein by Coomassie Blue are given in Fig. 2.
An increased number of protein-stained com-
ponents was generally evident in cell extracts
when they were compared with their respective
culture filtrate samples containing an equivalent
amount of protein (300 ,Ag), as can be noted in
Table 1. It could be demonstrated, however,
that the protein-stained components of the
originally electrophoresed culture filtrate could
be made comparable in number and position
with those of its respective cell extract samples.
This was done by simply effecting a 100-fold
greater concentration of the culture filtrate
samples and adjusting the protein concentration
optimally so that comparable profiles resulted.
This indicated that there are several components
in the originally electrophoresed culture filtrate
samples which were below the sensitivity level
of the protein stain; but when a greater con-
centration was effected, detectable levels were
attainable. No increase in the number of stained
bands could be detected when the cell extract
samples were similarly concentrated and sub-
jected to electrophoresis. In fact, some com-
ponents coalesced to form broader bands, as a

5 6 7 8
FIG. 2. Representative electropherogram of nonlyophilized culture filtrate and cell extracts from various myco-

bacterial strains. (1 and 2) M. tuberculosis H37Ra culture filtrate and cell extract, respectively; (3 and 4) M.
tuberculosis H37Rv culturefiltrate and cell extract, respectively; (5 and 6) M. phlei culturefiltrate and cell extract,
respectively; (7 and 8) M. fortuitum culture filtrate and cell extract, respectively.
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result of column overloading, and thus yielded a
protein profile with a decreased number of total
bands.

It can also be seen from Fig. 2 that the ma-
jority of the culture filtrate and cell extract
components are of low molecular weight since
they migrate and separate in the small-pore gels
(12%). The possibility that the fast-moving
components, i.e., those found in the small-pore
gel, might represent highly charged substances of
large molecular weight can be discounted, par-
ticularly in view of the report of Tombs (7)
which convincingly demonstrated that the mo-
bility of a protein in a gel is related to the pro-
portion of pores larger than the limiting size.

Therefore, the position of the components within
the gel can be accounted for mainly on the basis
of a pore filtration mechanism instead of charge
differences.
The number of protein, PAS, nucleic acid, and

ORO-positive staining components demon-
strated by the differential staining technique for
each of the cell extracts studied is summnarized
in Table 2. These data reflect the finding that
only a small number of protein-staining com-
ponents migrated into the 3.50, 4.75, and 7%
gel sections. This small number of components
(from 1 to 13) probably represents molecules of
large size since they are retarded by gels of large
porosities.

TABLE 1. Number of mycobacterial components separated by electrophoresis on polyacrylamide gel

Mycobacterium M. tuber- .
tuberculosis culosis M. avium M. bovis hf. |. scrofu- M. ntra- Mp.i

Component H37Ra H37Rv kansasii laceumn cellulare fortuitum M.lii
stained for

CEa CF CE CF CE CF CE CF CE(CF CE CF CE CF CE CF CE CF

Protein... 50 47 47 42 47 42 55 44 52 38 56 39 51 48 58 48 61 52
Carbohy-I

drate 8 12 8 8 8 6 5 7 16 20 8 3 10 10 5 9 7 9
Lipid.. 8 10 10 11 6 2 9 12 15 6 15 7 9 8 6 7 12 10
NucleicI

acid 2 2 3 1 1 1 3 4 2 3 2 2 22 1 2 1

a CE, cell extract; CF, culture filtrate.

TABLE 2. Distributioni of the ntumber of componienzts inl mycobacterial cell extracts developed by various
stainis in polyacrylamide gel segmentts of differenit porosities

No. of components

Component :BMycobacterium M.
tuberculosis tuberculosis M. bovis At. avium Mf. kansasii M. M ie
H37Ra H37Rv intracellulare M. phi

Protein
3.5%/'a Segment 3 1 1 2 2 2 3
4.75% Segment 10 10 12 4 7 10 13
7.00% Segment 11 11 13 11 13 13 10
12.00% Segment 26 25 29 30 30 31 35

Carbohydrate
3.5% Segment 1 1 1 2 2 2 3
4.75% Segment 2 1 1 1 5 2 1
7.00% Segment 1 2 2 0 6 0 3
12.00% Segment 4 4 1 5 3 1 1

Lipid
3.5% Segment 1 1 1 2 2 2 3
4.75% Segment 2 1 1 1 5 1 1
7.00% Segment 1 2 4 0 5 2 4
12.00% Segment 4 6 3 3 3 1 4

Nucleic acid
3.5% Segment 0 0 0 0 0 0 0
4.75% Segment 0 0 0 0 0 0 0
7.00% Segment 0 0 0 0 0 0 0
12.00%O Segment 2 3 3 1 4 2 2
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PAS-positive components and those which
stained for lipid were detected in each of the
four polyacrylamide gel sections (3.50, 4.75,
7, and 12%,). Most of the PAS-positive and
ORO-positive components could be correlated
with the protein-staining components, indicating
that they were probably glycoprotein or muco-
protein lipid complexes. All mycobacterial cul-
ture filtrates and cell extracts analyzed contained
PAS-positive and ORO-positive substances.
The fact that the PAS-positive components were
distributed in gels of four different pore sizes
would suggest that these carbohydrates are ex-
tremely heterogeneous, ranging from complexes
of large molecular weight to those of smaller
shape and size. Moreover, as demonstrated by
the specific gallocyanin RNA stain, RNA was
only found in the 12% gel stage (Table 2).
These data support the view, therefore, that
both culture filtrates and cell extracts contain
various chemical components of widely differing
molecular sizes. Allowing molecules to be driven
through gels of progressively decreasing pore
size, such as occurs in the system described above,
not only greatly enhances the resolution of these
components but also suggests that this method
might be a useful tool for molecular size determi-
nations. In other words, it would be expected
that large molecules would be retarded while
smaller ones would migrate relatively unim-
peded, depending upon the pore size of the gel.
The relative distance that the components would
migrate through the gels thus would serve as
another criterion for further characterization of
protein mixtures. In ordei to test this possibility,
bovine serum albumin standards of known mo-
lecular weight varying from 67,000 to 268,000
(Table 3) were selected and subjected to elec-
trophoresis in a single gel system containing 7, 9,
and 12% polyacrylamide to compare their
mobilities in these gel concentrations. For this
tool to be valid, a linear function relationship
between relative mobility and gel concentration
is required. As shown in Fig 3, an approximate
linear relationship exists in the region of the
acrylamide concentration between 7 and 12%.

TABLE 3. Stanidards uised jfr polyacrylamide gel
electrophoresis

Alolec-
Protein and symbol ular

weight

Bovine serum albumin BSA-1. 67,000
(BSA)

Dimer BSA-2
........ 134,000

Trimer BSA-3 210,000

Tetramer BSA-4 ........ 268,000

RELATION BETWEEN GEL CONCENTRATION
AND RELATIVE MOBILITY

1.0 BSA-1

0.9

>-0 BSA-2t- 0.8 A
-J
O 0.70*

0.6 BSA-3
>-0.5\

QABSA-4
0.3

0.2

0.1
Gel conc. gm/100mI

7 8 9 10 11 12
PERCENTAGES

FIG. 3. Relationt betweeni gel conicenitrationt anid
relative mobility.

It can be seen that as the pore size decreases, the
large-molecular-weight proteins exhibit a slower
mobility than the smaller proteins. Relative
mobility versus very low (<7%r) or very high
(> 12%) gel concentrations did not result in a
straight line relationship, thus invalidating the
use of gel concentrations in these extreme ranges.
Therefore, within certain ranges, this demon-
strates a relationship between molecular size and
mobility in gels of different concentrations and
permits the use of migration distance, or the
conventional concept of RF, as one possible
criterion for characterizing protein components
of a mixture separated by gel electrophoresis.
Moreover, as was previously reported by Marcha-
lonis (3), this method also provides a simple
means of estimating molecular weights of pro-
tein in a mixture.
The applicability of using mobilities or R,

values in polyacrylamide gel electrophoresis as
an aid in identifying similar or identical protein
components which possibly would result in
characteristic band patterns for each species and
thus serve to complement the more conventional
methods of bacterial classification appeared to
be of limited value in this study. In an attempt
to eliminate the subjectivity involved in visually
reading these stained patterns, densitometric
tracings were performed using a Gilford densi-
tometer. Figure 4 gives representative tracings
from three mycobacterial species including M.
tuberculosis H 37Ra, the reference strain. Fifty
peaks corresponding to the total number of com-
ponents separated by electrophoresis were easily
noted. Although differences in strains were dis-
cernable with this technique, they were subtle
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M. tuberculosis H37Ra
Cel I - Extract

3 f 4% 7% 12%

FIG. 4. Representative densitometric tracintg of
M. tuberculosis H37Ra, H37Rv, anid M. bovis Percenit-
ages inzdicate gel conicenitratioli.

and their reproducibility was less than ideal.
As will be described in the following paper, how-
ever, a method is now available which we believe
has considerable merit in permitting one to
establish definitive characteristic patterns for
mycobacterial species and which could possibly
be used as an aid in their classification.

Figure 5 is a schematic drawing which repre-
sents the electropherograms and RF values of
four strains of mycobacterial culture filtrates
that were previously lyophilized and the protein
components stained with Coomassie Blue. As
can be noted, lyophilization apparently altered

the electrophoretic protein patterns since the
total number of stained components was reduced
significantly, especially in the 3 and 4%i, gel
regions, from that observed in the nonlyophilized
culture filtrate samples (compare with Fig. 2).
however, lyophilization did not reduce the major
protein-stained components since these remained
visually prominent in both nonlyophilized and
lyophilized samples. Although differences in
protein profiles are present among these myco-
bacterial species either due to a direct deleterious
effect of the lyophilization process on susceptible
protein components or due, in fact, to the exist-
ence of true protein compositional differences, it
is clear that striking similarities are evident when
the major components selected on the basis of
visual prominence in corresponding gel segments
are compared. 1 his similarity in certain cor-
responding gel segments among culture filtrates
from different mycobacterial species is also re-
flected by the presen.ce in these filtrates of com-
ponents with identical or nearly identical RF
values.

However, without a means of estimating the
normal variation in RF values from trial to trial,
this approach would only have validity providing,
as Rouatt et al. (5) have recently suggested, that
homologous bands could be identified with
certainty. Thus, if the migration of a protein in a
gel derives essentially from a pore filtration
mechanism, as Tombs proposes (7), then pro-
teins with the same RF values would be expected
to be identical. This expectation was proven in
the course of attempting to characterize the
protein component in culture filtrates from four
mycobacterial species which migrated into the
lower portion of the 4.75% gel segment and had
an average RF value of 0.30. This band was
considered the ideal candidate for selection for
two reasons: first, it appeared as a single com-
ponent devoid of any neighboring bands and
thus, from a practical viewpoint, was relatively
easily sectioned out; and secondly, it was present
in all culture filtrates and extracts analyzed, that
is, it can be considered as a very likely candidate
for a possible "common antigen." Precipitin
tests were performed on corresponding pooled
gel segments to establish the presence or absence
of antigenicity for the total components within
each of the major gel portions, i.e., the 4.75,
7, and 12%o gel segments. Precipitin tests were
positive with the highest concentration (50 ,g)
of the eluates of electrophoresed culture filtrate
samples from pooled 4.75c% gel segments of M.
tuberculosis H37Ra as test antigen against its
homologous antiserum. Eluates from the pooled
7 and 12%C gel segments also gave positive reac-

tions, thus confirming the antigenicity of all of
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SCHEMATIC DIAGRAM AND Rf VALUES
OF FOUR STRAINS OF MYCOBACTERIA
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FIG. 5. Schematic diagram antd RF values offour straiis of nmycohacleria.

interspecific relationships for this "common
-= band" having almost identical RF values. It can

be seen from Fig. 6 that this component gave
reactions of identity for each of these myco-
bacterial species, thus confirming immunobio-
logically the results obtained physicochemically.
The component was found in the 4.75%cc gel
segments of all the mycobacterial and culture
filtrates and extracts analyzed, and therefore it
can be considered a common antigen. It should
be pointed out that re-electrophoresis of each
of the common bands again yielded single com-
ponents. The characterization of this antigen
and its possible relationship with the common
antigen which was present in all mycobacterial
species which Castelnuovo (2) examined and
reported will be the subject of a later communi-
cation.
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