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The quantitative and qualitative growth response of Neisseria gonorrhoeae
strains was assessed under the following conditions: incubation in a candle jar
(~2.5% ambient CO,) on medium without bicarbonate, incubation in air on
medium without bicarbonate, incubation in air on medium with bicarbonate,
and incubation in air in a sealed jar on medium with bicarbonate. Incubation in
the presence of ambient CO, (candle jar) resulted in the highest plating efficien-
cies for the three laboratory strains 9, 62, and 2686. The addition of NaHCO; to
the medium enhanced the growth response in air of all three strains, particu-
larly if incubation was carried out in a closed environment (sealed jar). The
qualitative growth response of 34 clinical isolates and laboratory strains was
assessed under the same conditions of incubation after the plating of an inocu-
lum containing approximately 2 x 10° bacteria. The strains were divided into
different classes based on their growth responses. About 40% of the strains grew
as well on bicarbonate-containing medium incubated in air in sealed jars as they
did on medium without bicarbonate incubated in a candle jar. Ten percent of the
strains showed only slight growth on bicarbonate-containing medium incubated
in sealed jars and appeared to have an almost obligate requirement for ambient
CO,. Twenty percent of the strains apparently had partially lost their require-
ment for gaseous CO, and showed slight growth in air on medium without
bicarbonate and slight to moderate growth in air on medium containing
NaHCO;. The remaining 30% seemed to have completely lost their requirement
for gaseous CO, and/or the bicarbonate anion and grew almost as well in air on
medium without bicarbonate as they did in either ambient CO, (candle jar) or on
medium containing bicarbonate incubated in a sealed jar. These results suggest
that N. gonorrhoeae strains may vary widely in their requirements for CO, and/
or the HCO;~ anion. Incubation in the presence of ambient CO, tends to
maximize the growth response on solid medium of those strains, which require it
for growth. The presence of ambient CO, is particularly important if growth is to
be obtained after the plating of small inocula. Medium containing 0.1%
NaHCQ;, if incubated in a closed environment (sealed jar), appears to be
equivalent to medium without bicarbonate incubated in ambient CO, in sup-
porting the growth of some but not all strains of N. gonorrhoeae.

A requirement for small amounts of CO, by
heterotrophic bacteria for the initiation of
growth is well established (1, 8, 15, 16). The
pathways and enzymes used in the fixation of
CO, and/or the HCO;~ anion have been identi-
fied for some species (5, 11, 17, 18, 21, 22).

Neisseria gonorrhoeae and other pathogens
require an increased CO, concentration for the
initiation of growth. The reason for this in-
creased requirement for CO, is not known, and
the pathways by which pathogens such as N.
gonorrhoeae fix CO, and/or the HCO;~ anion
have not been studied.

The fact that pathogenic Neisseria require an
increased CO, tension for primary isolation is

well documented 4, 7, 9, 12, 23). It has been
suggested that this CO, requirement can be
replaced by incorporating certain purines, py-
rimidines, metabolic intermediates, or certain
types of yeast extract into the culture medium
(6, 9, 10). Also, it has been suggested that the
addition of bicarbonate to culture medium can
replace the CO, requirement of N. gonorrhoeae
(20). Most of these studies are not comparable
because investigators used different strains,
which we now know may vary widely in their
nutritional requirements, sensitivity to agar
toxicity, and requirement for CO, (2, 3, 12-14).
Also media of different compositions were used,
which may have added additional variables.
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Much of the earlier growth response data and
also a large portion of the more recent data are
based on qualitative measurements of growth
which are unable to distinguish small differ-
ences in growth response. We have previously
shown that quantitative data on the growth
response of N. gonorrhoeae can be obtained if
nutritional and toxic variables are carefully
controlled (13).

In the present study we attempt to quantita-
tively and qualitatively assess the roles gas-
eous CO, and the HCO;™ anion play in support-
ing the growth of both well-characterized labo-
ratory strains and recent clinical isolates of N.
gonorrhoeae. The medium used for these exper-
iments was essentially nontoxic and satisfied
the nutritional requirements of most N. gonor-
rhoeae strains tested (13).

MATERIALS AND METHODS

Bacterial strains. The strains used in this study
are listed in Table 1. Strains 1, 2, and 3 are labora-

TABLE 1. N. gonorrhoeae strains used

Stock no. Strain Type and source®

1 9 Laboratory strain, CDC

2 62 Laboratory strain, CDC

3 2686 Laboratory strain, CDC

4 A-1 Clinical isolate, CDC

5 A-2 Clinical isolate, CDC

6 A-3 Clinical isolate, CDC

7 A-4 Clinical isolate, CDC

8 A-5 Clinical isolate, CDC

9 A-6 Clinical isolate, CDC
10 B-1 Clinical isolate, CDC
11 CD-1 Clinical isolate, CDC
12 E-1 Clinical isolate, CDC
13 H-2 Clinical isolate, CDC
14 H-3 Clinical isolate, CDC
15 K-1 Clinical isolate, CDC
16 K-4 Clinical isolate, CDC
17 K-5 Clinical isolate, CDC
18 K-6 Clinical isolate, CDC
19 J-1 Clinical isolate, CDC
20 J-2 Clinical isolate, CDC
21 J-3 Clinical isolate, CDC
22 J-4 Clinical isolate, CDC
23 J-5 Clinical isolate, CDC
24 J-6 Clinical isolate, CDC
25 0-2 Clinical isolate, CDC
26 0-3 Clinical isolate, CDC
27 Va-1 Clinical isolate, CDC
28 Va-2 Clinical isolate, CDC
29 Va-3 Clinical isolate, CDC
30 Va-4 Clinical isolate, CDC
31 Va-5 Clinical isolate, CDC
32 27628 Catlin auxotype, ATCC
33 27629 Catlin auxotype, ATCC
34 27630 Catlin auxotype, ATCC

@ CDC, Center for Disease Control; ATCC, Amer-
ican Type Culture Collection.
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tory strains obtained from D. S. Kellogg, Jr. (Center
for Disease Control, Atlanta, Ga.). Strains 4
through 31 are clinical isolates from different geo-
graphical locations in the United States. These were
also obtained from D. S. Kellogg, Jr. Strains 32
through 34 are auxotypes of N. gonorrhoeae ob-
tained from the American Type Culture Collection,
Rockville, Md. All strains were stored at —70°C in
buffered proteose peptone no. 3 (Difco) broth con-
taining 20% (vol/vol) glycerol.

Media. TTU complete medium contained the fol-
lowing, in grams per liter: polypeptone peptone
(BBL), 15; K,HPO,, 4; KH,PO,, 1; NaCl, 5; soluble
starch (Difco), 1; and purified agar (Difco), 10. The
following supplements (micrograms per milliliter)
were added: glucose, 5,000; thiamine (B,), 2; ferric
nitrate, 5; cysteine, 55; hypoxanthine, 5; uracil, 10.
The diluent used in all experiments was buffered
saline gelatin (13). In the experiments to be de-
scribed, 0.1% NaHCO, was added to some sets of
TTU complete agar medium.

Quantitative plating experiments. For each ex-
periment, strains were thawed and streaked to TTU
complete medium and incubated in a candle jar
(~2.5% ambient CO,) at 35°C. After incubation for
24 h, suspensions were made in warm buffered sa-
line gelatin, vortexed for 15 to 20 s to break up
clumps, and adjusted to an absorbance reading of 1
on a Bausch and Lomb Spectronic 20 spectrophotom-
eter at a wavelength of 550 nm. The suspension was
then diluted in warm buffered saline gelatin, and
0.05-ml portions of each dilution were plated in du-
plicate. The inoculum was spread to dryness with a
glass spreader. Plates were incubated in a candle jar
(~2.5% ambient CO,), in a mechanical convection
incubator (ambient air), or in a sealed jar (ambient
air). The incubation temperature in all cases was
35°C.

Qualitative plating experiments using the streak
plate method. The qualitative growth response was
determined as follows: suspensions of each strain
were prepared as described for quantitative plat-
ings. Plates were divided into four sectors, and each
strain was streaked within a sector using a cali-
brated loop (0.001 ml) so as to obtain isolated colo-
nies in the more dilute areas. The total number of
viable bacteria delivered by the calibrated loops was
approximately 2 x 10°. Plates were incubated under
the same atmospheric conditions as described above
for quantitative plating experiments. The growth
response was qualitatively ranked as heavy, moder-
ate, light, or no growth. Coded plates were scored by
three different individuals in order to make the
results as objective as possible. Agreement among
individuals was good.

RESULTS

Plating efficiency of N. gonorrhoeae strains
on TTU complete medium with and without
0.1% NaHCO;, incubated under different at-
mospheric conditions. The results of this ex-
periment are shown in Table 2. The efficiency
of plating (EOP) of the three laboratory strains
9, 62, and 2686 on the TTU complete medium
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without NaHCO; and incubated in candle jar
(~2.5% CO,) was set at 1. When an identical set
of plates was incubated in air in a mechanical
convection incubator, the EOP for strains 9 and
62 was reduced to almost undetectable levels.
Strain 2686 was less sensitive to incubation in
air, but its EOP was still reduced almost
100,000-fold below that of control plates incu-
bated in the presence of ambient CO,. If 0.1%
NaHCO; was incorporated into the medium

TABLE 2. EOP of three Neisseria gonorrhoeae
strains on TTU complete medium with and without
0.1% NaHCO;, incubated under different
atmospheric conditions®

EOP of strain:
Medium
9 62 2686
TTU complete with- 1 1 1
out NaHCO;®
TTU complete with- 9.5 x 10-® 7.6 x 10~* 3.7 x 10~%
out NaHCO,*
TTU complete with 4.8 x 10~ 3.8 x 10~ 3.7 x 10~
0.1% NaHCO,*
TTU complete with 2.9 x 10~2 5.4 x 1072 0.41
0.1% NaHCO,*

¢ EOP was determined by dividing the number of colony-
forming units (CFU) observed on experimental plates (rep-
resented by ¢, d, and e above) by the number of CFU
observed on control plates (represented by b above). Each
value represents the mean of three plating experiments.
The mean colony counts on control plates (b above) used to
compute EOP were as follows: 9, 2.1 x 10% 62, 2.6 x 10%
2686, 2.7 x 10°.

% Plates incubated in a candle jar (~2.5% ambient CO;).

¢ Plates incubated in air in a mechanical convection
incubator.

¢ Same as c.

¢ Plates incubated in air in a sealed jar.
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and the plates were incubated as above in a
mechanical convection incubator in air, the
EOP for strains 9 and 62 increased about 1,000-
fold. Strain 2686 showed no increase in EQP.
If medium containing 0.1% NaHCO; was incu-
bated in a sealed jar, the EOP for strains 9
and 62 were further increased about 1,000-fold.
After incubation in a sealed jar, the EOP for
strain 2686 was almost equal to that of controls.

The growth response of all three strains on
TTU complete medium without bicarbonate
after incubation in air in sealed jars was only
slightly (~10-fold) better than that observed
after incubation in air in a mechanical convec-
tion incubator (data not shown in Table 2).

Qualitative growth response of N. gonor-
rhoeae strains on TTU complete medium with
and without 0.1% NaHCO,, incubated under
different atmospheric conditions. Most of the
N. gonorrhoeae strains initially tested grew
well on TTU complete medium after incubation
in a candle jar (~2.5% ambient CO,). A few
strains grew very slowly under these condi-
tions, and it is thought that they represent
strains with unusual growth requirements not
fully satisfied by TTU complete medium. Their
exact nutritional requirements are presently
being determined. These strains were not in-
cluded in this study, because maximal or near
maximal growth in the presence of ambient
CO, was desirable in comparing growth re-
sponses under different incubation conditions
(see Table 3).

Four plates of TTU complete medium, two
with and two without 0.1% NaHCO,, were di-
vided into four sectors, and each sector was

TABLE 3. Qualitative growth response of Neisseria gonorrhoeae strains on TTU complete medium with and
without 0.1% NaHCOj;, incubated under different atmospheric conditions

Growth response® on:

CI

based on TTU complete without TTU complete with 0.1% . . .

growth re- NaHCO, NaHCO, Strains belonging to different growth classes

) Co,® Air¢ Aird Air in Jar*

1 3+ 0 0 2+ or 3+ 4, 8,9, 11, 12, 13, 20, 21/
2 3+ 0 1+ 2+ or 3+ 16, 18, 19, 27, 30, 31
3 2+ or 3+ 0 Oor 1+ 1+ 5, 6, 17, 25
4 3+ 1+ 1+ or 2+ 3+ 1, 2,3,7, 14, 23
5 3+ 2+ or 3+ 2+ or 3+ 3+ 10, 15, 22, 24, 26, 28, 29, 32, 33, 34

@ The growth response of the strains under different incubation conditions was as follows: 3+, heavy

confluent growth in area of heaviest inoculum, isolated colonies in more dilute areas; 2+, moderate
confluent growth in area of heaviest inoculum, isolated colonies in more dilute areas; 1+, light confluent
growth in area of heaviest inoculum, few or no colonies in more dilute areas; 0, no growth or light haze or
<10 small colonies in area of heaviest inoculum.

b Plates incubated in a candle jar (~2.5% ambient CO,).

¢ Plates incubated in air in a mechanical convection incubator.

4 Same as c.

¢ Plates incubated in air in a sealed jar.

f Stock numbers of strains used. See Table 1.
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streaked with a standard inoculum of each
strain (~2 X 10° bacteria) using a calibrated
loop (see Materials and Methods). Plates with-
out NaHCO; were incubated either in a candle
jar (~2.5% ambient CQO,) or in air in a mechani-
cal convection - incubator. Plates containing
NaHCO; were incubated either in air in a me-
chanical convection incubator or in air in a
sealed jar. Based on growth response (see foot-
note a, Table 3) under these four conditions of
incubation, the 34 strains could be divided into
five classes (see Table 3). Class 1 strains
showed no growth in air on medium with or
without NaHCOj;. These strains grew almost as
well on medium with NaHCO, after incubation
in air in a sealed jar as they did on medium
without NaHCO; incubated in a candle jar.
Class 2 strains were similar to class 1, except
they showed slight growth on NaHCO;-contain-
ing medium incubated in air in a mechanical
convection incubator. Class 3 strains seem to
have an almost absolute requirement for gas-
eous CO, and showed no or only slight growth
under other conditions of incubation. Class 4
was similar to class 2, except these strains
showed slight growth on medium without
NaHCO, when incubated in air and somewhat
heavier growth on NaHCO;-containing me-
dium. Class 5 strains grew almost as well in air
on medium with or without NaHCOQO; as they
did either in the presence of gaseous CO, or on
NaHCO;-containing medium incubated in a
sealed jar. This class apparently has partially
or completely lost its requirement for gaseous
CO, and/or the HCO;~ anion.

DISCUSSION

The data in Table 2 suggest that the HCO;~
anion can almost completely replace the CO,
requirement of strain 2686 and partially replaces
the CO, requirement of strains 9 and 62 if incu-
bation is carried out in a sealed jar. Since incu-
bation of bicarbonate-containing medium in air
in a mechanical convection incubator resulted
in EOPs intermediate between those observed
on medium without bicarbonate incubated in
ambient CO, and those on bicarbonate-contain-
ing medium incubated in sealed jars (see Table
2), it seems that the presence of the HCO;~
anion plus a closed environment is additive
with respect to enhancement of growth. Possi-
bly small amounts of CO, are produced endoge-
nously by the inoculated bacteria before cell
division begins, and in a closed environment
(sealed jar) this CO, is utilized along with the
HCO;™ anion to stimulate growth. Such endog-
enously produced CO, would probably be
quickly lost due to air flow when plates are

JONES AND TALLEY

J. CLIN. MicROBIOL.

incubated in a mechanical convection incuba-
tor, thus leaving only the HCO;™ anion present
in the medium to serve as partial substitute for
gaseous CO,. This is only speculation at this
time because the pathway(s) N. gonorrhoeae
uses in the fixation of gaseous CO, and/or the
HCO;~ anion and their metabolic function(s)
have not been studied.

To obtain high plating efficiencies, conditions
(presence of essential nutrients, optimal pH,
temperature, and CO, concentration) must be
such that growth is obtained when small inoc-
ula are plated. If such optimal conditions are
not met, it is reflected quantitatively in a low-
ering of the EOP. By comparing differences in
EOP, one can assess quantitatively the growth
response resulting from both a large inoculum,
i.e., platings of lower dilutions, and a small
inoculum, i.e., platings of high dilutions. It is
obvious that a gaseous CO, atmosphere was
superior to NaHCO;-containing medium incu-
bated in sealed jars in supporting the growth of
strains 9 and 62 when small inocula were plated
(reflected by ~100-fold decrease in EOP; see
Table 2). Bicarbonate-containing medium incu-
bated in a sealed jar was almost equivalent to
medium without bicarbonate incubated in am-
bient CO, in supporting the growth of strain
2686 (EOP almost equal to 1; see Table 2).

When the growth response of laboratory
strains and clinical isolates was assessed quali-
tatively after the plating of a rather large inoc-
ulum (~2 x 10° bacteria) and incubated as
described above, it was possible to divide the
strains into 5 growth classes (see Table 3).
Classes 1, 3, and 5 were the most different.
Class 2 resembled class 1 and class 4 was simi-
lar to class 5. Most class 1 strains grew as well
on bicarbonate-containing medium incubated
in air in sealed jars as they did in a candle jar
(~2.5% ambient CO,) on medium without bi-
carbonate. Essentially no growth was noted on
medium with or without NaHCO; when plates
were incubated in air in a mechanical convec-
tion incubator. For this class of strains appar-
ently the combination of the HCO;™ anion and a
closed environment (sealed jar) was adequate to
support growth from this size inoculum, i.e.,
~2 X 10% bacteria. Class 3 strains showed only
slight growth on bicarbonate-containing me-
dium incubated in sealed jars. For some reason
this class seems to have an almost obligate
requirement for gaseous CO,. Class 5 strains
appear to have either partially or completely
lost their requirement for gaseous CO, and/or
the HCO;™ anion and grew almost as well on
medium without bicarbonate in air as they did
in either ambient CO, (candle jar) or on bicar-
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bonate-containing medium incubated in a
sealed jar. These results suggest that N. gonor-
rhoeae strains may vary widely in their re-
quirement for CO, and/or the HCO;™ anion.

The presence of ambient CO, appears to max-
imize the growth response of those strains that
require it for growth, particularly if the num-
ber of bacteria plated is small (see Table 2).
Medium containing 0.1% NaHCO; when incu-
bated in a sealed jar was equivalent to medium
without bicarbonate incubated in ambient CO,
in supporting the growth of most N. gonor-
rhoeae strains tested after the plating of rather
large numbers of cells, i.e., 10° or greater (see
Table 3). Since clinical specimens may contain
either small or large numbers of viable N. gon-
orrhoeae and, further, since strains seem to
vary in their ability to utilize the HCO;~ anion
as a partial or complete substitute of CO,, we
conclude that incubation in the presence of am-
bient CO, (in either a candle jar or CO, incuba-
tor) remains the best method for primary isola-
tion.

Although it has been suggested that N. gon-
orrhoeae quickly loses its CO, requirement
after passage in vitro (19), our data indicate
that this is not true for the laboratory strains 9,
62, and 2686. These strains have been trans-
ferred repeatedly in vitro but still have a rather
stringent requirement for ambient CO, when
their growth response is determined quantita-
tively (see Table 2). Also, the clinical isolates
used in our qualitative growth response study
(Table 3) have all been transferred several
times in vitro and still some apparently have a
stringent CO, requirement, i.e., those strains
falling into classes 1 and 2. These results sug-
gest that there may be basic genetic and/or
biochemical differences in the way various N.
gonorrhoeae strains use gaseous CO, and/or the
HCO;™ anion.

To our knowledge, the superiority of ambient
CO, in enhancing the growth response of N.
gonorrhoeae has never been demonstrated by
quantitative plating experiments. It is our con-
tention that a quantitative assessment of the
growth response of N. gonorrhoeae must be
developed before one can design meaningful
experiments to study the roles CO, and the
HCO;™ anion play in the basic physiology and
metabolism of this organism. This study shows
that the effects of different atmospheric condi-
tions on the growth response of N. gonorrhoeae
can be distinguished both qualitatively and
quantitatively. The specific roles of gaseous
CO, and the HCO;~ anion in the metabolism
and growth of N. gonorrhoeae are presently
under investigation.

EFFECT OF CO, ON THE GROWTH OF N. GONORRHOEAE

431

ACKNOWLEDGMENTS

We thank D. S. Kellogg, Jr., for supplying us with both
laboratory strains and clinical isolates of N. gonorrhoeae.

This research was supported by Public Health Service
grant Al 12120 from the National Institute of Allergy and
Infectious Diseases.

LITERATURE CITED

1. Ashworth, J. M., and H. L. Kornberg. 1966. The ana-
plerotic fixation of carbon dioxide by Escherichia coli.
Proc. R. Soc. London Ser. B 165:179-188.

2. Carifo, K., and B. W. Catlin. 1973. Neisseria gonor-
rhoeae auxotyping: differentiation of clinical isolates
based on growth responses on chemically defined me-
dia. Appl. Microbiol. 26:223-230.

3. Catlin, B. W. 1973. Nutritional profiles of Neisseria
gonorrhoeae, Neisseria meningitidis, and Neisseria
lactamica in chemically defined media and the use of
growth requirements for gonococcal typing. J. Infect.
Dis. 128:178-194.

4. Chapin, C. W. 1918. Carbon dioxide in the primary
cultivation of the gonococcus. J. Infect. Dis. 23:342-
344.

5. Cooper, T. G., T. T. Tchen, H. G. Wood, and C. R.
Benedict. 1968. The carboxylation of phosphoenolpyr-
uvate and pyruvate. I. The active species of CO,
utilized by phosphoenolpyruvate carboxykinase, car-
boxytransphosphorylase, and pyruvate carboxylase.
J. Biol. Chem. 243:3857-3862.

6. Faur, Y. C., M. H. Weisburd, and M. E. Wilson. 1973.
A new medium for the isolation of pathogenic Neis-
seria (NYC medium). III. Performance as a culture
and transport medium without addition of ambient
carbon dioxide. Health Lab. Sci. 10:61-74.

7. Ferguson, W. 1945. Optimal carbon dioxide tensions for
primary isolation of the gonococcus. Am. J. Syph.
Gonorrhea Vener. Dis. 29:19-55.

8. Gladstone, G. P., P. Fildes, and G. M. Richardson.
1935. Carbon dioxide as an essential factor in the
growth of bacteria. Br. J. Exp. Pathol. 16:335-348.

9. Griffin, P. J., and E. Racker. 1956. The carbon dioxide
requirement of Neisseria gonorrhoeae. J. Bacteriol.
71:717-721.

10. Griffin, P. J., and S. V. Rieder. 1957. A study on the
growth requirements of Neisseria gonorrhoeae and its
clinical application. Yale J. Biol. Med. 29:613-621.

11. Higa, A. L., S. R. Milrad de Forchetti, and J. J. Caz-
zulo. 1976. CO,-fixing enzymes in Pseudomonas fluo-
rescens. J. Gen. Microbiol. 93:69-74.

12. James-Holmquest, A. N., R. D. Wendle, R. L. Mudd,
and R. P. Williams. 1973. Comparison of atmosphere
conditions for culture of clinical specimens of Neis-
seria gonorrhoeae. Appl. Microbiol. 26:466-469.

13. Jones, R. T., and R. S. Talley. 1977. Simplified com-
plete medium for the growth of Neisseria gonor-
rhoeae. J. Clin. Microbiol. 5:9-14.

14. La Scolea, L. J., and F. E. Young. 1974. Development
of a defined minimal medium for the growth of Neis-
seria gonorrhoeae. Appl. Microbiol. 28:70-76.

15. Lwoff, A., and J. Monod. 1947. Essai d’analyse du role
de I'anhydride carbonique dans la croissance micro-
bienne. Ann. Inst. Pasteur Paris 73:323-347.

16. Lwoff, A., and J. Monod. 1949. The problem of hetero-
carboxylic metabolites. Arch. Biochem. 22:482-483.

17. Maruyama, H., R. L. Easterday, H. C. Chang, and M.
D. Lane. 1955. The enzymatic carboxylation of phos-
phoenolpyruvate. 1. Purification and properties of
phosphoenolpyruvate carboxylase. J. Biol. Chem.
241:2405-2412.

18. Milrad de Forchetti, S. R., and J. J. Cazzulo. 1976.
Some properties of the pyruvate carboxylase from



432 JONES AND TALLEY

Pseud fluor
81. ,

19. Platt, D. J. 1976. Carbon dioxide requirement of Neis-
seria gonorrhoeae growing on solid medium. J. Clin.
Microbiol. 4:133-136.

20. Talley, R. S., and C. L. Baugh. 1975. Effects of bicar-
bonate on growth of Neisseria gonorrhoeae: replace-
ment of gaseous CO, atmosphere. Appl. Microbiol.
29:469-471.

21. Teraoka, H., T. Nishikido, K. Izui, and H. Katsuki.

. J. Gen. Microbiol. 93:75-

J. CLIN. MICROBIOL.

1970. Control of the synthesis of phosphoenolpyruvate
carboxylase and phosphoenolpyruvate carboxykinase
in Escherichia coli. J. Biochem. (Tokyo) 67:567-575.

22. Theodore, T. S., and E. Englesberg. 1964. Mutants of
Salmonella typhimurium deficient in the carbon-
dioxide-fixing enzyme phosphoenolpyruvic carboxyl-
ase. J. Bacteriol. 88:946-955.

23. Tuttle, D. M., and H. W. Scherp. 1952. Studies on the
carbon dioxide requirement of Neisseria meningiti-
dis. J. Bacteriol. 64:171-182.



