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Cloning  and Expression of Immunologically 
Active  Recombinant Am6 a V Allergen of Short 
Ragweed (Ambrosia arfemisiifolia) Pollen' 

Balaram  Ghosh,2 Michael P. Perry, Thorunn  Rafnar,  and David C. Marsh 

ABSTRACT. We have cloned and sequenced Amb a V, an Ambrosia artemisiifolia (short ragweed) pollen allergen that 
has proved to be  particularly useful in the genetic analysis of human immune responsiveness. The amino  acid 
sequence deduced from the cloned  cDNA sequence corresponds to the  published sequence of the protein, except 
that  the cDNA sequence encodes an extra 10 amino acids at the C-terminus. The expressed 55-residue protein is 
then  presumably  cleaved enzymatically at the C-terminal  lysine found  in the 45-residue protein isolated from the 
pollen. The cloning and sequencing of Amb a V  genomic DNA  confirmed the cDNA sequence and showed that 
the Amb a V gene has no introns. Recombinant Amb a V allergen, expressed in Escherichia coli, bound  to IgG and 
IgE antibodies in  all Amb a V-allergic individuals tested and inhibition studies demonstrated that the  recombinant 
protein contains  a subset of the antigenic epitopes found  on native Amb a V. In addition,  recombinant Amb a V 
released histamine efficiently  from basophils from Amb a V-allergic patients. The recombinant Amb a V allergen 
and mutants of Amb a V should, therefore, be useful in studies of allergen epitopes in humans, as well as providing 
a  diagnostic tool. journal of  Immunology, 1993, 150: 5391. 

A large proportion  (at  least 15-20%) of the  pop- 
ulations in the developed  countries  suffers from 
IgE-mediated atopic diseases such as allergic 

rhinitis and bronchial asthma  (1, 2). Among  the  wind- 
pollinated  weeds,  ragweed  pollens  represent a major  source 
of allergenic  proteins in the United  States (3). The most 
extensively  studied  pollen  is  short  ragweed (Ambrosia 
artemisiifolia), from  which  several  allergens  have  been 
purified  and  characterized (4-10). Amb a V3 (Ra5) and 
its Amb V  homologues, Amb t V (from giant  ragweed)  and 
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Amb p V  (from  western  ragweed),  are  proteins of low rel- 
ative m.w. (4400-5000), which  have been studied as model 
systems because of the striking  associations  between im- 
mune  responsiveness to these  proteins  and  the  atopic sub- 
ject possessing  the HLA-DRBl"1501 allele and the ex- 
pressed HLA-DR2lDw2 specificities (1 1-14). Amb a 
V-specific T  cells  have  recently  been  cloned from ragweed- 
allergic  individuals. In experiments  using  these  T  cells,  and 
by DNA sequencing  and DNA typing of HLA-D region 
genes, it has been shown  that immune responsiveness  to  the 
Amb a V  allergen is primarily  restricted  to  the  HLA-DR 
(a ,  p l  *1501)  molecule  (formerly DR2b  or  DRaP, 2.2) 
(15, 16). These data  provide  strong  evidence for a causal 
relationship  between  the  presence of the DR (a ,  p 1 * 150 1 ) 
molecule  and  responsiveness  toward  the Amb V allergens. 

Cloning  and  sequencing of the cDNA encoding  these 
allergens is important: 1) for the production and purifica- 
tion of large  quantities of allergen  proteins,  and 2) to per- 
form  site-directed  mutagenesis  and express these  mutant 
allergens for the  purpose of studying the molecular mech- 
anism of their  interactions with MHC  class I1 molecules, 
TCR  and antibodies. We report  the  molecular  cloning and 
sequence  analysis of the Amb a V  allergen and also dem- 
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Table I 
Oligonucleotides used for reverse-transcription and/or PCR amp/;fication 

Name" Sequence" Derived  from Am6 a V 
aa Poslt~ons' 

1-7 
40-35 
34-26 

BG15 ~ ' - A C ~ ~ ~ ~ ~ ~ C / T T I G T I C ~ I T G C / T C C I T G G C C  
BC16 ~ ' - A G ~ ~ ~ ~ ~ ~ ~ T T T I C C ~ / A C A T / C T T T / C T T I G / C ~ T C ; / A C A  
BC18 ~"T/CTCG/ATAG/ACAIACIACT/CTGCCAIGCG/ACA 
BC20 5'-CAgaattcCTCGACATCCA(T),, 
BC2 1 
BC22 
BG24 5"ACCACTTCCCAAGCACAGTACCC 
BG28 5'-AGgaattcCTTTGTCGTGAAAAGCCTC 
BC29 5'-AGgaattcTATTTCGCTCCATTCGTAAC 
BC31 ~ ' - C A ~ ~ ~ ~ ~ ~ G T / C G T T C T T A C T C A C C T T C A  
BG33 5"AGgaattcATTACTTTCTTAATTTTTA 

,'The degenerate nucleotides are shown  In small caps. Inosine (I) was Included at positions of fourfold degeneracy. Ollgonucleotdes were synthesized by the 

"Sequences of  oligonucleotides used in this study. FcoRl restriction sites are shown in lower-case letters. 

5'-CAgaattcCTCCACATCCAT 
5"CCATATTCTTGTACCCACCCA 16-22 

31-24 
10-1 6 
38-32 

phosphoramidlte  method  uslng a DNA synthesizer iMilligen/Biosearch)  and  purified by HPLC at  the  Johns  Hopkins  School of Hygiene  and  Public  Health. 

The amino  acid  positions of Amb d V to whlch the  oligonucleotldes  correspond. For the  oligonucleot~des BCl5, BC24, BC28, and BC29, only parts of the 
codons of the aas at positions 7, 31, 16, and 32, respectively, are used (see Fig. 2). 

onstrate  that the expressed  recombinant Amb a V (rAmb a 
V) allergen  contains  a  subset of the epitopes  found  on  native 
Amb a V (nAmb a V) and binds  to  IgE  and  IgG  antibodies 
from  allergic  individuals.  Furthermore, rAmb a V  releases 
histamine from basophils of Amb a V-allergic individuals. 

Materials and Methods 
Reverse transcription  and PCR 

The overall  strategy of PCR  amplification is schematically 
shown in Figure 1 and is similar to  that  described in detail 
elsewhere (17). Total RNA was isolated from  short  ragweed 
pollen  (Greer Labs, Lenoir, NC) using a  modified  proce- 
dure of plant RNA isolation (17). sscDNA  was  synthesized 
from the short  ragweed total RNA  (17). Two degenerate 
primers  BG15 and  BG16 were  synthesized  based  on the N- 
and C-terminal sequence information, respectively (Table 
I). Because the codon  usage  of this plant species was not 
known, we synthesized  a  mixture of oligonucleotides;  to 
reduce the degeneracy,  inosine (I) was introduced at po- 
sitions of fourfold  degeneracy. The  sscDNA ( I  .5 pl) was 
amplified  through 30 PCR cycles in the presence of 75 pmol 
each of BG15 and BG16  primers  (Table I)/50 mM KCl/lO 
mM Tris-HC1 pH 8.411.5 to 4.0 mM MgCI2/0.01 % gelatin/ 
0.7 mM dNTP  as described (18). The  cDNA was initially 
denatured  for 5 min  at 95°C followed by the  addition of 2.5 
units of Taq polymerase  (Perkin-Elmer/Cetus,  Emeryville, 
CA). The conditions for PCR amplification  were  as  fol- 
lows:  denaturation  at 92°C for  2.0 min, annealing  at 47°C 
for 1 min, and extension  at 72°C for  1.5 min. At the end of 
the last cycle,  the  extension was carried  out for an  addi- 
tional 10 min at 72°C.  The amplified DNA products (5-10 
pl) were analyzed by electrophoresis  on  an  agarose  gel 
(NuSieve, GTG agarose,  FMC  Bioproducts,  Rockland, 
ME) and  a  Southern blot hybridization  was  performed with 
the  oligonucleotide,  BG18. The expected 15 I-nucleotide 
fragment  was  isolated  from the agarose gel and subcloned 

into MI3  mp 10 for  sequencing.  Based  on this sequence,  a 
number of  Amb a V-specific oligonucleotides (BG22, 
BG24,  BG28,  and  BG29)  were  synthesized (Table I). 

3'-end  amplification by PCR 

Total RNA was mixed with 1 pl(0.5  pg/pl)  (dT)17-adapter- 
primer (BG20), heated at 65°C for  2 min and  quenched  on 
ice. The reverse  transcription was performed  as  described 
(17). The reaction mixture was diluted  to 500 pl with TE 
( 10 mM Tris-Hcl pH 7.4, 1 mM EDTA buffer  and  stored  at 
4°C. Two microliters of the cDNA pool were amplified 
under the same  conditions  as  described  before,  except  for 
the following  changes: 1) 30 pmol each of BG2l(adapter) 
and BG28 (Amb a V  specific)  primer were used, 2) 2 mM 
of each  dNTP was used,  and 3) annealing  was  performed 
at 50°C. The amplified  product (1-2  p1) was then ream- 
plified with 30 pmol each of BG22  and  BG21  under  the 
above  conditions. These PCR-amplified  fragments were 
analyzed by agarose  gel  electrophoresis  and  a  Southern  blot 
hybridization was performed with an  internal  oligonucle- 
otide,  BG24 . 

5'-end amplification by anchored-PCR 

Total RNA was reverse-transcribed  using the Amb a V 
gene-specific  primer  BG16 in a total volume of 60 pl as 
described  above, and the  resultant cDNA was diluted  to  2 
ml with water. The excess  primer  was  removed by Cen- 
tricon 30 spin-filtration  (Amicon  Corp.,  Danvers, MA) and 
a poly (A) "tail" was added as described  (17). The resultant 
5'-cDNA pool (10 pl) was amplified  under  the  same con- 
ditions as described  for the 3'-end amplification  except for 
the  following  changes: I )  5  pmol of BG20  (dT17- adapter), 
30 pmol of BG21 (adapter-primer),  and 30 pmol of BG29 
(Amb a V-specific primer) were used, 2 )  1.5 mM MgClz 
was present in the PCR reaction, and 3) annealing  was 
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performed at  52°C. The PCR products were analyzed by 
agarose gel electrophoresis and a Southern blot hybridiza- 
tion  was performed with the internal oligonucleotide, 
BG24. 

Direct  amplification of genomic Arnb a V DNA from 
pollen 

Petroleum ether-defatted short ragweed pollen  was incu- 
bated at  37°C for 30 min  in PCR buffer (50 mM  KCYlO  mM 
Tris-HC1,  pH 8.4/2.0 mM  MgC1,/0.01% gelatin) containing 
0.05 mg/ml of proteinase K, 20 mM dithiothreitol and  1.7 
pM SDS. The mixture was  heated  at  85°C for 10  min to 
inactivate the proteinase K. Ten p1 of the extracU30  pmol 
each of  Amb a V specific primers BG33 and  BG31 (Table 
I)/IO pl of  PCR buffed10 pl of dNTP (2 mM each) in a total 
volume of 100 ~1 were denatured at  95°C for 10 min. Taq 
polymerase (2.5 U) was added and the DNA  was amplified 
in a thermal cycler as follows: denaturation 93°C for 1.5 
min, annealing at 37°C for 45 s, and extension at  72°C for 
45 s, with a final extension for 10 min. 

Sequencing of PCR products 

The PCR products were digested with EcoRI and ligated 
into an EcoRI-digested dephosphorylated M13 mp 10 vec- 
tor as described (19). For the isolation of 5'- and 3'-end 
specific clones, the MI3 plaques were screened as de- 
scribed (17). Oligonucleotides BG22  and BG24 were  used 
as probes separately for 5 '-end clones to obtain both com- 
plementary strands. For the 3 ' -end clones, the identical pro- 
cedure was followed except that  only BG24 was  used. The 
ssDNA was isolated from M13 clones and sequenced using 
Sequenase (U.S. Biochemicals, Cleveland, OH), according 
to the supplier's protocol. 

Genomic Southern blot analysis 

Short ragweed genomic DNA  was digested separately with 
EcoRI, BamHI,  and RsaI restriction enzymes. The digested 
DNA  was separated on 0.7% agarose gel. The DNA  was 
transferred onto a nylon membrane (Genescreen Plus) fol- 
lowing standard protocol (19). The blot  was prehybridized 
for 3  h in 6X SSPE/SX Denhardt's solutiodl00 pg/ml de- 
natured salmon sperm DNA/O. 1 % SDS and  was hybridized 
for 18 h in fresh hybridization solution in the presence of 
a 32P-labeled Arnb a V cDNA probe. The membrane was 
washed  with increasing stringency to a final wash in 0.5X 
SSC/0.1% SDS at 55°C for 30 min and exposed to x-ray 
film for autoradiography. 

Expression of recombinant Arnb a V protein in 
Escherichia coli 

The coding sequence for the Amb a V protein was amplified 
using  PCR  with the following primers: 5' primer: 5'-GA- 

AcatatgggatccTTAGTGCCGTGTGCGTGGGCGGGG-3', 
and 3' primer: 5'GAAcatatggaattcATTATTTGCCGCA- 
TTTTTTGGTGCATAT-3'. The amplified products were 
digested with EcoRI and  BamHI  and subcloned into the 
pGEX-2T vector, inframe with a 26-kDa polypeptide of 
GST from Schistosoma japonicum (20). After transforma- 
tion of E. coli strain JM  109  with  the recombinant plasmid, 
the fusion protein was expressed and  purified  as described 
(21). The purified fusion protein  was  then cleaved with 
thrombin and the resulting rAmb a V and GST fragments 
were separated by reverse phase HPLC (21). 

DARIA 

Antibody binding to native and recombinant Amb a V was 
measured by DARIA (9). Human sera were  obtained  from 
ragweed-allergic individuals who had  been found to  pos- 
sess substantial levels of IgE antibody to Arnb a V, and  had 
not received ragweed immunotherapy for at least 5 yr. 
Briefly, 1 ng  of '251-labeled nAmb a V or rAmb a V was 
incubated with diluted human serum (1/2 for IgE and 1/10 
for IgG analyses). A total of 50 pl of each of goat anti- 
human IgE antiserum and  human IgE myeloma PS (1//250) 
for the IgE analyses, or  100 pl of goat anti-human IgG 
antiserum was  added for the  IgG antibody analyses. The 
mixtures were incubated at 4°C for 18 h. The precipitates 
were pelleted, washed four times  in  BBS  and counted to 
assess direct Ag binding. 

Antigenic cross-reactivity between recombinant and  na- 
tive Amb a V was  measured by competitive DARIA. One 
ng  of '2SI-labeled nAmb a V protein was  incubated for 4 h 
at  23°C  with  human allergic serum, diluted as above, in the 
presence of 10-fold dilutions (100, 10, 1, and 0.01 ng) of 
unlabelled rAmb a V or nAmb a V. The second antibody 
(anti-IgE or anti-IgG) was added  as  before  and the precip- 
itate was  washed  and counted. The percent inhibition (%I) 
was calculated using  the formula: %I = (cpm of  test serum 
without inhibitor) - (cpm of test serum  with inhibitor)/(cpm 
of test serum without inhibitor) - (cpm of negative control 
serum) X 100. 

Similar inhibition experiments were  performed  using ra- 
diolabeled rAmb a V 

Histamine release  assays 

Basophil histamine release sensitivities to recombinant and 
native Amb a V were assayed by a previously described 
procedure (22). Briefly, the RBC were sedimented from 
whole  blood by dextrose sedimentation. The leukocytes 
were separated from plasma by centrifugation. The cell pel- 
let was washed with PAC (Pipes, albumin, and glucose) and 
resuspended in PAC containing Ca2+ and Mg2+ salts. Al- 
iquots of the final cell suspension were incubated with  re- 
combinant or native Arnb a V at  37°C  in a water  bath for 
45 min. After a brief centrifugation, the supernatants were 
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BG20 
(C) 

FIGURE 1. Schematic representation of the strategy for Arnb a V cloning. The stippled area  represents the portion  of Arnb a 
V where the amino  acid sequence was known. This portion was amplified using primers BG15 and BG16 (a).For the 3'-end 
amplification (b), the sscDNA (produced using BG20) was amplified successively using BG28 plus BG21, followed  by BG22 
plus BG21 to increase the specificity. For the 5'-end amplification (c), the sscDNA (produced using BG16) was subjected to 
poly (A) tailing. The product was annealed with BG20 and  then amplified using BG29 and BG21. 

collected into plastic cups and  used for measuring hista- 
mine release in an autoanalyzer (Technicon, South Plain- 
field, New Jersey) using o-phthaldialdehyde. The results 
are expressed as the percentage of histamine release in- 
duced by the allergen relative to that induced by lysis of the 
cells with 8% perchloric acid. 

Results 
Arnb a V cDNA sequence 

After the strategy of  PCR amplification described in Figure 
1, we obtained three sets  of overlapping cDNA sequences 
(see Materials and Methods). From these overlapping se- 
quences, the total nucleotide sequence of  Amb a V was 
compiled (Fig. 2). The resultant full-length Amb a V cDNA 
sequence is compatible with  the  published amino acid se- 
quence, except that  the  presumed translation-initiation 
codon (ATG, shown in bold) is one nucleotide out-of-frame 
in comparison with the published amino acid sequence (7). 
To test whether the cDNA sequence may have an artifact 
resulting from from the anchored-PCR, we obtained inde- 
pendent clones from multiple PCR reactions. We have  se- 
quenced a total of  six full-length independent cDNA clones 
in both orientations and all have the identical sequence. 

Arnb a V genomic DNA 

To compare the  cDNA sequence with the Amb a V genomic 
DNA sequence, we cloned and sequenced the Amb a V 
genomic DNA from short ragweed pollen. Primers BG33 
and  BG3 1 were  used  to amplify Amb a V DNA directly 
from pollen. The amplified DNA  was subcloned into M 13 
and sequenced. The sequences of all  the seventeen genomic 
DNA clones obtained exactly corresponded to the cDNA 
sequence obtained earlier, including the out-of-frame ATG 
codon. This finding also showed that the Amb a V gene 
contains no introns. 

Comparison of the nucleotide sequences of Amb a V 
and Arnb t V 

Both  the amino acid and nucleotide sequences of these two 
allergens are compared in Figure 2. From the amino acid 

sequence deduced from the cDNA sequence, it is interest- 
ing to note  that the Amb a V protein has  an extra I O  amino 
acids at  its C terminus. These residues are absent in the 
mature protein isolated from the  pollen (6, 7, 9), possibly 
due to posttranslational cleavage or proteolytic digestion 
during purification. There is  an inframe translation termi- 
nation codon, TAA (shown in  bold  in  Fig. 2), after an ATA 
codon  that encodes the C-terminal amino acid, Ile. In ad- 
dition to the expected homologies between  these two al- 
lergens (49%  homology  at the amino acid level), portions 
of the sequence are highly conserved, specifically, a part  of 
the signal sequence, codon  minus  13  to  codon  minus 1 
(Amb a V numbering; underlined in Fig. 2), and the un- 
derlined portions of the 3' ends. The underlined portions of 
the 5' ends have 97% homology (1 mismatch in 34 nu- 
cleotides) and the 3' ends have  89.5% homology (5  mis- 
matches in 48 nucleotides). 

Arnb a V genomic Southern blot 

To investigate the genomic organization of  Amb a V gene, 
a Southern blot analysis of short  ragweed genomic DNA 
digested with various restriction enzymes was performed 
and shown in Figure 3. The Amb a V cDNA binds to  two 
bands in BamHI (lane 1 ) and HindIII (lane 2 )  digested 
genomic DNA  and  to three bands in RsaI (an internal site 
present in Amb a V) digested DNA (lane 3 ) .  This heter- 
ogeneity could be due  to  the presence of more  than  one gene 
in a single plant or to allelic variation of the Amb a V gene. 

Expression of rAmb a V in E. coli 

rAmb a V was expressed in E. coli fused to a 26-kDa frag- 
ment of  GST. After affinity purification, the fusion protein 
was cleaved and the rAmb a V and GST were separated by 
reverse phase HPLC. Expression of soluble, monomeric 
rAmb a V in this system was relatively inefficient ( 10-100 
p,g/liter),  most likely because the large number of cysteines 
and  high degree of folding of  Amb a V cause it to aggregate 
during synthesis. Solubilization of the aggregates in guani- 
dine.HC1, followed by dilution and dialysis did not signif- 
cantly increase the recovery of monomeric rAmb a V (21). 
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A m b a V  

A m b c v  

-22 

Met Asn  Asn 
acatttcatagtttaaagaaattatc ATG AAG AAC 

Met Lys Asn 

-15 

attactttgttaatttttatat ATG AAT AAT 

-19 
Amb a v -" "- -" "- "_ "- "-  -" _" G'A AAA AAT  GTC  TCG  TTT 

Amb t V  ATA  TTT AT0 CTT ACA CTT  TTT  ATT  CTT ATT ATT  ACT TCG ACC  ATT 
Glu Lys Asn Val Ser Phe 

I l c  Phc Met LCU Tllr Leu Phe Xlc Leu  Ile Xle Thr Ser Thr Ile 

"- --- -" "_ "_ "- "_ "- "_ 

Arnb E V  GAA TT- GOA ACA  GAT GAA GTC  GAT GAA n 
Val Phe 110 Gly Scr Thr  Asp C l u  Val Asp C l u  x10 Lys --- --- 

Amb C V  AAG GC- GGA I P P  AC& AAT GAA  GTC  GAT  GAA n 
LYS Ala I l C  Gly  Ser  Thr  Asn  Glu Val Asp Glu Ile Lys  Gln  Glu 

CAA GAA 

-10 -5  -1 -" "_ 

Amb a v --- TTA  GTG  CCT  TGT  GCC TGG GCG GGG AAC GTT TGT  GGT GAA AAG CGT 
5 10 15 

Amb t V GAC GAT GGA CTT  TGT --- TAT GAG GGG  ACC AAT TGT  GGT AAA GTG GGC 
Asp  Asp Gly Leu Cys --- Tyr Glu Gly Thr Asn Cys  Gly Lys Val Gly 
16 20  25 30 

Amb a V GCA TAT  TGT  TGT  AGC  GAC CCA GGG  CGG  TAC  TGT  CCT  TGG CAA GTG 

Amb t V AAA TAC TGT  TGT  AGC CCC ATT GGG M G  TAC  TGT --- ---  --- --- Ala  Tyr  Cy#  Cy# Ser Asp Pro Cly Arg Tyr  Cys Pro Try Gln Val 

Lys Tyr  Cys  Cys  Ser Pro Ile Gly Lys Tyr  Cys --- --- ---  --- 

Amb 8 V GTT  TGT  TAC GAA TCC AGC GAA ATA  TGC AGC AAA AAA TGC  GGC AAA 
31 35  40  45 

Amb C V GTC TGT  TAT GAT TCC AAG GCA ATA  TGC  AAC AAA RAT  TGT  ACT  TAA 
V a l  Cys  Tyr  Glu See Ser Glu Ile Cys Ser Lys Lys Cys  Gly Lys 

Val Cys  Tyr  Asp Ser Lys Ala 11s  Cys Asn Lys Asn Cy6 Thr --- 

1 

"- Leu Val Pro Cys Ala Try Ala Gly Asn Val Cy8  Gly Glu Lys Arg 

Amb a V ATG CGG A- AAC GCA Up 

t v -" "- -- aat ate act aaa cac aca ata tal aaataattacaattt aaatqct (6). 
Met Arg Met Asn Val Thr Lys  Asn Ala Ile 

Amb a  V tatgcagttatctattaaatgaaataatcgtttatat(aJn 

FIGURE 2. Nucleotide sequences of the cDNAs  of Amb a V (this  study)  and Amb t V (17) with  translated  amino  acid 
sequences. The  identical codons and  stop codons are shown in bold type. The  postulated  amino  acid sequences of the  signal 
peptides deduced from the  nucleotide sequences are shown in italics. The highly homologous  regions at the 5'- and 3'-ends 
are underlined (see text). The Amb a V translation  initiation codon (ATG) at position  minus 22 is putative. At the  location  shown 
by double-underlining, 50% of the clones sequenced were missing the "aaatgct" sequence and 25% of clones had a 
substitution of "caaatgctt" for  "aaatgct". The GenBank accession  number for Amb a V is M84987; the  number  for the previously 
described Amb t V is M38782. 

DARIA  of sera from Am6 a V allergic individuals 
showed a direct relationship between the amounts of IgE 
antibodies (18 individuals, r = 0.888, p = O.OOO1) and  IgG 
antibodies (25 individuals, r = 0 . 9 5 2 , ~  = O.OOO1) to native 
and recombinant Am6 a V, as assessed by the amount of 
radioactive Ag  bound (after subtracting controls) (Fig. 4). 
Similar correlations were obtained when "units/ml" of IgE 
and IgG antibodies (determined by reference to a standard) 
were plotted (data not shown). 

Antigenic cross-reactivity between the two proteins was 
then assessed using a competitive DARIA where rAm6 a V 
was used to inhibit the binding of  human IgE and IgG to 
radiolabeled nAm6 a V. In 9 of the 10 sera tested, rAm6 a 
V was able to block a considerable fraction (50-80%) of the 
IgE and IgG antibody binding to the native protein; in one 
subject (DS) 100% inhibition was observed (see Fig. 5 for 
representative examples). The IgE and IgG inhibition data 
were similar for any given individual. We also performed 
inhibition experiments using '251-labeled rAm6 a V. In this 
case, the inhibition curves for both unlabeled nAm6 a V and 
rAm6 a V were superimposable (data not shown). Taken 
together, the combined sets of inhibition DARIA data show 
that the rAm6 a V contains a subset of the antigenic and 
allergenic epitopes of nAm6 a V, except for one highly 

1 2 3  

23130 

9416, 

4361. 

2322. 

1353- 

872- 

603- 

FIGURE 3. Southern  blot  analysis of short  ragweed 
genomic DNA. The total  genomic DNA was  digested  with 
EcoRl (lane I), BamHl (lane Z), and Rsal (lane 3)  and a 
Southern  blot  hybridization  was  performed  with a 32P- 
labeled Amb a V cDNA probe.  Size markers are shown  on 
the left. 
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FIGURE 4. Binding of a, human IgE 
and b, human IgG antibodies to recom- 
binant and native Arnb a V. The data are 
shown as total cpm of lZ5l labeled pro- 
tein bound by the antibodies (minus cpm 
for control sera). 

cpm of bound  nAmb 8 V 

d 

allergic  individual  (Fig. 5, c and d )  who was not able to 
distinguish  between rAmb a V  and nAmb a V. Finally, the 
ability of the recombinant  and  native  proteins  to  release 
histamine from basophils from allergic  and  control  indi- 
viduals  was  tested.  Basophils from  two Amb a V-sensitive 
allergic  individuals, AP and  DS,  who  exhibited  different 
inhibition curves  for rAmb a V, released  histamine  as  ef- 
ficiently in response to rAmb a V as nAmb a V (Fig. 6). 
Basophils  form  two  control  individuals, TR (ragweed- 
allergic  but  not  sensitive  to Amb a V) and MEL (nonal- 
lergic),  however,  released  no  histamine in response to either 
rAmb a V or nAmb a V (data not shown). No histamine 
release was observed in any of the  four  subjects  when  the 
assay was performed  using GST  as the Ag. 

Discussion 

Using  the  anchored-PCR  we  have  cloned  and  sequenced  the 
cDNA  encoding the Amb a V  allergen from short  ragweed 
pollen. Our PCR  approach  is  suitable for genes that are 
expressed  at  very low levels  and  is  much  less  time- 
consuming than  conventional cDNA  cloning. Initial at- 
tempts  to clone this cDNA  from a cDNA library  constructed 
from short  ragweed  pollen  was  unsuccessful. The library 
was  screened  extensively by using human sera from Arnb 
a V-allergic individuals  and also by appropriate  oligonu- 
cleotide  probes  including  a  synthetic Amb a V gene (kindly 
provided by Drs.  Normand  Brisson  and  Guy  Boileau,  Uni- 
versity of Montreal,  Montreal, Canada) deduced from the 
Arnb a V amino acid  sequence.  Another  attempt  was made 
to screen  the  library  using  PCR-amplified DNA encoding 
a partial Amb a V  segment as a  probe,  but  we  were  still 
unable  to pick up  even a  single  positive clone. In contrast, 
Rafnar et al. (23)  were  able to  clone  cDNA encoding  the 
Amb a I allergen from the same  cDNA library. We, there- 
fore, reasoned  that  the  representation of  Amb a V  clones in 
the cDNA library  was  insignificant. This notion  is  further 
substantiated by the fact  that the representation of mRNA 
encoding Arnb a V  was so low  that  a  second  PCR  was 
required to find  a  detectable  amount of amplified  product 
in the agarose  gel. 

Using Amb a V-specific primers (BG33 and BG3 l), we 
have  also amplified and sequenced Amb a V genomic DNA 

directly  from  pollen. This is the first  demonstration of a 
direct  amplification  and cloning of any  allergen  gene by 
PCR from genomic DNA.  Genomic  DNA sequencing 
showed  that  the Amb a V gene contains  no  introns. We 
sequenced 17 genomic  clones  and all of them  were  identical 
to the cDNA sequence. The absence of a  known  translation 
initiation codon inframe with the published amino acid  se- 
quence is interesting. One possible  explanation is that Taq 
polymerase may skip  a  base  during the initial  elongation 
steps of the amplification  cycles,  as  previously  suggested 
(24). This possibility, however,  seems unlikely because 
both genomic  and cDNA sequencing  were done from  PCR 
products  amplified in multiple  independent PCR reactions. 
Alternatively,  either an RNA-editing  mechanism or a  trans- 
lation  frame-shifting  mechanism may be in operation  to 
keep the  sequence  inframe for synthesis of the Amb a V 
protein.  Such  mechanisms  have been observed in molecular 
genetic  studies of yeast  and other organisms (25-27). If 
RNA editing  were  functional,  at  least  some of the cDNA 
should  have  an  altered  (inframe)  sequence.  However, se- 
quencing of six full-length cDNA clones  showed  that all 
had  the  identical  sequence that is  out-of-frame by one nu- 
cleotide. This result  argues  against  RNA  editing as a  pos- 
sible  mechanism. The usage of initiation codons other  than 
ATG as  suggested  previously may be another  possibility 

Comparing the nucleotide  sequences of the Amb a V and 
Amb t V cDNA, we  observed  very  high  levels of homology 
at both the 5‘ and 3‘  ends (Fig. 2, underlined  portions). We 
anticipate  that  these  regions  should also be conserved in 
Amb V  homologues from other  ragweed  species,  e.g., Am- 
brosia  psilostachya (western), Ambrosia bidentata (south- 
em), etc.  It  should  then be possible to  clone these Amb V 
homologues  directly from pollen by PCR  using  conserved 
5‘- and 3’-end segments as primers.  Initial experiments 
with western  ragweed  pollen using these  primers  have 
shown  promising  positive  results (B. Ghosh, T. Rafnar, M. 
P. Perry, and  D. G. Marsh,  unpublished  observations). 

Our DNA  sequencing shows the presence of codons  for 
an  “extra” 10 amino acids  as compared to the published 
sequence  at the C-terminus of the  major 45 amino-acid Amb 
a VA variant (7). A  trypsin-like enzyme may remove  the 10 

(28-30). 
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FIGURE 5. Competitive inhibition of '251-labeled nAmb a V binding to human IgE (a, c, and e) and IgG (b, d, and f )  
antibodies from three representative Amb a V-allergic individuals, using nAmb a V or rAmb a V as inhibitors. 

amino-acid peptide during posttranslational processing or 
during purification of the Amb a V protein. It is also worth 
noting that  in the Amb t V gene there is a TAA codon at this 
position (9, 17).  In addition, a minor, 44 amino-acid Amb 
a VB variant has been isolated, which is identical to the 
Amb a VA, except that the C-terminal Lys is absent (9). We 
speculate that the gene encoding the Amb a VB form could 
have been generated by a mutation of the Lys codon (AAA) 
found in the Amb a VA gene to a termination codon (TAA), 
found in the Amb t V homologue. 

Expression of  rAmb a V in E. coli resulted in the recovery 
of a protein fraction that was antigenically similar, but not 

identical to nAmb a V. This was  not surprising because it 
is known that eukaryotic proteins, rich  in Cys and Pro res- 
idues, fold inefficiently in the bacterial cytoplasm and can 
form insoluble aggregates (reviewed in  Ref. 31). However, 
a fraction of the recombinant product is recovered in a sol- 
uble, monomeric form, as demonstrated by HPLC analysis 
after cleavage of the GST-Amb a V fusion protein (21). This 
excludes the possibility that rAmb a V aggregates may  be 
interfering in the competition assays or causing nonspecific 
histamine release. Nevertheless, for large scale production 
of  rAmb a V it  may  be  more appropriate to express the 
protein in a system that secretes the products, increasing the 
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FIGURE 6. Histamine release from basophils of two Arnb a V-allergic individuals by native and recombinant Arnb a V. 

chance of correct  folding,  and  decreasing  aggregation. 
The observation that rAmb a V  inhibits less than 100% 

of antibody  binding to nAmb a V in 9 of 10 individuals 
tested  implies that the rAmb a V is  missing  one or more 
immunodominant  determinant(s).  Despite this structural 
difference  from nAmb a V, the rAmb a V  provides a useful 
diagnostic  tool, as demonstrated by the  fact  that all the Amb 
a V-sensitive subjects  tested  recognized  epitopes common 
to  the  two  molecules and that rAmb a V is  able to release 
histamine from these  subjects. It is worth noting  that  most 
recombinant  allergens  produced  to date have  been  analyzed 
antigenically  using Western blotting, a technique  that ef- 
ficiently  denatures the proteins  and  therefore  relies largely 
on  the  recognition of linear  epitopes by the human anti- 
bodies. The DARIA techniques  that  we have used  also  de- 
tect  the  conformational  epitopes. Finally, the rAmb a V 
allergen has been  found  to be fully  active in  Amb a 
V-specific T cell  proliferation  assays (21). The rAmb a V 
and in vitro-generated  mutants of rAmb a V  should, there- 
fore,  be useful in studies of allergen T and B cell epitopes 
in humans. 
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