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Abstract

As a first step leading toward construction of a mouse-human chimeric antibody 

against Group B streptococcus, attempts were made to clone the heavy variable 

region gene from a murine hybridoma. The hybridoma was known to produce 

an anti-group B streptococcus monoclonal antibody. A conventional phage- 

vector cloning approach was utilized as were the polymerase chain reaction 

and DNA size differentiation by electrophoresis. Attempts were unsuccessful, 

but a hybridoma gene library was created.
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Introduction

Group B streptococci (GBS) are a major cause of sickness and death 

among human neonates(1).

A particular difficulty associated with GBS is the fact that antibiotic 

therapy sometimes fails to avert a poor outcome. An alternative approach to 

this problem is to develop a therapy based on the passive administration of anti- 

GBS monoclonal antibodies (mAb's). Murine anti-GBS mAb's have been 

generated and characterized but are of limited value for therapeutic use in 

humans due to the generation of anti-mouse(antibody) antibodies. These 

antibodies help to produce rapid clearing of the murine mAb(22). Generation of 

human mAb's would be the ideal approach for this antibody therapy as it would 

be both specific and effective. However, difficulty is encountered in immunizing 

human B cells to many antigens, including this one. The solution is to create a 

mouse:human anti-GBS chimeric antibody. This antibody would utilize the 

murine variable region and the human constant region. Production of this kind 

of antibody requires the substitution of the murine for the corresponding human 

gene.

This study is an attempt to clone the heavy variable region (Vh) gene 

from a murine hybridoma. The hybridomas utilized were known to produce anti- 

GBS, IgM antibodies. In the course of this work the Vh gene was not 

successfully isolated. However, a gene library was created and some 

knowledge was gained that will serve as an aid in future work.
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Literature Review

Streptococcus agalactiae is the species name given to streptococci of 

Lancefield's group B (GBS). Although nearly inconsequential as a pathogen in 

adults, GBS are the most common cause of early-onset bacterial infections 

among neonates(1). The rate of incidence is 2-3 cases per 1000 live births(8).

GBS infection in infants manifests itself in any number of ways, the most 

common of which are sepsis and meningitis. GBS are the most prevalent cause 

of neonatal sepsis in the United States(2). The incidence rate is approximately 

0.5 per 1000 live births(3). Of the cases caused by GBS, 60% prove to be 

fatal(3). GBS-caused septicemia usually involves the lungs (pneumonia). GBS 

are the first or second leading cause of neonatal meningitis in the United 

States(4). Along with E. coli, it accounts for most cases in infants between birth 

and 27 days(5,6). Fifty percent of the infants contracting GBS mediated 

meningitis are left with lasting neurodevelopmental deficiencies^). GBS have 

also been implicated in sudden infant death(10), postpartum endometriosis, 

bacteremia following cesarian section, urinary tract infection during pregnancy, 

amnionitis, and premature rupture of the membranes(7).

GBS infection is most common in cases of absence of type-specific 

opsonins in maternal and cord blood(21), low birth weight, prolonged or 

complicated labor, and premature rupture of the membranes(IO). Considering 

that primary colonization usually occurs in the birth canal, as well as the above 

mentioned conditions of increased incidence, it may be inferred that the dose of 

the organism, the duration of exposure, and the infants age at exposure, are 

factors in GBS pathogenicity(11).

The conventional approach to treatment of bacterial infection is antibiotic 

therapy. This type of therapy is usually effective against GBS infection. Any
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therapy which is not totally effective, however, indicates the need for a therapy 

which will be effective in the otherwise exceptional cases. The occasional 

failure of antibiotic therapy is due to several GBS strains exhibiting antibiotic 

tolerance. Although these strains are not common, they preclude reliance on 

antibiotic therapy(1,9). Though some workers have produced effective 

antibiotic prophylaxis, other workers using the same approach have 

encountered more severe GBS disease at a later stage(1-6 months) (24). This 

indicates that even what may first appear to be effective prophylaxis is not truly

so.

The occasional lack of efficacy of conventional therapies indicates the 

need for a new or different approach. Prenatal identification of high risk 

individuals and subsequent preventative measures has proven to be 

particullarly effective(12, 13). Individuals who do not receive prenatal care and 

those who are asymptomatic pass through this net of prevention, however. For 

these cases, and more specifically, for infants from these pregnancies, there 

exists a need for a curative therapy. Considering the poor record of antibiotics, 

an antibody therapy is a logical approach.

Several workers have studied the efficacy of passively administered anti- 

GBS mAb against experimental infection(14-19). Differential protection against 

GBS infection was encountered among antibodies of the same class(lgM)(14, 

16, 18). Complement activation has been shown to dramatically increase the 

efficacy of passively administered mAb(24). Development of an effective 

therapy requires that factors affecting protective efficacy be understood.

Further, specific antibodies must be generated and characterized. This work 

has been performed(20,3). Protective efficacy has been shown to be a function 

of antibody avidity and density(20). Ideally, human mAb would be utilized in

• human therapy. This ideal is often not met, however, because of difficulty
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encountered in immunizing human B cells to antigens of interest(22). Such 

has been the case with GBS. Difficulty is also encountered in human therapy 

with murine mAb. This is due to the immunogenicity of the murine mAb in the 

human system(22). The major difficulty encountered is the production of anti

murine antibodies by the subject. While of little consequence in the first 

treatment, each subsequent treatment will be less effective. Commonly the third 

or fourth treatment has little or no effect.

A chimeric antibody which utilizes the murine recognition sites (variable 

regions) and the human Fc fragment(constant region) solves both of the 

difficulties mentioned above. Generation of this kind of (chimeric) antibody 

requires that the genes which encode each part be cloned and then be 

transfected into a mouse myeloma cell. See Figure 1. The mouse myeloma 

cell is chosen over a prokaryote such as E. coli because prokaryote cells don't 

provide such required biosynthetic functions as glycosylation and 

assembly(22).
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Materials and Methods

A brief overview of the creation of a chimeric mAb is given in Figure 1.

DNA: Hybridoma DNA of two different cell lines was utilized. These 

hybridoma lines produced mAb's directed against group B streptococci. The 

DNA was generously provided by Dr. Seth Pincus of Rocky Mountain 

Laboratory.

Digestion: A solution of 1X EcoR1 buffer, DNA, and EcoR1 restriction 

nuclease was incubated at 37°C for 2 hours to effect digestion. Twenty units of 

enzyme were used for each ug of DNA.

Purification: Enzyme, buffer salts and other impurities were removed 

from the DNA solution via phenol extraction and ethanol precipitation. See 

appendix for protocols.

Ligation: To a solution of DNA fragments was added prepared lambda 

phage arms in a ratio of .1pg fragments per 1 .Opg arms. This combined DNA 

was heat denatured for 1 minute at 65°C, allowed to cool for 1-5 minutes, then 

placed on ice to allow annealing. To the combined DNA solution was added 

ATP(pH 7.5) to a final concentration of 1.0 mM and 2 units of T4 ligase per pg of 

arms. This solution was incubated at 12°C overnight.

Packaging: Ligated DNA was packaged into viral heads using a 

packaging kit from Stratagene called Gigapack Plus. The recommended 

packaging protocol was carefully followed. See appendix.

Titering: The quality of the ligation was determined by plating 1.0pl of the 

package reaction on 200 pi of a O.D.6oo*0-5 BB4 bacterial lawn. BB4 bacteria 

were grown in TB broth containing
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hybridoma cells

human heavy 
chain gene

co-transfection into 
myeloma cells

Figure 1: Creation of mouse - human chimeric antibodies. Murine heavy and light 
chain variable region genes are cloned and ligated into separate plasmid vectors. 
Next, human constant region genes are cloned and ligated into the plasmid with its 
respective murine complement. The plasmids are then transfected into non-producing 
mouse myeloma cells. The myeloma cells produce and secrete the chimeric antibody.
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0.2% maltose, 10 mM MgSCU and 12.5 jug/ml tetracyline. The phage and 

bacteria were preincubated 15 minutes at 37°C. Then 2-3 ml of top agar(48°C) 

and 50 pi each of 0.5 M isopropyl 3-D thiogalactoppyranoside (IPTG) and 250 

mg/ml 5-bromo-4-chloro-3-indolyl 8-D-galactopyranoside (X-Gal) was added to 

the solution and it was immediately plated in NZY agar. Plates were incubated 

at 37°C overnight. Packaging efficiency was then calculated in plaque forming 

units (pfu) per ug of DNA.

Detection of insert: The BB4 bacteria contained a genetic insert indicator 

system. This system requires the presence of X-Gal and IPTG. In the presence 

of these chemicals, plaques lacking insert appear blue, while those containing 

insert appear clear. As a more concrete alternative, the physical presence of 

insert was determined using a mini-phage lysate prep. See appendix for 

protocol.

Selection: A plate of plaques was "lifted" using the technique described 

by Maniatus. Alternately, DNA in solution was "dot blotted" onto nitrocellulose 

(NC) paper. DNA was denatured by placing NC paper in a 0.2 N NaOH, 0.6 M 

NaCI solution for 30 minutes at room temperature, then rinsed with water. To 

bind the DNA to it, the NC paper was baked in a vacuum oven for 3 hours at 

80°C. The paper was wet in 5X SSC (to ensure even distribution of 

prehybridization solution), then incubated in prehybridization solution at 60°C 

overnight. Finally, a radio-labeled DNA probe was added and allowed to 

hybridize and after washing, the x-ray film was exposed to the NC paper.

Size differentiation: Digested DNA was size differentiated by running the 

DNA on a large ultrapure 0.7% agarose gel against a size standard. The gel 

was stained with ethidium bromide(10 mg/ml) and photographed under UV 

light. The gel was then sliced transversely to the running direction to produce

* strips each of which contained DNA fragments of one relative size. The DNA
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from strips which corresponded to the proper size on the size standard was 

collected by electroelution.

Polymerase chain reaction (PCR): DNA primers were generated which 

were complimentary to a constant region upstream of the Vh gene and a 

constant region upstream of the complimentary strand. A solution containing 

300 ng of each primer, 1pg of DNA, 10% DMSO, and 1X buffer appropriate for 

the enzyme to be utilized. The solution was incubated at 100°C for 5 minutes to 

denature the DNA, vortexed to aid cooling, incubated at room temperature for 3 

minutes to allow annealing, 1 unit of enzyme (Thermus aquaticus polymerase or 

the Klenow fragment) was added, and finally the solution was incubated at 

70°C(Taq) or 37°C(KIenow) to allow extension. This cycle was repeated 10-20 

times for the purpose of amplifying the Vh gene exponentially.

8



Results

As previously stated, the purpose of this work was to clone the Vh gene 

from a hybridoma cell line. Toward this end three approaches were taken.

The first involved a conventional phage-vector cloning scheme in which every 

hybridoma gene is placed in a virus. The virus may then be propagated on 

becteria as a means of amplification. This multiplies the desired gene to 

detectable levels. For this approach hybridoma DNA was digested, purified, 

and ligated to lambda-phage arms. This DNA was packaged into viral heads. 

The resulting package reaction represents a hybridoma gene library in a useful 

form. Final titers were on the order of 4 x 106 pfu per pg of phage arms. This is 

within the expected range and indicates good efficiency. In light of an apparent 

disfunction of the the X-Gal insert detection system, a mini-phage lysate method 

was utilized. This indicated the presence of insert. (See Figure 2.) A limited 

effort was made to screen this library for the Vh gene. BB4 E. coli were infected 

with the prepared virus. DNA was collected from the resulting plaques using 

the plaque-lift method, and this DNA was screened using autoradiographic 

techniques. (See Selection section of Materials and Methods.) Six plates of 

plaques were screened, with each plate containing 500-1000 plaques. No 

plaques which contianed the Vh gene were identified.

The second approach attempted to narrow the screening effort for the first 

approach. This involved using electrophoresis the separate the DNA according 

to size. The electrophoresis gel was then cut in a manner to leave all DNA of a 

relative size in one slice of the gel. The DNA was then recovered from a portion 

of each slice of the gel by another electrophoresis technique called 

electroelution. The collected DNA was dot blotted then screened as before. 

Again, no DNA which contained the Vh gene was identified.
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The third approach (PCR) attempted to make the desired gene more 

common in the DNA solution. Ideally, this approach would amplify the Vh gene 

to a level where it would represent 1 out of every seven genes present in the 

solution. After 20 cycles, the PCR solution was run on an agarose gel. No 

amplification could be detected. A Southern blot of the gel and subsequent 

autoradiographic screening showed some amplification, however. (See 

Figure 3.)

t
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Figure 2: Mini-phage prep results. Representation of electrophoresis gel. Bands 
present in every lane represent phage arms, those present in R2, 1,3, and 4 represent 
insert.

PCR-10 pi 

positive control

Figure 3: PCR Southern results. Representation of x-ray film. Intensity of bands is an 
indication of how much of the gene is present.
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Discussion

The phage-vector cloning scheme alone is of limited utility due to the size 

of the hybridoma genome. Totaling approximately 2.4 x 107 kilobase pairs (kb), 

a theoretical 6 x 106 fragments are generated by digestion, of which the Vh 

gene is only one. The packaging reaction selects for insert of 10kb or smaller. 

This helps to focus the screening effort. Further, viral DNA containing an insert 

is packaged preferentially.

The phage arms used had been genetically engineered to indicate the 

lack of insert by the generation of a blue color. This color selection system 

requires the presence of 0.01 M IPTG and 5mg/ml of X-Gal. Repeated attempts 

to utilize this system failed. No background (plaques without insert and 

therefore blue) was detected by this system. The cause of this system 

malfunction was not determined.

Size differentiation restricts the number and kinds of fragments present 

and thus would narrow the scope screening required in the phage-vector 

scheme. The fragment which contains the Vh gene is known to be roughly 4kb. 

It was this characteristic that the size differentiation method sought to exploit.

The opposite approach is to make the desired gene more common as is 

the case with PCR. Twenty cycles theoretically yields in excess of 1 x 106 

copies for each copy of the gene originally present.

This specific PCR protocol has a broader significance, however. The 

primers utilized are complimentary to conserved regions of the murine genome 

and as such, this exact protocol could be used to amplify the Vh gene of any 

murine cell. This assumes of course that the protocol were refined to the point 

of being functional.
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PCR would appear to be the most convenient method to obtain the 

desired results. This is a relatively new technique. The most likely reason that 

this method was not functional is the size of the octamer primer. The annealing 

step is dependent on the size of the primer and the temperature. An octamer 

primer requires a much lower temperature for annealing than does a 16-mer, 

and thus conditions could not be optimized.

pnoFTlE LIBRARYSl COttEGI
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Appendix

< Protocols
A) Phenol extraction

1. Bring volume of digestion mixture to 500pl with TE.
2. Add 500pl DNA phenol.
3. Vortex.
4. Pellet.
5. Draw off sample / dispose of phenol.
6. Add 500pl chloroform.
7. Vortex.
8. Pellet.
9. Draw off sample I dispose of chloroform.

B) Ethanol precipitation

1. Add to sample1/20 volume NH4OAC, 2 volumes 95% EtOH.
2. Invert several times.
3. Incubate at -20°C for 1 hour.
4. Pellet in refrigerated centrifuge.
5. Draw off EtOH.
6. Dry sample(pellet) in speed-vaccuum.
7. Resuspend pellet in 20pl TE.

C) Mini Lysate Prep
1. Using a pasteur pipette, pick a single, well-isolated plaque into 1 ml of SM 

containing a drop of chloroform. Store at 4°C for 4-6 hours to allow the 
bacteriophage particles to diffuse out of the top agarose.

2. In a 25-ml tube, mix 0.5 ml of the bacteriophage suspension 
(approximately 3 x 106 bacteriophages) with 1.6 x 108 bacterial cells in 
stationary phase. Incubate for 15 minutes at 37°C.

3. Add 4 ml of NZCYM medium. Incubate at 37°C with agitation for 
approximately 9 hours. The culture should clear but very little debris 
should be evident.

4. Add 0.1 ml of chloroform to the culture and shake it for a further 15 
minutes at 37°C. Transfer the lysate to a 5-ml polypropylene centrifuge 
tube. Centrifuge at 8000g for 10 minutes at 4°C.

5. Recover the supernatant and add RNase A and DNase I, each to a final
> concentration of 1 pg/ml. Incubate for 30 minutes at 37°C.
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6. Add an equal volume of a solution containing 20% (w/v) polyethylene 
glycol and 2 M NaCI in SM and incubate for 1 hour at 0°C (ice water).

9 This solution may be prepared in advance and stored at 4°C.
7. Recover the precipitated bacteriophage particles by centrifugation at 

10,000g for 20 minutes at 4°C.

8. Remove the supernatant by aspiration. Stand the tube in an inverted 
position on a paper towel to allow all of the fluid to drain away.

9. Add 0.5 ml of SM and resuspend the bacteriophage particles by vortexing.

10. Centrifuge at 8000g for 2 minutes at 4°C to remove debris.

11. Transfer the supernatant to a fresh Eppendorf tube. Add 5 pi of 10% SDS 
and 5 pi of 0.5 M EDTA (pH 8.0). Incubate at 68°C for 15 minutes.

12. Extract once with phenol, once with phenol/chloroform (1:1), and once 
with chloroform. Transfer the aqueous phase to a fresh Eppendorf tube 
between each extraction.

13. To the final aqueous phase add an equal volume of isopropanol. Store at 
-70°C for 20 minutes. Thaw and centrifuge in an Eppendorf centrifuge15 
minutes at 4°C.

14. Wash the pellet with 70% ethanol. Dry the pellet and resuspend it in 50 pi 
ofTE (pH 8.0).

15. Remove 10 pi of the solution to a fresh Eppendorf tube. Add 1.2 pi of the 
appropriate buffer and 1-2 units of the desired restriction enzyme.
Incubate for 1-2 hours at the appropriate temperature. Store the 
remainder of the preparation at -20°C.

16. Analyze the DNA fragments in the restriction digest by gel electrophoresis.
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Unit Definitions
EcoR1 One unit is defined as the amount of enzyme required to 

digest 1 pg lambda DNA in 1 hour at 37°C in 50 pi assay 
buffer.

T4 Ligase One unit is defined as the amount of enzyme required to 
give 50% ligation of Hind III digested lambda DNA in 30 
minutes at 16°C in 20pl at a termini concentration of 0.12 
mM (about 330 pg/ml).

Klenow One unit is defined as the amount of enzyme required to 
convert 10 nmoles of total deoxyribonucleotides to an acid 
insoluble product in 30 minutes at 37°C.

Taq One unit is defined as the amount of enzyme required to 
convert 10 nmoles of total deoxyribonucleotides to an acid 
insoluble product in 30 minutes at 70°C.

PCR Primers
octamer: 5' - ATGCAAAT -

JH1: - AATGTGCAGAAAGAAAAAA -
JH2: - CTAAGCTGAATAGAAG -
JH3: - TTTAGAATGGGAGAAG - 
JH4: - AAACAAAGGTTAAAAAA -
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Sfllulhma

<
NZY Broth (per liter)
5 g NaCI
2 g MgSO4-H2O
5g yeast extract
10 g NZ amine (casein hydrolysate) 

‘autoclave

Top Agar
same as NZY broth except 
with 0.7% agarose.
‘autoclave

SM Buffer (per liter)
5.8 g NaCI
2.0 g MgSO4
50 ml 1M Tris-CI, pH 7.5 
5 ml 2% gelatin

‘autoclave

Enriched TB Broth (per liter)
5 g NaCI
10 g Bactro-Tryptone
10 ml of 1 M MgSO4
2.0 g Maltose 
‘autoclave

Tag 1X Buffer
16.6 mM (NH4)2SO4
67 mM Tris pH 8.8
6.7 mM MgCl2
10 mM B-mercaptoethanol 
0.17 mg/ml BSA 
0.2 mM each dNTP

Klenow 1X Buffer
10 mM Tris pH 7.5
10 mM MgCl2
50 mM NaCI
0.5 mM each dNTP

EcoR1 buffer
50mM NaCI
100 mM Tris-HCI pH 7.5 
5 mM MgCI2 
100 |ig/ml BSA

SSC (20X)
175.3 g NaCI
88.2 g sodium citrate
800 ml H2O
‘adjust pH to 7.0 with 10 N NaOH 
‘adjust volume to 1 liter 
‘autoclave

Erehvbridization solution
5X SSC
1X Denhardt’s
50 Mm Tris-HCI pH 8.0 
0.2% SDS 
10 Mm EDTA
100|ig/ml denatured salmon sperm 
DNA

IEIE)
0.089 M Tris-borate
0.089 M boric acid
(0.002 M EDTA)

♦
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