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SUMMARY RI~SUMI~ 

The application of molecular cloning techniques has lead 
to the identification of important  allergens from both 
German and American cockroach (Blattella germanica and 
Periplaneta americana). These allergens include Bla g 2 
(aspartic protease) Bla g 4 (lipocalin) Bla g 5 (glutathio- 
ne-S-transferase) and Per a 3 (hemocyanin). Only the 
Group 1 allergens Bla g 1 and Per a 1 appear to be expres- 
sed by both species. The Group 1 allergens are composed 
of 2-7 tandem amino acid repeats of M00 amino acids and 
show homolog T to mosquito ANG12 precursor and mito- 
chondrial  enerD~ transfer proteins. The prevalence of IgE 
responses to the cloned allergens ranges from 30-80 % and 
Bla g 2 Bla g 4 and Bla g 5 show strong skin test reactivity. 
High level expression systems have been developed to pro- 
duce recombinant  cockroach allergens in bacteria or yeast 
for research purposes and clinical studies. Use of the 
recombinant  allergens will enable antibody and T cell epi- 
topes to be identified and will allow new strategies for coc- 
kroach immunotherapy to be developed. 
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I N T R O D U C T I O N  

E p i d e m i o l o g i c  s tud i e s  have  e s t a b l i s h e d  t h a t  coc-  
k r o a c h  (CR) a l l e r g e n s  a r e  a n  i m p o r t a n t  cause  o f  
a s t h m a .  I n  i n n e r  ci ty a r e a s  o f  t h e  US,  u p  to  60 % 
o f  a s t h m a  p a t i e n t s  a r e  s e n s i t i z e d  to  C R  a l l e r g e n s  
a n d  C R  s e n s i t i z a t i o n  is a r isk  f a c t o r  fo r  a d m i s s i o n  

Caract6risation de la provenance et structure mol6culaire 
des allerg6nes de la blatte. - L'utilisation des techniques 
de clouage mol6culaire a condui t / t  l ' identification d' im- 
portants allerg6nes provenant des Mattes germaniques et 
am6ricaines (Blattella germanica et Peripla~zeta americana). 
Ces allerg6nes comprennent  Bla g 2 (prot6ase aspar- 
tique), Bla g 4 (lipocalin) Bla g 5 (glutathion-S-transfera- 
se) et Per a 3 (h6mocyanique). Seuls les allerg6nes du 
Groupe I, Bla g 1 et Per a 1 paraissent 6tre exprim6s dans 
les deux esp6ces. Les allerg6nes du Groupe 1 sont com- 
pos4s de la r6p4tition d 'un  amino-acide en 2-7 tandem de 
_+ 100 amino-acides et pr6sente une homologie avec le pr6- 
curseur ANG 12 du mousfique et les prot6ines de transfert 
d '4nergie des mitochondries. La pr4valence des reponses 
IgE aux allerg&nes clon6s va de 30/t 80 % et les tests cuta- 
n6s avec Bla g 2, Bla g 4 et Bla g 5 revelent une forte rdac- 
tivit& Des syst~mes d'expression de haut niveau ont 6t~ 
d4veloppds pour cr4er des allerg&nes recombinants de 
Mattes dans des bact&ies ou des levures en rue de 
recherches et d '4tudes cliniques. L'usage de ces allerg&nes 
recombinants permettra  d ' identifier les 4pitopes d'anti- 
corps et de lymphocytes T et de d6velopper de nouvelles 
strat6gies pour l ' immunothfirapie des blattes. 

MOTS-CLI~S : Blattes.- A]lergie. 

to h o s p i t a l  E m e r g e n c y  R o o m s  ( r e v i e w e d  in [1] ) .  
A s t h m a  m o r t a l i t y  a n d  m o r b i d i t y  is i n c r e a s i n g  in  
t he  US,  e s p e c i a l l y  a m o n g  l o w e r  s o c i o - e c o n o m i c  
g r o u p s ,  w h e r e  C R  a l l e rgy  is a p a r t i c u l a r  p r o b l e m .  
A r e c e n t  s tudy  has  s h o w n  t h a t  s e n s i t i z a t i o n  a n d  
e x p o s u r e  to CR a l l e r g e n s  was a s s o c i a t e d  wi th  
i n c r e a s e d  h o s p i t a l i z a t i o n  ra t e s  a n d  a s t h m a  m o r b i -  
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dity among inner  city children in the US [2]. 
Cockroach allergy is also prevalent in other  parts 
of the world, including Japan, Taiwan and Brazil. 
Cockroach induced asthma is associated with high 
levels of  CR infestation in low cost public housing 
in Strasbourg and one study estimated that CR 
allergy could affect N5 % of the French population 
[3]. 

The principal domicil iary CR species are 
Blattella germanica and Periplaneta americana. Over 
the past five years great progress has been made 
towards defining CR allergens using molecular 
biology techniques. Screening B. germanica and 
P. americana cDNA libraries with human IgE anti- 
bodies or allergen specific murine monoclonal 
antibodies has resulted in the identification of 
panels of  allergens from both species. These aller- 
gens are being produced in bacterial or yeast 
expression systems so that the recombinant  aller- 
gens can be used for research, diagnosis and, ulti- 
mately, the treatment of CR allergy. 

STRUCTURE AND FUNCTION 

BlatteUa germanica allergens 

A list of cloned B. germanica allergens, their 
molecular properties, GenBank accession num- 
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bers and WHO/IUIS nomenclature is shown in 
table I. Details of the cloning of Bla g 2, Bla g 4 
and Bla g 5 have been published and sequence 
comparisons with have shown that the allergens 
belong to several protein families [4-5]. Bla g 2 
shows up to 30 % homology with aspartic pro- 
teases such as pepsin human cathepsins and mos- 
quito lysosomal protease [4]. 

Bla g 4 was the first B. germanica allergen to be 
cloned and is a member  of the ligand binding 
protein family (also known as lipocalins or caly- 
cins). Interestingly, this family contains important 
animal allergens, including mouse and rat urina- 
ry allergens, and dog, cow and horse epithelial 
allergens. Lipocalins act to bind or transport 
small hydrophobic chemicals and have a diverse 
array of functions. The rodent  urinary allergens 
are pheromone  binding proteins and it is temp- 
ting to speculate that Bla g 4 may have a similar 
function in CR, a possibility worthy of further 
investigation. Although the overall sequence 
homology between lipocalins is only N20 %, they 
have a conserved three dimensional structure and 
it was possible to model the structure of Bla g 4 
based on its homology to butterfly bilin binding 
protein, which had been crystallized. The structu- 
re is a cup shaped, eight stranded anti-parallel [3 
barrel, with three structurally conserved regions 
located at the base of the cup [5]. 

Table I. - Current nomenclature,  structure and function o f  cockroach allergens. 

cDNA Amino Calculated 
Allergen size (bp) Acids M W  (kDa) Accession No. Funaion 

A: Blattella germanica 
Bla g 1.0101 

Bla g 1.02 

Bla g 1.0102 

Bla g 2 

Bla g 4 

Bla g 5 

Bla g 6 

B: Periplanetaamericana 
Per a 1.0101 

Per a 1.0102 

Per a 1.0103 

Per a 1.0104 

Per a 1.02 

Per a 3.01 

Per a 3.0201 

Per a 3.0202 

Per a 3.0203 

Per a 7 

1429 

1791 

4058 

1056 

546 

1140 

582 

870 

890 

1432 

1024 

1630 

2418 

2274 

1410 

1179 

1330 

412 

492 

328 

182 

2O3 

38 

231 

220 

395 

274 

446 

46 

56 

36 

21 

23 

21 

26 

25 

45 

31 

51 

AF072219 

AF072220 

L47595 

U28863 

U40767 

U92412 

NA 

AF72222 

U78970 

U69957 

U69261 

U69260 

Unknown  

Aspartic protease 

Lipocalin (Calcycin) 

Gluthione-S- 
Transferase 

Troponin  

669 

631 

470 

393 

284 

79 

75 

56 

47 

33 

L40818 

L40820 

L40819 

L40821 

NA 

Unknown 

Arylph o r in /h emo cyan i n  

Ary lphor in /hemocyan in  

Ary lphor in /hemocyan in  

Ary lphor in /hemocyan in  

Tropomyosin  
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Bla g 5 is a member  of the GST-2 family of glu- 
tathione S-transferases and shows 40-50 % homo- 
logy to other insect GST's, and 28 % homology to 
the house dust mite GST allergen (Der p 8) [6]. 
The function of the GST is thought to be in 
detoxification of foods ingested by CR and it is 
possible that GST allergen production could be 
upregulated by the use of insecticides. 

By Northern analysis, it was not  possible to 
detect mRNA for Bla g 2 or Bla g 4 in P. americana 
suggesting that these allergens were species speci- 
fic. Similarly, P. americana extracts did not  inhibit 
IgE ab binding to Bla g 5 in RIA. The only cross- 
reacting allergens that have so far been sequen- 
ced from both B. germanica and P americana are 
the Group 1 allergens Bla g 1 and Per a 1. Bla g 1 
cDNA clones were obtained by screening a B. ger- 
manica cDNA library with an anti-Bla g 1 mAb 
(10A6). The Bla g 1 allergen occurs as two iso- 
forms showing 75 % amino acid sequence [7]. 
Bla g 1 also shows 94 % homology to a previously 
repor ted  nucleot ide  sequence  t e rmed  Bla g 
Bd90K [8]. A striking feature of the Group 1 CR 
allergens is that they consist of a number  of  tan- 
dem amino acid repeats of approximately 100 
amino acid residues. The proteins contain trypsin 
cleavage sites and occur in multiple molecular 
sizes, depending upon the number  of amino acid 
repeats they contain and the extent of trypsin 
cleavage that occurs in the CR digestive system 
[7]. 

• M.D. CHAPMANETAL / 

Table  II.  - E x p r e s s e d  recombinant  cockroach  allergens. 

Expression 
Allergen system Vector 

Cockroach  

Per a 1 

Per a 3 

Bla g 2 

Bla g 4 

Bla g 5 

Pichia pastoris 

E. coli 

E. coli 

Pichia pastoris 

Pichia pastoris 

E. coli 

Yield 
(rag~L) 

pPIC9 14 

pET21b 18 

pET 

pPIC9 -10  

pPIC9 50 

pPET21a 3-4 

Table  IIL - Biologic activity o f  natural  and recombinant  
cockroach  allergens 1. 

Intraderraal shin test titer 
Patient 

nBla g 2 

j s  

SE 

TB 

RM 

MB 

ST 

Controls 
(n= 4) 

B. germanica 

10-5.5 

10-5.5 

10-5 

10-5.5 

10-6 

10-5.5 

t0 -2 > 10 

10-3 

10-2.5 

n.d. 

10 -3 . 

10 -25 

10-1 

1. Intradermal skin test titers in six cockroach 
non-allergic controls [4-6]. 

rBla g 4 rBla g 5 

10-3 10 4 

10-5 10-3 

10-5 10-3 

10-3 10-1 

> 1 n.d. 

>1 >1  

> 10 > 10 

allergic patmnts and tour 

Periplaneta americana allergens 

The function of the Group 1 allergens is not 
clear, however, two Per a 1 isoforms have been clo- 
ned and the Per a 1.01 sequence occurs as four 
isoallergenic variants (table IB) [9, 10]. Sequence 
comparisons show that the Bla g 1 and Per a 1 
allergens show homology to a mosquito protein 
ANG 12, which is thought to be involved in diges- 
tion of  a bloodmeal  [7, 9, 10]. The Group 1 CR 
allergens also contain motifs that are found in 
mitochondrial energy transfer proteins which also 
have three amino acid repeats similar to those 
seen in the Group 1 allergens. 

Two other P. americana allergens have been clo- 
ned : Per a 3 which shows homology to insect sto- 
rage proteins (arylphorins) or hemocyanins ; and 
Per a 7, which is tropomyosin (table IB) [11, 12, 
13]. Per a 3 has two isoforms Per a 3.01 (79kd) 
and Per a 3.02 (75kd), with 69 % homology and 
there are three variants of Per a 3.02. The variants 
appear to be truncated forms of  Per a 3.02 contai- 
ning central antigenic determinants of the mole- 
cule [12]. 

ALLERGENIC IMPORTANCE 
OF COCKROACH ALLERGENS 

Skin tests and in vitro serologic assays have esta- 
blished that the prevalence of  IgE ab to natural 
Bla g 1 and Bla g 2 ranges from 30-50 % and 
60-80 % respectively. Recombinant  CR allergens 
have been produced in E. coli Bla g 4, Bla g 5, Per 
a 1, Per a 3) or in the yeast Pichia pastoris (Per a 1, 
Bla g 2, Bla g 4) (table II) [14]. Serologic studies 
suggest that the prevalence of IgE ab to rBla g 4 
and rBla g 5 is 60 % and 70 %, respectively and 
that a cocktail of  Bla g 1, Bla g 2, Bla g 4 and Bla g 
5 would diagnose 95 % of patients with CR aller- 
gy. Quantitative intradermal skin tests show that 
these allergens give positive reactions using pg 
amounts  of  allergen (down to 10-6gg/ml)  
(table III). 

For P americana the prevalence of IgE ab to Per 
a 1 is 30-50 %. Skin tests using natural Per a 3 gave 
positive reactions in 83 % of CR allergic patients, 
however, only 47 % of patients showed reactivity 
to rPer a 3.01 and rPer a 3.02 expressed in the 
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pET system [12]. Marked differences in skin test 
reactivity have been observed between cloned Per 
a 3.0202 (26 %) and 3.0203 (94 %). Per a 7 has 
only recently been cloned and plaque immunoas- 
say results suggest that approximately 70 % of  CR 
allergic patients have IgE ab to this allergen. 
While further assessment of  the allergenic reacti- 
vity of  recombinant P. Americana allergens is 
required the current data leaves little doubt that 
Per a 1 Per a 3 and Per a 7 are important allergens 
that should be considered for research and clini- 
cal use. 

CONCLUSIONS 

Panels of  important CR allergens have been clo- 
ned and produced as recombinant proteins in 
high level expression vectors. Several allergens 
appear to be enzymes produced in the CR diges- 
tive system. With the exception of  the Group 1 
allergens, CR allergens identified to date appear 
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to be species specific. Monoclonal antibodies have 
been raised against Bla g 1, Per a 1, Bla g 2 and 
Per a 3. These mAb have been used in immu- 
noassays for standardization of  CR extracts and 
for assessments of  environmental allergen expo- 
sure (reviewed in [1] ). These assays will enable cli- 
nically significant levels of  CR allergen exposure 
to be established and the effects of  insecticides on 
CR allergen levels to be investigated. 

Expression of  recombinant CR allergens will 
provide tools to determine the three dimensional 
structure of  the allergens and the amino acid 
sequence data will enable strategies for the iden- 
tification of  T cell epitopes to be pursued. The 
sequences will also be available for use in trials of  
new forms of immunotherapy, e.g. plasmid DNA 
vaccines or use with other Thl  like adjuvants. The 
use of  recombinant CR allergens should allow 
mechanisms of CR allergen induced asthma to be 
investigated and may lead to new approaches to 
asthma treatment in the future. 
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