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SUMMARY

This Final Report consists of studies which have examined various
aspects of the physioLogy and metaboLism of Neisseria gonorrhoeae. The
primary objectives of this research were to:
a) Define the nutritiona l factors in the environment which determine or
modify the virulence and/or antigenic composition of N. gonorrhoeae.

• b) DeLineate the role of the physical environment in determining the viruLence
and antigenic composition of N. gonorrhoeae.
c) Develop better methods foF growth. identification and maintenance of the

• - virulence of N. gonorrhoeae through an understanding of its nutrition and
physioLogy. — __________

d) Ascertain whether differences exist in the metabotism. physioLogy. and
virulence of strains isoLated from disseminated and non-disseminated gonococ—
caL infections.
e) Obtain an antigenic fraction which is specific for N. gonorrhoeae under
all conditions of growth for use as a toot in the diagnosis of gonorrheaL
infections and as a potential immunogen.

The results of studies presented herein may be summarized as folLows:
The ceLL membrane—associated respiratory electron transport chain of Neisseria
gonorrhoeae was examined using electron paramegnetic spectroscopy (EPR) at
Liquid heLium temperatures and optica l spectroscopy at Liquid nitrogen and
room temperatures. EPR spectra of dithionite reduced particles indicated the
presence of centers N—i and P1—3 in the site I region of the respiratory chain,
whiLe reduction with succinate revealed the existence of center S—i from the
succinate cytochrome c reducatase segment. Free radical(s) resembling that
due to fLavin semiqui~one were observed with both reductants. Low temperature
(77 K) optical difference spectra indicated the presence of cytochromes with
alpha band maxima at 549, 557, and 562. Bands at 567, 535, and 417 nm,
characteristic of the CO compound of cytochrorne o were also identified. Cyto—

— chromes ai and a~ were not detected; however a broad but weak absorbance withan alpha band maximum at 600 nm and a Soret shoulder at 440 nm was observed.
Hence the respiratory chain of N. gonorrhoeae appears to contain several non—
heme iron centers, cytochrome c, tio b cytochromes. with cytochrome o which
probably serves as the terminal oxidase.

Tricarboxylic acid cycle activity was examined in Neisseria gonorrhoeae
strain CS—?. The catabolism of gLuc ose in N. gonorrhoeae by a coibination of
the Entner—Doudoroff and pentose phosphate pathways results in the accumulation
of acetate which was not further catabolized untiL the gLucose was depleted or
growth became limiting . Radlorespirometric studies revealed that the LabeL
in the 1 position of acetate was converted to CO2 at twice the rate of the
label in the 2 position indicating the presence of a tricarboxytic acid cycle.
Growth on gLucose markedLy reduced the leveLs of all tricarboxyLic acid cycLe
enzymes with the exception of citrate synthase (EC 4.1.3.7). Extracts of
glucose—grown cells contained detectable levels of all tricarboxylic acid
cyc ti enzymes except aconitase (EC 4.2.1.3), Isocitrate dehydrogenase (Ec 1.1.
1.42), and a pyridine nucleotide—dependent malate dehydrogenase (EC 1.1.1.37).
Extracts of c.LLs capabLe of oxidizing acetate lacked only the pyridine
nucLsotid.—dspindint ..Late dehydrog enase. In Lieu of this enzyme a particulate
pyr idine nuc&eotIde—ind.pendent ma late oxidase (EC 1.1.3.3) was present. This
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enzyme required fLavin adenine dinuc teotide for activity and appeared to be
associated with the eLectron transport chain. Radiorespirometric studies
utilizing labeled glutamate demonstrated that a portion of the tricarboxyLic
acid cyc le functioned during glucose cataboLism. In spite of the presence
of all tricarboxytic acid cyc le enzymes, N. gonorrhoeae CS—? was unable to

- 
. grow in medium supp Lemented with cycLe inTermediates.

A suspending medium was developed for use with the Minitek system for
the confirmatory identification of Neisseria gonorrhoeae. !~ 

meningitidis.
• and N. lactamica based upon the prc~iiction of acid from various carbohydrates.

The addition of sodium bicarbonate to the medium made negative reactions
easier to read. More isoLates of !. gonorrhoeae were identified using the
suspending medium in the Minitek system than using CIA media. With a suitable
inocuLum size a positive identification couLd be made in Less than 1 hour;
most isoLates (90.8%) couLd be identified within 4 hours of inocuLation. The
Minitek system is reliabLe and easy to use.
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PARTIAL CHARACTERIZATION OF THE RESPIRATORY CHAIN OF NEISSERIA GONORRHOEAE.

A. Introduction.

Neisseria gonorrhoeae is an obligate aerobe whose onLy natura L habitat
is man (I). This organism possesses a termina l oxidase with a high specific
activity which cataLyzes the oxidation of tetramethyl—p—phenylenediamine
(TMPD). a property shared with other members of this genus and most aerobic

• bacteria. Other than thi s termina l oxidase reaction (2) little is known
about the electron transport components of the organism. Jurtshuk and
MiL ligan (3) have reported difference spectra of the cytochromes observed in
N. catarrhaLis but no information on the site I region of the respiratory
chain was presented. Furthermore, N. catarrhalis has been shown to be
genetica L ly dissimilar from the tr~i Neisseria (6) and has subsequently beenrec lassified Branhamella catarrhalis (IT. Hence many of the respiratory
components of the true Neisseria have not been previously reported.

This study reports steady—state data on sthstrate and dithionite reducible
-

- 
components associated with the membrane bound respiratory chain of N. gonor—
rhoeae. The purpose of this study is to describe and characterize some oT
these respiratory components and to compare them with those of other aerobic
organisms as weLl as other species of Neisseria. Furthermore, with the wealth

— of information concerning the reduced nicotinamide adenine dinuc leotide (NADH)
dehydrogenase region of many eucaryotic cells (5.6), it appeared timely to
examine the tow temperature (<77 K) electron paramagnetic resonance (EPR)
spectra of N. gonorrhoeae to establish whether similarities exist between this
organism an~ its host.

B. MateriaLs and Methods.

— Organism. Neisseria gonorrhoeae strain CS—? was used in this investigation.
The properties and maintenance of this strain have been previous Ly described

- (7,8) as have the med ium and cultura L conditions (9).

Preparation of celL membranes. Stationary—phase cultures were harvested
by centrIfugation (16,000 x g for 10 m m )  in a refrigerated centrifuge, washed
twice and resuspended in 0.4 M tris (hydroxymethyl)ammnomethane hydrochloride
(Tris—HCL) buffer (pH 7.4) containing 0.005 M beta—mercaptoethanol . The cell
suspension was disrupted by sonicat ion (Biosonik IV; BronwiLl . Rochester, N.Y.)
for a total of 3 mm in 30 sec pulses (40 percent maximum output) with I mm
Intervals for cooLing. The resulting suspension was centrifuged at low speed
(23,000 x g for 15 m m )  to remove cell waLl s and unbroken cells. The super—
natant was centrifuged at 100,000 x g for 2 hr (type 30 rotor, Spinco model
L5—65 ultracentrifuge) and the membrane—rich pelLet was resuspended in a smalL
volume of 0.4 M Tris—HC I buffer (pH 7.4) containing 0.005 M beta-mercaptoethanoL
and stored at —30 C untiL used.
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Visible spectroscopy. Room temperature and Liquid nitrogen (77 K)
spectra of the membrane—rich fraction were recorded on a Cary ModeL 14 spectro—
photometer equipped with a modeL 1462 scattered transmission attachment . The
spectrophotometer was caLibrated with a holmium oxide standard immediately
prior to use. Samples to which reducing agents were added were first made
anaerobic by aLternately evacuati.ig and fLushing with argon. Liquid nitrogen
difference spectra were recorded in a 0.2 cm path length cuvette attached to
a Low temperature tee (10). This tee was then partiaLLy immersed in Liquid
nitrogen contained in a glass Dewar fitted with quartz windows.

Carbon monoxide difference spectra were obtained by gently bubbling CO
gas through anaerobic dithionite reduced samples. Samples were periodica l ly
withdrawn for spectroscopic analysis.

EPR spectroscopy. Membrane—rich samples (50 mg protein/mI) were thawed
and transferred to anaerobic EPR tubes. Samples were evacuated and flushed
with argon at Least 8 times, reduced with solid sodium dithionite or succinate
and frozen in liquid nitrogen. Liquid helium spectra were recorded with a
Varian V—4502 EPR spectrometer. The sampLes were cooled with a liquid helium

- - transfer system (Mode L LTD—3—110, Air Products and Chemicals , Inc.. Allentown ,
Pa.). Temperatures were monitored with a german ium resistor.

Miscellaneous measurements. Protein was determined by the method of Lo~~y
- et al. (11) using bovine serum albumin as standard.

Chemicals. Carbon monoxide and ultra high purity argon gases were obtained
from Methesori Gas Products (Newark, Calif.). Sodium L—malate and L(+)lactic
acid were obtained from Sigma Chemica l Co. (St. Louis, Mo.). All other reagents
were anaLytical grade or the highest purity avaiLable.

-
~~~~~~~ C. Results and Discussion.

EPR spectra. Orme—Johnson et al. (6) and Ohnishi (5) have recently re—
view~~ the iron—sulfur centers arising from the site I region of the respiratory
chain in a variety of eucaryotic organisms. These authors have reported
g—values for a number of prominent peaks detectable at the temperature of
liquid helium , and have re Lated these EPR signals to iron—sulfur centers by

• titrating the signals with reducing equivaLents. We have examined the membrane—
associated respiratory chai n of the aerobi c procaryote, N. gonorrhoeae. with

• low temperature EPR. Figure 1 iLlustrates the dithionite and succinate
reduced EPR spectra of the membrane—rich fraction of N. gonorrhoeae. The
general Line shape of the dithionite reduced spectra is very sin~iLar to thatof Candida albicans and broadLy resembLes the spectra from bovine heart sub—
mitochondrial particles (5). The apparent g—values of severa l prominent peaks
are given in this figure for comparison with site I EPR spectra from other
organisms.

It is evident that N. gonorrhoeae shows prominent signaLs at g = 2.02,
• 1.94 and 1.93 correspon~ing to center 1 signals according to the designationof Orme—Johnson et aL. (6). These investigators give g—values for this

center compr ised of peaks designated q. r. s at g = 2.022, 1.938 and 1.923 *

9
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respectively. Simi lar ly we observed signals at g = 2.09, 1.89 and 1.87
corresponding to peaks I, m. and n. with g—vatues of 2.099, 1.886 and 1.862
respectively (center 3) (6). These signals. corresponding to centers N—I and
N—3, wouLd be observed upon reduction with dithionite if the site I
respiratory chain region of N. gonorrhoeae has components simiLar to those of
mammaLian mitochondria. We ~id not observe signaLs with field positions

• corresponding to center N—2 at potentials attained with excess succinate or
dithionite. Evidence for all the EPR active centers present in N. gonorrhoeae
membrane will require quantitative redox titration. It should be noted that

• slight ly different g—va tues for site I centers were reported by Ohnishi (5)
for C. utilis.

Both the dithionite and succinate reduced sampLes have a g = 2.00 free
radical sign. probably arising from a flavin radicaL as is the case in mito—

• chondria. The succinate reduced spectrum di splays a g 1.94 central
resonance similar to center s—i observed in succinate dehydrogenase by Beinert
and Sands (12). The low potential center s—2 (13) was not observed in gono—
cocca t membrane fractions due to overlap with site I EPR signals. The high
potentiaL iron sulfur protein signaLs recently observed in the succinate CoQ
reductase region (14) were not examined.

Optica L differenc e spectroscopy. Low temperatur e (7? K) reduced—minus—
• oxidfzed spectra of N. gonorrhoeae cell membrane fragments are shown in

Figure 2. Three alpEa bands are resolved in the dithionite reduced—minus
ferricyanide oxidized spectra with absorption maxima at 549 (c—type cytochrome)
and 55? with a shouLder at 562. The latter two, together witE the beta maxima
at 528 nm are indicative of b—type cytochromes (15). In addition, there is a
broad absorption band at 60O~nm. The increased absorbance observed upon
addition of ferricyanide to the reference cuvette is the result of a more
complete oxidation of the respiratory chain components. especiaLly those
which are not autoxidizable. This was especially apparent in this case since
the buffer in which the gonococcal membranes were suspended contained B- er—
captoethanol which can donate reducing equivalents to the respiratory chain.
necessitating the use of a more effective oxidant. Room temperature difference
spectra of dithionite reduced—minus ferricyanide oxidized (not shown) contain
absorbence maxima in the aLpha region centered at 553, 560. and 600 nm. These
bands were approximateLy one—fifth as intense at room temperature than at 7? K.
The 25 C beta absorbances are centered at 516, 523. and 530. Low temperature
dithionite reduced—minus air oxidized difference spectra (Fig. 2) gives a Soret
maximum at 42? na. This peak is shifted about 4 nm to Lower wave Length when
the reducing agent is ascorbate. In either case, the Soret band is unresolved
but displays a shoulder at 440 nm. typical for !—tYPe cytochromes (15), and a
trough at 450—452 nm probably due to flavin in various states of reduction.

The observation of a broad absorption band centered around 600 nm with a
440 nm Soret shoulder may indicate the presence of an a—type cytochrome in
this organism. However, the 600 nm peak does not display the norma L sharpness
for an alpha band absorbance of an a—type cytochrome. Furthermore, the Low
440 nm extinction would indicate a very small concentration of this component.
On the basis of a simi lar broad 600 nm absorption , Jurtshuk and Mi tLigan (3)
have suggested !. catarrhatis contained cytochrome a1. Even though our CO

-
~ difference spectra did not Indicate the presence of cytochromes ai or a~ (seebelow), we were unable to eliminate the possibiLity that an a—type exists In

the membrane of !. gonorrhoeae. —

10
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Approximate concentrations of the various cytochromes computed from low
temperature dithionite—minus—ferric yanide difference spectra by the method of
Dietrich and Biggins (16) are presented in TabLe 1. An estimated miLlimolar

• extinction coefficient of ~ = 20 mt’r
icm 1 (16) was used together with a Low

temperature intensification factor of five (10) to compute these concentrations.
• No correction was made for band over Lap. Cytochrome o was computed from the

dithionite +i~ minus dithionite spectrum using the estimation procedure ofDanieL (1?) i.e., peak minus trough ~ = 1?O mt’r
1cm~~). The concentrations

• of cytochromes c and b calculated in the above manner are higher in N. gonor—
rhoeae than thole rep~rted by Smith (18) for Keilin—Hartree heart musc le andother selected bacterial membranes (16.19), white cytochromes o aid a—type
are slightLy Lower in the organism described here.

Ascorbate, succinate, and L—Lactate, but not L—malate , were found by
optical criteria to reduce membrane—bound respiratory chain components of
N. gonorrhoeae. Difference spectra of ascorbate— and succinate—reduced
~artictes (Figure 3) contain a broad aLpha region absorption centered at551 nm and a broad weak 600 nm band. Particles reduced with succinate dispLay
a shoulder at 558—560 nm. Since ascorbate does not norma L Ly reduce b—type
cytochromes, the 558—560 nm shoulder is not observed when this reductant is
employed. The breadth of the absorption at 551 nm suggests that it is composed
of more than one band. Reduction with L—lactate diminishes the lower wave
length component to a slight ly greater extent, splitting the band into 549 and
553 nm peaks.

Figure 4 ilLustrates that N. gonorrhoeae aLso contains at least one CO
binding pigment. Room temperature dithionite + CO minus dithionite difference
spectra shows maxima at 56?. 535 and 41? nm and troughs at 553 and 438 nm.
These peak and trough positions which have been attributed to cytochrome o are
within the range of CO binding chroinophores found in other microorganisms
(15). Broberg and Smith (20) demonstrated a technique for detecting both
cytochrome a~ and cytochrome o in bacterial cell membranes. These authors

.4 found that initiaL bubbling wTth CO produced a smaLL peak of 590 and a trough
at 445 nm with a peak plus shoulder at 413 and 430 nm attributed to cytochrome
a3. Further reaction with CO produced cytochrome o absorbances similar to
those des ibed above. These differences have been attributed to different CO
bin~iing rat~~ ~f these cytochromes (15). We were unable to detect absorbances
due to cytochrome :j or cytochrome a1 (15) by the above procedure. However, a
cytochroine o c~,sorption spectrum was detected upon bubbLing dithionite reduced
N. gonorrhoiae membranes for 90 sec with CO. FuLL development of this spectrum
took 15 minutes, a~ which time a concentration of 0.18 nmoles cytochrome o permg of celL membranes was computed from peak 417 minus trough 438 nm absorEances.
Jurtshuk and MiLLigan (3) have presented a CO difference spectra from N. f lava

t in which a typicaL cytochrome o spectra was also observed. However, even
though the organism studied here is from the same genus, the peak and trough
maxima reported by the above authors (3) are shifted three to five nm to a
lower wave Length. Discrepancies in peak position of this magnitude are not
likeLy to be due to spectrophotometer calibration differences hence the equal
peak position within a homogeneous genus rule (19) may not apply here.
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The carbon monoxide difference spectra suggests the presence of an autoxi—
dizable cytochrome (cytochrome o) associated with the membrane of N. gonor—
rhoeae. This cytochrome may be responsibLe for the high TMPD oxidase activity
associated with members of the genus Ne-isseria. Even though cytochrome a3 or
a1 couLd not be detected by CO difference spectra by the procedures empLoyed
here, the question of the presence of another autoxidizable cytochroine in
membranes of N. gonorrhoeae is stilL open since its spectra may be masked by
the CO compound of cytochrome o.

TRICARBOXYLIC ACID CYCLE ACTIVITY IN NEISSERIA GONORRHOEAE.

A. Introduction.

Members of the genus Neisseria are unabLe to utilize many carbohydrates
• (1). GLucose, a key intermediate in the synthesis of many important ceLlular

components, is the onLy carbohydrate that can be utilized as an energy source
by N. gonorrhoeae. Recent radiorespirometric studies by Morse et al. (8) have
shown that growing ceLls of N. gonorrhoeae utilize glucose by strictly aerobic
mechanisms involving the Entner—Doudoroff and pentose phosphate pathways.
Acetate was the only detectable nongaseous end product produced from glucose.
After the depLetion of glucose. the label in the 1 position of acetate was con-
verted to CO2 at twice the rate of the labe l in the 2 position. This pattern
of acetate oxidation is indicative of a functioning tricarboxylic cyc Le. These
resuLts were contrary to those of Tonhazy and Pelczar (21) who utilized resting
celL suspensions of glucose—grown N. gcnorrhoeae and concluded that of the
members of the conventional tricarEoxytic a~id cycle, only ct—ketoglutarate.succinate, fumarate, malate, and oxaLoacetate cou Ld be oxidized. Resting cell
suspensions were licapable of oxidizing acetate. cis—aconitate, citrate, and
iso@itrate. Holten and Jyssum (22) were unable to detect activity correspond—
ing to ma late dehydrogenase (EC 1.1.1.37) in ceLL extracts of N. gonorrhoeae.
further suggesting the absence of a functiona L tricarboxylic acid cycLe.

Direct evidence (i.e., presence of all necessary enzymes) for a tricarboxylic
acid cycle in N. gonorrhoeae is Lacking. This study presents evidence that a
functional tri~arbóxyTTc acid cycle exists in !. gonorrhoeae and that its
activity is markedly inf luenced by the presence of glucose.

B. MateriaLs and Methods

Organism. N. gonorrhoeae strain CS—? was used in these studies. This
strain was IsoLited from the urethraL exudate of a male with gonococca l urethri—
tis. A stable T—4 colony type (59) was seLected on GC agar (Difco) plates
following passage in the yoLk sac and atlantoic cavity of a chicken embryo.
The maintenance and the diagnostic criteria for identification of N. gonorrhoeae
were described previous ly (7). — __________

Medium. The basal medium contained the fol lowing per liter : proteose
peptone no. 3 (Difco), 15 g; K2HPO4, 4 g; KH2PO,

, 1 g; NaCI, 5 g; and soLuble
starch, 1 g. The fina l pH of the medium was 7.2. A growth factor suppLement.
identicaL in composition to IsoVitalex enrichment (BBL), NaHCO (42 mg/LIter),
and gLucose (5 g/liter) was added after autoclaving.

12

- 
- , - --~~~~~~ --~~~~~~~~-•  -- --•-• - •~~•—- - - ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r,
Growth conditions. Frozen stock cuLtures were prepared as described by

La Scolea and Young (23). For use, the cultures were thawed at room
temperature and inoculated into the basal medium. A suspension of ceLLs from
an overnight culture was used to i noculate fresh basaL medium to an initia L
turbidity of 5 to 10 KLett units (KLett—Sunwnerson coLor imeter~ filter No. 54(540 nm]; 12—24 ug dry wt/ml). ALL Liquid cuLtures were incubated at 37 C in
a ModeL G—76 gyratory water bath shaker (New Brunswick Scientific. N.J.).
Under these conditions. the generation time of strain CS—? was approxi mately
?0 m m .

Abbreviations and chemicals. The followi ng abbreviations were used:
nicotinamide adenine dinucteotide phosphate (NADP), nicotinamide adenine di—
nucteotide (NAD), reduced nicotinamide adenine dinuc Leotide phosphate (NADPH).
reduced nicotinamide adenine dinuc leotide (NADH). ftavin adenine dinucLeotide
(FAD), phosphoenol pyruvate (PEP), coenzyme A (CoA), adenosine diphosphate
(ADP), ethyLenediaminetetraacetic acid (EDTA). All reagents and enzymes were
purchased from Sigma Chemical Co. (St. Louis, Mo.).

Radioisotopes. The foLLowi ng radioisotopes were obtained from the New
Eng Land Nuclear Corp. (Boston, Mass.): DL— (1—14C)—gLutamic acid (specific
activity, 51.O~ mCi/mmol); DL— (5—14C)—g lutamic acid (specific activjty . 3.69
mCi/mmol); (U— ’4C)—arginine (specific activity. 279 mCi/mmol); (1—1~C)—gLucose(specific activity. 80 mçj/mmoL); sodium (1—”C)—acetate (specific activity,
22 mCi/mmol); sodium (2—”~C)—acetate (specific activity, 2.0 mCi/mmoL); sodium

-

• 
(i— 14C)—u—ketogLutarate (specific activity, 60 mCi/mmol); and (1,4—14C)—succinic
acid (specific activity , 35 mCi/mmoL).

• Radiorespirometry. Radiorespirometric procedures were performed as pre-
vious ly described (8). CuLtures were harvested during the exponential phase of
growth (75—85 KLett units). centrifuged (27,000 x g for 10 m m )  and resuspended
in fresh basal medium to a finaL concentration of 0.8 to 0.9 mg (dry weight)
per ml . Twenty—five ml of the cell suspension were added to each radiorespiro—
meter vessel. The vessels were described previousLy (24) and consisted of
125—mt Erlenmeyer flasks with sidearms. Unlabeled substrates and specificalLy
labeled substrates were added to the sidearms in a fina L voLume of 1.0 ml.
Where indicated, the final concentrations were: monosodium glutamate, 50 pmol;
sodium acetate, 100 jtmol; and g lucose, 69.4 ~imoL. In some experiments un LabeLed
gLucose (173 pmot) was added to the basaL medium in order to prevent an increase
of tricarboxylic acid cycLe activity during equilibration . The vessels were
equilibrated for 10 mm at 37 C in a gyratory water bath shaker prior to the
addition of substrate an~ radioisotope. At zero time the materiaL in the side-
arms was tipped in and (‘6C]CO2 collection began. The fLasks were continua l ly
sparged with air at a flow r~te of 65 ml per m m .  The colLection and processing
of samp les and inventory of 14C in these experiments has been described pre-
viousLy (8). The totaL recoveries were all within acceptable Limits (92—101%).

Cell extracts. Cell extracts of glucose—grown cells were prepared from
cultures grown En Liquid medium containing 0.5% glucose. Cells derepressed
for tricarboxylic acid cyc le activity (gLucose—depleted) were prepared from
cultures initially grown to late Log phase in Liquid medium containing 0.5%
glucose. These cells were harvested (16,000 x g, 10 mm ), resuspended In
fresh medium containing 0.5% sodi um acetate and incubated at 37 C for 60 m m .
ALL cuLtures were harvested at the end of the exponential growth phase by

L~
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centrlfugation (16,000 x g for 10 mm ). Cells were washed twice and resus-
pended In 0.4 M Tris (hydroxymethyt)—aminomethane—hydrochLoride buffer (pH
?.4) (Tris—HCL) containing 0.005 M ~—mercaptoethanoL . The ceLL suspension
was disrupted by sonic treatment (Biosonik IV; BronwiLL , Rochester, New York)
for a total of 3 mm in 30—S puLses (40% maximum output with 1—m m intervals
for cooling). The resulting suspension was centrifuged at low speed
(23,000 x g, for 15 rn-in ) to remove cell walls and unbroken ceLls. The super—
natant fluid was centrifuged at 100.000 x g for 1 hr (type 30 rotor. Spinco
modeL L5—65 uttracentr ifuge). The supernatt was split into two atiquots.
One aliquot was stored at —30 C and the other was placed in Ice and assayed
immediately for enzymatic activity. The membrane—rich pelLet was resuspended
in a small volume of 0.4 M Tris—HC L buffer pH 7.4 containing 0.005 M beta—
mercaptoethanoL and stored at —30 C until assayed for enzymatic activity.
Storage at —30 C had no appreciable effect upon enzyme activity. Prior to use,
material in the pellet was sedimented by ultracentrifugation (100,000 x g for
1 hr) and resuspended in 0.4 M Tris—HCI buffer (pH ?.4).

Enzyme assays. All extracts were assayed for enzymatic activity at 25 C
in a Beckman ModeL 25 spectrophotometer. Citrate synthase (citrate oxaLoacetate—
Lyase (CoA acetytating], EC 4.1.3.7) was measured spectrophotometricalty by
the method of Parvin (25). The method described by Faisler and Lowenstein (26)
was used to determine the activity of aconitase (citrate (isocitrate] hydroLyase,
EC 4.2.1.3). Isocitrate dehydrogenase (threo—D~—isocitrate:NADP oxidoreductase(decarboxy tating], EC 1.1.1.42) was measured spectrophotometrica l ty by foLLow-
ing the increase in absorbance due to the reduction of NADP at 340 nrn. The
reaction mixture contained: 1.0 ml of 33 n*1 Tris—HC L buffer (pH 7.4), 0.1 ml
of 1 mM MnCl2; 0.1 ml of 2 mM trisodium—D —isocitrate; 0.1 ml of 1 mM KCN

• neutralized with 1 M HCL; 0.1 mL of 3.4 m~ NADP; H20 and ceLl extract (0.6—1.25 mg protein) to a fina L volume of 3.0 ml. The activity of the u—ketogLutarate
dehydrogenase complex was determined according to the procedure of Reed and
Mukherjee (27). Succiny l CoA synthetase (succinate:CoA tigase (ADP , EC 6.2.1.

4 
5) activity was measured by following the formation of hydroxamate as described
by Gibson et aL. (28). Membrane—bound succinate dehydrogenase (succinate:

- (acceptor]oxi~~reductase, EC 1.3.99.1) was determined by the procedure ofJohnston and Gotschtich (29). The method of HiLl and Bradshaw (30) was used
to measure fumarase activity (1—malate hydro—tyase, EC 4.2.1.2). Membrane—
bound l—malate oxidase (EC 1.1.3.3) was determined by the spectrophotometric
procedure of Jurtshuk et al. (31). Malate dehydrogenase (L—ma late:NAD oxido—
reductase, EC 1.1.1.3lrwas measured spectrophotomnetricalLy by following the
decrease in absorbance due to the oxidation of NADH at 34o nm. The reaction
mixture contained: 0.3 ml of 250 mM potassium phosphate buffer (pH 7.4);
0.15 mL of 1.5 mM NADH; 0.15 ml of 7.5 mM oxaloacetate adjusted to pH 7.4;
H2O and cell extract (0.6—1.25 mg protein) to a final voLume of 3.0 mL . The
reaction was started by the addition of oxaloacetate.

The enzymes involved in anapLerotic reactions, PEP carboxylase (ortho—
phosphate:oxaloacetate carboxy—lyase (phosphoryLating], EC 4.1.1.31) and mat -ic
enzyme (l—matate:NADP oxidoreductase (decarboxytating], EC 1.1.1.40), were
determined according to the methods of Maeba and SanwaL (32) and Hsu and Lardy
(33) respective ly. NAD—dependent glutamate dehydrogenase (L—gtutamate:NAD
oxidoreductase (deaminating] , EC 1.4.1.2) and NADP—dependent glutamate dehydro—
genase (L—g Lutamatp :NADP oxidoreductase deaminat ing, EC 1.4.1.4) were determined
by the procedure of Jyssum and Borchegrevlnk (34).
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Aspartate aminotransferase (L—aspartate:2—oxogLutarate aminotransferase.
EC 2.6.1.1) was assayed spectrophotometricatLy in an assay mixture consisting
of 2 ml of 50 mM triethanoLamine hydrochloride buffer (pH 7.4) containing
10 mM MgSO and 5 intl disodium EDTA; 20 pL of 100 mM potassium cz—ketogLutarate
(PH 6.5); ~O u t of 3 intl NADH; 100 ~jl of cell extract 

(0.6—1.25 my protein);
100 uI of 15 intl KCN (pH 7.0); 100 ~L of 100 mM pyridoxa L phosphate; and
245 i.it of 120. The react-ion was initiated by the addition of 5 ~L of inaLate
dehydrogenase (10 units) and the decrease in absorbance at 340 nm recorded.

• Then, 10 iiL of 100 nIl L—aspartate (pH 6.5) was added to the cuvette and the
decrease in absorbance at 340 nm foLLowed again. The activity of the enzyme
was caLcuLat ed from the difference in the rates of decrease in the presence
and absence of L-aspartate. ALanine aminotransferase (L—a tanmne:2—oxogLutarate
aminotransferase, EC 2.6.1.2) was assayed in a similar manner except that
5 uI of Lactate dehydrogenase (47 units) and 10 ~L of 100 mM L—aLanine (pH
6.5) were added.

The glyoxylate cyc Le enzymes. ma Late synthetase (L—ma tate gtyoxytate—
-
~ lyase (CoA acety Lating], EC 4.1.3.2) and isoc-itrate lyase (threo-D~—isocitrate

glyoxytate Lyase, EC 4.1.3.1), were measured according to the procedures of
Dixon and Kornberg (35) and Carpenter and Beevers (36) respectiveLy. Citrate
Lyase (citrate oxatoacetate Lyase, EC 4.1.3.6) was measured by the procedure
of DagLey (3?).

All enzyme reactions were Linear with respect to time.

Visible spectroscopy. Liquid nitrogen (77 K) spectra of the membrane—rich
fractions from glucose—grown and glucose—depe Lted ceLLs of N. gonorrhoeae
strain CS—? were recorded on a Cary model 14 spectrophotometer equipped with
a modeL 1462 scattered transmission attachment. The spectrophotometer was
calibrated with a holmium oxide standard immediateLy prior to use. Liquid
nitrogen difference spectra were recorded in a 0.2 cm—path—Length cuvette

• attached to a low temperature tee (10). This tee was then partially immersed
— in Liquid nitrogen contained in a g lass Dewar fitted with quartz windows.

SampLes were reduced as described previousLy (38).

MisceLlaneous measurements. Dry weights were obtained by centrifuging
• samples at 27,000 x g for 10 mm to concentrate the celLs. CeLLs were washed

twice with coLd distilled water and dried to constant weight in tared aLuminum
dishes at 80 C in a vacuum oven. Protein content of celL extracts and membrane
fractions was determined by the method of Lowry et aL. (11) with bovine serum
albumin as standard. The amount of glucose rema1~ing in the medium was

• determined by the gLucostat method (Worthington Biochemica L Corp., Freehold.
N.J.). Radioactivity of samples was measured In a Liquid scintillation
spectrometer (Beckman Instrument Corp.) after addition of 15 ml of scintiLla-
tion fLuid (0.4% 2,5—dipheny LoxazoLe and 0.01% 1,4—bi s—(2]— (5—phenyLoxazolyL)
benzene in totuene). The rate of protein synthesis was measured by the

• incorporation of (U—14C] arginine into the trichLoroacetic acid—insoLubLe ceLL
fraction as previously described (39).
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C. Results.

Acetate oxidation by gLucose—grown cel ls. The oxidation of acetate by
gLucose—grown celLs of N. gonori hoeae CS—? was determined in the presence and
absence of exogenous gLucose. With limiting gLucose (69.4 ,‘mol. Fig. 5), no
acetate oxidation occurred untiL after the gLucose was depleted Ct = 90 mm ).
Radiorespirometric data showed that the label in the 1 position of acetate
was converted to CO., faster than the labeL in the 2 position. A simi lar pat-
tern of acetate oxi~ation was obse~ -~d 30 mm following resuspension12fglucose-grown ceLls in basal med~’ ~cking gLucose. The ratio of ( C]CO,
evolved from the LabeLed carbons ~~~~ ‘tate (C—1/C—2) show a value consist~nt• with the operation of a tricarboxy t . acid cyc Le (C—1/C—2 = 2).

Tricarboxylic acid cyc Le and related enzymes in N. gonorrhoeae CS—7. The
resuLts (TabLe 2) show that glucose—grown cells contain detectabLe LeveLs of
aLL tricarboxy l-i c acid cycle enzymes except aconitase. isoc-itrate dehydro—
genase and a pyridine nuc leotide—dependent maLate dehydrogenase. ALL of the
tricarboxyLic acid cyc Le enzymes except the malate dehydrogenase were present
in cell extracts from gLucose—depLeted cells. The failure to detect aconitase
or isocitrate dehydrogenase was not due to the presence of a soLuble inhibitor
since addition of various amounts of glucose—grown ceLl extract to ceLL extract
from glucose-depleted cells did not inhibit the activity of these enzymes.
Aconitase and isocitrate dehydrogenase activity was not measurabLe folLowing
a 6-fold increase in celL extract protein. However, this experiment does not
rule out the existence of these enzymes at very Low Levels.

A pyridine nucleotide—independent malate oxidase may be present in
N. gonorrhoeae in Lieu of a soLuble pyridine nucteotide—dependent ma Late
aehyd-rogenase. This enzyme was found in the particulate (membrane—rich) fraction
from gLucose—depLeted ceLls (TabLe 2). PreLiminary studies (Fig. 6) showed
that ma late reduced b and c—type cytochromes in the membrane—rich fraction of
gLucose—dep l.ted celTs indTcating a c Lose association of this enzyme with the

— electron transport chain of the gonococcus. A simi Lar reduction of these
cytochromes did not occur in membranes of gLucose-grown ceLLs unless FAD was
added suggesting that this cofactor was required for enzyme activity. FAD may
be absent or loosely bound to the enzyme in glucose—grown cells and therefore
easily removed during preparation of the membrane—rich fraction. The peak
heights seen in the difference spectra (Fig. 6) do not reflect the concentra-
tion of maLic oxidase present but rather that of the cytochromes. The inability
to measure malate oxidase activity in membrane preparations from glucose—grown
celLs by a specific enzyme assay may be due to the Low specific activity of the
enzyme in these ceLls.

Activities of enzymes catalyzing anapLeurotic reactions were aLso
measured (TabLe 2). MaLic enzyme. PEP carboxyLase, aspartate aminotransferase,
and gtutamic dehydrogenase(s) were present in both gLucose—depLeted and
gLucose—grown celL extracts. The presence of these enzymes in gLucose—grown
ce4Ls suggested that a portion of the tricarboxyLic acid cycle may function
In the presence of glucose. Alan -inc aminotransferase, citrate tyase, iso—
citrate Lyase, and matate synthase were not detected. The absence of the
latter two enzymes Indicated thataglyoxylate bypass was not present In this
organism under the growth conditions empLoyed.
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Effect of chLoramphenicol on acetate oxidation by glucose—grown ceLls.
The 30—mm interva L between the resuspension of gLucose—grown ceLLs in basaL
medium Lacking an exogenous energy source and the rapid increase in acetate
oxidation may represent the time requi red to derepress the synthesis of
aconitase, isocitrate dehydrogenase. and maLate oxidase. This possibiLity

• was examined by determining the extent of acetate oxidation by ceLls resuspended
in basal medium with and without chLoramphenicol (100 ~ /mL). This concen-
tration of chloramphenicoL was chosen because it inhibi ted the incorporation
of (U—1 4C]arginlne into the trichloroacetic acid—insolubLe ceLL fraction by

• 98.5 percent. In the presence of chLoramphenicoL (Fig. 7), acetate was stilL
oxidized at a sLow rate suggesting that aconitase, isocitrate dehydrogenase.
and mnaLate oxidase were present. The kinetics of acetate oxidation were
different with celLs incubated in the presence and in the absence of chLoram—
phenicoL. A lower Linear rate of (14C]C02 evolution would be expected if
acetate oxidation in the presence of chLoramphenicoL were the result of a
decreased concentration of enzymes. However, a Lower non—linear rate was
observed experimentaL ly (Fig. 7). The reasons for this are not known and are
currentLy under investigation.

• The ratio of (‘~
4C]C02 formed from the labeled carbons of acetate (C—1/C—2 )

increased from 2.4 in the absence of chlorampheniç9l to 3.8 in its presence.
This c~~nge reflects a decreased oxidation of (2— ’~C]acetate reLative to thatof (1— C]acetate.

Simultaneous oxidation of acetate and glutamate. The absence of a gly—
oxytate bypass (Table 2) suggests that growth will be limited by the abiLit y
of the organism to remove four—carbon precursors from the tricarboxylic acid
cycle for biosynthetic purposes. This need can be met by supplying compounds
which can enter the TCA cycLe thereby allowing another cycLç intermediate to
be utilized in biosynthetic reactions. The production of (~

4C] C0~ from
labeled gLutamate and acetate by ceLls suspended in medium containing additional
glutamate (50 umoL) was determined. The addition of unLabeled gLutamate was

— necessitated by the observation that proteose peptone no. 3 contained low
Levels of free glutamate. Figure 8 shows that in medium containing excess
glucose (173 umol), the Labe L in the 1 position of gLutamate was converted to
CO2 at a faster rate than the labe L in the 5 position. No appreciable oxida-
tion of acetate occurred during this period . Thus. glutamate enters the t n—
carboxyLic acid cycle during the active n~taboLism of glucose by N. gonorrhoeaeCS—7; the absence of acetate oxidation indicates that only reactTons subsequent
to the formation of acetyl C0A can occur under these conditions.

Glutamate can enter the tr-icarboxyLic acid cyc le by at least two mechanisms.
The low activity of gLutamate aminotransferase (Tab Le 1) suggests that this is
a minor pathway. The activity of glutamic dehydrogenase(s) varied according to
the pyridmne nuc Leotide coenzyme used in the assay procedure (Table 2). Enzyme
activity was greater with the coenzyme (NADP(H) than with NAD(H). The reduced
form of the coenzyme was more active than the oxidized form thereby favoring the
formation of glutamate from a—ketog Lutarate In an In vitro system. However, the

• In vivo concentration of a—ketogLutarate may be sufficientLy Low as to shift
tEe equilibrium towards a—ketoglutarate synthesis.
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The rate of gLutamate oxidation increased si~ iificantly folLowing both
a reduction in the rate of glucose metaboLism , measured by the rate of (~‘4C]
CO2 production from (1—14C]glucose. and a marked decrease in the rate ofgrowth. The rate of t14C]C0 production was equal for both labeled substrates.
An increase in the rate of a~etate oxidation occurred concomitant ly with thedecrease in glucose metaboLism and growth rate. The ratio of the amount of
(14C]Co~ produced from specifical ly labeled acetate (C—1 /C—2) was approximate Ly
2.0.

The initiation of tnicarboxylic acid cyc Le activity was directly related
- - 

to the decrease in growth rate. The production of t14C]C02 from labeled
glutamate and acetate by ceLls resuspended in basal medium without glucose
(Fig. 9) demonstrates that in spite of concomitant oxidation of acetate and
glutamate. Litt le, if any. increase occurred in the ceLl yield . The increase
in the rate of glutamate oxidation after 90 rn-in was not correlated with a
change in the growth rate of the organism.

The growth of N. gonorrhoeae CS—? in basaL medium supplemented with
various tnicarboxyTic acid cyc le intermediates was aLso examined (data not
shown). TnicarboxyLic ac id cycle intermediates added singly (0.5% w/v final
concentration) or together with acetate (0.1—0.5% w/v fina l concentration)
failed to st~port the growth of strain CS—7. The entry of tnicarboxyLic acid
cyc le intermediates may require induction of a transport system. Since
N. gonorrhoeae •Lac ks endogenous metabolism 

(40), an externa l energy source may
need to be supplied. This possibiLity was tested by inoculating N. gonorrhoeae
CS—? into basal medium containing a Low concentration of glucose T0.075X) in
addition to the tricarboxyLic acid cycle intermediate. The amount of growth
under these conditions was no greater than that in the presence of 0.075%
glucose aLone.

The faiLur e of N. gonorrhoeae CS—7 to grow in medium supplemented with
tricarboxylic acid cycTe intermed iates may be due to a lack of 9ermeability .
This possibility was examined by measuring the production of (~~C1CO from
labeLed cz—ketoglutarate and succinate by gLucose—grown cells resuspe~ded inbasaL medium without glucose. The oxidation of ci—ketogLutarate and succinate
by these cells (TabLe 3) demonstrates that the cell is permeable to at Least
these tnicarboxyl-ic acid cycle intermediates and that the lack of growth must
be due to some other factor.

D. Discussion.

The cataboLism of glucose in N. gonorrhoeae by a combination of the
Entner—Dcudoroff and pentose phosphate pathways (8,41) results in the accumula—
tign of acetate in the medium (8). Studies utilizing specificalLy Labeled
( C]gLucose (8) demonstrated litt le, If any , of the gLucose carbon (C—2,C—3 ,
C—5,C—6) excreted into the medium as acetate was further cataboLized untiL
after the glucose was exhausted from the medium. The pattern of acetate
oxidation (C—I > C—2) suggested that the tnicarboxyUc acid cycle was invoLved
In the subsequent metaboLism of acetate. Enzyme anaLyses of extracts of ceLLs
capable of oxidizing acetate confirmed the presence of aLL tricarboxylic acid
cycle enzymes with the exception of a pyridine nucleotide—dependent ma late
dehydrogenase. The absence of the enzyme in N. gonorrhoeae and N. meningiti dis
was previousLy reported by Holten and Jyssum 122) and Jyssum (42TrespectiveLy.
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Even though this enzyme is present in non—pathogenic Neissenia (22), pynidine
nucLeotide—dependent malate dehydrogenases are often ibsent in strictly
aerobic bacteria. A recent report by HoLten (43) suggests that gonococci
contain a pyridine nuc leotide—independent malate oxidase. We have confirmed

• this report and furthermore, have demonstrated the requirement of this enzyme
for FAD and its association with the electron transport chain of !• gonornhoeae.
In this respect. the enzyme appears simi lar to those reported for Azotobacter
vineLandii (31) and MoraxeLLa twoffi (44) . However, further studies are

- 

• required to firmly establish the relation of this enzyme to electron transport
as well as its potentIaL involvement in oxidat ive phosphoryLation in
N. gonorrhoeae.

The metabolism of gLucose markedly affects both the activity of the t n —
carboxylic acid cycle as well as the synthesis of several tnicarboxylic acid
cycLe enzymes. While these effects appear to be independent of one another.
metabolism of glucose was required for both types of inhibition. Radio—
respirometnic data ref Lected the inhibition of acetate oxidation during the
metabolism of glucose. Aconitase, isocitrate dehydrogenase, and malate oxidase
were not detectable in extracts of glucose—grown cells. However, oxidation
of labeled acetate in the presence of chloramphenicol by glucose-grown cells
is evidence that these enzymes were present aLthough in very Low amounts. The
absence of acetate oxidation during glucose metabolism, the high Level of
citrate synthase. and the remainder of the tricarboxylic acid cyc le enzymes.

• point to the condensation of acety L C0A with oxaloacetate as the key regulatory
reaction. The competitive and non—competitive inhibition of citrate synthase
has been reported in other organisms (45,46.4?) and wilL be the subject of a
separate paper (Hebeler and Morse, in preparation).

- • Fortnage L (48) reported that aconitase and isocitrate dehydrogenase in
Bacillus subtiLis were subject to feed—back repression by ci—ketogLutarate or
glutamate. It is unlikely that these compounds function as corepressors in
!- gonorrhoeae as glutamate is readily converted to ci—ketoglutarate and

— cataboLized via the tnicarboxylic acid cyc le prior to and during the oxidation
of acetate. The low specific activities of aconitase and isocitrate dehydro—
genase in glucose—grown celLs of N. gonorrhoeae may explain the failure of
Tonhazy and Pelczar (21) to observe oxidation of citrate by resting ceLl sus-
pensions. However, the permeabiLity of citrate may also be an important
factor (49). With the exception of citrate synthase. growth on glucose—
containing medium repressed the synthesis of other tnicarboxylic acid cycle
enzymes. A simi Lar repression of tnicarboxylic acid cycle enzymes by glucose
has been observed in other bacteria (50,51 ,52).

The tricarboxylic acid cyc le can be divided into a series of anabolic
reactions one function of which is toaipply a five—carbon skeLeton (ci—keto—
gLutarate) utiLized in the biosynthesis of glutamate and amino acids derived
-f rom g Lutamate, and a series of catabolic reactions involved in the oxidation
of the same carbon skeleton. Davis (53) proposed the term “amphibolic ’ to
describe metaboLic systems. such as the tnlcarboxyLic acid cycLe, which are
used for both anabolic and catabolic ceLLular processes. Radiorespirometnic
data showed that the biosynthetic portion of the tricarboxyLic acid cycle,
e.g., the formation of a—ketogtutarate. did not function during rapid growth
of !. gonorrhoeae CS—? Ir. a peptone medium containing glucose. However, the
remainder of the tnicarboxylic acid cyc le stiLt functioned under these
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conditions (Fig. 10). Glutamate was readiLy converted by the action of
either a NAD— or NADP—dependent glutamate dehydrogenase (54) or a glutamate
aminotransferase to ci-ketogLutarate. Subsequent catabolism of ~—ketogLutarate
to succiny L C0A resuLted in the Liberation of CO2 from the origina L C—i
position of glutamate. The succinate formed through the action of succiny l
C0A synthetase is a symmetricaL molecuLe which randomizes the origina l C—5
of gLutamate equalLy between both carboxyl groups (C—i and C—4) of the suc—
clnate moLecule. During the rapid cataboLism of an exogenous energy source
such as glucose. glutamate enters the tricarboxylic acid cycle and is con-
verted to malate. Ma tate thus formed. may be further catabolized by two
reactions. The first , is by conversion to oxaloacetate by the enzyme maLic
oxidase (43). ALthough malic oxidase was not measurable in cell extracts
from glucose-grown cells. the reduction of b and c—type cytochromes in the
membrane—rich fraction and the oxidation of acetate in the presence of
chtoramphenico l provide indirect evidence for the existence of this enzyme
at concentrations -too low to be measured by the enzyme assay procedure used
in this investigation, owing to the Low specific activity of malic oxidase,
it was probably of minor importance in the conversion of malate to oxatoace—
tate during growth in gLucose—containing media. The greater specific activity
of the malic enzyme suggested that it was more important in the further
metaboLism of ma late. During the conversion of ma Late to pyruvate. 50 percent
of the origina l C—S of g lutamate is reLeased as CO2. The product, pyruvate ,
can be either reduced to Lactate or further oxidized to acetyl CoA. In the
latter reaction, the remainder of the origina l C—S of glutamate will be re—
Leased as CO2. Radiorespirometric data obtained in this study are consistent
with the operation of the maL -i c enzyme.

Aspartate is a necessary precursor for protein, purine, and pyrimidine
biosynthesis. Aspartate may be synthesized from fumarate by the enzyme
aspartase (22) or from oxatoacetate by aspartate aminotransferase (22).
OxaLoacetate is an important precursor of aspartate; a major reaction leading
to its synthesis in gLucose—grown celLs of N. gonorrhoeae is catalyzed by PEP
carboxyLase. The presence of this enzyme was also reported by HoLten and
Jyssum (22) arid was considered the major mechanism of CO2 fixation in the
gonococcus. It is not known whether the gonococcus contains pyruvate carboxy—
lase or PEP carboxykinase but these enzymes are not found in N. meningitidis
(55). Oxatoacetate is readily synthesized via malic oxidase Tn ceLLs with a
functiona L tricarboxyLic acid cycle. However, unless an exogenous supply of
a tricarbo~cyl-i c acid cycle intermediate or some compound which can enter thecell is present the oxidation of acetate is decreased markedly due to remova L
of oxatoacetate through other reactions (56). A summary of the relevant t n —
carboxylic acid cyc le activities and their relation to glucose metabolism is
shown In FIg. 10.

In spite of a functiona L tricarboxyLic ac id cycle, the gonococcus cannot
grow in medium supp L emented with tricarboxylic acid cycle intermediates. The
Lack of permeabiLity does not appear to be a factor (21.57). An alternate
expLanation is that the gonococcus cannot synthesize PEP from either pyruvate

• or trlcarboxylic acid cycLe intermed iates. The absence of PEP carboxykmnase,
as previously demonstrated in N. meningitidis (55). and PEP synthetase would
be sufficient th prevent the organism from growing under these conditions
(58). This possibiLity is currentLy under investigation.
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ADAPTATION OF THE MINITEK SYSTEM FOR THE RAPID IDENTIFICATION OF NEISSERIA

GONORRHOEAE.

A. Int roduction.

Both Neisseria meningit idis (60) and N. tactamica (61,62) can be isoLated
from the gen-itour inary tract on selective media commonly used for the isolation
of N. gonorrhoeae (61.63). N. meningitidis can usual ly be different iated
frol N. gonorrhoeae by the production of ac -fri from maltose (I). However,
Kings~ury (64) reported that 80% of meningococcal isolates obtained from trans—formation experiments and resistant to greater than 10 ~ of sulfadiazine per
ml were maLtose negative when tested by conventiona l procedures, and thus,
cou ld not be differentiated from N. gonorrhoeae on the basis of sugar reactions
alone. N. lactamica can be differentiated from N. meningitidis and N. gonor— —

rhoeae b~ the production of acid from Lactose or by the hydroLysis oT o—nitro—phenyt—~—D—gaLactopyranoside (ONPG) (65). In addition, many isolates of
N. Lactamica will grow on nutrient agar at 37 C whereas N. meningitidis and
1. gonorrhoeae will not (63).

The reported incidence of gonococcal pharyngitis has increased in recent
years. Its frequency varies with the particular population group studied
(66,67). HolLis et aL. (63) observed that 2% of a general civili an popuLation
were pharyngeat carriers of N. Lactami ca whereas 15% were pharyngea l carr iers
of N. meningitidis. In anot1~er study utilizi ng 2.224 patients at a venerea L
disease cLinic . Wiesner et aL. (6?) isoLated N. meningitidis from the posterior
pharynx of 17.2% of the patThits. N. lactamica from 1.9%, and N. gonorrhoeae
from 5.6%. Thus, it becomes increasingLy important to be able to accurately
differentiate N. gonorrhoeae from N. meningitidis and N. Lactamica.

• There are severaL methods current ly used to detect the production of acid
— from carbohydrates by Neisseria (68,69,70,71). A number of strains of

N. gonorrhoeae have recently B~en encountered which either fail to produceacid from gLucose or do so sLowly when tested in CIA medium (65.72). The
Minitek (BBL) system has recently been introduced for the identification of
various bacteria. Although this system has been found particularly useful
in identifying members of the Enterobacten iaceae (?3), the medium supplied is
unsatisfactory for determining the production of acid from various carbohy-
drates by N. gonorrhoeae, N. meningitidis. and N. lactamica. The purpose of
this study was to develop a suspending medium w1~ich cou Ld be used with the
Minitek system for the rapid differentiation of N. gonorrhoeae from N. menin—
gitidis and N. Lactamica . — _____

B. MateriaLs arid Methods.

Organisms. Primary isolates of !~ 
gonorrhoeae were obtained from the

VenereaL Dmsease Clini c of the Mu Ltnomah County HeaLth Department. PortLand,
Oregon. CuLtures were approximateLy 48 hours old when received and had been
presumptively identified as N. gonorrhoeae by direct fLuorescent antibody
staining reaction and a poslt~ve oxidase test. Other cLinical isolates of
N. ~~norrhoeae were obtained from AbdeL Rashad, Clinical Microbiology Labora—
Tory of the Lk’iivers-jty of Oregon Hea lth Sciences Center. N. gonorrhoeae
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strain CS—? has been described previous ly (7). Representative strains of
N. meningitidis. with known levels of resi stance to sutfadiazine, from sero—
groups A, B. C. X. Y, Z, 135. and 29E were obtained from Herman Schneider,
WaLter Reed Army Institute of Research (WRAIR) , Washington. D.C. Other
strains of N. meningitidi s were obtained from the American Type Culture Cot—
lection (9)’: Strains of N. Lactamica were obtained from H. Schneider . WRAIR,
and from D. Ke llogg. Jr., Center for Disease Control. At lanta. Georgia.
Cultures of Neisseria spp. were stored as previously described (7). The
identity of all cultures was confirmed on the basis of appearance in gram—
stained smears, oxidase reaction. and the production of acid from specific
carbohydrates.

Preparation of inocutum. One—half of a plate of GC agar (Difco) contain-
ing a growth factor supplement identical in composition to IsoVita leX enrich-
ment (BBL) and 0.5 per cent gLucose was inoculated with the test organism and
incubated overnight in a CO2 incubator (5% CO2) at 37 C. Inocula were pre-
pared by removing several (2—3) loopsfu l of celLs with a 2 mm (I.D.) Loop and
resuspending them in 0.5 ml of medium to produce a turbid suspension contain-
ing approximately S x 108 colony forming units (CFU)/ml . The resuspending
medium contained 1.5% (w/v) proteose pep-tone no. 3 (Difco) sterilized •by
autoc laving . Prior to use, filter—sterilized NaHCO3 (4.2% w/v) was freshLy
added. Unless otherwise mentioned, the finaL concentration of NaHCO3 was210 itg/mL. In some experiments, polypeptone (BBL) and trypticase peptone
(BBL) were substituted for the proteose peptone no. 3.

Minitek system. The Minitek system consists of a covered , rectangular,
plastic pLate containing 12 wells. The manufacturer also suppLies singLe or
multiple disc dispensers, a pipetter with sterile disposable tips, and a
humidified chamber (humidor) for incubation . For use, the discs were dis-
pensed into individua l welLs ; three or four isolates were identified on a
single Minitek plate. The discs employed in our study were dextrose + nitrate.
dextrose, maltose. lactose. and ONPG. As Neisseria are aerobic organisms,

— mineral oil was not used as an over lay.

Determination of acid production from carbohydrates. Minitek discs con-
taining glucose, maltose. sucrose. lactose, fructose, and ONPG and correspond-
ing cystine—Trypticase agar medium (CTA . BBL) deeps containing 1% carbohydrate
were inoculated with I drop of the i noculum suspension dispensed from the
Minitek automatic pipetter. GC agar pLates were simultaneously inoculated with
1 drop of inocuLum and gram—stained smears prepared to monitor the initiaL
purity of the bacteriaL suspensions. In Later studies, inocuLation of CTA
medium tubes and the preparation of smears were omitted. The inocuLated CTA
medium tubes and Minitek pLates (pLaced in the Minitek humidor) were incubated
at 3? C without additiona l C0 and read at hour Ly intervals. The GC agar
plates were incubated overnight at 3? C in a CO2 incubator (5% C02).

Determination of inoculum size. The Minitek automatic pipetter was cali—
bra-ted with an aqueous soLution of (14C) sodium bicarbonate (0.2 pCi/mI).
Sing le drops dispensed by the pipetter were added to scintillation vials con—
tam ing i mL of absolute ethanoL. The viaLs were counted after the addition
of 15 ml of scintillation fLuid (0.4% 2,5—dipheny loxazote and 0.1% 1,4—bis—
(2]— (5—phenyloxazoLyL) benzene in toluene). Analysis of the data reveaLed

• that each drop delivered by the pipetter contained 49.66 p1 + 0.06 pL.
Viable counts were determined as previousLy described (?).
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Rapid fermentation procedure. Brown ’s modification (75) of the rapid
fermentation procedure of KelLogg and Turner (?0) was used for compar i son.
The procedure was as described by Brown (?5) with the exception that the
concentration of phenol red in the BSS diluent was doubled (W.J. Brown,
persona L comeunication ). The increased phenol red concentration made the
interpretation of the reactions easier. Initially , we experienced difficu lty
with our source of maltose. During early incubation, the phenol red would
indicate an acid reaction; continued incubation often resulted in a reversion
to basic pH. Brown (75) has reported a simi lar finding and attributed it to
the contamination of ma ltose with low concentrations of glucose. This problem
was overcome when we obtained a sampLe of pure ma ltose from W.J. Brown. CDC,
Atlanta , Ga.

ChemicaLs and radioisotopes. The 2.5—di pheny loxazoLe and 1 ,4—bis—(2]—
(5—p henyloxazotyl)—benzene were products of Fisher Scientific Co. C14C]
Sodium bicarbonate (specific activity 54.5 mCi/mmol) was obtained from
Internationa l ChemicaL and Nuclear Corp. (Irvine, Calif.). ALL other reagents
were of analyticaL grade.

C. RIsults.

Determination of optima l bicarbonate concentration. Sodium bicarbonate
was added to the soLution of proteose pep-tone no. 3 (1.5% w/v) to facilitate
the differentiation of positive from negative reactions. The optima l NaHCO3concentration ~as determined by observing changes -in the color of the phenol
red indicator in the carbohydrate discs caused by N. gonorrhoeae strain CS—7.
Table 4 shows the effects of various NaHCO3 concentrations on the color
changes in the indicator observed with glucose. maltose , and sucrose discs.
The addition of NaHCO3 decreased the time required to obtain a positiveglucose reaction. At NaHCO3 concentrations ranging from 26—105 pg/mI, theproduction of acid from g lucose was ascertained by observing a change in the
indicator color within 2 hours after inoculation. However, a definite

— negative reaction with the ma Ltose disc was deLayed . The reading of a negative
reaction was made easier by i ncreasing the sodium bicarbonate concentration
to 210 pg/mt. Therefore, this concentration was used in all subsequent
experiments. Concentrations of NaHCO3 greater than 420 pg/mt . delayed or
inhibited the appearance of a positive reaction. Substitution of polypeptone
or trypticase pep-tone for the proteose peptone no. 3 had no apprec iable
effect upon a positive glucose or maLtose reaction. However, the ability to
discern a definite negative reaction was hampered in medium containing either
polypeptone or trypticase peptone.

Effect of cell concentration. TabLe S shows that a critical cell concen—
• tration- was required to effect a positive reaction -wi -thin 24 hours. An in-

crease in the cell concentration shortened this time . At very high celL
densities (‘5.0 x i~

9 CFU/ml), positive reactions could be read within 30
minutes. The concentration of organisms contained in 2—3 Loopsful of cells
resuspended in 0.5 ml of medium was determined for several strains. The re-
sults (not shown) indicated that these suspensions contained 0.5—4.0 x i09
CFU/mL. Therefore, with a sufficient Ly high concentration of cells, it should
be possible to determine the carbohydrate reactions within 4 hours. The
effect of incubation time was examined on 196 clinicaL isoLates of N. gonor—
rhoeae. The resuLts (TabLe 6) showed that 90.8% of the isoLates pr~duced
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detectable acid from gLucose within 4 hours. All isolates were identified by
6 hours. The 18 isolates which failed to give a positive reaction within 4
hours also exhibited sparse growth on GC agar plates. Twelve of these
isolates were Later retested at a higher cell concentration. ALL isolates
produced acid from glucose within 3 hours and showed good growth on GC agar
plates.

Strains of N. meningitidis and N. tactamica were also identified by the
Minitek procedure. The results (TaBl e 6) indicated that 97% of the
N. inen-ingitidis strains and 100% of the N. Lactamica strains couLd be
Tdentlfied within 4 hours. With strains of N. meningitidis. the maltose disc
always gave a positive reaction before the glucose disc. With N. Lactamica.
the ONPG reaction was more rapid than the production of acid from factose.

Effect of nitrate on the production of acid from glucose by N. gonorrhoeae.
The suitabiLity of using dextrose (glucose) discs containing nitrate in place
of discs containing only glucose was examined using 8? isolates of N. gonor—
rhoeae. The results (Fig. 11) show that the presence of nitrate in the disc
markedly inhibited the production of acid from glucose by N. gonorrhoeae.
With discs containing nitrate, only 56 out of 8? isoLates 164.4%) gave a
positive reaction within 4 hours. Eleven isolates (12.6%) failed to give a
positive reaction after 24 hours of i ncubation. By comparison , 84 out of 87
isolates (96.6%) gave a positive reaction using gLucose discs without nitrate.
Only one isolate failed to give a positive reaction within 24 hours.

Validity of the Mini-tek system. The validit y and sensitivity of the —

Minitek procedure for the identification of pathogenic species of Neisseria
was compared with CIA medium and Brown’s modification (75) of the rapid
fermentation test. For the first comparison s gLucose. maltose, sucrose, and
Lactose discs and CTA medium containing the corresponding sugars were
inocuLated with 1 drop (49.66 pL) of the ceLl suspension dispensed from the
Minitek pipetter . Conditions of incubation are given in the Materials and
Methods. Minitek reactions were determined within 6 hr; reaction in CTA
medium were determined at 24 hr. The results of this comparison are shown in
Table 7. ALL isoLates identified using CIA medium were also identified by
the Minitek system. In addition, the Minitek procedure identified more
isolates of N. gonorrhoeae and N. meningitidis than were identified using CTA
medi um. The same two isolates of N. gonorrhoeae were not identified by either
procedure; this was attributed to a Low inocuLum cell density. However , since
both procedures used the same inoculum. it is unlikeLy that the 17 strains
not identified by CTA medium cou ld be attributed to low inocuLum density. It
was of interest that aLL strains of N. meningitidi s tested in CTA medium
produced acid from glucose; only 8 sTrains produced acid from maltose. The
five strains which failed to produce acid from maLtose were also resistant to
>8.3 pg of sulfadiazine per ml. All of these strains of !. meningitidis
produced acid from maltose in the Minitek system.

TabLe 8 shows the resuLts of the comparison of the Minitek and rapid
fermentation procedures. The same isolates were tested by each procedure.
When a glucose—free maLtose source was used, the rapid fermentation test gave
a positive identification in Less time. Both procedures correctly identified
aLl isolates. The purity of the maLtose source was very important. Two
isolates were incorrectly identified as N. meningitidi s because the early
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acid reaction with maLtose faiLed to revert. In addition, the earLy positive
maltose reactions delayed the correct identification of many IsoLates.

D. Discussion.

The increased isoLation of N. gonorrhoeae from non—genita L sites as weLL
- as the IsoLation of N. menlngitldis and !. Lactamica from genital sites (60.
• 62,66,67,76,7?) presents a problem in the clinica L laboratory. ALL of these

species of Neisseria wiLl grow on media used for the isolation of N. gonor—
rhoeae (61). Therefore, isolates must be further characterized in’order to
ascertain the identity of the organism. The presumptive identification of an
isolate as N. gonorrhoeae is based upon typicaL oxidase—positive colonies of
a gram—negaTive diplococcus (78). LocaL policy and speciaL situations wilL
determine the need for a confirmatory identification of the isoLate as
N. gonorrhoeae. Confirmatory identification consists of either direct
Iluorescent anti body staining or the production of acid from specific carbo-
hydrates. Many Laboratories use both methods. Current tests for acid pro-
duction from carbohydrates may give variabLe results due to inocuLum size
(75), age of -inocuLum , inhibi tory substances in the peptone (E.S. Baron and
D. Lowry, Abs. Ann. Mtng. Amer. Soc. Microbiol. , 1976, p. 39). or the con-
taminat ion of maLtose with small amounts of glucose (75). This present study
has described a rapid method for the identification of Neisseria based upon
the production of acid from various carbohydrates. This method is faster and
more sensitive than results obtained using CIA medium. Using identical cell
concentration, the identity of 91% of the isolates could be determined with
as little as 4 hours of incubation in comparison to the 24—48 hours of
incubation often required with CIA medium . Furthermore, the Minitek procedure
correctly identified 15% more isolates; no false positive maltose reactions
were observed.

The false negative reactions occasiona L ly observed were often due to an
inocuLum with a low celL density . Fa Lse negative reactions have aLso been
encountered when inocula were prepared directly from Transgrow medium or the
Thayer—Martin plate used in the initial isoLation of the organism. This
potential problem has been overcome by re—streaking isolates on one—half of
a GC agar plate. FolLowing overnight incubation, the celLs can be harvested
for preparation of the inoculum. In spite of this extra step, a confirmatory
identification of an isolate as N. gonorrhoeae can be made In less time than
required using conventiona l CIA medium.

When a glucose—free maltose source is used. the rapid fermentation pro-
cedure (75) wilL give faster identification of !~ 

gonorrhoeae (2 hr as compared
to 4 hr). However, the difficulty in obtaining gLucose—free maLtose coupled
with the absence of false positive maltose reactions using Minitek discs make
the Minitek procedure a viable a Lternative method.

Glucose is metabolized in growing ceLls of N. gonorrhoeae by a combination
of the Entner—Doudoroff and pentose phosphate pathways (s). Carbon dioxide
and acetic acid are the major end products of glucose metaboLism during
aerobic growth (8). No growth occurs anaerobicaLLy but smaLL amounts of
acetic and Lactic acids are produced from gLucose (8). The presence of these
acids effects a color change -in the phenol red indicator contained In the
Minitek discs and CIA medium thereby indicating a positive reaction. 
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The addition of NaHCO.( to the resuspending medium affected the appearance
- - of both positive and negative reactions. At high concentrations, HCO3 may

act as a buffer and slow the appearance of a positive reaction. At optimal
- 

• HCO~~ concentrations , a negative reaction is easier to read as evidenced by
-• - the bright red color of the disc. In the absence of a utiLizable carbohy— -

-

- drate, Neisseria spp. can deaminate amino acids in the proteose peptone no. 3 -

producing an aLkaline pH (54.74). The pH may be increased further by the
production of coç from HCOf. Other effects, such as the utilization of
HC03 as a growth factor (S.A. Morse and L. Bartenstein, Abs. Ann. Mtng. Amer.

• Soc. MicrobioL.,, 1972, p. 64;79). cannot be eliminated at this time.

- The Minitek procedure can also detect acid production from maltose by
- suLfadiazine resistant strains of !~ 

meningitidis. These sulfadiazine resis—
- tant meningococci presumably Lack maltose permease activity (64). However,

the concentration of maltose in the Minitek discs (3 mg maltose per disc;
6% w/v fina l concentration) may be sufficiently high as to enter the cells by

- passive diffusion.
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Table 1. Cytochra.e concentration in methrane—frag.ents from !. j~~~~~~~aeCS—?. -j

Cytochrome~ Concentration
(n.otes/ug protein)

cytochrcme c 1.15

cytochrome b557 0.75

cytochrome b~~ 0.13

cytochrcme o 0.18

~ The designation cytoc hrome is used here for convenience and is based onLy
upon absorbance peek positions In comparison with established absorbance
maxima observed In other bacterial and mftochondriaL fragments. No
information as to the structure— of the heme prosthetic group is Intended
by this designation.

H ~I
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F Table 2. Activities of tricarboxytic acid cycle and related enzymes in ceLl
extracts from glucose—grown and g Lucose—depleted ceLLs of
N. gonorrhoeae CS_l.a

Specific Activityb

Enzyme GLuc ose—grown GLucose—depLeted

Citrate synthase 1612 400

Aconitase NDC 5.9

Isoc-itrate dehydrogenase ND 46

a—KetogLutarate dehydrogenase compLex 0.13 2.1

Succiny L C0A synthetase 0.24 0.43

Succinic dehydrogenase 18.1 101.5
- - 

Fumarase 1.5 3.8

- 
Ma Late dehydrogenase ND ND

Ma Late oxidase ND 0.?
- PEP carboxytase 0.4 ND -~

Nalic enzyme 4.1 1.1

Citrate lyase ND ND

Isocitrate Lyase ND ND

Malate synthase ND ND

Aspartate aminotransferase 0.01 0.02

• I ALanine aminotransferase ND ND

G Lutamlc dehydrogenase (NAD)d 0.42 3.4
Li dV G Lutamic dehydroganase (NADH) 5.8 4.8

— 
-
~ Glutamic dehydrogenase CNADP) d 215 95.4 

- 

-

G Lutami c dehydrogenase (NADPH)’1 739 121

a. Assay procedu res are as described.

b. ALL activities are expressed as ~moles per minute per miLLigram of protein.

c. ND = none detected.

d. Cosnzym used in assay procedure.
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TabLe 3. Uti Lization of LabeLed ci—ketoglutarate and succ-inate by
N. gcnorrhoeae CS_7.a

Radioactive lnventory~
Respiratory TotaL

CO2 CeLLs Medium recovery
Substrate CX) _(X) CX) 

— 
CX)

(1— 14C]a—ketoglutarate 51.2 1.3 47.5 96.7

(1.4— 16C]succ-j nate 18.4 1.? 79.8 100

a F lasks contained 25 mg (dry weight) of cells. 100 i.imoL of sodium acetate,
50 umo t of monosodium gLutamate. and 50 itmo L of either potassium
ci—ketogLutarate or sodium succinate. The activity of the labeLed compounds
was approximately 1.0 pCI/mt.

b Determined after 120 rn-In of incubat ion.
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- TabLe 4. Effect of sodium bicarbonate concentration on Minitek reactions.a

Carbohydrate Sodium bicarbonate concentration (
~~/mL)

Hour s disc 420 210 105 52.5 26.2 13.1 6.6

I GLucose R/O R/O R/O R/O R/O RIO R/O

Maltose R R R/O R/O R/O R/O R/O

Sucrose R R R R R R R

2 GLucose 0 0 Yb Yb Yb 0 0

Ma Ltose R R R/O R/O RIO R/O R/O

Sucrose R R R R R R R

3 G Lucose Yb Y/O V V Y Y/0 Yb

: 

RIO R R/O

4 GLucose Y V V V V Y/O Y/O

Maltose R R R R R R R

Sucrose R R R R P R R

5 GLucose V V V V V V y

Maltose R R R R R R R

Sucrose R R R R R R R

a y = yellow (positive reaction); Yb = yelLo—orange (positive reaction;
0 = orange C-intermediate reaction) ; R/O = red—orange (negative reaction);
R = red (negative reaction). 
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I Table 5. Effect of ceLL concentration on production of acid from glucose by
!• gonorrhoeae CS_l.a

- 
CeLL concentration (CFU/mL I CFU/weLt)

4.7x109 2.3x109 1.2x109 5.9x108 2.9x108 1.5x108 7.3x107 3.7x107

- 
- 

Hours 2.4xI08 1.2x108 5.9x10
7 

2.9x107 1.5xIO
7 

7.3x106 3.7xI’)
6 

1.8x106

1 Yb 0 R/O RIO R R R R

- - 2 Y Yb Yb 0 R/O R R R

- 3 V V V VbO 0 R/O R/O R

4 Y V V YbO 0 0 R/O R/O

5 V V V V 0 0 R/O R/O

6 V V V V Y/O 0 0 R/O

11 Y Y Y V Yb Ybo 0 0

1 . 2 4  V V V V V Y/O 0 0

a V = yeLLow (positive reaction) ; Y/O • yelLow orange (positive reaction); 0 = orange ~
- 

-

— - 
(intermediate reaction ); R/O = red—orange (negative reaction) ; R = red (negative reaction).
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Table 6. Effect of incubation time on the identification of N. 9onorrhoea e.
!~ 

meningitidis. and N. Lactamica.

- Number of Cumulative number of strains showing positive reactions at-
Organism strains tested 1 hr 2 hr 3 hr 4hr Sh r 6 hr

- N. gonorrhoeae 196 38 117 166 178 191 196
— CX) (19.4%) (59.7%) (84.7%) (90.8%) (97.4%) (100%) —

5 11 12 — — —
— (%) (41.7%) (91.7%) (100%)

N. rneningitidisb 32 16 25 29 31 31 32
— (%) (50.0%) (78.1%) (90. 5%) (96.7%) (96.7%) (100%)

N. Lactamica C 8 2 8 — — — —
— (%) (25.0%) (100%)

a Strains which failed to produce acid from g lucose within 4 hours. . 
-

b Identification as- N. neningitidis requires positive glucose and maltose reactions.

C Identification as N. tactamica requires positive gLucose. maltose. and Lactose
reactions.
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TabLe 7. Compar ison of Minitek and CIA procedures.

Number of strains
Number of Identif ied by

Organism strains examined Minitek CIA

!~ 
gonorrhoeae 110 108 (98 %) 91 (82.1%)

!. meningitidis 13 13 (100%) 8 (61 4%)a

!• Lactamica 8 8 (100%) 8 (100 %)

a No strains resistant to ,.0.8 pg of sulfadiazine per ml were identified by
the CIA procedure.
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Table 8. Comparison of Mini tek and rapid fermentation procedures for identification
of N. gonorrhoeae.

Cumulative number of strains showing
Number of positive reactions at

Method strains tested 1 hr 2 hr 3 hr 4 hr

Minitek 20 2 12 19 20
(%) (10%) (60%) (95%) (100%)

Rapid
fermentation8 20 18 20

(90%) (100%)

— 

Rapid bfermentation 20 9 18 18
(45%) (90%) (90%) (90%)

a Sugars obtained from W. J. Brown. CDC , At Lanta. Ga.
b Sugars obtained from commercial sources.

C Two isolates identified as N. meningitidis on the basis of positive glucose
— ¶ and maltose reactions.
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Ftc. 1. Low-temperature EPR spectra of reduced Neisseria gononhoeae cell membranes. N. gonorrhoeae
membranes (50 mg/mi) dissolved in 0.4 M tris (hydroxymethyl)aminomethane-hydroch ior ide, 0.006 M
rnercaptoethano l (pH 7.4) were made anaerobic under argon and reduced with a small amount of solid sodium
succinate (A)  oi- dithionite (B). The EPR operating conditions were: modulation amplilude, 9.7 gauss;
,nicrowaue power, 25 mW; microwave f requency, 9.202 GHz; time constant , 1.0 s; scanning rate, 100 gauss per
min, temperature, 18.0 K.

8 .j  
T

J~~
Ftc. 2. Low-temperature optical difference spectra

- of cell membrane fragments from N. gonor-rhoeae
-~ CS-?. Dithionite-reduced minus fer n cyanide-oxidized

:~. -~ (solid line ) and dithionite-reduced minus air-oxidized
(dotted line ) spectra of N. gonorrhoeae cell membrane
fragments 110 mg of protein /mi in 0.02 M tr is(hydrox-
ymethyl)aminomethane.hydrochloride, 10’ M 8-

- rnercap toethanol, pH 7.4 J . Optical difference spectra
were recorded as described in Material s and Methods .

• Samples were reduced under anaerobic conditions
with solid sodium dithionite. Ferr icyanide (100 M M)

-‘ 

was added to the reference sample .

~~
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Fto. 3. Low-temperature optical difference spectra of succina te- , L-ia ctate-, and ascorbate-reduced N .

gonorrhoeae cell membranes . Solid sodium succinate (dashed line), sodium z..lactote (solid line), and sod iu m
L-ascorbate (dotted line ) were added to oxygen-fre e N. gonorrhoeae membrane fragment s (10 mg of

- - protein / mI). Optical difference spectra were recorded as described in Materials and Methods .
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and optical differenc e spectra were recorded. Inset is the 77K spectra of
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Fio. 6. Low-temperature optical difference spec- 
~0 ‘o 40 60 $0 100• - tra of L-malate-reduced membrane fragments f rom

• glucose-gr own (a , b, c and glucose-depleted (d . e, f i  MINUTES
cells of N.  gonorrhoea e CS- 7. (a) and (di L-MalatP - F io. 7. Effet-t of chloramp#u-nicol on acetate ftXI~

- - reduced minus air-oxidized spectra. (b and (e FAD dotion by glucose-grown cells of N .  gunorrhueae (S -
plus t-malate-redueed minus air-oxidized spectra . 7. Glucose-grown cells were resuspended an basal
(ci and (/ ~ FAD plus j. maiat e-reduced minus fe rri cy- medium with and without chlorwnp henkol (100 pg /
anode-oxidized spectra . Optical difference spectra ml) . F lasks contained 25 r u g  (d ry weight of, ’.lls, and
were recorded as described in Materials and Meth. 100 p mol of sodium acetate. The activity of the la-

- od,. Samples were reduced under anaerob ic condi- beled acetate was approximately I .0 pCi/ mi. Sym-
- 

- - lions with solid sodium t-malat e either in the pres -. balS : (0)11 - ‘VJ ~~~~J e plus chbnra mphenicol. (0 (12-
ence or absence of exogenous FAD (35 p M) .  Fernicya- ‘IC/acetate p lus chloramphenicol. (•t /1  - ‘C/acetate .
ma (100 p M) was added to the reference samples as and •) /2. uCJ acetate . Results are expressed as rae-
indicated . tivity of I ‘~C/COs/actiuity of “C-labeled substrate

added) x 100 ’*.
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Ftc. ~ .Radiorespi rometric patterns for the utili-
zation of labeled acetate and glutamate during
growth on glucose by N.  gonorrhoeae CS-7. Flasks
contained 25 mg (dry weight) of cells, 100 ,t&mol of
sodium acetate , 173 ~unol of glucose , and 50 4umol of
exogenous monosodium glutamate. The activity of
the labeled compounds was approximately 1.0 p Ci/
ml. Symbols: (0) !1- ”CJaceta te , (•) !2- ”CJacetate,
(0) (1- ”Cjgiutamate , (U) (5- ”Cjg lutamate, (t x) (1-
“Ciglucose , and ( V )  turbidity. Results are expressed
as (activity o f !  “ClCO 2lactivity of “C-labeled sub-
strate added) x 100~ -
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- !‘° ~~.Radiorespiromeep ic p atterns f or the utili-saturn of labeled acetate and glutamate during theincubation of N.  gonorrhoeae CS- 7 in basal mediumlacking glucose . F lasks contained 25 mg (dry weight)of cells and 100 pmol of exogenous monosodium glu- Vtamale. The activity of the labeled comp ounds wasapproximately i.o p Ci/mI. Symbols: (0) (1-- “CJacegate , (•) 12- ”CJace tate , (0) f l - ”CJgl uta mate
-

- ( U)  15- ”CJgl ista mate , ( 7 )  turbidity. Results are a-
press ed as (activity of! “C/C0 5/activity of “C-labeled
substrate addedi x l00~~.
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