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Its Role in Whooping Cough
"Bordetella Pertussis Invasive Adenylate Cyclase: 


Pathogenesis arid its Possible Use in Development of Acellular Vaccine Against
 

the Disease".
 

Iii the second par t of the first year of this project we continued to 

characterize the different forms of B. pertussis adenylate cyclase (AC) 

purified by us recently (see our previous report) aid focussed our attempts 

on the cloning and expr ession of the B. per tu-si_s adenylate cycl.ase gene. 

In collaborationi with 1)rs. r3rownlie, Coote and Parton cf Glasgow 

fragment f rom the library of wild type B. pertussisUniversity a 30 kB DN 

strain was identified to ,estore AC and hemolysin activities to B. Pertussis 

transposon Tn5--insertion mutant, deficient of both the,,e activities. The 

mu tant wh ich was av i r-l et regained its vi ru lence uponTn5-induced 


and herolysin activities. The recombinant strain expressed
restoration of AC 

AC in a form which was highly penetrative into target cells. The 30 kB DNA 

fraqment was cleaved into two fragments of 10kB and 31,B. hese fragments 

were cloned into vec tor s wi ich were nilder the Contro I of .,ac promo tor , and 

the clones were transformed into E. coli. The cloned fragments conferred AC 

activity to E. coli. The AC expressed in E. coli had indistinguishable
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i 

biochemical and immunolgical properties from those expressed in the native 

bacterium. However, these forms of AC were incapable of penetration into the 

cell. It is Possihle, there fnve, th1 t a separ .,:e component whiCh 

expressed in B. pzer j..t3s5sis is required for the entry cf the catalytic unit of 

the enzyme into cels. A1lternatively, post-traislational modification(s) of 

the enzyme Which occur iII B. p eLt ussi s, but not i n E. coli produce the 

i nvasive form. 

The data descr ibed above was pub] islred recently and the support of your 

agency is full y ac: kn10jl e'ige( . Eric Iosed p1 ease f ind 3 r epi i nts of the paper 

entitled CIloning cf the adernylate cycIase genetic determinant of Bordetel la 

ipertussis and its e:p esion in E. col i and B. pertussis". Mic, obial 

Pathou re I-sis, 19PFI, , 335 310 . 
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Progress Hport
 

For CDR/AID Grant No. DPE-5544-6-SS-'044-Q0
 

By Dr. Emanuel Hanski, Department of Hormone Research,
 

The Weizmann Institute of Science, Rehovot, Israel.
 

"Bordetella Pertussis Invasive Adenylate Lyclase: 
 Its Hole in Whooping Cough
 

Pathogenesis and its Possible Use in Development of Acellular Vaccine Against
 

the Disease".
 

In the first six months of this project our studies were mainly directed
 

at 
the purification and characterization of 
the invasive adenylate cyclase
 

of 
 Bordetella pertussis (see objectives I and 2 in Attachment 2). 
 As shown
 

in Fig. I (and as was indicated in our original Grant 
 Proposal) gel
 

filtration chromatography of dialysed urea 
extract results in the separation
 

of apparent high (HP) and 
 low (LP) molecular weight of
peaks adenylate
 

cyclase (AC) activity. 
 These two peaks which constitute more than 80% of
 

total AC activity found in the extract are devoid 
 of penetration capacity.
 

]he peak of fraction inducing cAMP accumulation in target cells (FIC) i.e.
 

the invasive form of the enzyme, migrates between HP and LP and is associated
 

with a minor peak of AC activity. By a two step procedure which includes
 

calmodulin-agarose and 
 hydroxylapatile chromatography we have purified the 

catalysts of HP and LP (see lable 1). Ihe molecular weights of the HP 

catalyst is 200 kDa and its specific activity is 466 Jmol-min-'.mg-1, 

whereas the molecular weight LP catalyst is 47 KDa and 
its specific activity
 

1
 
S988 



is 1685 Pmol-min-'.mg-1. Both catalysts are activated 50-200 fold by
 

calmodulin. However, 
 the half-maximum concentration required for the
 

activation of the HP catalyst (5.4.10-IM) is 30-fold higher than the one
 

required for the activation of the LP 
 catalyst. Purification of the FIC
 

catalyst encountered difficulties due to enormous variation in this molecular
 

species and due to its minute quantity.
 

We have raised polyclonal antibodies in guinea pigs against the 47 KDa
 

catalyst isolated from SDS-polyacrylamide gels. As shown in Fig. 2, the
 

serum obtained, efficiently inhibits the AC activity of 
the purified 47 KDa
 

catalyst. In addition, the polyclonal antibodies specifiLally recognize on
 

immunoblots, both purified catUlysts as well as several other forms of the
 

enzyme of intermediate molecular weight, 
found in the crude extract (Figs. 3
 

and 4). ihe antibody inhibits the activity of all 
forms of the enizyme in
 

similar titer (Fable 2). 
 In addition, the antisera specifically inhibits the
 

penetration of 
the invasive form into target cells. Taken together, these
 

results suggest that 
 all forms of the B. pertussis AC including the
 

penetrative form are immunoiogically related and presumably result from a
 

common precursor molecule. What 
 makes FIC invasive? Do the penetration
 

capacity and the catalytic activity reside on the same polypeptide molecule,
 

or is a separate factor required for penetration of the catalyst? These
 

questions are currently under investigation.
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Fig. 1. Gel filtration chromatography of B. pertussis dialyzed urea extract.
 

Fractions obtained were assayed for: AC activity, ability to induce cAMP
 

accumulation in lymphocytes (penetration activity) and protein.
 



Step Protein Total activity Recovery Specific acLvity 

-(NIg) ( MD1"In - 1 ) M(%) (1anolm-rain . ag 

LP pool 97.500 165.0 100 1.7 
CaM-agarose 
 0.090 
 77.7 
 47 
 863
 

Ilyrylapatite 0.027 45.5 
 29 
 1685
 

Hlp pool 60.0 307.0 100 5.1 
CaM-agarose 0.36 71.4 23 198 
IlYdr-oxylapatite 0.09 42.0 14 466 

Table 1. Purification of B. pertussis adenylate cyclase from LP and HP.
 

HP and LP obtained as described in Fig. 
I were subjected to chromatography o
 

calmodulin-agarose 
and hydroxylapatile. 
 Recoveries are cumulative througi
 

the preparation.
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Fig. 2. 
 Inhibition of LP activity be antibodies.
 

Purified LP 
0.04 ng per assay was incubated with the indicated sera
 

dilutions. 
Aliquots were removed and assayed for AC activity.
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Fig. 3. Identification of HP and LP on immunoblots.
 

Purified LP and HP were subjected to SPS-polyacrylamide gel electrophoresis
 

and then electrophoretically transferred to nitrocellulose. The
 

nitrocellulose blots were incubated with immune serum (lane 1,3) 
 or non­

immune serum (lanes 2, 4). Visualization of the proteins interacting with
 

antibodies was performed using [-"'1]-labeled protein A.
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Fig. 4. Immunoblotting of dialysed urea extract.
 

Sample of crude dialyzed extract was electrophoretically transferred to
 

nitrocellulose and visualized 
 as described in Fig. 3. The nitrocellulose
 

blots were incubated with immune (lane 1) or non-immune serum (lane 2).
 

l u t i nDi~o o 

Adpylate of inuiune 1:1,000 1:10,000 1:100,000 

cyclasa Serum Indblticn of cycla a activity (%) 

lp 94.8 82.0 42.5 

LP 99.0 88.0 46.0 

FIC 96.3 86.6 45.7 

B. pertussis extract 94.8 82.4 35.4 

Sperm* 0 0 0 

Brain, Cat-1-seisirive* 0 0 0 

Brain, CaM-insenitivo* 0 0 0 

Table 2. 
The antibody raised against LP inhibits all forms of B. pertussis
 

AC.
 


