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SUMMARY OF RESEARC

Rg;gg;gh_ggélgj' The overall goal of the present research is to construct
a safe and effective human anthrax vaccine using recombinant DNA techniques. — 4
vom
We plan to isolate and characterize the Bacillus anthracis toxin genes for o 3y 72

. £
protective antigen (PA), lethal factor (LF) and edema factor (EF). The .

.1nd1v1dual'toi1n genes will be clone&‘and expressed in E. onli and B.
subtilis. The toxin genes will be modified using site-specific mutagenesis'r
or deletion mutagenesis procedhres .to generate gene mutants which lack
biochemical activity but which are still fully immunologic for use in a
recombinant vaccine. These mutant genes can then be inserted bagk into B.
anthracis Sterne with the selective removal of wild-type genes. " These
mutant B. anthracis strains will be tested in animals, such as the mouse or
guinea pig, for vaccine efficacy.

We will also characterize the B. anthracis pl;smids pX01l and pX02 (1-
3). Since we plan.to insert the toxin genes back into B. anthricis to
construct a recombinant vaccine host, we need to know a complete restriction
nap'of pX0l, which contains the toxin genes. In addition, in order to
understand the expression of the toxin genes and of the capsule (2-4), we

need to physically characterize these plasmids as completely as possible.

Research Achievements. During the course of this contract, we have

isolated and characterized each of the B. anthracis toxin genes. The PA
(pag) gene was cloned and initially characterizad in ;he Bacteriology
Division of USAMRIID (5). 1In addition, the DNA sequence for pag was also
determined by then'(G). The cloning and characterization of the EF (cya) and
LF (lef) genes were performed in my laboratory (7,8). The DNA sequences
for the cya (9) and lef (unpublished data of author) genes have also been

completed in my laboratory.



S

An improved method for the isolation of léi;fge quantities of pX0l and

pX02 from B. anthracis strains was developed at Brigham Young University
/

(10). Initial restriction enzyme cleavage m.;ps have also been constructed.

We have also initiated mutagenesis procedures for the modification of each

of the t:'oxin genes. These mutants are currently being tested for biochemical

activity. .In a&t'iition, these gene mutants are being inserted into B.

subtilis to produce larger quantities of these proteins and for vaccine testing.




FOREWORD

The investigators (Principal Investigator and Graduate Students) have
abided by the ﬁational Institutes of Health Guidelines for Research Involving
Recombinant DNA Molecules (May, 1986). Suppleméntal guidélines pertaining
to the subcloning of the individual B. anthracis toxin genes in sporulation
competeni: B. subtilis was approved by the NIH committee .on toxins' March

13, 1986. All recombinant DNA research has also been registered with and

approved by the Brigham Young University Institutional Biosafety Committee.
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RESULTS

and chara ization of the edema tor gene (cya). The
edema factor is a calmodulin-dependent adenylate cyclase (11,12). We have
cloned and sequenced the EF gene (cya). The DNA sequence and deduced amino
acid sequences (9) were reported in previous annual reports and are shown
in Appendix I and II. A paper describing the cloning and expression of EF
in E. coli has been publishe& (8) andba manuscrfpt describing the DNA
sequence‘ana its deduced azino acid sequence has been submiﬁted and shoﬁld
Qoon Se accepted by Gene (9).
Several interestiﬁg structurél features for EF are part of its deduced
.amino acid sequence. (i) EF apparently contains a 33 amino acid signal

peptide which conforms to known Bacillus leader sequences in that it starts

with charged (mostly positive) and hydrophilic-residues‘(amino acids 1-10),

followed by a cenérallcore‘of hydrophoblc amino acids (residués 11-23) and
'then‘several hydrophiliz residues (amino acids 24-33) prior to the start of
the mature protein. Proteolytic cleavage apparently occurs'at an Ala-Met
peptide bond, near the start Sf a proposed a-helix (see Figure 4A), consistent
with signal processing after an Ala or Gly in bacilli (13).l PA apparently
contains a 29 amino acid leader sequence (6) and LF appeafs to contain a
33 amino acid leader (see below). Figure 4B shows a comparison between the
amino acid‘seqqences near the ends of tﬁé EF, PA'and LF sigpal peptides and

the apparent position of proteolytic cleavage. Similar amino acids at the

ends of these slgnal peptides may be required fo? signal peptidase recognition

or for secretion. (i1) A very strong Bacillus ribosome binding site
immediately upstream from the start of the EF protein coding region is

present (AAAGGAGGT) which is similar to the identical PA and LF ribosome binding

sites (AAAGGAG). (iii) Amino acid residues 347 to 355 of the EF-precursor .

-



protein contains the sequence Gly-x-x-x-x-Gly-Lys-Ser (where x=any ;mino
acid) which is a perfect match to a consensus sequence present in prokaryotic
and eukaryotic'ATP and GTP binding proteins (14). The Lys residue is part
of the ATP binding site of these ptoéeins and appears t; be part of the EF
ATP binding site as well. That is, using site-specific mutagenesis procedures,

we have replaced this Lys within EF with an Asn and cyclase activity was

:reduced 90-95% (unpublished data of author). (iv) We have also identified

a domain in EF which could represent its putative calmodulin-binding site.
As described in the EF sequencing paper (9), calmodulin-binding proteins
of cen contain an a-helical region with charged or hydrophilic residues on
one side and hydrophobic residues on the other. Such an amphiphilic helic;l

region is present in EF located between amino acid residues 313-323 of the

EF-precursor (see Appendix II). (v) No homology between the EF gene or

its deduced EF amino acid sequence was observed with either the E. coli or‘

yeast adenylate cyclaées. ﬁéwever, there 1is at leascxthree regions of
homology iﬁ the amino acid sequence between EF and the B. pertussis calmodulin-
dependent adenylate cyclase. The putative calmodulin-binding site, identified
above, 1is conserved in the B. pertussis adenylate cyclase as §e11'(15;16).i

As mentioned above, we h;ve also compared the EF amino acid sequence

with the calmodulin-dependent adenylate cyclase of Bordete:.’a pertussis,

the causative agent of whopping cough. The pertussis cyclase appears to

function independently of the pertussis toxin, but is a required virulence
factor since strains which lack cyclase a&activity are avirulent (17).
Glaser et al. (16) recently showed that the cyclase catalytic domain is

about 450 amino acids in length and is part of a larger precursor polypeptide

of 1706 amino acids. We performed a homology search between the entire EF

(800 amino 2cids) and peftussts cyclase (1706 amino acids). Three major




regions of homology (labeled #1, #2 and #3 in Appendix III) were observed.
These homologous domains are part of the cafalytic domain of the pertussis
cyclase and are located within the carboxyl terminal 500 amino acids of EF.
Donain #1 contains the consensus ATP binding site which is suttoﬁnded by
highly conserved amino acids. This high degree of amino acid conservation'
indicates a close evolutionﬁry relatedness for these two proteins. The
pufative calmodulin-binding site is conserved for'these proteins and 1is
Qhown in Appendix II and III. |
Characterization of the LF gene (Jef). We have also cloned the B.
anthracis LF gene (lef) and have determined its entire DNA sequencc.. Ve
easily identified the start of the LF gene since the first 15 amino acids
of the mature LF was previbusly determined by Dr. J. Schmidt (USAMRIID).
The LF DNA sequence and the deduced amino acid sequence are shown in Appendix
IV. The LF gene contains a good ribosome binding site (AAAGGAé)‘which is
identical to the proposed PA gene ribosome binding site. The LF-precu;sor
apparently contains a 33 amino acid signal sequence (see Figure 4A) which
is tembved @uring secretipn. This signal sequence conforms to consensus
Bacillus leader peptides (and to the EF and PA signal puptides) in that it
starts with a polar or charged region followed by 23 non-polar, hydrophobic
amino acid Fesidues.' After this 33 amino acid leader peptide, the next 16
amino acids correspond exactly to the.LF amino acid sequence determined by
Dr. Jim Schmidt (USAMRIID), except for one amino acid. Amino aéid position
+10 of the mature protein (+43 of LF-precursor) is a His (based on the DNA
sequence) whereas it was previously reported to be a Lys (based on LF
protein sequencing). Interestihgly, there is a single Cys in the LF leader,

although no Cys residues are in the mature protein. ~The entire protein

sequence of LF is also shown in Appendix V.




There aﬁpeérs to be extensive amino acid homolog

in the first 300 amino acids of each protein. We have

y between LF and EF

detected 10 closely

related doxnains and three of these highly conserved domains are underlined

(labelled #1, #2 and #3) in Appendix II and Appendix V.

regions could represent domains which are required for
prior to cellular uptake. Since these conserved domai
charged, interactions with PA may occur through - seri
interactions.
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‘activity and to construct EF expression vectors. Fi
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coli, adenylate cyclase activity was reduced about 90-95% 1ﬁdicat1ng that

this Lys is probably involved in ATP binding. However,
was not abolished, other residues are probably also invo

interest, is the ptesénce of a His two residues prior

His 1s also conserved iﬁ the B. pertussis adenylate c

binding domain in Appendix III).
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at least as great as B. anthracis Speme. We are in the process of determining
the pr‘acise amount ptoducgd using an ELISA or Western blot. EF was secreted
from B. subtilis and was enzymatically active in an | adenylate cyclase
‘assay. Since PA expression is regulated by bicarbonate (19) in B. anthracis
(br. J. éartkps, USAMRIID, personal communication), we are attempting to
transfer this PA promoter-EF gene plasmid into B. anthracis by electroporation,
Hopefully, this plasmid, when introduced into B. anthracis, will produce
‘regulated high levels of EF for purification and analysis. EF gene mutants

can also be generated and transferred to B. anthracis using this plasmid

. construction,.

Sevorai mutagenesis experiments have also been initiated with the PA 
gene. Since expression of PA in B. anthracis appears to be significantly
greater than oithef LF or EF, we are fusing the PA promoter to both the EF
and LF genes for higher levels of expression. 1In addit':ion, we t;.ave started
experiments to lpecificaily alter PA. Specifically, we are mutating the:
Arg-Lys-Lys-Arg sequence (Dr. S. Leppla, USAMRIID, personal communication)
in PA which 1s cleaved with a ‘trypsin-like enzyme when bound to its cellular
receptor. 'After cleavage, the amino terminal 20,000 daltons ol PA is
removed and PA can now bind either LF or EF. Therefore, by preventing cleavage,
LF or EF will not bind and cannot enter the cell. We will alter the amino
acids at this lccation in PA to exam:lno. specificity of cleavage and to:
substitute amino acids which could prevent 'cleavage. " These alterations
should also prevent the binding of LF or EF and make these toxin components
essentially inactive.

tion_start sites for the anthr o genes. We have used

radiolabeled oligonucleotides, . specificv for each of the different toxin

genes, to determine the start site for toxin gene transcription. Using




mRNA (isolated from B. anthracis Sterne) as template‘, each oligonucleotide
' was used to prime DNA synthesis (using reverse tx;z,nscriptase) éowards the

5'-end of the .fespective toxin mRNA. This newly sy-nthe‘sized radioactive

DNA was denatured and electrophoresed on a denaturing polyacrylamidg gel.

Using this approach, we have successfully identified the start sites for PA

and LF gene transcription. The PA promoter is apparently located immediately

upstream from the start of its coding region with transcription starting
about 25 bases before the first start codon for PA translation (6). Likewise,
the appafent rstart for LF gene transcription occurs 25 bases prior to the
ATG start c9don for LF translation (about nucleotide 456 in Appendix. V).
We have not yet been able to localize EF gene.transcription. This failure
is probably due to th_e. low ievel of EF mRNA produced 1n'B. anthracis which
is at least 10-fold lower than either the PA ‘or LF mRNA concentrations
(unpublished data of author).

Exm;g;l sion of toxin genes in B. subtilis and B, anthracis. In an
‘ef.'fort to‘ express the anthrax toxin'genes in B. subtilis, we have cloned
each of the toxin genes into B. subtilis expression plasmids. Iniltiatlly,
we fused these genes to a regﬁlated promoter and a good ribosome binding
si}:e which {s pr"gsent in pSI-1 (20). Using 'site-specific mutagenesis
Iprocedures, we have introduced new Xbal recognitién sites immediately before
the start codons for the VPA, EF and LF genes. Fdlllowing cleavage with
Xbal, each of the toxin genes was ligated into plasmid pSI-1. When transformed
. into B.' subtilis, transcription of the insérted'toxin genes is regulated by
the lac repressor and IPTG (18,20). For example, the amount of PA produced
by tbis fusion was close the expression of PA from PAl (21).

We have also constructed a plasmid using the T7 promoter cloned upstream

from the toxin gene. We cloned the T7 RNA polymerase gene (22) into pSI-1

10




so that transcription would be controlled by the lac promoter, which is’
inducible with IPTG. Part of this recombinant plasmid which contained the
T7 polymerase gene and the erythromycin resistance gene from pEI94. was
infegrated into B. subtilis genomic DNA (23,24). B.Asubtills with this
DNA should express T7 RNA polymerase after the addition of IPTG. These
cells can then be transformed with a replication coméetent plasmid containing
one of the B. aﬁchracls toxin genes (e.g., cya, pag, or lef) cloned downstreaﬁ
from the T7 promoter for gene expression. Although Qe have not yet tested
these.recombinants in B. subtilis, piasuids containing the toxin genes express
toxin in E. coli using the T7 polymerase (21). B. subtilis containing these
plasmids should produce high level, regulated expression of che'toxin genes
in a safe bacterial hosc; Toxin is secreted from B. subtilis and‘can b§
'used for purification of individual toxin components. _ |
| Ilsolation and characterization of pX0] and pX02. We have developed an
efficient plasmid isolation procedure to isolate pure supercoiled pXol aﬁd
pX02 DNA. This procedure involves chromatography u;ing NACS-37 resins and
effectively separates small amounts of genomic DNA from plasmid (10). Our
purification protocol does not use CsCl bouyant density gradients since these
large plasmids are easily sheared, converting them from supercoiigd to
relaxed or linear DNA. A typical yield of pXxOl from a one liter culture of
B. anthracis was about 200 ug, which is close to the maximum amount of DNA
expected per liter of culture if these plasmids were present as single copies
within B. anthracis cells.

Using pure pXO1 and pX02, we characterized these D&As using thermal
denaturation and bouyant density procedures, Using a Ty analysis, the
melting temperatures for pXOl and pX02 were 82.5°C * 6.3°C and 82.2°C ¢

0.3°C, respectively. These values correspond to GC contents of 32.2% for

11



pX01 and 31.5% for pX02. Similar experiments using CsCl banding gave
GC-concent§ of 31.1% for pXOl and 31.4% for pX02. These values are close to
the GC% of B. anthracis genomic DNA which is 32.2%.

The'testrictioﬁ maps for pXOl and pX02 have been determined for several
enzymes which‘cleavé a few times, such as Pstl, BamHI, Clal, Sstl, Bglll
and Pvull (Figures 1 and 2). Experiments to map the more frequent cutting
enzymes, suéh as EcoRI and HindIIi, are presently being compleéed; .We have
genetat;d recombinant DNA Iibrarieg for pXOl and pX02 in bacteriophage ) as
well as in plasmids in order to generate a complete map for the most common
restriction enzymes. A detailed restticcion enzyme map of thg.LF'and PA
gene regions on pXOl 1is also shown in Figure 3.

In a final effort to generate a complete gene map of pXOl and pkOZ, we
are {dentifying the number and location of the differeﬁt RNA transcripts from
these plasnids. This project involves the identification of the different
promoters and the RNAs made from them. Baiically. we are cleaving pXOl and
pX02 with an enzyme which cleaves these DNAs many times, such as Mbol or Sau3A..
generating DNA fragments which can ligate to BamHI cleaved plasmids. Using
B. subtilis plasmids which have been cleaved with BamHI loc;ted prior to a
promoterless chloramphenicol rﬁsiscanc- gene (25), we will insert the pXOl

or pX02 DNA fragments into these promoter identification plasmids. After

_ transformation of these recombinant plasmids into B. subtilis, we will

identify bacteria which are now resistant to chloramphenicol. These plasmids
will contain ; functional promoter (derived from pX0l or pX02) driving the
transcription of the chloramphenicol resistaﬁce gene. . The recombinant DNA
inserts prepared from these promoter expression plasmids will ch;n be
Qapped on pX0l or pX02. = The size and direction of RNA cranscripéion will

also be determined. This procedure is very powerful and should allow us to

12




identify and position most, if not all, of the functionai promoters from
the B. anthracis plasmids, assuming that all these promoters will also
function in B. subtilis. However, with the recent discovery that we can
transform B. anthracis using electroporation, we will "also be able to
transfer these promoter plasmids to 3. anthracis for promoter identifiéation

directly in the parent organism.

CONCLUSIONS

It appears from the data described in this report, that most of the
experiments outlined in the otigin;l‘ .research proposal are essentially
completed. (1) I‘The anthrax toxin genes are each cloned. (ii1) Each of the
toxin genes have also been sequenced. We will be able to study gene expression
and to characterize the toxin proteins better. .(111) We can generate toxin
gene mutants for the construction of a safe vaccine and to elucidate the
biochemical activities of these proteins. (iv) We have e:.tpressed the
anthrax toxin genes in E. coll and B. subtilis and have coﬁstruct:ad expression
vectors, especially for B. subtilis and B. anthracls, which should allow
for high level expression of the toxin proteins for biochemical and
immunological purposes. (v) We have dete'mined homology between EF and the
pertussis calmodulin-dependent adenylate cycla;e which shculd allow us to
better charcterize EF bascd on conserved domains. Ih addition homology
- between LF and EF should allow us to examine chel interaction between lthese‘
proteins and PA. (vi) We have not yet placed mutant toxin ge_ne;«x back into
B. anthracis, although the wild-type PA and EF genes have been transferred.

Overall, our research has allowed us to characterize the anthrax toxin

genes and to construct important gene mutants. This research is absolutely

13




required for the construction of a safe recombinant DNA derived anthrax

vazcine.
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EIGURE 1. Restriction map ofleOI. The positions of the LF, PA and
EF genes are depicted. The sizes of DNA fragments for each enzyme are not
included due to the lack of space. o : . '
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FIGURE 2. Restriction map of pX02.
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FIGURE 3. Restriction map of the PA and LF gene regions on pXol.



(a)

The signal peptides (in bold) for EF, PA and LF are shown. The
proposed secondary structure most likely to be assumed for the
first 60 amino acids of each protein is shown (a=a-helix; S=jS-
sheet; t=f-turn; blanke=random coil). The amino terminal amino
acid, as determined by Dr. J. Schmidt (USAMRIID), for each mature
toxin protein is also shown.

EF signal peptide

$-start of mature EF

1  MTRNKFIPNKFSIISFSVLL FAISSSQAIEVNAMNEHYTE SDIKRNHKTEKNKTEKEKFK 60

aattt

ttBBBBLLLLAS aax aAaEAACAAXTAXCR aaaaaaaaaaaaaaaqagaa.

PA signal peptide

d-start of mature PA

MKKRKVLIPLMALSTILVSS TGNLEVIQAEVKQENRLLNE SESSSQGLLGYYFSDINFQA 60
acaaaaffpfpacafpppp aaaaaaaaAXARR tttettfBPPABAt aam
LF signal peptide k
- {-start of mature LF .
. MNIKKEFIKVISMSCLVTAI TLSGPVFIPLVQGAGGHGDV GMHVKEKEKNKDENKRKDEE 69
aacaaccacacacaatSBBBAA Bt tBBBBAL a aaaaaaaaaaaaaaaaaac
(B) The amino acid sequence at the end of the anthrax toxin signal

peptides is shown. Cleavage occurs after Ala or Gly, consistent
with known cleavages after bacilli signal peptides (14). Similar
anino acids at the end of the signal peptides (denoted with a
vertical bar (}]) probably represents signal peptidase recognition

‘'sequences. . The numbers (-1 or +1) indicate the last amino acid

of the signal peptide and the first amino acid of the mature
toxin protein, respectively.

=1+
EF signal peptide Glu-Val-Asn-Ala--Met
D
PA signal peptide , Val-Ile-Gln-Ala--Glu
. I N
LF signal peptide Leu-Val-Gln-Gly--Ala

GURE 4. Anthrax toxin signal peptides.
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APPENDIX I: Nucleotide Sequence of th

10 20 30 40

TTACTTTTITATATACTGAATTAAAAAGTCCAAGCACTTATATCGTAATAGATGCTTTCTATTGACCTTATAGT CCTTGAAGTTACGACT

100 110 120 130

GACCAATTATGAGACGTTTGCGCTAACCTGCTGAATTCAAAATC DGACTTAGAAATACACATATAGAAATAAACAACCTAATCCATGTCA

190 200 210 220
CTGTACCGTTTTTTTACTAAATAAACGAAATCAGTGTAAAAATGAA

280 290 300 310

GCCTAGCTGTTTTTICTAATGTTIGTATTTCTAAATATATTTAAAT,

370 380 3%0 - 400
GATTATATTTGTAAATAAAATTGTAATTTAACATGTAGAATAAAGA

460 470 480 490
ATGTGATTTCTAAATTAGTTTAAAATAAAAAACAAGGATTTGCTCA

+1 550 560 570 580

e EF gene.
50 60 70 80 90
140 150 160 170 180
230 240 250 260 270
\CAGCTGAACTTTATCAACTTAGAATCTCTTTITTTACTITAAAT
320 330 - 340 350 360
AGCTGTGTGCCAAGAGTTATAATTAATTTAAATAA

-35 (putative promoter site) -10

410 420 430 440 450
\GATTTTTAGTTTTATTAACAGGATGAAAATCCATAAAACCGTAA

500 510 520 530 540
\GACTTGAGATGAATATCTAAATATCAAGAACCAAAGGAGGTTTA
ribosome binding site

590 600 610 620 630

AGAATGACTAGAAATAAATTTATACCTAATAAGT TTAGTATTATATCCTTTICAGTATTACTATTTGCTATATCCTCCTCACAGGCTATA
MatThrArgAsnLysPhelleProAsnLysPheSerIlelleSerPheSerValleuleuFheAlalleSerSerSerGlnAlalle

33 amino acid leader seq

640 650 660 670

Juence
680 690 700 710 720

GAAGTAAATGCTATGAATGAACATTACACTGAGAGTGATATTAAAAGAAACCATAAAACTGAAAAAAATAAAACTGAAAAAGAAAAATTT
GluValAsnAlsMETAsnGlul{sTyrThrCluSerAspllelysArgAsniisLysThrGluLysAsnLysThrGluLysGluLysPhe

1st amino acid of EF

730 740 750 760

770 780 790 §00 810

LysAspSerIleAsnAsnleuValLysThrGluPheThrAsnGluThrLeuAspLysIleGlnGInThrGlnAspLeuleuLysLlysIle

820 830 840 850

860 870 880 890 900

CCTAAGGATGTACTTGAAATTTATAGTGAATTAGGAGGAGAAATCTATTTTACAGATATAGATTTAGTAGAACATAAGGAGTTACAAGAT
ProLysAspValLeuGlulleTyrSerGluLeuGlyGlyGlulleTyrPheThrAspIlleAspleuValGluHisLysGluLeuGlnAsp

910 920 930 940

950 960 970 980 990

TTAAGTGAAGAAGAGAAAAATAGTATGAATAGTAGAGGTGAAAAAGTTCCGTTIGCATCCCGTTTTGTATTTGAAAAGAAAAGGGAAACA
LeuSerGluGluGluLysAsnSerMetAsnSerArgGlyGluLysVal ProPheAl aSerArgPheVal PheGluLysLysArgGluThr

1000 1010 1020 1030
CCTAAATTAATTATAAATATCAAAGATTATGCAATTAATAGTGAAG
ProlLysleulleIleAsnIleLysAspTyrAlalleAsnSerGluG

1090 1100 1110 1120

1040 1050 . 1060 1070 1080
\AAAGTAAAGAAGTATATTATGAAATTGGAAAGCGCATTTCTCTT
1nSerLysGluValTyrTyrGlulleGlyLysGlyIleSerLeu

1130 1140 1150 1160 . 1170

GATATTATAAGTAAGGATAAATCTCTAGATCCAGAGTTTTTAAATT TAATTAAGAGTTTAAGCGATGATAGTGATAGTAGCGACCTTTTA
AspIleIleSerLysAspLysSerLeuAspProGluPheLeuAsnleulleLysSerLeuSerAspAspSerAspSerSerAspleuleu

2




1180 1190 1200 1210 1220 1230 1240 1250 1260
TTTAGTCAAAAATTTAAAGAGAAGCTAGAATTGAATAATAAAAGTATAGATATAAATT TTATAAAAGAAAATTTAACTGAATTTCAGCAT
PheSerGlnLysPheLysGluLysLeuGluleuvAsnAsnLysSerIleAsplleAsnPhelleLysGluAsnLeuThrGluPheGlnHis

1270 © 1280 1290 - 1300 1310 1320 1330 1340 1350
GCGTTTTCTTTAGCGTTTICTTATTATTTTGCACCTGACCATAGAACGGTAT TAGAGTTATATGCCCCOGACATGTTTGAGTATATGAAT
AlaPheSerLeuAl aPheSerTyrTyrPheAlaProAspHisArgThrValleuGluLeuTyrAlaProAspMetPheGlulyrMetAsn

1360 1370 1380 1390 1400 1410 1420 1430 1440
AAGTTAGAAAAAGGCGGGATTTCAGAAAATAAGTGAAAGTTTGAAGAAAGAAGGTGTGGAAAAAGATAGGATTGATGTGCTGAAAGGAGAA
LysLz2uGluLysGlyGlyPheGluLysIleSerGluSerLeulysLysGluGlyValGluLysAspArgIleAspValLeulysGlyGlu

1450 . 1460 1470 1480 1450 1500 1510 1520 1530
AAAGCACTTAAAGCTTCAGGTTTAGTACCAGAACATGCAGATGCTTTTAAAAAAATTGCTAGAGAATTAAATACATATATICTTTTTAGG
LysAlaleulysAlaSerGlyLeuValProGluHisAlaAspAlaPneLlysLysIleAlaArgGlulevAsnThrTyrIleLeuPheArg

1540 1550 1560 1570 1580 1590 " 1600 1610 1620
CCTGTTAATAAGTTAGCTACAAACCT TATTAAAAGTGGTGTGGCTACAAAGGGATTGAATGAACATGGAAAGAGTTCGGATTGGGGCCCT

ProValAsnLysLeuAlaThrAsnleullelysSerGlyValAlaThrLysGlyLeuAsnGluHisGlyLysSel SerAspTrpGlyPro

1630 1640 - 1650 1660 1670 1680 1690 1700 1710
GTAGCTGGATACATACCATT TGATCAAGATTTATCTAAGAAGCATGGTCAACAATTAGCTGTCGAGAAAGGAAATTTAGAAAATAAAAAA
ValAlaGlyTyrIleProPheAspGlnAspleuSerLysLysHisGlyGlnGlnleuAlaValGluLysGlyAsnLeuGluAsnLysLys

1720 1730 1740 1750 1760 1770 1780 © 1790 . 1800
TCAATTACAGAGCATGAACGTGAAATAGGTAAAATACCATTAAAGT TAGACCATTTAAGAATAGAAGAGTTAAAGGAAAATGGGATAATT
SerIleThrGluHisGluGlyGlulleGlyLysIleProLeulysLeuAspHisleuArgIleGluGluleulysGluAsnGlyIlelle

1810 1820 1830 1840 1850 1860 1870 1880 1890
TTGAAGGGTAAAAAAGAAATTGATAATGGTAAAAAATATTATTTCTTAGAATOGAATAATCAGGTATATGAATTTAGAATTAGCGATGAA
LeuLysGlyLysLysGiulleAspAsnGlyLysLysTyrTyrLeuLeuGluSerAsnAsnGlnVal TyrGluPheArgTleSerAspGlu

1900 1910 1920 1930 1940 1950 1960 1970 1980
AACAACGAAGTACAATACAAGACAAAAGAAGGTAAAATTACTGT TTTAGGGGAAAAATTCAATTGGAGAAATATAGAAGTGATGGCTAAA
AsnAsnGluValGlnTyrLysThrLysGluGlyLysIleThrValLeuGlyGluLysPheAsnTrpArgAsnlleGluValMetAlaLys

1990 - 2000 2010 2020 2030 2040 2050 2060 2070
AATGTAGAAGGGGTCTTGAAGCCGTTAACAGCTGACTATGATTTATTTGCACTTGCCCCAAGTTTAACAGAAATAAAANAACAAATACCC
AsnValGluGlyValLeuLysProLeuThrAlaAspTyrAspleuPheAl aleuAl aProSerLeuThrGlulleLysLysGlnIlePro

2080 2090 2100 2110 o 2120 2130 -+ 2140 2150 2160
ThrLysArgMetAspLysValValAsnThrProAsnSerLeuGluLysGlnLysGlyVal ThrAsnleuleulleLysTyrGlyIleGlu

2170 2180 2190 2200 2210 2220 2230 2240 2250
AGGAAACCGGATTCAACTAAGGGAACTTTATCAAATTGGCAAAAACAAATGCTTGATCGT TTGAATGAAGCAGTCAAATATACAGGATAT
ArglysProAspSerThrLysGlyThrLeuSerAsnTrpGlnLysGliMetLeuAspArgleuAsnGluAlaValLysTyrThrGlyTyr

2260 2270 2280 2290 2300 2310 2320 2330 2340
ACAGGGGGGGATGTGGTTAACCATGGCACAGAGCAAGATAATGAAGAGTTTCCTGAAAAAGATAACGAAATT TTTATAATTAATCCAGAA
ThrGlyGlyAsoValValAsnHisGlyThrGluGlnAspAsnGluGluPhe ProGluLysAspAsnGlul lePheIleIleAsnProGlu
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2350 2360 2370 23€0 23¢9 2400 2410 2420 2430
GGTGAATTTATATTAACTAAAAATTGGGAGATGACAGGTAGA TTTATAGAAAAAAACATTACGGGAAAAGATTATTTATATTATTTTAAC
GlyGluPhelleLeuThrLysAsnTrpGluMetThrGlyArgPhelleGluLysAsnIleThrGlyLysAspTyrLeuTyrTyrPheAsn

2440 2450 2460 2470 | 2480 2490 2500 . 2510 2520
CGTTCTTATAATAAAATAGCTCCTGGTAATAAAGCTTATATTGAGTGGACTGATCCGATTACAAAAGCCAAAATAAATACCATCCCTACG
ArgSerTyrAsnLysIleAlaProGlyAsnLysAlaTyrIleGluTrpThrAspProlleThrLysAlalysIleAsnThrIleProThr

2530 2540 2550 2560 2570 2580 2590 2600 2610
TCAGCAGAGTTTATAAAAAACTTATCCAGTATCAGAAGATCTTCAAATGTAGGAGTTTATAAAGATAGTGGCGACAAAGACGAATTTGCA
SerAlaGluPheIleLysAsnLeuSerSerIleArgArgSerSerAsnValGlyValTyrLysAspSerGlyAspLysAspGluPheAla

2620 2630 2640 2650 2660 2670 2680 2690 2700
AAAAAAGAAAGCGTGAAAAAAATTGCAGGATATTTGTCAGACTATTACAATTCAGCAAATCATATTTTTTCTCAGGAAAAAAAGCGTAAA
. LysLysGluSerValLysLysIleAlaGlyTyrLeuSerAspTyrTyrAsnSerAlaAsnHisI1ePheSerGlnGluLysLysArglys

2710 . 2720 2730 2740 2750 2760 2770 2780 2790
ATATCAATATTTCGTGGAATCCAAGCCTATAATGAAATTGAAAATGTTCTAAAATCTAAACAAATAGCACCAGAATACAAAAATTATTTT
IleSerllePheArgGlylleGlnAlaTyrAsnGlulleGluAsnValleulysSerLysGlnlleAlaProGluTyrLysAsnTyrPhe

2800 . 2810 2820 - 2830 2840 2850 2860 2870 - 2880
CAATATTTAAAGGAAAGGATTACCAATCAAGTTCAATTGCTTCTAACACATCAAAAATCTAATATTGAATTTAAATTATTCTATAAACAA
GlnTyrLeuLysGluArgIleThrAsnG1lnValGlnLeuLeuLeuThrHisGlnLysSerAsnI leGluPheLysLeuleuTyrLysGln

.. 2890 2900 2910 2920 2930 2940 2950 2960 2970
TTAAACTTTACAGAAAATGAAACGGATAATTTTGAGGTCTTCCAAAAAATTATTGATGAAAAATAAATATATATAATTGI TTTTCTGAAA
LeuAsnPheThrGluAsnGluThrAspAsnPheGluValPheGlnLysIleIleAspGluLys

: 2980 2990 3000 3010 3020 3030 3040 3050 | 3060
ATTCATCATTTTAAAGAAGACACTAGGAAT TAAATAGATGTATTGAATAGTTATAGTAATGGTCTIGTATGGACATACCGCTTATACTTT
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APPENDIX II. EF amino acid sequence

7
141
211
281

351

421
491
561
631
701

771

The

(33 aa signal peptide) 4-Start of mature EF (767 aa)
MTRNKFIPNKFSIISFSVLLFAISSSQAIEVNAMNEHYTESDIKRNHKTEKNKTEKEKFKDS INNLVKTE

FTNETLDKIQQTQDLLRKIPKDVLEIYSELGGEIYFTDIDLVEHKEIQDLSEEEKNSHNSRGEKVPFASR

FVFEKKRETPKLIINIKDYAINSEQS GISLD KDKSLDPEFlNLIKSLSDD§D§SDLLE
#1 #2

SCGKFKEKLELNNKSIDINFIKENLTEFQHAFSLAFSYYFAPDHRTVLELYAPDMFEYMNKLEKGGFEKIS
#3

ESLKKEGV EKDRI DVLKGEKALKASGLVPEHADAFKKIARELNTYI LFRPVNKIATNLIKS GVATKGLNE
(Potential calmodulin binding site)

HGKSGDWGPVAGYIPFDQDLSKKHGQQLAVEKGNLENKKSITEBEGEIGKIPLXLDHLRIEEIRENGIIL
(Putative ATP binding site)

KGKKEIDNGKKYYLLESNNQVYEFRISDENNEVQYKTKEGKITVIEEKFNWRNIEVHAKNVEGVLKPLTA
DYDLFALAPSLTEIKKQIPTKRHDKVVNTPNSLEKQKGVTNLLIKYGIERKPbSTKGTLSNWQKQMLDRL
NEAVKYIGYTGGDVVNHGTEQDNEEFPEKDNEIFIiNPEGEFILTKNWEMTGRFIEKNITGKDYLYYFNR
SYNKIAPGNKAYIEWTDPITKAKINTIPTSAEFIKNLSSIRRSSNVGVYKDSGDKDEFAKKESVKKIAGY
LSDYYNSANHIFSQEKKRKISIFRGIQAYNEIENVLKSKQIAPEYKNYFQYLKERITNQVQLLLTHQKSN

IEFKLLYKQLNFTENETDNFEVFQKIIDEK

sequence contains 800 amino acids (Hi 92,464):

Ala (A) 32 Leu (L) 69
Arg (R) 22 Lys (K) 103
Asn (N) 61 - Met (M) 9
Asp (D) A Phe (F) 40
Cys (C) 0 : Pro (P) 23
Gln (Q) 27 . Ser (S) 55
Glu (E) 82 Thr (T) 39
Gly (G) 40 Trp (W) S
His (H) 13 Tyr (Y) 34
Ile (1) 68  val (V) 34
Acidic (Asp + Glu) ‘ ’ 126
Basic (Arg + Lys) 125
Aromatic (Phe + Trp + Tyr)’ ' 79

Hydrophobic (Aromatic + Ile + Leu + Met + Val) 259
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APPENDIX III. Homology Comparison between EF and pertussis cyclase.

289

379

91

168

253

- 621

339

426

Calmodulin Site ATP binding Site
dekck
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WWWMWWM@L
L L L O O L O L IR Ut U

AKEQ%IUﬁRUﬂEHSEnJABﬂMEﬂIGWMKSﬁﬂGUMGIﬂNNHﬂSKUKRAP

AVEKCNLENGKSTTEHECETGKIPL K LDHLRIEET KENGT [LKHGETINGKKYYLL ESNNQVYEFRISDENNEVCYKTKELKTTVL,
| I 1 L L L LU I N L O I S LI E
EVIARADNDVNSSLAHGHTAVDLTLSKERLDYLRQAGL VIG MADG WASNHAGYEQFE FRVKE TSDGRYAVQYRRK G

+~Domain #2—

'GEGNENHNMNQNKNUGUHDHKEMAP SLIEIKKQIPTKRMKV ~ WNT PNSLEKQKGVINLLI  KYGIER KPDST
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KOILSWQ KM URINE  AVKYIGYTGG DVVNMGTEQNEEFPEXTNETFTINPEGE FTLTKMWEMICGRFIEKNIT
| | S O O WL L L A K S L O | N I I o
VGTEARRQFRYDGEMNIGVI TDFELEVRNAINRRAHAVGACDVVHGTEQNN. PFPEADEKTFVVSATGESQMLIRAY  IKEYIGR R

GOYLYYFNRSYNKIARGNKAYTEWIDP TTKAKINTTPTSAEFTKNLSS IRRSSNVGVYKDSGIKUEFAKKESVKKIAGYLSDYYNSA
IR I N AL | L
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VEAAFLEMIRQULIACARCDDAE. PGV SGASAHVGCRALQ  GAQAVAAACRLVHATALMIQFCRAGS TNTFQEAASL SAAVFGLGEASS

Domains #1, #2 and #3 represent three highly conserved amino acid
domains in EF (top line of each pair) and the pertussis cyclase (bottom
line in each pair).

The numbers to the left of each line indicates the amino acid position
for EF-precursor or the pertussis cyclase.

The asterisks (*) {ndicate the consensus sequences for the ATP binding
site for EF and the pertussis cyclase.
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APPENDIX IV: Nucleotide Sequence of the LF gene.

10 20 30 40 S0 - 60 70 80 90
AAATTAGGATTTCGGTTATGTTTAGTATTTTTTTAAAATAATAGTATTAAATAGTGGAATGCAAATGATAAATGGGCTTTAAACAAAACT

100 110 120 130 140 150 160 170 180
AATGAAATAATCTACAAATGGAATTTCTCCAGTTTTAGATTAAACCATACCAAAAAAATCACACTGTCAAGAAAAATGATAGAATCCCTA

190 200 210 220 1230 240 250 260 l270
aamnmmmmmmmmmmmm&wmmm&m

280 290 300 310 320 330 340 350 360

370 380 390 400 410 420 430 440 450
AAATGAAAAATTTTTTATGACAAGAAATATTGCCTTTAATTTATGAGGAAATAAGTAAAATTTTCTACATACTTTATTTTATTGTTGAAA

460 470 480 490 500 510 520 530 540
TGTTCACTTATAAAAAAGGAGAGATTAAATATGAATATAAAAAAAGAATTTATAAAAGTAATTAGTATGTCATGTTTAGTAACAGCAATT
(r.b.s.) l‘hrAxnIleLysLysGluPheI1eLysValneSerHetSerCyslqualThrAlaI le

(33 amino acid signal peptide)

550 560 570 580 590 600 610 620 630
ACTTTGAGTGGTCCOGTCTTTATCCCCCTTGTACAGGGGGOGGGCGGTCATGGTGATGTAGGTATGCACG TAAAAGAGAAAGAGAAAAAT

ThrLeuSerGLyProValPhelleProLeuvalGinGlyAleClyClytilsGlyAspValCltettilsVel LysGlulysClulyshsn
+1 of mature LF

640 650 660 670 680 690 700 710 720
AAAGATGAGAATAAGAGAAAAGA TGAAGAACGAAATAAAACACAGGAAGAGCATTTAAAGGAAATCATGAAACACATTGTAAAAATAGAA
LysAspGluAsnLysArgLysAspGluGluAr gAsnLysThrGlnGluGlulis. LeuLysGlulleMetLysHisIleValLysIleGlu

730 740 750 760 770 780 790 800 810
GTAAAAGGGGAGGAAGCTGTTAAAAAAGAGGCAGCAGAAAAGCTACTTGAGAAAGTACCATCTGATGTTTTAGAGATGTATAAAGCAATT
ValLysGlyGluGluAlaVallysLysGluAlaAlaGluLysleuleuGluLysValProSerAspValleuGluMetTyrLysAlalle

820 830 840 850 860 870 &80 890 900
GGAGGAAAGATATATATTGTGGATGG TGATATTACAAAACATATATCTTTAGAAGCATTATCTGAAGATAAGAAAAAAATAAAAGACATT
GlyGlyLysIleTyrIleValAspGlyAsplleThrLysHisIleSerLsuGluAlaleuSerGluAspLysLysLysIleLysAsplle

910 920 930 940 950 960 970 980 990
TATGGGAAAGATGCTTTATTACATGAACATTATGTATATGCAAAAGAAGCATATGAACCCGTACTTGTAATCCAATCTTCGGAAGATTAT
TyrGlyLysAspAlaleuleuHisGluHisTyrValTyrAlaLlysGluGlyTyrGluProValleuVallleGlnSerSerGluAspTyr

1000 1010 1020 1030 1040 1050 . 1060 1070 1080
GTAGAAAATACTGAAAAGGCACTGAACGTTTATTATGAAATAGGTAAGATATTATCAAGGGATATT TTAAGTAAAATTAATCAACCATAT
ValGluAsnThrGluLysAlaleuAsnValTyrTyrGlulleGlyLysIleLeuSerArgAsplleLeuSerLysIleAsnG1lnProTyr

1090 1100 1110 1120 1130 1140 1150 1160 1170
CAGAAATTTTTAGATGTATTAAATACCATTAAAAATGCATCTGATT CAGATGGACAAGATCTTTTATTTACTAATCAGCTTAAGGAACAT
GlnLysPheleuAspValleuAsnThrlleLysAsnAlaSerAspSerAspGlyGlnAspleuleuPheThrAsnGlnleuLysGlulis




1180 1190 1200 1210 1220 1230 1240 1250 1260
CCCACAGACTTTTCTGTAGAATTCTTGGAACAAAATAGCAATGAGGTACAAGAAGTATTTGCGAAAGCTTTTGCATATTATATCGAGCCA
ProThrAspPheSerValGluPheLeuGluGlnAsnSerAsnGluValGlnGluValPheAl aLysAl aPheAlaTyrTyrIleGluPro

1270 1280 1290 1300 1310 1320 1330 1340 1350
CAGCATCGTGATGTTTTACAGCTTTATGCACCGGAAGCTTTTAATTACATGGATAAATTTAACGAACAAGAAATAAATCTATCCTTGGAA
GlnHisArgAspValleuGlnLeuTyrAlaProGluAlaPheAsnTyrMe tAspLlysPheAsnGluGlnGlulleAsnleuSerLeuGlu

"1360 1370 » 1380 1390 1400 1410 " 1420 1430 1440
GAACTTAAAGATCAACGGATGCTGTCAAGATATGAAAAATGGGAAAAGATAAAACAGCACTATCAACACTGGAGCGATTCTTTATCTGAA
GlulLeulysAspGlnArgMe tLeuSerArgTyrGluLysTrpGluLysIleLysGlnHisTyrGlnHisTrpSerAspSerLeuSerGlu

1450 1460 1470 - 1480 1490 1500 1510 1520 1530

GAAGGAAGAGGACTTTTAAAAAAGCTGCAGATTCCTAT TGAGCCAAAGAAAGATGACATAATTCATTCTTTATCTCAAGAAGAAAAAGAG
GluGlyArgGlyleuleuLysLysLeuGlnIleProlleGluProLysLysAspAsplleIleHisSerleuSerGlnGluGluLysGiu

- 1540 1550 1560 1570 1580 1590 1600 1610 1620
CTTCTAAAAAGAATACAAATTGATAGTAGTGATTTTTTATCTACTGAGGAAAAAGAGTTTTTAAAAAAGCTACAAATTGATATTCGTGAT
LeuLeuLysArgIleGlnlleAspSerSerAspPheLeuSerThrGluGluLysGluPheleulysLysleuGlnIleAsplleArgAsp.

1630 1640 1650 1660 1670 1680 1690 1700 1710
TCTTTATCTGAAGAAGAAAAAGAGCTTTTAAATAGAATACAGGTGGATAGTAGTAATCCTTTATCTGAAAAAGAAAAAGAGTTTTTAAAA
SerLeuSerGluGluGluLysGluleulLeuAsnArgIleGlnValAspSerSerAsnProleuSerGluLysGluLysGluPheLeulys

1720 1730 1740 1750 1760 1770 1780 1790 1800
AAGCTGAAACTTGATATTCAACCATATGATATTAATCAAAGGTTGCAAGATACAGGAGOGTTAATTGATAGTCCGTCAATTAATCTTGAT
LysLeuLysLeuAspl1eGlnProTyrAsplleAsnGlnArgLeuGlnAspThrGlyGlyLeulleAspSerProSerIleAsnLeuAsp

1810 1820 1830 -+ 1840 1850 1860 1870 1880 1890

" GTAAGAAAGCAGTATAAAAGGGATATTCAAAATATTGATGCTTTATTACATCAATCCATTGGAAGTACCTTGTACAATAAAATTTATTTG

ValArgLysG1lnTyrLysArgAsplleGlnAsnIleAspAlalsuleuHisGlnSerIleGlySerThrLeuTyrAsnlysIleTyrLeu

. 1900 1910 1920 1930 1940 1950 1960 1970 1980
TATGAAAATATGAATATCAATAACCTTACAGCAACCCTAGGTGCGGATTTAGTTGATTCCACTGATAATACTAAAATTAATAGAGGTATT
TyrGluAsrMetAsnl leAsnAsnLeuThrAlaThrLeuGlyAlsAspLeuValAspSerThrAspAsnThrLysIleAsnArgGlylle

1990 2000 2010 2020 2030 2040 2050 2060 2070
TTCAATGAATTCAAAAAAAATTTCAAATATAG TATT TCTAGTAACTATATGATTG T TGATATAAATGAAAGGCCTGCATTAGATAATGAG
PheAsnGluPheLysLysAsnPheLysTyrSerIleSerSerAsnTyrMatlleValAspIleAsnGluArgProAlaleuAspAsnGlu

2080 2090 2100 2110 2120 2130 2140 2150 2160
CGTTTGAAATGGAGAATCCAATTAT CACCAGATACTCGAGCACGATATTTAGAAAATGGAAAGCTTATATTACAAAGAAACATCGGTCTG
ArgleuLysTrpArglleGlnLeuSerProAspThrArgAlaGlyTyrleuGluAsnGlylysleulleLeuGlnArgAsnileGlyLeu

2170 2180 2190 2200 2210 2220 2230 2240 . 2250
GAAATAAAGGATGTACAAATAATTAAGCAATCCGAAAAAGAATATATAAGGATTGATGOGAAAGTAGTGCCAAAGAGTAAAATAGATACA
GlullelLysAspValGlnllelleLysG1lnSerGluLysGluTyrlleArglleAspAlaLlysValValProLysSerLysIleAspThr

2260 2270 2280 2290 2300 2310 2320 2330 2340
AAAATTCAAGAAGCACAGTTAAATATAAATCAGGAATGGAATAAAGCATTAGGGTTACCAAAATATACAAAGCTTATTACATTCAACGTG
LysIleGlnGluAlaGlnleuAsnIleAsnGlnGluTrpAsnlysAlaleuGlyLeuProLlysTyrThrLysLeul leThrPheAsnVal

27




73

2350 2360 2370 2380 2390 2400 - 2610 2420 2430

CATAATAGATATGCATCCAATATTGTAGAAAGTGCTTATTTAATATTGAATCAATGGAAAAATAATATTCAAAGTGATCTTATAAAAAAG
HisAsnArgTyrAlaSerAsnlleValGluSerAlaTyrLeulleLeuAsnGluTrpLysAsnAsnIleGlnSerAspleulleLysLys

2440 2450 2460 2470 2480 2490 2500 2510 2520
GTAACAAATTACTTAGTTGATGGTAATGGAAGATTTGTTTTTACCGATATTACTCTCCCTAATATAGCTGAACAATATACACAT CAAGAT
ValThrAsnTyrLeuValAspGlyAsnGlyArgPheValPheThrAspIleThrLeuProAsnlleAl aGluGlnTyrThrHisGlnAsp

. 2530 .. 2540 2550 2560 2570 2580 2590 2600 2610
GAGATATATGAGCAAGTTCATTCAAAAGGGTTATATGTTCCAGAATCCCGTTCTATATTACTCCATGGACCTTCAAAAGGTGTAGAATTA

GluIleTyrGluGlnValHisSerLysGlyLeuTyrValProGluSerArgSerIleLeuleulisGlyProSerLysGlyValGluleu '

2620 2630 2640 2650 2660 2670 2680 - 2690 2700

ArgAsnAspSerGluGlyPhelleHisGluPheGlyHisAlaValAspAspTyrAlaGlyTyrleuleuAsplysAsnGlnSerAspLleu

2710 2720 . 2730 . 2740 2750 2760 2770 2780 2790
GTTACAAATTCTAAAAAATTCATTGATATT TTTAAGGAAGAAGGGAGTAATTTAACTTCGTATGGGAGAACAAATGAAGCGGAATTTTTT

ValThrAsnSerLysLysPheIleAspllePheLysGluGluGlySerAsnLeuThrSerTyrGlyArgThrAsnGluAlaGluPhePhe

2800 2810 2820 '2830 2840 2850 2860 2870 2880
GCAGAAGCCTTTAGGTTAATGCATTCTACGGACCATGCTGAACGTTTAAAAGTTCAAAAAAATGCTCCGAAAACTTTCCAATTTATTAAC
AlaGluAl aPheArgleuMe tHisSerThrAspHisAl aGluArgleulysValGlnLysAsnAlaProLysThrPheGlnPheIleAsn

2890 2900 2910 2920 2930 2940 2950 2960 2970
GAMAM&WMMHMWAMMTMMTMMMMM&@
AspGlnIleLysmelleneAsnSer '

2980 2990 3000 3010 . 3020 3030 3040 3050 3060

3070 3080 3090 3100 3110 3120 3130 3140 . 3150

WMWWMNWMMWAMMMMM ‘

3160 3170 3180 3190 3200 3210 3220 3230 3240

' mmmmwmmmmmmmmmmmn

3250 3260 3270 3280 3290

TTCAATAAATTTTGTAATTAAGCATACGTCAAAAAACCGAAATCTGAGCTC

Sstl
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APPENDIX V. LF amino acid sequence

1
71

141

211

281
351
421
491
561
631
701

771

(29 aa signal peptide) $-Start of mature LF (780 aa)
MNIKKEFIKV ISHSCLV’J.‘AITLSGPVPIPLVQGAQGHGDVGHHVKEKEKNKDENKRKDEERNKTQEEHIK

EIMKHIVKIEVKGEEAVKKEAAEKLLEKVPSDVLEMYKAIGGKIYIVDGDITKHISLEALSEDKKKIKDI

YGKDALU!EHYVYAKECYEPVLVIQSSEDWEMEKAWINQPYQKFLDVLNTI
#1

KNASQSDQQQLLETNQLKEHPTDFSVEFLEQNSNEVQEVFAKAFAYYIEEQHBQ!lQEXAZEAEHXﬂﬁKF
#2 . #3

NEQEINLSLEEIKDQRHLSRYEKUEKIKQHYQHUSDSLSEéGRGLIXKLQIPIEPKKDDIIHSLSQEEKE
LLKRIQIDSSDFLSTEEKEFIXRIQIDIRDSLSEEEKELINRIQVDSSNPLSEKEKEFIKKLKIbIQPYD
INQRIQDTGGLIDSPSINLDVRKQYKRDIQNIDALLHQSIGSTLYNKiYIXENHNINNLIAJTGADLVDS
TDNTKINRGIFNEFKKNFKYSiSSNYHIVDINERPALDNERIXNRIQLSPDTRAGYLENGKLIIQRNIGL
EIKDVQIIKQSEKEYIRIDAKVVPKSKIDTKIQEAQLNINQEWNKALGLPKYTKLITFNVHNRYASNIVE
SAYiILNEWKNNIQSDLIKKVTNYLVDGNGRFVFTDITLPNIAEQYTHQDEIYEQVHSKGLYVPESRSIL
LHGPSKGVELRNDSEGFIHEFGHAVDDYAGYIIDKNQSbLVTNSKKFIDIFKEEGSNLTSYGRTNEAEFF

AEAFRIMHSTDHAERLKVQKNAPKTFQFINDQIKFIINS

FeRdefrhddddehdiok

sequence contains 809 amino acids (M, 93,?98):

'

Ala (A) 34 Leu (L) 80
Arg (R) 27 Lys (K) 86
Asn (N) 54 Met (M) 10
Asp (D) 55 * Phe (F) 29
Cys (C) 1 . Pro (P) 21
Gln (Q) 41 ‘ Ser (S) 54
Glu (E) 79 Thr (T) 28
Gly (G) 35 Trp (W) 5
His (H) 21 Tyr (Y) 35
Ile (I) 74 Val (V) 40
Acidic (Asp + Glu) ' - 134
Basic (Arg + Lys)’ . 113
Aromatic (Phe + Trp + Tyr) 69

Hydrophobic (Aromatic + Ile + Leu + Met + Val) 273
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The following Invited seminars were given:

Donald L. Robertson. A Biochemical Analysis of the Bacillus anthracis
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on sabbatical leave in the Bacteriology Division at USAMRIID. During this
period, Dr. Ronald W. Leavitt served as principal investigator and directed
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University. _
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Young University. : :
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