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Genetic engineering
and foot and mouth disease*
Ladies and gentlemen, dear colleagues,
Sir William Henderson has given a review (1) of the potential but also of
the problems connected with the new protein vaccines. H e pointed out that
we are still in the midst of their development. Encouraging progress h a d been
m a d e during the last few years, but a big effort is necessary to m a k e these
vaccines m o r e efficient and reliable. Only experts of the laboratories involved
can explain where the development stands at present.
To my knowledge, three working groups, each one consisting of two or
more laboratories, reported successful cloning of foot and m o u t h disease
c D N A during 1981 (2, 3, 4). Figure 1 shows the titles of the three papers in
chronological order : the first paper comes from the G e r m a n g r o u p . The
members of this group are working in three institutes : D r . Schaller's Department of Microbiology, in Heidelberg represented by D r . K&uuml;pper who is now
continuing the cooperation at Biogen in Switzerland, the Federal Research
Institute for Animal Virus Diseases in T&uuml;bingen where I am working and
where the cooperation was initiated and D r . Hofschneider's D e p a r t m e n t in
the Max Planck Institute for Biochemistry in Martinsried. T h e English group
is a collaboration of the Wellcome Research Laboratories, Beckenham represented by D r . Highfield and the Department of Biochemistry of the Animal
Virus Research Institute in Pirbright represented by D r . Brown. The United
States group is a collaboration of Genentech of San Francisco and the P l u m
Island Animal Disease Center represented by D r . Callis.
I would also like to introduce two additional groups. A French collaboration of IFFA-M&eacute;rieux with the Institut Pasteur represented by D r . Rivi&egrave;re and
another one working in the Weizmann Institute, Rehovot, Israel, represented
by D r . Aviv and its partner the Istituto Zooprofilattico in Brescia, Italy.
The fusion protein generated by bacteria is not the only possible alternative to the conventional vaccine, as the synthetic peptide vaccines are also
noteworthy. At the International Congress in Strasbourg 1981, we demons* Proceedings of the Round Table held during the XVIth Conference of the O . I . E . Foot
and Mouth Disease Commission (Paris, 14-17 September 1982). This Round Table was organized and chaired by K. Strohmaier (Federal Republic of Germany), with the participation of the
following specialists in this field : J. Asso (France), H . Aviv (Israel), F. Brown (Great Britain),
J.J. Callis ( U . S . A . ) , P . E . Highfield (Great Britain), H . K &uuml; p p e r (Switzerland), E . Pfaff (Federal
Republic of Germany) and M. Rivi&egrave;re (France).
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Cloning of cDNA of major antigen of foot and mouth disease virus
and expression in E.coli
Hans K&uuml;pper, Walter Keller, Christina Kurz, Sonja Forss &amp; Heinz Schaller
Department of Microbiology, University of Heidelberg, FRG
Reinhard Franze &amp; Karl Strohmaier
Federal Research Institute for Animal Virus Diseases, T&uuml;bingen, FRG
Otfried Marquardt, Vladimir G.Zaslavsky &amp; Peter Hans Hofschneider
Max Planck Institute for Biochemistry, Martinsried bei Munich, FRG
Nature, Vol. 289, 555-559, 1981 Received: 6 October 1980
Molecular cloning of foot and mouth disease virus genome and
nucleotide sequences in the structural protein genes
John C.Boothroyd*, Peter E.Highfield*, George A.M.Cross*,
David J.Rowlands , Peter A. Lowe , Fred Brown &amp; Timothy J.R.Harris
*Wellcome Research Laboratories, Beckenham, UK
t Animal Virus Research Institute, Pirbright, UK
Nature, Vol. 290, 800-802, 1981 Received: 1 December 1980
Cloned Viral Protein Vaccine for Foot and Mouth Disease:
Responses in Cattle and Swine
Dennis G.Kleid, Daniel Yansura, Barbara Small &amp; Donald Dowbenko
Genentech Inc., South San Francisco, California, USA
Douglas M.Moore, Marvin J.Grubman, Peter D.McKercher, Donald O.Morgan,
Betty H.Robertson &amp; Howard L.Bachrach
Plum Island Animal Disease Center, Greenport New York, USA
Science, Vol. 214, 1125-1129, 1981 Received: 1 September 1981
Reported: Fifth Intern. Congress for Virology, Strasbourg August 1981
FIG. 1
Titles of the first three publications reporting cloning
of foot and mouth disease cDNA
trated the location of the antigenic portion on the sequence of the immuniz&shy;
ing protein of type O1 Kaufbeuren (5). Since then, two groups have confirm&shy;
ed our findings by chemical synthesis of immunizing peptides. Dr. Pfaff
from the team of Dr. Schaller in Heidelberg reported at the spring session of
the German Society of Microbiology on &laquo; Neutralizing antibodies to foot
and mouth disease virus induced by synthetic peptides &raquo; (6, 7) and the Californian group of Dr. Lerner together with Drs. Rowlands and Brown of Pir&shy;
bright submitted a paper to Nature (8) concerning immunization with chemi-
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cally synthesized peptides based on the sequence of the same virus type O1
Kaufbeuren we used in Germany. D r . Brown will represent this group here
too.
T h e interest on this topic is large but it can be assumed that many interested
groups did not have the chance to gather scientific and up-to-date information.
In the titles of all three papers shown on Figure 1, the word &laquo; cloning &raquo; is
contained. I will try to answer the question &laquo; What is cloning &raquo; for members
of the audience w h o have had no opportunity to study the basis of genetic
engineering (Figure 2).
The F M D virus consists of ribonucleic acid (RNA) enveloped in a coat of
protein. Only the R N A is required to provide the information to synthesize
virus in a cell and only the protein coat is able to induce antibodies and
immunity in an animal.
The new idea is to use the information of the R N A for the synthesis of the
immunizing protein in bacteria where viral R N A and active virus cannot be
generated. The first step is to separate out the virus R N A from the virus.
This can be done by several methods (9, 10). On the 5' end the R N A is
linked with a small peptide V P g . The coding sequence for the coat protein is
situated towards the 5' end. T h e R N A starts at the 3 ' end with a homologous
tract of polyadenylic acid. This is important because this part can form a
double strand with oligo d T . Using a reverse transcriptase the single strand
can be completed along its length to form a double-stranded hybrid. The ori&shy;
ginal single-stranded R N A is then removed and the remaining single-stranded
D N A is completed to a double-stranded so-called c D N A which carries the
same information as the virus R N A . In prokaryotic cells like bacteria circular
D N A exists outside the chromosomal D N A . These so-called plasmids, like
chromosomes, are transferred from one generation to the next and are able
to initiate the synthesis of coded proteins, as for example resistant factors
against antibiotics. The plasmids can be isolated from the bacteria. A plas&shy;
mid was used which carries two resistant factors. The first acts against ampicillin, the second against tetracyclin. T h e coding sequence for ampicillin con&shy;
tains a sequence which can be cleaved by the enzyme Pst I. It is possible t o
insert the c D N A into the opened plasmid and then to close the circle again. In
a suspension with an increased calcium concentration, some bacteria incorpo&shy;
rate the modified plasmids. If this suspension is plated on agar containing
tetracyclin, only bacteria with an incorporated plasmid will survive and form
clones. But not all plasmids will have c D N A . In order to recognize these, the
observed colonies were plated on two plates, one with tetracyclin and one
with ampicillin. The bacteria with a cDNA-plasmid cannot grow on the ampi&shy;
cillin plate, as their ampicillin resistance factor has been destroyed. But the
bacteria containing a plasmid without c D N A will form colonies on both pla&shy;
tes. All bacteria of one clone are descended from one bacterium and there&shy;
fore all descendants have exactly the same c D N A insert. The bacteria cell
expresses the same protein which can be detected in the bacterial lysate.
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Process of cloning from the virus to the selection of clones
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U p to this point, all the tests described are standard techniques and have
been carried out in a similar manner in all laboratories. But no laboratory
has found a plasmid which carries the whole F M D V c D N A .
D r . K&uuml;pper, how do you find out clones containing the coding sequence
for the coat protein ?
Dr. K&uuml;pper : Figure 3 shows the biological m a p of foot a n d m o u t h
disease virus. Aligned with this m a p are the plasmids which we obtained by
the cloning of the double-stranded c D N A which was produced from the
F M D V R N A . W h e n we started the work the biological m a p was k n o w n (11)
RNA
PROTEINS
FMDV-1U
-217
-331
-410
-512
-703
-715
-849
-1034
-U18
-1448
-1824
FIG.
3
Localization of cloned FMDV cDNA fragments
(H. K&uuml;pper et al. (1981). — Nature, 289, 556)
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and thus the rough location of V P 1 . The sequence of the first 40 amino acids
of VP1 was published (12), and we analyzed the cloned c D N A to find the
nucleotide sequence corresponding to the amino acid sequence of V P 1 . T h e
corresponding clone, FMDV-1034, carries all the sequence for V P 1 . Having
identified this clone we could manipulate the sequence in order to express the
VP1 protein in E. coli.
Chairman : It is a particular advantage that the inserted c D N A of the clo&shy;
nes can be analyzed and that newly developed methods (13) enable us to
determine the nucleic acid sequence of D N A faster than the amino acid
sequence of the coded protein and each research group has done this and
could relate the deduced amino acid sequence of one reading frame to
published protein sequences as shown on the picture from the English group
(Figure 4). Dr. Highfield, can you explain how you have done this in your
group ?
FIG.
4
Nucleotide and amino acid sequences at the junctions of the major capsid proteins
(J.C. Boothroyd et al. (1981). — Nature, 290, 802)
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Dr. Highfield : W e followed basically the same type of approach that D r .
K&uuml;pper has just outlined. We obtained a whole series of clones. These were
analyzed in a very similar m a n n e r to that described. As a result of this analy&shy;
sis we found one clone which actually in its entirety, stretched from a point
somewhere within the region of the precursor protein P 5 2 , it is marked as
P34 in Figure 3, and extended u p into a point just beyond the start of V P 4 .
So we had the entire protein structural region within one clone which was
described in the paper we published in Nature (3) and which is now known as
clone 76. We carried out sequencing reactions in certain parts of the clone
and we compared the coded sequence with the available information for the
amino acid sequence of the various polypeptides, not only the V P 1 , but we
could also look for V P ' s 2, 3 and to a certain extent V P 4 . In Figure 4 in the
middle there is the D N A sequence that we obtained by D N A sequencing reac&shy;
tions and beneath it is displayed the a m i n o acid sequence predicted from this
D N A sequence and then below that, in this case, say for V P 2 , is displayed the
published amino acid sequence of V P 2 . In this case it is for O1K published by
Strohmaier et al. (12) whereas of course, our D N A sequences are for A10.
However, for V P 2 the differences are not great so that we can get a very
good comparison. Each underlining here represents a correspondence bet&shy;
ween our predicted sequence and the sequences beneath.
Chairman : A large part of the c D N A nucleotide sequence of different
types is already analyzed and the difficulty now is to discover the beginning
and the end of the coded protein (14, 15, 16, 17, 18, 19).
Speaker : H a s anyone ever tried to clone the precursor protein p88 ?
Dr. Highfield : In fact, the clone I described called N o . 76 is effectively a
p88 clone. It contains the information for the precursor protein in its entirety
plus other information.
Chairman : N o w we will discuss the methods of antigen production and
purification.
Transformed bacteria may be cultivated in a fermenter. The expression of
the coded protein from the plasmid pBR 322 is low. This means the generated
antigen is small in relation to the whole protein synthesis of the bacteria. The
Genentech group used a special promoter to increase and to control the p r o &shy;
tein expression. Dr. Callis, could you explain how the promoter works and
how many fusion protein will be generated in one litre bacteria suspension ?
Dr. Callis : It is a t r y p t o p h a n p r o m o t e r . The bacteria into which the engi&shy;
neered plasmid is inserted is the K12 strain of E. coli which has a replication
time of 20-25 minutes. In the work done thus far, the bacteria reproduces
itself to 1 0 or 1 0 within 18 h o u r s , during which time, each bacterial cell
will have produced anywhere from 10 to 10 molecules of the viral protein.
10
11
6
7
Chairman : D r . K&uuml;pper, you used another promoter in the Biogen labora&shy;
tory. D o you have approximately the same output and do you think that this
value can be increased by other promoters or bacteria or micro organisms ?
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FIG. 5
Construction of plasmid pPL VP1
(H. K&uuml;pper et al. (1981). — Nature, 289, 557)
D r . K&uuml;pper : Figure 5 shows the two plasmids which were used for
expression of V P 1 . The plasmid pFMDV-1034, which was pointed out
before, carries all the information for the VP1 protein and was identified by
sequencing. The plasmid p P L C24 is the expression vector. It carries the
resistance gene for ampicillin, by which the plasmid can be selected for and
the sequence of the P L promoter from bacteriophage lambda. This promoter
has a similar strength as the tryptophan promoter used by Genentech but
every laboratory seems to specialize in its own promoters. The advantage of
the P L promoter is the regulation by its repressor protein. If the repressor is
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temperature sensitive then the expression of the following sequence can be
regulated by a change in temperature.
The plasmid p P L C24 carries behind the P L promoter parts of the MS2
replicase gene. Behind this gene, between the Bam H I site and the Hind III
site, we fused the VP1 sequence (plasmid p P L VP1). Thus we obtain a fusion
protein which consists of the first 100 amino acids of the MS2 replicase
followed by the amino acids specific for V P 1 . In an induced culture between
1 and 2 million molecules per cell are synthesized which is equivalent to up to
2 0 % of the total cellular protein. A yield of 2 0 % or 3 0 % is probably the
upper limit which can be reached.
Figure 6 shows total cell extract of E. coli before and after induction. The
protein can be easily purified to a degree necessary for immunization.
FIG. 6
SDS-page of protein expression
a : without pPL VP1, induced for 3 hours.
b : with pPL VP1 not induced.
c : as b but induced for 3 hours at 42&deg;C.
d : membrane pellet by 6M urea.
e-h :radioautography of the same gel after reaction with labeled O1K antiserum.
(H. K&uuml;pper et al. — 4th Intern. Symposium on Genetics of Industrial Microorga&shy;
nisms. June 6-11, 1982, Kyoto, Japan).
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Chairman : Dr. Aviv and Dr. Rivi&egrave;re, have you used another promoter or
do you work with the same ?
Dr. Aviv : Well, we have used both the tryptophan and a modified P L
promoter. Both expressed very high levels of VP1 — 2 0 % or somewhat higher occasionally. Our experience is that the P L promoter is more convenient
than the Trp promoter.
Dr. Rivi&egrave;re : At the m o m e n t we do not have a definitely constructed vector for the expression.
Chairman : The quality of the expressed fusion protein depends upon the
coding sequence between the promoter and the terminator on the plasmid.
Besides the virus protein, there will be some other amino acids of the used
plasmid. Dr. Callis, how large is your expressed protein and do you think
that the extraneous part may decrease their antigenic effect ?
Dr. Callis : T h a t is a difficult question to answer. In the limited work
which we have been able to conduct with the biosynthesized protein type A
the fusion protein does not seem to have interfered with immunity. In Table I
the neutralizing antibody response of guinea pigs from various fusion p r o teins is shown : G r o u p 1 animals were given 4 different doses of viral VP1
and the antibody levels which result are illustrated in the table. There were 7
other fusion proteins, some with long leaders, some with short leaders. The
buffer in which these proteins were suspended also differed. In all instances,
the neutralizing antibody levels shown here are as a result of one injection of
the fusion protein, with exception of group 7 where those animals were given
2 doses — that is the short leader strain O1 C a m p o s of foot and m o u t h
disease virus with a urea-Tris buffer. Those animals were given 2 inoculations
— 21 days after the 1st inoculation they were given a 2nd inoculation and the
results which you see here are 35 days following the receipt of the first dose
of vaccine. The antibody level is shown in group 8. These animals also received on day 28, a 2nd dose of the fusion protein and the result shown is that
which resulted 14 days after the 2nd inoculation. A n antibody level of
4.6 logs was obtained with a t a n d e m peptide, amino acids 137-167. This
information has been submitted for publication in a symposium, in a paper
given by Dr. Moore who is currently the principal investigator along with Dr.
Kleid from Genentech. We expect this table to be published within the next
few weeks (19).
I 2
Dr. Brown : I think one of the most interesting things on your Table I,
Dr. Callis, is line one where VP1 gives such a good response on one inoculation of 4 micrograms. Now Dr. Callis and I have corresponded about this
and Dr. Moore and I have corresponded, t o o . This result is surprising in view
of all the published information on the activity of V P 1 , isolated from virus
particles. T h a t has usually been done by disrupting the virus particles with
SDS, urea, etc. Here the experiments have been done in urea-Tris and the
concentration of urea is 6 molar which is pretty high and the response is
much greater than has been described before. Usually with 4 micrograms of
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TABLE I
Neutralizing antibody responses of guinea pigs to LE'- VP fusion proteins
or FMDV VP ** (D.M. Moore, 1983)
3
3
Group
Antigen
1
2
FMDV A V P
Long leader
A1 LE'-VP
Short leader
A LE'-VP
Short leader
A LE'-VP
Short leader
A1 LE'-VP
Short leader
0 LE'-VP
Short leader
O1LE'-VP
Long leader
A LE'-VP
tandem peptide
amino acids #137-167
1 2
3
2
3
4
5
3
3.2
3.9
4.8
—
Urea-Tris
3.5
3.9
3.6
—
2.3
3.6
3.6
—
&lt;.3
1.7
4.2
—
12
3
Urea-Tris
Gel slurry
SDS-Tris
3
Urea-Tris
—
—
3.2
3.6
Urea-Tris
—
—
1.5
2.2
Urea-Tris
—
—
1.8 + +
3.2 + +
Urea-Tris
—
—
4.6
3
3
8
Urea-Tris
3
1
7
Neutralizing antibody response
at given dose (&micro;g)*
4.0
20
100
500
12
2
6
Buffer +
12
3
&sect;
—
*
Neutralizing antibody titers determined by the suckling m o u s e serum neutralization test (Skinner, 1953) of
guinea pig sera, taken 28-35 days after vaccination. Values are the - l o g 1 0 serum dilution 5 0 % endpoint of
a pool of 5 sera protecting mice from 100 LD50 doses o f the h o m o l o g o u s virus. For vaccination appro&shy;
priate doses in a 2 ml aqueous-Freund incomplete oil adjuvant emulsion were given subcutaneously in the
skin of the neck. &laquo; — &raquo; indicates not tested.
+
Indicates the a q u e o u s phase o f the vaccines : Urea-Tris = 6 M urea, 0.05 M mercaptoethanol, 0.014 M
Tris-HCl, p H 8.6; gel slurry SDS-Tris = pulverized Polyacrylamide preparative gel slice diluted in 0 . 1 %
S D S , 0.05 M Tris-glycine, p H 8.1.
+ + Neutralizing antibody titer 21 days after revaccination at 35 days with the same vaccine preparation.
&sect;
Neutralizing antibody titer on day 28, revaccinated o n day 14 with same preparation.
**
V P o f this table is identical with V P 1 .
3
V P 1 , inoculated into guinea pigs, the response cannot be detected. T h a t has
been our experience with preparations of VP1 m a d e in exactly the same way
with 6 M urea t o disrupt the virus. I find this interesting and very i m p o r t a n t ,
because as Rob Meloen mentioned, the antigenic sites on V P 1 , on 12S parti&shy;
cles on virus particles, could well be different. I find it interesting and impor&shy;
tant to know what it is in this preparation t h a t makes VP1 fold in the way
that you would expect it to be folded on virus particles. I d o not know whe&shy;
ther D r . Callis is willing to say what the trick is; or whether it isn't a trick.
Dr. Callis : I would like to suggest that there might be a trick. D r . M o o r e
assures me that there is no trick, unless it is the fact that it is in 6 molar urea
buffer.
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Speaker : We made a basically similar experience as Dr. Brown just point&shy;
ed out. I would like to know how much would a virus compare with the anti&shy;
body titre which you have u p here ? D o you have a positive control ? W h a t
would be the antibody titre a virus would give ? Just for a control.
Dr. Callis : You would expect an antibody level in guinea pigs compara&shy;
ble to that which we received with 4 micrograms of the immunizing protein.
You would expect a comparable neutralizing antibody level in guinea pigs
with some viruses with as little as 1-3 micrograms of whole virus. That is not
at all unusual.
Speaker : I would like to ask Dr. Brown if the experiments in your labo&shy;
ratory were carried out with the A , was it the same strain that they use at
Plum Island, or d o you use a different strain ? The immunogenicity of the
isolated polypeptide could vary very much with the different strains of viru&shy;
ses.
1 2
Dr. Brown : It is in fact the virus type A we were using at t h a t time. It is
some time ago now, even before we were using A as our model virus. W h a t
we do know is that a few micrograms of inactivated virus particles like Dr.
Callis has just mentioned, one to three &micro;g would give a response of the order
he has mentioned. We found that 100 micrograms of virus, disrupted in urea,
gave us no neutralizing antibody response on the first inoculation. T h a t was
in urea or in guanidine.
1 2
I 0
Dr. Rweyemamu : You know, the behaviour of these isolated proteins is
very different when they are taken from different strains and there may be a
problem for a given strain that gives very good neutralization antibodies, in
this case the A , against others and maybe you should just change the strains
and do the experiment all with one strain, A for example.
1 2
1 2
Dr. Highfield : I think that is an important point and in fact on Table I
Dr. Callis referred t o using the O1 C a m p o s strain in some of those experi&shy;
ments, the response to that was lower than it was to the A strain.
1 2
Dr. Rweyemamu : Table I seems to indicate a much better response than
work published from Plum Island with the same strain. I was just wondering
whether someone would like to comment on the i m m u n o assay system used
in this particular instance, because yesterday we heard from Dr. Knudsen (20)
that they used a n enhanced neutralization test. Would this be carried out by
an enhanced neutralization test which would tend to give higher values than
normal ?
Dr. Callis : The answer to that is n o . These are neutralizing antibody
titres determined by the suckling mouse sero-neutralization tests of guinea
pigs serum as described by Dr. Skinner in 1953 (21).
Speaker : I think something that Dr. Rweyemamu mentioned in passing
there was the fact that in your Science publication (4), you have antibody
titres quite analogous to some of the ones presented on Table I, which did
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not give any meaningful response at levels at least as high as the ones you are
using in that experiment. Would you like to comment on a change in the per&shy;
formance ?
Dr. Callis : I comment to the extent that I believe in those instances the
buffers were different and the adjuvants were quite different.
Dr. Strobbe : Coming back to the huge quantities of VP1 necessary, when
VP1 is isolated from the virion compared to the very limited quantities of
VP1 that are actually present in classical vaccine, is there anything known
why with isolated VP1 the quantities must be so high ? Is it a question of sta&shy;
tistical distribution of statistical differences between molecules so that only
part of the antigen is immunologically active or does it relate m o r e to the ani&shy;
mal receiving the molecules ? Is there any answer to that ?
Chairman : I never asked a cattle about that. But perhaps Dr. Brown can
say what is the difference between the antigenic activity of V P 1 , the 12S and
the whole virus protein. C a n you say something about this item ?
Dr. Brown : I thought we had already discussed this. Rob Meloen set the
ball rolling yesterday afternoon by his stimulating remarks and I think I used
the words trick and folding and goodness knows what this morning. I think
that is the reason because the problem has to be solved — which apparently
has been solved by chance by Dr. M o o r e in P l u m Island — that you have got
to get the VP1 to fold in the way that it is folded on the virus particle.
Dr. Strobbe : In the whole quantity of 500 micrograms, should there be
only a few micrograms correctly folded ?
Dr. Brown : In the experiments that were on D r . Callis' table, 4 micro&shy;
grams of the protein gave the same response as 1-3 micrograms of virus.
Dr. Callis : We have learned a lot at P l u m Island over the last two years,
because we have been producing antigen for stock piling purposes and I think
we have (I will include myself certainly) from time to time in the past, been
critical of some of our colleagues who are in the vaccine production business.
Until you have done something, you probably should not criticize it. There is
a lesson to be learned from that. But the lesson certainly we have learned is
that every virus is different, every strain is different. I am sure that many of
you have produced vaccines which have protected animals which had less
than 1 microgram of whole virus. I am confident that there have been m a n y
such products used in m a n y countries. Some years ago we thought that
3 micrograms of almost any whole virus would be adequate for immunizing.
Well, that is simply not the case. In some instances, you need much more
than that. In some instances you need 10 or even 15 micrograms of whole
virus, to produce a satisfactory vaccine. Especially if you are going to store it
for any period of time. Now I think we just have to study each and every
strain and decide what is the dose of that particular whole virus and what
dosage will be required of the bio and organically synthesized proteins. I
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think that the dosage may vary with each and every vaccine type and subtype, as has been the case with whole virus vaccines.
Dr. Rivi&egrave;re : I would like to go back to the relationship between the dose
of VP1 antigen inoculated in animals and the immune response induced. We
have carried out a preliminary trial designed to determine the approximate
quantity of VP1 antigen injected in sheep which would be necessary to obtain
a response comparable to that induced by a classical vaccine. We worked
with a VP1 protein extracted from the A virus. The protein was denatured in
SDS. We inoculated the animals with experimental vaccines which contained
64 to 1,000 micrograms of V P 1 . The animals received two injections, given
one m o n t h apart. We observed a significant antibody response ten days after
the initial vaccination. There was a marked booster effect. We observed a
difference in neutralizing antibody titre, which was a function of the dose
injected. The optimal dose seems to be around 400 to 500 micrograms. We
used an oil adjuvant in this trial — it was the water in oil (emulsion) type.
When we used this adjuvant, we observed an antibody titre close t o , comparable to the one we observed with a classical inactivated virus vaccine in alumina gel and saponin. On the other hand, when a 3.7 microgram dose of the
same inactivated A virus in an oil adjuvant was injected, it induced a neutralizing antibody response which was far higher than that obtained with
500 micrograms of V P 1 .
5
5
Speaker : Could I ask Dr. Rivi&egrave;re, the VP1 that you inoculated, was this
engineered V P 1 , or was it from particles ? A n d the response you got with
two inoculations of 500 micrograms with oil, was it the same as you get with
one inoculation of 4 micrograms of inactivated virus ?
Dr. Rivi&egrave;re : It was a VP1 protein extracted from the virus. When VP1 or
inactivated virus are in an oil adjuvant, the antibody level seems to be comparable.
Chairman : In the Science paper, you used the protein directly from the
gel electrophoresis. The gel was crushed and injected directly into the animals. Electrophoretic purification is a very efficient one, but it cannot be
used for large-scale production. You obviously use only the purification
given by the solubility of the protein in different solutions.
Dr. Callis : The principal difference is that the information published in
Science was conducted in cattle and swine. The information in this Table I is
from guinea pigs and I think most of us realize that the antibody levels from
comparable preparations are generally higher in guinea pigs than they are in
cattle or swine. That is the significant difference. We have in Table II the
neutralizing antibody and immunity in cattle vaccinated with biosynthetic A
vaccine. This is a dose response done over a period of something approximating one year. We studied 4 levels of antigen, 10, 50, 250 and 1,250 micrograms. The serums were taken at different weeks after vaccination as indicated in the table. At 15 weeks after vaccination, the 9 animals in each of groups
1 and 2 were revaccinated with 10, a n d 50 &micro;g, with the same dose that
n
TABLE II
Neutralizing antibody and immunity in cattle vaccinated with biosynthetic A
VP1 vaccine
12
Weeks after vaccination
2
8
12
15
17
21
30
10
50
250
1,250
0.9
1.0
1.1
1.2
0.9
1.2
1.1
1.3
0.9
1.0
1.0
1.3
1.7**
1.8**
2.0
2.0
2.0*
2.1*
2.0
2.6
1.7
1.9
1.8
2.0
1.7 +
2.0 +
1.8
1.9
*
Titer t w o weeks after revaccination.
** Revaccination with 10, 50, 250 or 1,250 microgram dose respectively.
+ Challenge of
10 &micro;g
50 &micro;g
250 &micro;g
1,250
&micro;g
immunity
30 wks
30 wks
45 wks
45 wks
:
5/9
7/9
8/9
9/9
immune
immune
immune
immune
32
34
38
42
45
—
—
—
—
—
—
—
—
—
1. 9**
2.3**
2.3*
1.9*
2.6
2.9
2.5
2.4
2.4+
2.7 +
—
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Micrograms
of antigen
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they received in the first instance. Animals in groups 3 and 4, that is those
that received 250 micrograms and those which received 1,250 micrograms,
were revaccinated at week 32, as indicated by the double asterisk. At week
30, animals in groups 1 and 2 had their immunity challenged by exposure to
infected cattle and of the animals which had received 2 doses of 10 micro&shy;
grams, 5 of the 9 animals were immune. A m o n g animals which received
50 micrograms, 7 of 9 were i m m u n e . 32 weeks after they received the initial
dose of vaccine, animals in groups 3 and 4 were revaccinated and their titres
2 weeks after receiving their 2nd dose of vaccine was up to 2 1/2 logs of anti&shy;
body. At week 32, in one instance it was a little over 3 logs and in the other
instance it approached 3 logs. These animals had their immunity challenged
with live virus, 45 weeks after receiving the initial dose of vaccine, and in
those which got 250 micrograms, 8 of the 9 animals were immune; and in
those that got 1,250 micrograms, 9 of 9 animals were i m m u n e . This is A ,
biosynthesized vaccine. There remains, of course, the problem of how do you
get a higher neutralizing antibody level in animals in a shorter period of time,
so that the product could be used in the face of an outbreak. As Sir William
indicated (1), there are perhaps other ways in which this problem can be solv&shy;
ed and we hope to be looking at some of those in the coming years.
1 2
Chairman : Now we are in the midst of the item immunizing activity and
Dr. Callis showed what happens in this field. We have also results in our
group but we need at least two injections to obtain proof of an immunizing
effect. I think that this is one of the points we have to pay special attention to
in the future.
Speaker : Dr. Callis, the challenge there was m a d e by injecting with a
virus, or by contact with a sick animal ?
Dr. Callis : The challenge was m a d e by placing two normal animals in the
room with the 9, one of the normal animals was given virus by inoculation in
the tongue, the other animals served as normal contacts. These animals were
kept in the room together for 14 days. So it was challenge by contact with an
infected animal.
Chairman : There is a difference in comparison to our experiments. W e
challenged the animals by rubbing a virus suspension onto the tongue. This
will be different because we have not such good challenge results as you have.
Dr. Callis : Yes. The subject of how the immunity of animals is challeng&shy;
ed is handled differently in practically every laboratory. I am familiar with
the method which Dr. Strohmaier described, because about 30 years ago, I
worked in Dr. Frenkel's laboratory and that is the method that we used for
challenging the immunity of animals. But for the last several years at Plum
Island, we used a contact exposure. In the regular test we vaccinate 12 ani&shy;
mals with a dose of vaccine and at the end of their immunization period,
these animals are housed with 4 normal animals. T w o of those animals are
given virus and the other two serve as contacts. All four of those animals
must develop foot and m o u t h disease and they serve to expose the others. W e
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have used that system for the last 4 or 5 years and there are several aspects of
it which we like. We think that the contact exposure is perhaps more like
what might happen in the field, and surely when you have animals which
have been inoculated, in contact with your vaccinates on a continuing basis,
you have a continuing exposure of vaccinated animals to a high virus concen&shy;
tration.
Dr. Fontaine : H o w do you explain the fact that there is apparently no
dose effect between 50 and 1,250 micrograms for V P 1 , an inert chemical
substance ? Is this a consistent finding in all laboratories where animals were
tested ?
Dr. Callis : I think there was a difference in the 10 microgram and
1,250 microgram doses. Not as much a difference as we had expected.
Perhaps had the animals been held longer, there would have been m o r e of a
difference. W e have been discussing what would be a dose of this particular
vaccine and we now propose to conduct a trial hopefully involving 12 ani&shy;
mals, which would be our normal vaccine trial, and use 500 micrograms of
antigen as a dose. There was not as large a difference as one might expect.
Perhaps if we used 1 microgram, instead of 10, we might have seen a larger
difference, but I think the differences between 10 and 1,250 micrograms
shown here are statistically significant.
Speaker : This testing is carried out with small numbers of animals.
Maybe the truth will come with a larger test in the field.
Chairman : Well, we are at the beginning of this technique and remem&shy;
ber, three years ago we had nothing. W e have to start with experiments like
this. Before we can go into field trials, we need much more experience. Or d o
you have another answer ?
Dr. Callis : I have no other answer t h a n the one you have just given. As
Sir William pointed out (1), the engineering of plasmids with genetic infor&shy;
mation from diverse types and subtypes of foot and m o u t h disease virus, and
obtaining adequate expression, can be done with much more facility t h a n can
the evaluation of the protein vaccine in animals. This is the part that requires
the long period of time. You will notice, however, that 36 cattle were used in
the test and that it took almost 12 m o n t h s . The next step would be t o try to
arrive at what is an adequate dose of this protein, to repeat the trial in a stan&shy;
dard vaccine test, either the kind that we use at Plum Island, or vaccine tests
that are used in some other country, preferably one where the disease exists
and where there is a control p r o g r a m m e under way. Following standard con&shy;
trol tests of the vaccine, field trials could get under way in multiple numbers
of animals. We h o p e to undertake such trials in countries where the disease is
epidemic. Those steps will follow, but I do not think we are quite ready to
take that larger step at this particular time.
Chairman : I think we have to observe that the first n o r m a l vaccine was
developed just 50 years ago and people were working since then to increase
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the immunizing potency. Now we have been working on this new vaccine 3 or
4 years.
Speaker : Have you experiences with other subtypes ?
Dr. Callis : We have not run trials with other subtypes and that is a whole
new subject, one on which I think much additional information will soon be
coming available. Again I believe that the full sequences for the immunizing
protein of 3 different viruses have been published. We are coming out quite
soon with a sequence of at least one other virus, O1 C a m p o s . The sequence of
O1 Kaufbeuren, as you know, has been published by our colleagues from
Germany. We have worked with O1 C a m p o s and there are some differences.
I cannot remember just which positions they are, but there are 4 amino acids
which are different in the polypeptides of O1 Kaufbeuren and O1 C a m p o s .
T w o of those are in the principal immunogenic region, which Dr. Strohmaier
has pointed out roughly in the amino acids 140-160. Just what these different
amino acids mean in terms of immunity, we do not know, and obviously that
is one of many things that still remain to be studied. I would not expect the
biosynthesized peptide or the organically synthesized peptide, to provide any
more cross-protection than does the whole virus. However, it should be pos&shy;
sible to engineer plasmids which would contain the genetic information for
more than one subtype of virus. To my knowledge this has not yet been d o n e
but surely will be done in the coming m o n t h s and years.
Dr. Brown : I would like to add a comment to that. In one or two review
articles on this new area of genetic engineering of foot and m o u t h disease
vaccines, the statement has been made that these new vaccines may give wider
coverage. I cannot for the life of me think why. I think they will be far more
precise and give less antigenic coverage. But these experiments need to be
done. Peptides are very precise and do not contain any of the other amino
acids that may be involved with the virus particle itself. I would expect them
to cover less of the spectrum, rather than more of the spectrum.
Chairman : The American group is working with the A and the English
group with A10 and we now analyze the sequence of A and a Q type (18).
Dr. Highfield, have you sequenced some more ?
1 2
5
Dr. Highfield : Yes, we sequenced a C type, the A and the O1 BFS. The
sequence will be published soon (16). It is interesting, so far you cannot really
make sense out of the differences you see. I mean that it is not possible to say
this difference is specific for an A type rather than a C type. The differences
are scattered all over. With the O1 BFS for example, we found one amino
acid difference between 140 and 160 and the sera of O1 BFS and O1K crossneutralize very, very well. I think this one amino acid difference does not
make any difference in the antigenic response.
3
2 4
Chairman : Dr. Aviv, have you cloned other types ?
Dr. Aviv : There are a number of strains we have worked with, also some
Asian strains. We have made extensive comparisons and obviously there are
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several differences. In fact some of the major differences are before 140. W e
have also cloned and sequenced parts of A , C and O1 from South America
and A from Brescia. A is also in the process.
2 4
5
3
2 2
Chairman : In the meantime we had some questions concerning the for&shy;
mulation of a protein vaccine, and we heard something about this. In the
first experiments we used an oil adjuvant and I think that you, Dr. Callis,
have done the same. Have you related this with other adjuvants ?
Dr. Callis : We have not. W e have used only the oil adjuvant vaccine. As
was mentioned yesterday and again today, much work remains to be d o n e ,
on adjuvants and on other products which will potentiate immunity. T h e
question was asked yesterday, what type of reaction one may be getting in
animals which are vaccinated with vaccines containing incomplete F r e u n d ' s
adjuvant. You get a varied response when you ask that question and I guess
that means you get a varied response in the animals. I personally have some
misgivings about incomplete F r e u n d ' s adjuvant. It produces a g r a n u l o m a at
the site of inoculation and in the nearest lymph nodes draining that area.
Whether or not such an adjuvant will pass the meat inspection codes of each
and every country in the world, is of course dependent u p o n the authorities
of that particular country. A great deal of work needs to be done in the area
of adjuvants and with a wide variety of products which we now collectively
call i m m u n e potentiators.
Chairman : H a s anyone used carrier molecules linked on a carrier like
haemocyanin or another one, for this kind of protein ?
Dr. K&uuml;pper : We did experiments in the past. We used a n u m b e r of car&shy;
riers and we used liposomes and other things, but none of them improved the
reaction in the expected way.
Dr. Callis : In the limited studies we have done with organically synthesiz&shy;
ed peptides, approximating 20 amino acids, this polypeptide was hooked to
bovine serum albumin and then placed in incomplete F r e u n d ' s adjuvant and
put into guinea pigs. We have thus far not had a chance to m a k e full observa&shy;
tions of such a product in anything other than guinea pigs.
Chairman : It is a contribution to the peptide vaccine we will discuss later
on.
Speaker : Did anyone ever try to cross-link it, simply by adding glutaraldehyde ?
Dr. K&uuml;pper : Yes, we tried to cross-link the protein and we did not get
any improvement in the i m m u n e response.
Chairman : One of the most important advantages of the protein vaccine
is its thermostability. The American group heated the protein to 100&deg;C for 4
to 5 minutes. T h e stability over a longer period of time at room temperature
has not been tested yet.
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U p to now we have discussed a lot of questions concerning the nature and
the application of the protein vaccine generated by genetic engineering. N o w
we will touch some economic aspects.
Some patent applications are known. The first three applications at the
E u r o p e a n patent office come from Genentech (22), Biogen (23) and Well&shy;
come (24). In most countries, however, F M D vaccine has to be licensed by
the government and nobody has applied for a licence. A n d now the question
— how many years we need for a fusion protein vaccine, which is as good as
a conventional one. Dr. Callis, what do you think ?
Dr. Callis : I only want to say that it is the question of the day. We fre&shy;
quently say &laquo; necessity is the mother of invention &raquo;. I think if there were
urgent needs for such a product, perhaps in a country where the disease has
invaded for the first time, hopefully not mine, new vaccines could perhaps be
commercialized much faster than is currently the case, where you have to
demonstrate that they are much better than the whole virus vaccines which
are currently being used. All of us know that the current whole virus vaccines
which are being used on at least 4 continents, are doing a good j o b . I think
generally the quality of those products is improving in almost every produc&shy;
tion laboratory in almost every country. I think Sir William indicated that the
bio or organically synthesized products would be commercialized in one,
three, five or perhaps more additional years in the future. T h a t is about the
same answer as I would give.
Chairman : Not before 1990 ?
Dr. Callis : I think so.
Chairman : Dr. K&uuml;pper, what do you think about this question ?
Dr. K&uuml;pper : I agree with what Dr. Callis said. T h e interesting aspect is
that one can take F M D V as a model system for other vaccines. Therefore, I
think much more research has to be done regarding adjuvants or carriers.
These results can then possibly be used for other vaccines that are developed
in that direction.
Chairman : Apparently foot and m o u t h disease is one of the first. Would
you like to express your opinion to this point, Dr. Brown ?
Dr. Brown : I think that if we look at Dr. Callis' table we will see that the
product is already there. Now the only question to be asked is — is it commer&shy;
cially feasible 7 And that question has got to determine whether it is accepted
at the end of the day, whether it can be produced more cheaply t h a n the con&shy;
ventional vaccines. I would like to add, that in the midst of all this discussion
it ought to be emphasized, and I am going to emphasize it, that this is a real
break through for immunology and virology and that it is rather nice to be
part of it in foot and mouth disease.
Chairman : Dr. Aviv, what do you think about the timetable concerning
your vaccine ?
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Dr. Aviv : We were talking outside with Dr. Callis and it seems that a
vaccine could be commercialized within a year. I think the problem is that
nobody has really pushed it very h a r d . It can be done. Being realistic, it will
probably take 3-4 years, before it will be actually tested and put on the mar&shy;
ket.
Dr. Callis : It is interesting at this m o m e n t to perhaps reflect on two other
developments which I have seen. One was the use of virus cultivated by the
Frenkel technique. H o w long did it take that virus to be accepted by the F M D
vaccine producers ? I was fortunate enough to be working in Dr. Frenkel's
laboratory from 1949-1951 when in that facility, they went from a 250 millili&shy;
tre flask containing the epithelium from one bovine tongue to the commercia&shy;
lization of the product, which of course in Holland went into the field in
1952, when they began a compulsory vaccination p r o g r a m m e . But how m a n y
years did it require for virus of that type to be widely accepted by commercial
interests, not only on this continent, but some others ? Following that, there
was of course the cultivation of foot and m o u t h disease virus in a variety of
tissue culture systems, either monolayer, or in suspension. H o w many years
did it take for virus produced in B H K cells in suspension to be widely accept&shy;
ed ? I think the answer to both of those questions is that it took 3-5 years
from the time the first information was available a b o u t those methods of cul&shy;
tivating virus. I d o not think we should expect much more expediency today
than was experienced with either one of those products.
Chairman : I think after this forecast we can summarize these results of
our discussion about the fusion protein :
Clones of bacteria expressing the immunizing protein VP1 are available
from different types.
The E u r o p e a n types O , A and C are cloned and other types from South
America and Asia are also in preparation.
Different promoters are used. Expression of the fusion protein is about
1/2 gram to 1 gram per litre of bacteria suspension.
A purification of the fusion protein is possible u p to a grade adequate for
vaccine.
At least two injections are necessary at the m o m e n t to induce sufficient
titers of antibodies and an efficient protection.
The method of application of vaccine to animals should be improved. The
immunization of cattle, swine and goats was investigated but sheep and other
susceptible animals should be taken into account.
The type specificity of a protein vaccine will be about the same as in a
conventional vaccine. W e need several types for the application.
Several mixtures of formulations are already recommended. This is one
possibility to increase the potency of the vaccine. T h e nature of the antibo-
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dies formed seems to be different from that induced by inactivated virus par&shy;
ticles. T h e duration of the immunity is still u n k n o w n but should reach about
the same length of time as with the conventional vaccine. The recommended
a m o u n t of fusion protein is about 200-500 micrograms per dose in a volume
of about 3-5 millilitres including adjuvant.
Field trials have not been conducted u p till now. They will start in one
year at the earliest.
The dose of the protein vaccine will not be cheaper than the one of the
conventional vaccine.
Patents are pending but nobody applied for a licence of a government. It
can be expected that practicable vaccines will be available before 1990.
I think that was a short summary of our discussion concerning the geneti&shy;
cally engineered protein vaccine.
The implications of the development of new F M D vaccines affect all
international Organizations involved in the control of F M D . The secretary of
the F . A . O . E u r o p e a n Commission for the Control of Foot and M o u t h
Disease, Dr. Stouraitis, will present his view on the development to be expect&shy;
ed.
D r . Stouraitis ( F . A . O . ) : T h a n k you, Mr. Chairman. On behalf of
F . A . O . I would first like to congratulate O . I . E . on the very interesting item
proposed for discussion this week. I have only a few minor remarks to m a k e
and these concern the future of vaccine production. This is a subject which is
extremely important and which cannot be ignored by our organizations espe&shy;
cially in the light of the publicity given the subject in a number of countries
as a result of recent developments. The benefits which we can expect from
the application of chemical synthetic or genetically engineered vaccines are
clear so that we can look forward with confidence to future developments in
this field. W e must, however, be aware of the difficulties involved. The
advances made in F M D vaccine production by the use of genetic engineering,
or by chemical methods, are certainly very encouraging because these recent
technological developments have indicated a new approach which will enable
great improvements to be m a d e in the strategy of foot and m o u t h disease
control in the world. In fact if the mass production of viral F M D antigen can
be stopped, the vicious circle by which the handling of the virus is often res&shy;
ponsible for the persistence of the disease in certain countries, will be broken.
The number of different vaccines necessary for the control of foot and
m o u t h disease throughout the world is at least as many as the existing antigenically different types and subtypes of F M D virus. It follows that the new
production methods will probably be faced with as many problems as those
which have so far arisen in the production of the present vaccines. The pro&shy;
blems of vaccine potency, safety and innocuity will also have to be overcome.
Bearing in mind all these problems and the excessive attention paid to deve&shy;
lopments so far obtained only on an experimental basis and to the hopes
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expressed as to what m a y be achieved over the long term by the application
of the new discoveries, there is a risk of generating premature hopes in our
Member Countries receiving technical assistance in vaccine production and
disease control as well as amongst the staff of vaccine production laborato&shy;
ries. This is why F . A . O . takes the view that extreme caution should be
exercised in giving publicity to new discoveries and techniques until their suc&shy;
cessful application under field conditions has been demonstrated beyond
doubt. I feel confident that F . A . O . ' s views will be taken into account in these
discussions. T h a n k you, M r . C h a i r m a n .
Chairman : With this new technique, however, several questions arise
regarding the handling and transportation of materials and products. This
point should also be an item of our discussion. Dr. Callis, can you give some
information on this subject ?
Dr. Callis : The scientists' and the public's view on genetic engineering
has changed tremendously over the last 2 1/2 years. In the United States,
genetic engineering is still regulated by an advisory committee of the National
Institutes of Health called the Recombinant Advisory Committee (RAC). I
recall that when we appeared for the first time before the R A C committee, in
December 1979, they reflected on the problem for fully 3 1/2 hours and they
gave us only step-wise approval to do so m u c h , and with instruction to come
back and share the results with a sub-committee of the full R A C committee.
The committee's view reflects that of the public and both have changed tre&shy;
mendously in the last 2-3 years. I do not think the public is any longer very
much concerned that we scientists are going to create monster organisms
which will be released from our laboratories and engulf us and other forms
of life. I think that is not very much of a concern any m o r e . There is, how&shy;
ever, the concern in many countries about moving the nucleic acid from exo&shy;
tic viruses from one part of the world to another. However, that portion of
the nucleic acid which you need to do genetic engineering and to produce
these proteins by bio synthesis, can be done quite safely, as has been demons&shy;
trated in m o r e than one instance over the last 2 1/2 years. So that problem n o
longer exists. The sequence of at least 3 proteins has been published in the
world literature. A n d that is of course available to anyone w h o would wish t o
use it. The sequence of the other major types and subtypes will probably fol&shy;
low in the coming months and years. In the co-operative efforts which were
enumerated at the beginning of this session, that is the one between I F F A M&eacute;rieux and Institut Pasteur and the one between Wellcome and Pirbright,
between Biogen, T&uuml;bingen a n d Max-Planck Institute, between Genentech
and P l u m Island, between the group in Israel and the g r o u p in Brescia, in
each instance involves a commercial c o m p a n y and then an organization
which is supported, at least in part, by public funds. O n e other group of
which I am aware that was not mentioned, is the one in Madrid, where there
is a commercial group doing research with scientists from a University. A n d
there m a y well be others of which I am not aware. In the instances of which
we are aware, there are of course commercial interests, and as has already
been stated from this podium in each instance, plasmids either have been
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patented or patents have been applied for. So I think there is not apt to be
very much of free exchange of engineered plasmids. Now that there has been
this first burst of bio engineering and people are working on engineering
other types and subtypes of viruses, which are used for vaccine production
purposes, and we are working on improving expression, it is possible that
other laboratories will achieve the capabilities of producing plasmids and
also, of getting adequate expression. So the exclusivity of these patented plas&shy;
mids may well be short-lived. I really do not know. I think time will tell. A n d
then of course whether the biosynthesized product will be superior to the
organically synthesized is not now known. Certainly from my point of view,
it is far too early to say which of those will be the better product because nei&shy;
ther has been commercialized. Thus far, I would say in most instances, there
has been a rather free exchange of viruses from one country to another and
from one continent to another and in most instances, samples of new viruses
have been placed into the repository of the World Reference Centre which is
at Pirbright, supported, sponsored and recognized by O . I . E . and F . A . O . as
the World Reference Centre. I think in some instances some viruses, which
have been commercialized for vaccine production purposes, have not been
placed in the World Reference Centre. I think I am fairly safe in making that
assumption. I do not know whether they have not been requested, or whether
they just have not been sent there for analysis and distribution. So when we
talk about free exchange of engineered plasmids, I think we have to also tem&shy;
per what we might think, with the fact that there has not been free exchange
of viruses, so why should we expect the free exchange of engineered plasmids
in which talent, interest, and resources have been placed.
Chairman : T h a n k you very much for your explanation. I think we have
to change now to the newest development in this field : the peptide vaccine
— based on chemically synthesized peptides.
Just 1 1/2 years ago my colleagues of Heidelberg and I were able to
publish the whole amino acid sequence of virus protein VP1 of the type O1
(14). This was a byproduct of the cloning. While this paper was in press, we
detected the location of the antigenic portion (Fig. 7). We found that only
peptides containing the sequence of 146-154 or 200-213 are able to induce
neutralizing antibody formation against the infective virus. In Figure 7 these
parts are marked. We determined the antigenicity of separated peptides of
the protein VP1 and their position on the amino acid sequence.
Dr. Pfaff of Heidelberg presented at the 1982 spring meeting of the Ger&shy;
m a n Society for Hygiene and Microbiology, a diagram of the possible antige&shy;
nic parts, based on calculation using different criteria (Fig. 8). Would you
please explain your graph ?
Dr. Pfaff : In Figure 8, you see four different ways to determine regions
of possible antigenic sites. In the first 3 lines a theoretical prediction of the
secondary structure is shown. For several reasons we searched for alphahelical structures in the protein. We found with this prediction seven alphahelical
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non inducing peptides
neutralizing antibody inducing peptides
estimated by protein sequencing
FIG. 7
Amino acid sequence of O1K VP1. The portions A r g - L y s and A r g - L e u
are on the surface of the virion accessible to trypsin
(K. Strohmaier et al. (1982). — J. gen. Virol., 59, 304).
138
154
200
213
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FIG. 8
Selection of segments with predicted antigenicity of VP1 of type O1K.
a) alpha helices; b) beta-pleated sheets; c) reverse turns; d) antigenicity according to
Hopp and Woods (1981); e) antigenic regions according to Strohmaier et al. (1982);
f) selected peptides A, B and C; g) sequence variability according to Beck et al. (1983).
(E. Pfaff et al. (1982). — The EMBO Journal, 1, 870).
regions in VP1 (line a). Together with other predictions according to H o p p
and W o o d s (25) (line d) and sequence variation in the amino acid sequence of
different serotypes (line g) we selected three alphahelical regions for synthesis
of peptides as seen in line f. In line e the prediction of Dr. Strohmaier's anti&shy;
genic regions is printed out. Peptide A covers this region also in the theoreti&shy;
cal predictions as well as in the sequence variation. We have also synthesized
peptide C, a small peptide, 9 amino acids long and we found n o neutralizing
antibodies induced by this peptide. But Dr. Brown will refer to peptides
which were 5 or 6 amino acids longer than peptide C and he found a little res&shy;
ponse in producing neutralizing antibodies.
Chairman : You also checked the antigenicity. Referring to your Table III
can you explain this too ?
Dr. Pfaff : In Table III neutralizing antibody titers induced by the diffe&shy;
rent peptides are shown. VP1 A , VP1 B and VP1 C correspond to peptides
A , B and C of Figure 8. Only peptide VP1 A was able to induce neutralizing
antibodies and we observed a significant cross-reaction to type C 1 0 . In the
last column the results of an E L I S A against inactivated O1K virus as antigen
are shown. We found only a reaction with anti-VPl A peptide antibodies and
with antibodies against VP1 C peptide in the E L I S A . These antibodies were
generated in rabbits and tested in T&uuml;bingen in suckling mice assay for their
neutralizing activity.
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TABLE III
of FMD V by anti-peptide antisera and cross-reactivity
between different serotypes
(E. Pfaff et al. (1982). — The EMBO Journal)
Neutralization
Serum
Antiserum
specificity
Serum neutralizing assaya
FMDV serotype
O,K
1
ELISA
FMDV
c1O
A
2.4
NEG
3.8
s
O1K
VP1-A/KLH
3.5
VP1-B/KLH
NEG
NEG
NEG
1.0
&gt;3.6
2.0
NEG
5.1
&gt;3.6
2.1
NEG
4.9
3
VP1-A/KLH
VP1-B/KLH
4
VPl-A/KLH
VP1-B/KLH
5
VP1-A1/KLH s
VP1-A /KLH
NEG
VP1-C/KLH
NEG
NEG
2.2
Pre-immune sera NEG
NEG
NEG
NEG
a
f
2
b
- l o g values of neutralizing antibody titer (SNT); NEG: SNT &lt;0.3.
See Table I.
1 0
b
Chairman : During the same time the team of D r . Lerner synthesized in
California several different peptides according to the sequence of the same
virus type O1K, most of it from the a m i n o terminal but also 3 peptides from
the portion where we found the antigenicity to be located. D r . Brown, you
are working with these peptides, can you explain your experiences ?
Dr. Brown : People seem to be mentioning dates so frequently that I
would like to put my own dates on contributions that I think were highly
significant in this field. I met Karl Strohmaier in Cambridge in 1981. We
talked a b o u t engineered VP1 and we b o t h agreed in the sunshine of an April
day in Cambridge, that synthetic peptides would be worth investigating. It
was somewhat later, in Munich in J u n e of 1981 that I learnt that Richard
Lerner in the United States was interested in the peptides of foot and m o u t h
disease virus. I was interested in this because he, as you will k n o w , has never
been involved in foot and m o u t h disease research and I wrote to Richard Ler&shy;
ner, and asked if he was interested, as we were very interested in this
a p p r o a c h . H e knew how t o synthesize peptides, and we did not have the faci&shy;
lity and eventually we got together, and peptides were synthesized, but the
critical work in this area was done by Karl Strohmaier. H e m a d e the critical
observation a b o u t what was likely to be the antigenic site and he named two
that have been described already.
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Now by that time, sequences were becoming available. We had the O1
Kaufbeuren sequence from the published work of the Heidelberg and T&uuml;bin&shy;
gen g r o u p . We had our own sequence from work of the collaboration bet&shy;
ween my laboratory and that at Wellcome in Beckenham which Peter Highfield represents. We were also getting to know the sequence of the Genentech
group that was published in Science in December 1981 and a thing emerged
there that D r . Pfaff has touched on, that there were regions of this sequence
where there is high variability, and we added 2 and 2 together, after a few
false starts and said that the area that D r . Strohmaier had predicted would be
an antigenic site was highly variable, but there was also variations in the
amino acid sequence extending further than his predicted site. A n d so pepti&shy;
des were synthesized. We consulted our astrologer and we went for sequence
141-160 and we also did 200-213. The rest, 1-41 had been synthesized by
Richard Lerner in a shotgun attempt to get some activity a n d , as you will see,
Table IV shows the results that were obtained. The peptides from 1-41, t h a t ' s
at the left-hand side of the sequence, have got no neutralizing activity,
although they have got anti-peptide activity.
Antibody
abbit no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
TABLE I V
response of rabbits to different peptides of VP1 of FMD V,
type O, strain Kaufbeuren
(Bittie et al. (1982). — Nature, 298, 31)
Peptide
Anti-peptide
antibody titre
Neutralization
index (log )
9-24
9-24
17-32
17-32
25-41
25-41
1-41
1-41
141-160
141-160
151-160
151-160
200-213
200-213
80-160
40-80
80-160
20-40
40-80
640-1280
320-640
320-640
320-640
320-640
80-160
160-320
&gt;1280
160-320
&lt;0.3
&lt; 0.3
&lt;0.5
&lt;0.9
&lt;0.5
&lt;0.9
&lt; 0.9
&lt; 0.7
&gt; 3.9
&gt; 3.7
2.9
1.1
3.5
3.1
10
The crucial area is 141-160, which has got very high titers. This other
area, 151-160 has got some activity, but it was much lower and this other
region 200-213 has also got some activity. When we did further work with
these sera, it was shown that 141-160 is probably a b o u t 100-1000 times as
active as 200-213. So those are the observations. This looks very promising
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and the work is continuing with 3 other peptides : T w o A ' s — the A that is
the one that the Wellcome-Pirbright g r o u p use and the A , which is the one
that Genentech and P l u m Island use, and a type C, using a sequence done at
Beckenham largely. Peptides corresponding to 141-160 of the VP1 of these
viruses, are all active and they all give similar results to those I have shown
for O1 Kaufbeuren.
1 0
1 2
C h a i r m a n : You have published a serotype specificity of the peptide anti&shy;
bodies. D o you think the whole specificity is only in this small peptide ?
TABLE V
Serotype specificity of the anti-peptide antibodies
(J.L. Bittle et al. (1982). — Nature, 298, 32)
Neutralization index (log )
against
C Indaial
A-61
0 Kaufbeuren
10
Antibody to
peptide region :
141-160
141-160
200-213
200-213
(rabbit
(rabbit
(rabbit
(rabbit
9)
10)
13)
14)
-0.1
1.9
-0.1
0.3
4.3
&gt; 6.3
2.9
3.3
1.1
2.3
1.5
1.5
C Indaial belongs to serotype C, subtype 3; A-61 belongs to serotype
A, subtype 10.
D r . Brown : I mentioned this earlier. There is a table in our publication
(Table V) showing some cross-reaction. This is a type
peptide remember
and there is a very high titer against the homologous virus. There is also some
neutralization against the type C and the type A viruses. But the a m o u n t is
about 1 u p o n 10,000 — it is a very small a m o u n t , but there is cross-reaction
there. With this sequence at theo1carboxyend, there is some activity and there
is also some against type A which is approaching this but not as high. We
have not pursued this aspect but I think again, R o b Meloen in his 5 minutes
slot yesterday raised a lot of interesting questions and this I think ought to be
pursued because it will give us a m u c h better understanding of what is requir&shy;
ed for making a vaccine and what in fact determines type specificity. Several
laboratories have been sequencing to try to understand the basis for what
makes type A different from type O , what makes type A different from
type A and so on. A n d Jerry Callis asked me if I was going to raise the
question of the variants within type A , earlier on — and I will just mention
briefly what has happened here. T h e peptide that was synthesized according
to the sequence published by Genentech-Plum Island in Science last Decem&shy;
ber, gave an antibody which neutralized the type A virus that we used to
challenge the sera, but the activity was not as great as we would have expect1 0
1 2
1 2
1 2
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ed. When we used guinea pigs which had received only one inoculation of the
peptide, then there was n o neutralization of our virus. This we thought rather
startling so I corresponded with Dr. Callis and later with D r . M o o r e , w h o
supplied me with their virus, and their virus was neutralized by those guinea
pig sera, very well indeed — in our tests, a matter of four logs or m o r e . There
is obviously an antigenic variation between the two viruses. N o w the A
virus that we have used for the challenge has been at Pirbright for many years
and a seed of it was given to Dr. Callis' laboratory in 1954 and as happens in
laboratories, people do things with viruses, and eventually the virus that was
cloned was sufficiently different from the one that we were using as a chal&shy;
lenge virus to show up this antigenic variation. It is a very interesting experi&shy;
ment. I am not telling D r . Callis this now, he had the results from me 5 weeks
ago.
1 2
Chairman : You observed also a little bit of cross-reaction. Dr. Pfaff, can
you explain what you have found ? (Table I).
Dr. Pfaff : We also observed a cross-reaction between
K and o 1 Q O b b .
There are antisera with a high level of neutralizing antibodies which were
induced by
K peptides. These antisera cross-react with C j O b b , only 8% of
the activity with O1K from which the peptides originate, was detected. Just
the same observation as Dr. Brown has m a d e .
Chairman : N o w the question of adjuvants for this kind of vaccine. Dr.
Brown, you have done some experiments with Freund's adjuvant and alumi&shy;
nium hydroxide. But I cannot find any difference. Do you ? On Table VI
you have used Freund's adjuvant and aluminium hydroxide in different
doses. What do you prefer ?
Dr. Brown : W h a t do I prefer ? This is joint work between the Scripps
Clinic in California and my own laboratory in Pirbright. The immunologists
at Scripps talk in terms of F r e u n d ' s complete adjuvant and oil adjuvants and
I have been brought up at Pirbright and all my experience goes back t o things
like aluminium hydroxide, which would be acceptable in a vaccine in the
field. Dr. Dalsgaard raised this problem yesterday about acceptance of oily
adjuvants. So the reason why two experiments were done like that was
because they insisted on using Freund's complete, and I insisted on using alu&shy;
minium hydroxide, so we did two experiments instead of one. But experience
will tell us which adjuvants should be used and what should be used as car&shy;
rier. Dr. Dalsgaard summed up this entire area in about three sentences yes&shy;
terday afternoon. &laquo; We know so little a b o u t it, we ought to say nothing. We
ought to go away and do some experiments. &raquo; This is a field that has been
neglected. I agree that we need to know about adjuvants and what is happen&shy;
ing in the animals. Everybody tries everything : boot polish, Kellogg's corn&shy;
flakes, oily adjuvants for 30 years and nobody knows anything about what is
happening. And I think it is time we did.
Chairman : Have you determined the quality of the antibodies ? Are they
IgG or IgM and do you have some experience in this field ?
— 409
TABLE VI
Protection of guinea pigs against challenge with FMDV by inoculation
with inactivated virus particles, VP1 or synthetic peptides 141-160 and 200-213
(J.L. Bittle et al. (1982). — Nature, 298, 32)
Antigen
Virus
VP1
141-160
200-213
Dose
(Hg)
Adjuvant
Neutralization
index (log10)*
No. protected/
No. challenged
1
10
1
10
20
20
200
20
200
20
200
20
200
Al(OH)
Al(OH)
Freund's
Freund's
Al(OH)
Al(OH)
Al(OH)
Freund's
Freund's
Al(OH)
Al(OH)
Freund's
Freund's
2.7(1.1-2.3)
&gt; 4.9(3.4- &gt; 4.5)
2.5(1.3-2.9)
&gt; 5.3(&gt; 4.5)
0.5(0.1-0.9)
2.1(0.9-2.7)
2.7(1.7-53.7)
2.1(0.1-2.5)
&gt; 3.3(1.5-&gt;3.3)
1.1 (ND)
0.7(ND)
1.1 (ND)
0.5(ND)
1/4
2/2
2/2
4/4
ND
3/4
3/3
1/4
4/4
1/3
2/4
0/4
0/4
3
3
3
3
3
3
3
* Neutralizing activity of pooled serum from eight animals. Values in paren&shy;
theses give the range of activity in the individual animals that were challenged.
N D , not done.
Dr. Brown : W e are not too far ahead with this sort of thing. W h a t we
know, and the main thing that we have gone for, apart from screening with
the E L I S A test, or similar tests, has been to see whether the antibody will
neutralize and in fact to determine how long the neutralizing antibody will
last. Most of these experiments have been done in guinea pigs a n d we know
that certainly after several weeks in guinea pigs the antibody is still at a very
acceptable level. The Scripps people have been doing some experiments and
then sending the sera across to Pirbright. We know that at 20 weeks, we have
still got pretty high levels. Most immunologists cannot come to terms with
the fact that in foot and m o u t h disease, we really insist on one inoculation.
To convince colleagues outside foot a n d m o u t h disease that we use one, and
not two, or several at 21-day intervals is hard to get across. So there are t o o
many experiments in which m o r e t h a n one shot has been given. Certainly
with one inoculation I know that at 7 weeks, there is still a very acceptable
level of neutralizing antibody. I do not know the quality, but I expect it will
be IgG at that time.
Chairman : In your group you were using the peptide 141-160. In the Ger&shy;
m a n group we used peptide 144-159, a shorter one. Has anyone looked for
the m i n i m u m sequence you need for neutralizing antibodies ?
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Dr. Brown : I think that the only comparison that can be m a d e is to use a
single inoculation and for that reason it is a little bit difficult to draw compa&shy;
risons at this stage. But what I know is that four inoculations of 146-154 into
rabbits gave very little neutralizing antibody, 151-160 as you saw in the table
gave some, but 141-160 gave a lot more. But these are four inoculations and
the real comparative experiments using one inoculation, have not been done
unfortunately but I think that your proposed antigenic site of 144-159 is pro&shy;
bably a little bit short and needs some extension. T h a t is where our astrologer
gave us some good information.
Chairman : In your paper you only described results where the peptides
are coupled to haemocyanin as carrier. Have you tried other carriers ? For
example serum albumin as one ?
Dr. Brown : These are all experiments which are going on now. Keyhole
limpet haemocyanin (KLH) is the best of those which have been tried. BSA
and other carriers have been tried, and they are not as good. A n d linking
either chemically through the cysteine or by using glutaraldehyde which Dr.
Dalsgaard mentioned, the antigens are still effective but I think that I would
always be wary of glutaraldehyde because that is going to react with lysine
groups and that would worry me. Rather like you described in your paper
that K L H seems the best of the ones that you have tried.
Chairman : D r . Pfaff, did you find differences for different carriers ?
Dr. Pfaff : We have used four different carriers : BSA, K L H , tetanustoxoid and thyroglobulin and we have also found that K L H is the best car&shy;
rier. Tetanus-toxoid gives an antibody titer 10% of that using K L H as a car&shy;
rier and so I would say K L H is the best.
Dr. Brown : Could I ask you a question about this ? Have your compari&shy;
sons been made with one inoculation ?
Dr. Pfaff : We have taken the rabbit serum after two or three inoculations
of the conjugates. The experiments with guinea pigs are in progress at the
m o m e n t , so we cannot say whether one or more inoculations are necessary.
Chairman : Haemocyanin will be a bit too expensive to produce a vac&shy;
cine, have you thought of using other carriers, synthetic ones ?
Dr. Brown : I think that everybody would accept that K L H is not going
to be a commercial or a practical proposition and therefore other carriers
must be investigated. A whole series has been tried but it is too early to say
what is good and what is b a d .
Chairman : Would it be possible to link peptides of different types on the
same carrier ?
Dr. Brown : I do not see why not, but I do not see any advantage. I think
we can first mix the three together in 3 bottles. I d o not see why one should
make it more difficult.
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C h a i r m a n : Dr. Callis, you are working with peptide vaccine but also with
immunizing protein VP1 generated by genetic engineering. W h a t kind would
you prefer ?
Dr. Callis : Well, we are working with b o t h , we have m o r e experience
with the bio synthesized product and I have in Table I some of the results
which are available. In the one instance we have immunized guinea pigs with
an organically synthesized polypeptide. We hooked that to bovine serum
albumin and then used incomplete F r e u n d ' s adjuvant. Such a product
produced two and a half logs of antibody in guinea pigs. W e did not chal&shy;
lenge their immunity. Not knowing which is the better a p p r o a c h , we are
playing it safe and we are looking at both.
Chairman : You produced small peptides by genetic engineering, what
kind of production would be the better one, the chemical synthesis or the
production by genetic engineering ?
Dr. Callis : You can produce short immunogenic peptides by biosynthe&shy;
sis. I showed information on one such product (Table I), I think it was thirtytwo amino acids long. It produced a very good immunity. I do not know
whether one could be produced which is shorter. I cannot really say that
there would be much advantage if you are producing it by biosynthesis. But
you can produce by biosynthesis peptides of almost any length.
Chairman : D o you see any difficulties for large-scale production by che&shy;
mical methods ? The peptide synthesis is a very recent m e t h o d .
Dr. Callis : I would prefer that someone who knows m o r e about organic
synthesis answers that question. I know very little a b o u t the cost of chemical
synthesis or I prefer to say organically synthesized peptides. I d o know that
in a few instances where we have purchased one or two, I have been shocked
at the price.
Dr. Pfaff : I would say that the chemical synthesis of peptides u p to
twenty amino acids is not very h a r d to m a k e . Peptides of this length can be
synthesized automatically in one week, up to one to two g r a m s .
Dr. Brown : M y information is the same as Dr. Pfaff's in fact and not
only can these be synthesized chemically, they can be also synthesized enzymatically and commercial laboratories in fact press you to go to t h e m to have
things synthesized. I think that the cost that Dr. Callis has just referred t o , is
actually true. If you ask for one to be synthesized it would cost a lot and of
course it is custom built.
Dr. Aviv : I would like to take the position that peptide synthesis does not
seem to offer any advantage over recombinant D N A . I have talked t o peptide
synthesis people, it is not a new art, the art has been a r o u n d for quite a while.
It is a twenty to thirty-step synthesis and any organic chemist will tell you
that a twenty to thirty-step synthesis being a u t o m a t e d or not is not a simple
one to carry out. In fact I have looked into cost figures of peptide synthesis,
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asking for a quotation not for one gram of oligopeptide which is obviously
extremely expensive but for one kilogram. If you calculate 1 kg of VP1 is not
so many doses, it is perhaps only five to ten million monovalent doses and I
got the figure of one million dollars. If you play the numbers you can see that
the production cost is in the range of perhaps 10 cents per monovalent dose.
If you take now the figure which was mentioned earlier that the antigen is
only twenty per cent of final vaccine cost, that means the peptide vaccine will
cost half a dollar per monovalent dose which I d o not think has any chance
to compete with recombinant D N A peptides. I would also add another argu&shy;
ment to that : The scalability or the complication of producing kilogram
quantities of the material. Scaling u p a fermentation process can be done and
has been done. Scaling up a twenty-step organic synthesis is a nightmare and
I do not believe that it can be easily done. It is perhaps feasible, but very
complicated. Another problem is the following : Most of the production will
have to be carried out in developing countries, and to set u p a fermentation
plant in a developing country is perhaps fairly simple, simpler than tissue cul&shy;
ture production, but setting u p a twenty-step organic synthesis and get out
the same product with high yield for this, we need another leap in techno&shy;
logy. I am a believer in technology, but from what we now know you cannot
extrapolate to large scale of 10 kg. It can be done with fermentation but I do
not believe it can be offered for peptide synthesis.
Chairman : D o you agree, D r . Brown ?
Dr. Brown : I did not understand the logic that the peptide synthesis
would have to go in a third world country.
Dr. Aviv : I have visited some developing countries, and I learned that for
a variety of reasons, including strategical reasons (not everybody is in peace
with everybody), they insist on having production in their own country or at
least in the neighbouring country. So I do not think that South America in
general will like to depend on large-scale supplies from any place but South
America. If you talk to other countries I think you will get a similar answer.
You can probably have trade with the vaccine in E u r o p e , but I d o not think
that South American countries or some developing countries will like it.
Dr. Callis : You say it is difficult to set u p a company to do organic
synthesis. D o you think it is much easier t o set u p to do biosynthesis ?
Dr. Aviv : Well, that is a very different thing. I am glad you raised it. T o
do the recombinant construction is perhaps as difficult, and we know that it
is not a trivial art, but once you have a clone that produces half a gram,
perhaps as much as one gram protein per litre, once you scale u p the process,
this is a completely different story, that is not recombinant D N A a n y m o r e , it
is a fermentation process which is simpler than tissue culture fermentation.
Chairman : Let me raise another point. T h e peptide synthesis of antigenic
peptides is now at about the same state as the genetic engineering was in
1974. Did you calculate the genetic engineering product in 1974 and how high
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were the costs at that time ? N o w we are working one year in this field and I
think that the synthesis can be m a d e automatically. We have a synthesizer by
Beckman and I am sure this can be m a d e in a large-scale automatical process,
too. T h a t is a question of money. But &Iacute; think we have to observe the rate of
development, now in the last year for the genetic engineering and for the
future the rate of development of synthesis techniques.
Dr. Aviv : The comparison should of course be taken but I think it has a
limited value. The comparison should be to other organic synthesis of
20 steps. Organic synthesis of 20 steps is very complicated. A n d upscaling
such a step from a little Beckman machine to a big reactor is not trivial. I d o
not say that another leap in technology, such as enzymes, may be different.
A u t o m a t i o n is I believe irrelevant here. Bacteria that produce antigen is a
built-in a u t o m a t i o n . You cannot compete with built-in a u t o m a t i o n .
Speaker : I fully understand D r . Aviv's concern a b o u t scaling of the pro&shy;
cess of peptide synthesis if you are thinking of the Merrifield solid phase
synthesis which you have obviously in most cases today. But I would remind
you that the process mentioned by Dr. Brown at the Carlsberg Laboratories
in Copenhagen which is an enzymatic batch process and this to my opinion
makes it much easier to scale u p and as far as I am informed they have
already done so to a considerable extent and this offers I think better pros&shy;
pects than Merrifield.
Dr. Aviv : I did not refer to Merrifield process. I did talk to a small com&shy;
pany in California of which I forgot the n a m e but they claim that they have
the best technology in peptide synthesis not based on Merrifield, they can
synthesize u p to 40 amino acids but it is a multistep process. They say I a m
asking for 1 gram, I told them that I mean 1 kg. They say that n o one has
ever produced 1 kilogram, that it is a completely different story. I d o not
know anything a b o u t enzyme synthesis. I think it must be a fifteen-step
enzyme synthesis. A n d a 15-step enzyme synthesis is a 15-step enzyme synthe&shy;
sis, you cannot get away from it.
Chairman : So I hope that foot and m o u t h disease peptides will be the
first to be produced on 1 kg scale. I wonder if we could discuss our theme in
five years again. N o w I would like to ask for questions concerning this item.
Speaker : Well, if I may come back to the problem of i m m u n e response.
It is k n o w n with classical vaccines that if injections are repeated, the anti&shy;
body response is broadening, and it has been published that the antibody res&shy;
ponse to some variants could be obtained within the type of virus. Is there
something similar or some similar p h e n o m e n o n going on ? W h e n Dr. Brown
principally spoke against repeating the injections in animals, I will just put
one thing more in the question : W h a t is the homogeneity of the biochemi&shy;
cally produced peptides, is it 100 per cent or is it like in other biological p r o &shy;
ducts 90 per cent or even less homogeneous ?
Dr. Brown : I will answer the second question first. In fact a lot of these
products are not 100 per cent pure but they can be m a d e 100 per cent p u r e .
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Bu: usually what is done is that you make a sequence and then you can sweep
out the pure peptide if you wish, but most of this work is being done with
products that are not absolutely pure. The other question that you asked was
a b o u t the specificity, is the spectrum broadened if you give more t h a n one
shot. W e have done a limited number of experiments with peptides and it
seems that it does and that the example I quoted with the rabbit serum that
we had from several shots of the Genentech sequence of A did neutralize
the A virus t o some extent. Sera from guinea pigs which had received one
inoculation did not neutralize the A virus. So it does b r o a d e n as you give
more shots.
1 2
1 0
1 0
Speaker : Should this also be related to the fact that it is necessary t o
repeat the injection like Dr. Callis experimented in cattle ?
Dr. Brown : I thought I had made it clear that in foot and m o u t h disease
vaccination we should aim for one inoculation, and this is the message to
convince my colleagues at Scripps. For reasons of practicability we must aim
for one inoculation with an adjuvant which is acceptable, one inoculation of
200 ug, if 200 ug gives complete protection. I would be against two inocula&shy;
tions because the whole philosophy of foot and m o u t h disease control has
been one inoculation with an efficient vaccine.
Dr. Callis : Dr. Brown, does your entire peptide antibody neutralize foot
and m o u t h disease virus in plaque reduction neutralization and does it bind
to 12S subunits ?
Dr. Brown : W e have not done too many experiments like that but Well&shy;
come have done tests on some of the sera and they d o work in a plaque
reduction test.
Dr. Callis : Does it bind to 12S ?
Dr. Brown : W e have not done experiments on that. I would not like to
say too much on that.
Speaker : Can I ask D r . Pfaff how much synthetic peptides d o you use in
your vaccinations ?
Dr. Pfaff : We have used for inoculation of rabbits 200 to 300 micro&shy;
grams of peptide and 1.5 mg carrier protein for one inoculation.
Speaker : Dr. Brown, can you refresh my memory ? Yours, for the
20 microgram series.
Dr. Brown : If I can concentrate on the one inoculation rating, we have
done experiments with aluminium hydroxide, the peptides linked to K L H and
dose levels of 40, 200 and 1,000 micrograms. We are getting very good res&shy;
ponses even at the low level at 21 days. We are getting in the region of two to
three logs with forty micrograms of synthetic peptides linked to an equal
weight of K L H .
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Speaker : You did not use saponin, did you ?
Dr. Brown : N o .
Speaker : Have you tried it ?
Dr. Brown : N o .
Dr. Callis : Dr. Brown, what kind of doses did you use in the cattle which
you were immunizing ?
Dr. Brown : Those were done by Jim Bittle in the States. A milligram was
the one which he used most frequently, a milligram on K L H was sufficient to
induce neutralizing antibody titres high enough to protect. These cattle have
not been challenged.
Chairman : We can summarize the results of the second part of this dis&shy;
cussion :
It will be possible to immunize animals with a peptide vaccine.
The recommended dose will be in the range of a half to one milligram per
bovine.
The peptides are only effective when linked to a potent carrier.
Haemocyanin proved to be the best carrier but will be too expensive for
commercial vaccine.
A formulation together with F r e u n d ' s adjuvant or aluminium hydroxide
is recommended.
A single inoculation should be sufficient to protect against challenge with
virus.
The peptide vaccine seems to be as efficient as protein vaccines generated
by genetic engineering but we have to wait for further results.
Immunizing peptides of 15-30 amino acids can be generated by organic
chemical methods but also by genetic engineering. The more promising
method will be the one with the lower costs but the opinions a b o u t the practi&shy;
cability of the different ways are still divided.
Ladies and gentlemen, I think you have got the impression that it will be
possible to have new vaccines before 1990. These vaccines seem t o open the
way for a significant change in the future of diseases prophylaxis, not only as
far as foot and m o u t h disease is concerned. Such vaccines can in principle
not induce post-vaccinal infections as they are not produced using infectious
virus. In an unchilled state they will be stable enough for transportation and
application in tropical countries without any precautions. With this vaccine it
should be possible to eliminate foot and m o u t h disease in large parts of the
world where it is presently kept only under control.
To reach this aim any effort should be worthwhile.
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I t h a n k you for your interest and especially m y colleagues for their coope&shy;
ration.
*
* *
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