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ABSTRACT

A gene which coregulates the gene(s) that codes for the outer

membrane protein P.ll in the bacterium Neisseria gonorrhoeae was
cloned and characterized. As the cell expresses the P.ll protein, it

no longer expresses the second protein;

however, as the cell turns

off the expression of P.ll, it then makes the second protein.

A

library of strain MS11 of the bacterium was constructed using the

Lambda ZAP bacteriophage vector.

This library was screened using

a monospecific antiserum for the second protein.
characterization of the positive clones followed.
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INTRODUCTION AND LITERATURE REVIEW

Gonorrhea is a venereally transmitted disease that is caused by
the microbacterium Neisseria gonorrhoeae.

The only natural host

for this organism is the human, although experimental animals can

be infected artificially (1).

In

the male, infection by Neisseria gonorrhoeae usually causes

an anterior urethritis that is

(1).

accompanied by a purulent discharge

It is possible that the male could also have asymptomatic
However, the female is usually asymptomatic and

gonorrhea.

presents few signs of the disease that most frequently infects the

The real danger in gonococcal infections lies in the

cervix.

possibility

of

secondary

asymptomatic carriers.
infected

sites

nasopharynx.

include

infections

--

frequently

caused

by

In both males and females, secondarily

the

conjunctiva,

the

rectum,

and

the

Infection may also spread to other sites of the

genitourinary system as well as possibly to the joints, blood, or

skin.

Although gonorrhea is usually transmitted through sexual

intercourse,

there

are

instances of gonorrheal

newborns and vulvovaginitis of children (1).

ophthalmia of

The exposure and

incidence of gonorrhea is highest in the 15-29 year-old age group
(13).

Currently, the treatment of gonorrhea consists of treating the

patients or carriers with penicillin or spectomycin in penicillinresistant strains (13).
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Neisseria

aonorrhoeae has several identifying characteristics.

gram

This non-motile,

negative bacterium occurs in diplococci

that characteristically have flattened or curved adjacent sides.

be

Capsules cannot

nonsporulating.

detected

vitro

in

this

and

bacterium is

The size of the bacterium ranges from 0.6 - 1.0 jim

for exudates to 1.2 - 1.5 jim in vitro.

Optimal growth is

achieved

increased CO2 tension and is enhanced on moist

aerobically under

surfaces (1).
The

ability

of the

gonococcus

to

attach

to

and

invade

non-squamous mucosal tissues is integral in the production of the
characteristic symptoms of gonorrhea (2).

Local inflammation

occurs as a result of this penetration into the tissue, but the actual

infection is dependent upon the susceptibility of the "invading
gonococcus to antibody and complement in the host's serum."

There

have been many studies conducted with the sole purpose of

explaining the virulence characteristics of the surface properties
of the gonococcus.

It is believed (3) that the semipermeable

gonococcal outer membrane that surrounds the cytoplasmic cell
surface serves to protect the contents of the cell from destructive
matter in the environment while allowing needed vitamins and
nutrients to enter.

Also, because of the uniqueness of the

membrane, it is composed of many unusual components.

hydrophobic

constituents

lipopolysaccharide.

phosphatidylethylamine

are

The
and

Porins, on the other hand, are a group of

proteins that make the

membrane semipermeable by forming
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channels that allow proteins of a specific size and charge to

•

penetrate the membrane.

In addition to these elements, because of

its constant exposure to the human response system, Neisseria

aonorrhoeae

has developed

many additional mechanisms for

protection as well as the exploitation of its environment (3).

Protein I (P.l), Protein II (P.ll --

main proteins have been identified:

the opacity protein), Protein III (P.lll), and the pilus protein.
has

Four

There

recently been increased interest in a 35K protein that is

coregulated with P.ll.
The

first type

of cell surface

component, P.l, is the most

abundant type found in the gonococcal outer membrane (3).

molecular weight between 32,000 and 38,000.

It has a

Each particular

strain of gonococcus expresses only one member of the P.l group, a
group that is important because the P.l protein makes up the
majority of the proteins in the outer membrane.

The P.l protein is

associated with the membrane in at least two regions, leaving both

the amino and carboxy terminus ends protected inside the membrane
and the middle portion extending out of the cell as a loop.

P.l is

characterized as a channel-forming protein which is thought to
function to allow nutrients and other small particles to penetrate

the cytoplasmic membrane (3).

Crosslinking studies have shown a

close relationship between Protein I (P.l) and Protein III (P.lll) (12).
However, generally, there is one P.lll for every three P.l proteins

(3).

P.lll has been identified in all gonococcal strains and each

member of the group is structurally and antigenically identical.
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A

distinctive characteristic of P.lll is that when it is treated with

mercaptoethanol, its molecular weight increases, while it is not

When P.lll is in a purified

affected by extraction temperature.

form,

it can

be cleaved by proteolytic enzymes, while when

associated with the bacterial membrane it becomes completely

resistant to any degradation.

For these reasons, it seems that very

little of the protein is exposed on the surface of the membrane,

allowing

for the

protection of the sites of potential enzyme

cleavage (3).
Many pathogens use the mode of structural variation of their

cell components to evade human responses (4,5).

The variations

may occur among different strains as well as within variants of the
same strain by the expression of "several proteins that are subject

to

phase variation

reversible

(a

oscillation

states of expression) and antigenic
antigenically different

variations

may

play

versions

of

role

in

a

between

(synthesis

variation

a component)."

helping

adapt to varied microenvironments within

the

the

different
of

These

organisms better

host (5).

Although

P.l and P.lll proteins are of some interest, some of the most

striking variations in the form of variable surface components are
the pilus

protein

and

the

opacity

protein which are essential in

the invasion of gonococci into the human mucosa (4).
One of the most striking of the surface proteins is that of the
gonococcal pili.

These variable surface antigens provide the

bacterium with the ability of attachment to epithelial cells of the
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mucoid tissues during the initial phase of the gonococcal infection.
Pilus

expression

can

be

on

switched

and

off

and

the

carboxy-terminal part of the pilin subunit can be altered such that
only minimal immunological cross-reactivity occurs among a large

number of possible pilin types (6).

A great deal of research has

been done on the pilus protein in an effort to identify its full

function as a cell membrane component.

Some of the latest research has stemmed from an interest in
the Protein Il's or P.ll proteins.

They are heat modifiable - causing the

as opacity proteins.
molecular

These proteins are also referred to

to

weights

on

depend

the

temperature

SDS-polyacrylamide gel electrophoresis extraction

of

the

buffer (3,5).

The apparent molecular weights of the P.ll proteins range from

24,000 - 30,000 (5,11).

The P.ll proteins are known to extend out

of the membrane surface and have only one membrane associated
segment.

It was noted that when gonococci are grown on agar and

the colonies are viewed with a dissecting microscope by direct
lighting, some colonies appear "transparent blue (Op"),

granular

opaque (Op+), or somewhat in between" (3). There are known to be a
great deal of antigenic

Changes in colony
variation

differences

among

at

P.ll

proteins (11).

opacity can be used to detect the rate of

or switches in P.ll expression.

known to occur

the

These variations are

a high frequency: 10‘^/cell/generation (5).

It is

hypothesized that any time one is working with more than 10^

gonococci, it is highly probable that there exists a mixture of
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opacity variants (8).

There are

two basic types

can be isolated from gonococcus:

of Protein Il's that

those associated with opacity

variation (P.llop) and those lacking this variation (P.llnop) (7).

The

isoelectric points of the P.llop proteins are very alkaline, ranging
from 9.5 - 10.0, while the isoelectric points of the P.llnop proteins
are much lower, ranging from 7.5 - 8.0.

The P.llop gonococci are

also noted to have numerous intercellular adhesions (3).

The

gonococci that maintained the Op+ phenotype express one or two

more proteins than do those of the transparent colony forming
These proteins are called opacity-related proteins (3,5).

gonococci.

Many studies suggest that gonococci that express different opacity

proteins

also

have differences

in

"intergonococcal

adhesion,

adhesion of gonococci to eukaryotic cell surfaces, survival in
normal human serum, resistance to cytotoxic cells, and protease as
well as indirect steroid sensitivity" (4).

Changes in the expression

of the opacity protein can be observed under a light microscope

because of

their association with changes in color and morphology.

These changes are called phase and antigenic variations.

Phase

variation refers to the number of Op proteins expressed by a single
cell, i.e., none, one, or two.

Antigenic variation refers to the ability

of a cell to switch spontaneously to an altered Op expression.

In

P.ll proteins, phase and antigenic variations both occur with high
frequencies (4).

There are many different degrees of opacity found

within a given strain

which correlate with the number and kind of

P.ll constituents that are present (8).
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Single gonococcal strains

many

may express as

as

seven

to differ in antigenicity

found

as

different

P.ll

are

which

types

well as molecular weight.

Some

strains only express six variations of P.ll proteins designated P.lla
Monoclonal antibodies can be made for each of the

through P.llf.

proteins to allow for distinctions between each

known

that

of

them (5).

It

is

"surface exposed antigens of different P.ll

the

constituents are, in general, different from one another" (9).

For

example, each P.ll protein variant has a unique N-terminal amino
acid sequence, although these areas show a high degree of sequence
conservation.

This heterogenicity suggests that each variant has
Variation of P.ll proteins may have an

different functions (5).

integral role to play in gonococcal infection and organisms not
expressing P.ll are believed to be the most invasive and virulent.
Organisms

that

express

different

P.ll

proteins

also

show

differences in adherence to host cells, as well as differences in

properties such as serum and antibiotic resistance (5).

Striking

differences in the opacity phenotypes and the P.ll compositions of
gonococci isolated from both males and females have been shown

(8).

Gonococci with P.ll proteins that are expressed are associated

with infections of the urogenital mucosa.
proteins can be isolated

Usually one or more P.ll

from men with uncomplicated infections

or from women at particular times

in their menstrual cycle.

However, gonococci that are taken from a disseminated

usually

lack P.ll (10).

It has

also

been

infection

shown that different P.ll

proteins may be expressed at the same time in a single variant
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ranging from none to at least three different proteins.

Due to their

independent switching on and off, different combinations may occur

(5).

In fact, some studies have even documented the presence of

two to six different P.ll variants in a population of gonococci that
appeared to be homologous (7).
Because of the importance

functions of the P.ll proteins,

of further

understanding

of the

new interest has been stimulated by

the discovery of another outer membrane protein that is coregulated

with the Protein II.
P.ll protein

This 35K protein appears to switch on when the

switches off and vice versa.

Not much is known at

this time about this new protein but further understanding of the

molecular structure and interactions of this new protein might
further our knowledge of how all of these proteins function within

the human host.

The purpose of the present study was to clone and

characterize the gene(s) that codes for the 35K protein coding
gene(s) coregulated with the gene(s) for the outer membrane protein
P.lla in the bacterium Neisseria aonorrhoeae.

1 1



 



Gonococcal (GO Growth: Cells of Neisseria gonorrhoeas strain
MS11 that do not express the Protein II (P.ll") were obtained from
male volunteers previously and kept frozen until use.

These cells

were spread on agar plates and then incubated at 37°C for 22-24 hr.

Isolation of Desired GC Strains:

The plates of GC cells were placed

under a light reflecting microscope for the detection of colonies

with varied opacity.

Five-pl samples of some of these gonococcal

colonies were separated by a 12.5% Sodium Dodecyl Sulfate

Polyacrylamide Gel Electrophoresis (SDS-PAGE) to pick out specific
P.ll proteins.

The samples were run against molecular markers

that contained radioactive iodine at 100 V for about 1 hr until the
tracking dye ran off the gel.

The gel was stained with 10 mg/ml

ethidium bromide and photographed under ultraviolet light.

Also

immunoblotting was performed using the antibody McAb 4B12 which

identifies all P.ll proteins.

Preparation of Bacterial Chromosomal DNA:

Colonies containing

P.lla+ proteins were isolated and plated on 10 plates.
P.ll' colonies were also plated.

These plates were all set in the

incubator and grown for 44-48 hr.

swabbed
(based

and

resuspended

Ten plates of

Then, the petri plates were

into two

different centrifuge tubes

on P.II+ and P.ll') with 25 ml of D-Phosphate Buffer Saline
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(D'PBS)

in
min

for 12

each tube.

These tubes were centrifuged at 9,000 rpm

and then the supernatant was discarded. The cells

were resuspended in TE buffer and 0.5 ml of 10% SDS and 100 pi of
20 mg/ml proteinase K were added, mixed thoroughly, and incubated
at 37°C for 1 hr.

After incubation, 2 ml of 5M NaCI solution were

added and mixed.

Then 1.5 ml of CTAB/NaCI solution were added,

mixed thoroughly, and incubated for 20 min at 65°C.

After this

incubation, chloroform/ isoamyl alcohol was added for thorough

extraction and spun at 6000xg at room temperature to separate the
phases.

Then the aqueous phase was again extracted with a 1:1:1

solution of phenol/chloroform/isoamyl alcohol and respun.

After

this respinning, the aqueous phase was once again transferred to a
fresh tube and the DNA was precipitated with isopropanol and then

washed with 70% ethanol.

The supernatant was removed and the

pellet was resuspended with TE buffer.

DNA concentration was

determined and adjusted as necessary to 50-100 pg/ml.

Finally,

the DNA was put on a cesium chloride gradient by adding CsCI to the

buffer, as well as a small amount of ethidium bromide.
transferred to centrifuge tubes and centrifuged

rpm and 15°C.

This was

for 4 hr and 70,000

Once centrifuged, the gradient could be visualized

with UV light to see how much RNA and protein was left mixed with
DNA.

The band of chromosomal DNA could then be removed.

ethidium bromide was extracted with

The

CsCI-saturated isopropanol

and was then allowed to dialyze overnight against TE buffer.
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Agarose Gel:

Suspended DNA was run on an agarose gel to identify

the amount of RNA and protein that was contained in the DNA
suspension.

The samples were loaded in 3-pl amounts using

The samples were all run at 90

molecular markers for comparisons.

V until the dye ran to three-fourths

gel.

of

in from the end of the

1

The gel was photographed with UV light which indicated

that

a large amount of both P.ll+ and P.ll" DNA was present.

Look for Correct Cut of DNA With Enzymes:

Four Eppendorf tubes

were set up with 11.5 pi of distilled water in each.

Then 5 pi of

P.ll+ DNA were added to two tubes and 5 pi of P.ll' DNA to the other

two.

Also, 1.5 pi of enzyme (EcoRI to two and Clal to two) were

added along with 2 pi of 10x buffer.

All of these were vortexed and

quickly centrifuged down, then placed in a 37°C water bath for 2 hr.

After removal from the water bath, the DNA was resuspended in TE

buffer and then run on an agarose gel.
was cut with Clal but not with EcoRI.

It was shown that the DNA
Because the DNA was

considered not pure enough, it was placed on a cesium chloride
gradient in the centrifuge at 55,000 rpm and 15°C for 44-48 hr.
Then the desired band of DNA was removed and the ethidium bromide

was removed from the band with CsCI-saturated isopropanol.

The

remainder was placed in dialysis bags and allowed to dialyze

overnight.

The DNA was once again placed into labeled Eppendorf

tubes and the above procedure repeated, using EcoRI* in two of the

tubes.

After mixing and centrifugation, the DNA samples were
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placed in a 37°C water bath for 1.5 hr and again run on agarose gel.

•

Photographs of the DNA indicated a successful cut.

Digestion of P.ll's:

The P.ll+ was digested with EcoRI as well as

with Eco Rl* at two different times.

First, 20 pi of P.ll4" DNA were

placed in an Eppendorf tube with 23 p.l of distilled water, 5 pi of
10x (HIGH) buffer, and 2 pi of EcoRI enzyme.

placed

in a 37°C water bath

for 2

The mixture was then

hr for

digestion.

digestion, 50 pi of phenol/chloroform were added.

To stop

Next, the 20 pi

of P.ll+ DNA were placed into an Eppendorf tube and combined with

21 pi distilled water, 5 pi 10x EcoRI* buffer, 4pl EcoRI* enzyme
and heated in a

water bath for 20 min to digest.

At the end of the

digestion, half of the sample (25 pi) was removed and placed on ice

while the remainder stayed in the bath for another 20 min.

The

sample on ice received 25 pi TE buffer as well as 50 pi of
phenol/chloroform to stop digestion.

Finally, after the sample

remaining in the water bath had been there for 20 min,

25 pi TE

buffer as well as 50 pi of phenol/chloroform were added.

All of the

above tubes were then vortexed and centrifuged for 5 min.

After

centrifugation, the aqueous layer (100 pi) was removed and 5 pi of

7.5% ammonium acetate was added to enhance the solution with
cations.

Then 100 pi of isopropanol were added to precipitate and

the tubes were placed in the freezer for 1.5 hr.

After removal from

the freezer, the tubes were centrifuged for 5 min, supernatant was

removed, and the tubes were dried in a vacuum desiccator.
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Ligation of the P.ll's:

The dried pellets of DNA were redissolved in

3 pi of distilled water, run on an agarose gel in 2-pl amounts, and
photographed.

Lambda ZAP Ligation Buffer was made, consisting of

500 pi Tris HCI, 70 pi MgC^, 100 pi of DTT, and 330 pi distilled

water combined in an Eppendorf tube.

The actual ligation was made

by placing 1.5 pi of DNA into tubes and adding 1.0 pi Lambda ZAP,

0.5 pi 10x ligation buffer, 0.3 pi ATP, and 1.5 pi DNA ligase and

incubated for 1 hr.

Then the mixture was placed at 4°C overnight.

Packaging__ DNA__ [nip__ Lambda__ Phage__ Heads:

Two vials of

Freeze/Thaw Extract were thawed by rubbing them between fingers.

Then 1 pi of DNA was added to

one tube and

other and both tubes were placed on ice.

2 pi of

DNA to the

After the Sonic Extract

was thawed by rubbing between fingers, 15 pi of it were added to
each of the tubes containing the Freeze/Thaw Extract and DNA.

The

tubes were mixed well, spun down gently, and then incubated at
room temperature for 2 hr.

After the incubation, first 0.5 ml of

phage dilution buffer was added and then 20 pi of chloroform; all

were mixed gently and then spun down.

Injection of DNA into the  cells:

An amount of 200 pi of

coli bacterial phage plating cells were obtained in a suspension
containing

maltose

(which causes the

induction

of the outer

membrane protein lam B and allows the attachment of the phage)
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and were added to each of three different test tubes.

Then 5 pi and

20 gl aliquots of each of the test tubes of packaged DNA were added
Magnesium chloride was also

to separate test tubes of E. coli cells.

added to the suspension to assist the attachment.

then stored for 15 min at 37°C in a shaker.
(LB agar) were added to each tube.
to color the plaques and 5.0

jlxI

The tubes were

Then 4 pi of top agar

Also 50 jil of x-gal were added

of ITPG were added to induce the

injection of DNA into the E. coli cells.

The contents of the tubes

were poured into Petri plates and the plates were all put into the

incubator at 37°C overnight (16-18 hr).

Library Amplification:

Four pi of 5M buffer were added to each of

the three plates of plaque. Then the plates were put on a rocker for

1 hr to allow the phage to diffuse out.

After rocking, the solution

from the surface of the agar was placed in a centrifuge tube and

chloroform was added to kill the cells that weren't already dead.
This material was centrifuged to concentrate the dead cells.
dilutions of

the

phage packaging mix were prepared to identify the

appropriate dilution.
plaques.

The 1:10 dilution had approximately 2350

Five plates were then plated with the

1:10 dilution and

placed in the 37°C incubator for approximately 22-24 hr.

plaques

became

Three

visible,

plaque

lifts

were

begun.

When the

First,

nitrocellulose filters were rocked in petri plates that contained

10mM isopropyl-galactose (IPTG) which is an inducer for the lac

operon.

Marks were made on the filters for orientation purposes and
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then the filters were removed from the IPTG and dried on Whatman

paper.

The plates were marked in accordance with the filters for

alignment purposes.

The plates were placed in the 37°C incubator

for 2 hr which caused the filters to pick up the protein and the DNA

The plaques now had recombinant DNA in them

from the plaques.

and were making gonococcal protein.

was placed in BSA for 15 min.

TSGN on the shaker for 5 min.

After incubation, each filter

Then the filters were washed in

After the first washing, 10 ml of 2%

BSA in IPTG (which blocks any protein binding sites that aren't in
the plaques themselves) were added and the filters were once again
Twenty-five pi of each of the monoclonal sera

washed in TSGN.

(1:200 of Anti 35K Antiserum, 1:200 of Monoclonal Antibody 3, and

1:200 of Monoclonal Antibody 2) were added separately to three of
the plates while 75 pi of BB2 were added to the fourth plate.

plates were left overnight on the rocker (10-12 hr).

were then washed in TSGN

The

The filters

and put on the shaker for 60 min.

After

shaking, 20 ml of TSGN and 2% BSA were added along with 100 pi of
iodinated Protein A.

The filters were put on the shaker again for 2

hr, put in TSGN for 1 hr, and then placed on Whatman paper to dry.
After drying, the filters were

When

the

were developed,

plates

Five tubes were

arranged

labeled

a

on

photographic

positive

plates.

plaque appeared.

Lambda Zed A4.1, A4.2, A1.1, A3.1, A5.1.

Then 300 pi of 5M Dilution Buffer and 20 pi of chloroform were

added to each tube.

Using a Pasteur pipette to push into the gel and

pull out a plaque, the plaques were transferred to the respective
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tubes.

Plaques were taken from several places that were possibly

positive and that correlated with the labels on the test tube.
control sample was also taken leaving six tubes.

A

The plates that

had been washed in the alpha-MS11 antisera controls had 50-80
positives when developed photographically.

The positives were then

plated by placing 200 pi of plating cells and 3 pi of top agar on the

plates.

These plates were allowed to grow for 1.5 hr and then 2.5

pi of phage were added to certain areas.

All plaques achieved were

large and composed of many millions of small

plaques concentrated

in one area.

 !"#$%


Plaque lifts were then taken with nitrocellulose paper and blocked.
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The paper was cut into three strips and each piece was placed into
separate compartments of a plastic bag.

Different monoclonal

serums against MS11 were placed in the first two compartments

and were then named, respectively, Monoclonal 1 and Monoclonal 2.
In the third compartment, BB2 (anti 35K antiserum) was placed.

The lifts were washed, Protein K added, washed again, and
placed on photographic film for exposure.

finally

Upon development of the

film it was shown that the BB2 antiserum reacted.

Plaque Purification:

Different dilutions of the phages were plated.

Before diluting, there were about 1010 phage/ml or about 107/pl.
For each tube of phage, three Eppendorf tubes containing some of

1O'2, 10'4, and 10'® dilutions of phage were prepared and labeled.
Then 500 pi

of the

5M dilution was placed in each of the tubes.

Five pi of the phage were put into the 10"2 dilution tube.

Then 5 pi

were taken from the 10"2 dilution tube and placed into the 10'4

dilution tube and this was repeated from the 10'4 dilution tube into

the 10"® dilution tube.
A4.1

10'®,

A4.2 10'4,

Larger tubes were then labeled A4.1 10"4,

A4.2 10'®,

A1.1 10'4,

10'4, A3.1 10'®, A5.1 10'4, and A5.1 10'®.
pi of E, coli cell suspension and 5 pi of the
were placed into each of these tubes.

placed in 37°C water bath for 15 min.

were labeled as above.

A1.1 10'®,

A3.1

One hundred and fifty

appropriate dilutions

These tubes were mixed and

Petri dishes containing agar

Lambda top agar was melted and placed in

the 50°C water bath. After the 15 min 3 ml of top agar were added
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to each of the tubes.

The contents of the tubes were emptied into

solidify for 10 min.

The

petri plates were then placed in the incubator overnight.

After

the petri plates

and then allowed

to

incubation, the 10"® dilutions showed only a

couple of plaques,

while the 10'4 plates showed a few more plaques.
were

then

repeated

with

more

than

plates

The 10'4

the original 5 pi per plate.

Using the original dilutions, 150 pi of E. coli cells suspension were
added to each tube and then the necessary amounts of the various

dilutions (Table 1).

&'(%&&!)&*+'#
$, $%%%%

Plaque

Dilution

Phages

A4.1

10'4

30 pi

A4.2

10"4

15 pi

A1.1

10"4

20 pi

A3.1

10"4

15 pi

A5.1

10"4

20 pi

These tubes were then plated as before and incubated.
incubation, the dilutions
prepared.

were good so another

plaque

Following
lift was

Five pieces of nitrocellulose paper were soaked in

0.12g/50ml 10mM IPTG, labeled, and then allowed to dry.

The

papers were then placed on the plates and incubated for 2 hr,
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blocked in BSA for 10 min, and placed in antiserum and a TSGN/2%

BSA mixture on the shaker for 1.5 hr. Then the papers were removed
from the antiserum and washed in the TSGN on the rocker for 1.5 hr.

After washing, the papers were placed into a plastic bag with 8ml
of TSGN/2% BSA and 100 pi of Protein A and placed on the shaker
for 45 min.

The papers were dried and placed on photographic film.

Once again, many positives appeared, so whole cell lysates were

blotted against the BB2 antiserum.
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RESULTS

Autoradiography

showed

that

molecular

cloning

and

characterization of a gene coregulated with the genes for the outer
membrane protein for Neisseria gonorrhoeae was successful.

The

efficiency of the cloning was very high since only 0.5 pi of the

original gave 2.3 x 103 separate plaques.

106 different phages.

This would be about 2.3 x

Because each phage consists of 4 kb, the

total cloned size of the DNA was about 9.2 x 103 kb.

The original

bacterial genome of 2 x 103 kb increased to a genome about 4000

times that size to give approximately a 99.8% efficiency.
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DISCUSSION AND CONCLUSIONS

The large amount of interest that has been generated concerning
the functions of the outer membrane proteins of

Neisseria

gonorrhea has continually welcomed research in the study of new,

and possibly very important, proteins found in this outer membrane.
With the discovery that the outer surface membrane Protein II had a

protein coregulated with it, it became desireable to find that

protein, clone it, and finally sequence it in an effort to discover the
function of this protein.

There were many interesting factors that were integral in the

successful cloning of the desired genes that code for the Protein II
and the 35K protein coregulated with the P.ll protein.

To begin

with, the antiserum to the new protein needed to be isolated.

In

order to do this, 160 lines of SDS gels of gonorrheal proteins were
run.

The appropriate band corresponding to the 35K protein was

removed, ground up and injected into a rabbit.

The rabbit was

boosted periodically and finally bled to obtain the needed antiserum.
Without successful completion of this process, the correct protein

would have not been found.

This antiserum was then named BB2 as

an abbreviation for the investigator.
Another important factor in the successful cloning was the

cloning kit

used.

This Lambda ZAP Cloning Kit is relatively new and

uses the insertion vector Lambda ZAP.

The advantage of this

insertion vector is that it allows the cloning to be done more
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