Duchenne Muscular Dystrophy

Exon skipping will change the fast Duchenneinto the much slower Becker dystrophy

An interview with Professor Stephen D. Wilton

Professor Wilton is Head of the Experimental MolaciMedicine Group at the Centre for Neuromuscatat Neurological
Disorders of the University of Western AustralidNedlands near Perth. On 16 July 2006, after theuAhConference of the
American Parent Project Muscular Dystrophy in Gineiti/Ohio, 13 - 16. July 2006, Professor Wiltoswaared questions of

Guenter Scheuerbrandt, PhD (printed in italics) about exon skipping, thest advanced research approach towards a therapy

of Duchenne dystrophy.
Exon skipping, clinical trials are beginning.

Exon skipping is a technique that induces the protein syn-
thesis in the muscles to ignore parts of the genetic message
of the dystrophin gene so that a shorter than normal dys-
trophin is produced thus slowing down the fast progres-
sion of the symptoms of Duchenne dystrophy into those of
the much slower Becker dystrophy. The potential drugsare
antisense oligonucleotideahbreviated AONs or oligos.
During the important meeting here in Cincinnati, the de-
tails of this technique were discussed in great detail, we do
not have to repeat them in thisinterview.

To begin, would you please explain to the families with
Duchenne boys, what the very promising results of exon-
skipping research will mean to them who are waiting des-
perately for a cure of thisterrible disease.

| would not use the word cure, exon skippirauld
never cure Duchenne. At best we could reduce therise
ty, and in some cases, we may be able to redeckfit

| would rather be cautiously optimistic ang aat if
we are going to make a difference with exon skigpin
would be a modest difference. And if it works bettean
we think, that will be great. It is very importatd, keep
the expectations very tempered.

| am discussing exon skipping quite often with parents.
| explain it to themaswell as| can, and always add that it
has only been tested in animals, and that nobody can say
at the moment whether it will work in boysaswell. Then |
explain that clinical tests with Duchenne boys are being
done now which will show whether exon skipping will
work in children or not.

This is why at this particular meeting | wayisg that
our lab was able to induce skipping of every exothe
dystrophin chain except exon 1 and exon 79. Allekens
from 2 to 78, we can skip. We have a manuscriprapa-
ration and it is taking longer than expected tstanany
ends together. Many exons are easily removedadad
are more stubborn but we are developing ways o tble
difficult exons.

Our clinical trials have to be done slowleadily, and
step by step, unfortunately for parents who waitrteat-
ment now. But what is important is that, as sooaras
step is taken, we are ready to take the next oreryBue
is always very optimistic when a trial is startbdping
that the results will be positive. There are nagsafety
problems expected as just a single muscle is besated
and then later removed for analysis. There wilalgreat-
er risk when the trials progress to a whole-bodgtment
as much larger amounts of AONs will be administexred

there is a chance of some unanticipated side effect

But one does not know how long the dystropégts
after two or four weeks of the initial treatmenmt.the pro-
posed British trial, one to four weeks after treatment,
the entire muscle will be removed and assessedfirs
molecular testing to see if dystrophin is pres&hts will
be a proof of principle to show that exon skippismigoing
to work in humans.

At this time, | think, one should not experim&vith
different doses or times, because the real probbeia
whole-body treatment, a systemic treatment to detnate
that exon skipping really works in human musclesd A
that is going to be very, very difficult, because do not
know how much AONs we will need, and how often they
will have to be administered.

Francesco Muntoni, who will lead the British trial,
once said "l have a nightmare: How do we work bat t
dose? In ten years time, we will still be discugsime
same issues that concern the treatment with stenaid,
one day on, one day off, 10 days on, 10 days offjhen
the wind blows from the east!" And we have only tge
lated steroids, and still don't know how they work.

Now for exon skipping, we will have to lookditfe-
rent compounds for different patients addressiffgreint
mutations. Each patient will respond differentlyisigoing
to be very, very difficult research. But | may beedy
pessimistic here.

The Dutch researchersin Leiden are now trying to skip
exons 51 and 46. And they will expand this to other exons.
WIll they have to go each time through the whole lengthy
approval procedures?

There will have to be approvals, because fealin
each new oligo is a new drug. But what we are hpfgn
that the oligos for the first trials are selectrapes, and
that for the subsequent oligos in the pipelineapperoval
procedures could be shortened, if all oligos belsawdar-
ly and do not induce any side effects.

We are working with modified oligos of a diféat
chemistry calleanorpholinos. This type of compund has
already been systemically administered to humam®as
tential antibiotics. They have a been shown todfe, s
because they are not broken down in the body,tkeyn
to be perfectly stable. Already extensive trialgehbeen
done with them, and thus may not need such extensiv
clinical tests as, for instance, the other modifi€Ns, the
Dutch researchers are using, the 20-methyl-thipede-
tected ones, which have not been administerednahs.

The morpholinos, on the other hand, have apbetely
different backbone. They are uncharged and bedhage
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are so weird, there is no way they can be intedriate
the genome. So, what we are doing is really nareeg
therapy, but rather a modification of gene expassi

If the first few morpholinos are shown to ladesas
muscular dystrophy drugs, | would hope that theppeem
charge of drug regulation would take previous eignees
on the morpholino safety profiles into considenatiand it
may be possible to slightly relax the guidelinesadrat
has to be done for new oligos. If we had to domesite
testing for every oligo, we might as well stop naw,
would just be completely unsustainable and we waold
be able to treat many of the different mutationssozg
Duchenne muscular dystrophy.

One of the most important aspects to consijéhat
the oligos are not simple conventional drugs, bat e
would be offering a personalized treatment, a cuited
molecular therapy for a boy with Duchenne.

Now, the company AVI Biopharma in Portlande@on
is developing morpholino oligos as antiviral agemtsich
could potentially go to hundred of thousands offgieo
And therefore, with something going to the genpogdu-
lation, you must have extensive safety testingase
sure that 0.1% of them do not have any unexpeated o
unforeseen adverse reactions. In contrast, our &uth
oligos would not be administered to thousands opfee
but rather to very specific cases of Duchenne dpbly.
So if there is an adverse event, and we hope tbat w
happen, it would concern only one or two boys, sinde
these patients will be very closely monitored dgriine
treatment, any adverse effects should be seenlguaink
appropriate steps taken.

There could still be effects dependent ordifferent
nucleotide sequences of the oligos. We have tavaeeaof
that risk. But this would be a case of weighingribks
against the benefits. Even if there were some adv&de
effects with these morpholinos in addressing Dunken
mutations, the benefits of restoring some dystno
pression could outweigh the risks. Steroids havaeraus
side effects but these are currently acceptedenbeht
treatment option.

At this meetingDominic Wells showed that when he
was just injecting AONSs directly into the muscldsrace,
he was getting very good exon skipping at the Ralel
after 14 weeks. So these morpholinos are inducing e
skipping for 14 weeks. And the protein is goindo&omore
stable than the RNA. So after 14 weeks, you shgetd
lot of dystrophin, and that may possibly last fprta 26
weeks, that is 6 months! | never expected thatvtioisld
last as long. It is working better than anticipatédd if
there were an adverse reaction after a boy is giveior-
pholino, perhaps there are ways of controlling.tAad
then, the boy would perhaps have an uncomfortabkkw
and then it is going to be 6 months before the trext-
ment. Again, we have to work out whether a treatmen
twice a year would be adequate. We could compase th
with chemotherapy and radiotherapy in cancer treatm
There are terrible side effects. And they are aetkfitere
because there is nothing else.

Two types of antisense-oligonucleotides.

The Dutch researchers are trying their oligos, the 20-me-
thyl-phosphothioates, to skip first exon 51, and you and the

British will test morpholinos. But you will work together,
will you? And what is the reason why the Dutch work with
this other type of oligos?

The Dutch are looking at a variety of diffedremons,
and the English have done a comparison and fourd tha
compounds which we developed, in particular thephor
linos, were working very well, and decided to usen for
their clinical trial which is still in the planningtage. They
will try to skip exon 51, too, to have essentialparallel
study to the Dutch trial. So, they will be ablectimpare
different chemistries, different sequences, andpaomthe
efficiency of these different treatments. That reatiuld
not be done if they were trying to skip anotherrex®o, if
both types of AONs are being shown to be safe, wark
both of them is going to be persued. Hopefully hbetll
give similar results.

No one really knows what is going to happermvh
there is a long term exposure to any of thesereifiteoli-
gos. It is even possible that one treatment widiche com-
bination of oligos. The idea is, that competitisrhealthy,
and that we don't keep all the eggs in one balksith
systems are promising, both have to be persued.

And again, if something happens after thremyef
morpholino treatment, then we will fall back onie 20-
methyls. But if we have just nothing than the maiptos
at that moment, we would be in trouble. But in &ddito
the morpholinos and the 20-methyls, there are ditpers
of AONs available with other chemistries we are ki
with.

Thefirst exon skipping experiments.

Who actually had the first idea about exon skipping?

| think it was developed simultaneously ateeal dif-
ferent places. | had been doing work on revertaet$
with dystrophin that appear spontaneously in Dunken
muscles, and was trying to work what the mechamsis
And to me it was logical that it was some exon gkig
mechanism. That was about in 1994, and we found some
gene transcripts, some functioning mMRNA for shagten
dystrophin. And then at the end of 1996, at a mgat
Lake Tahoe, | meRyszard Kole from the University of
North Carolina. He was talking about suppressimgath-
normal splicing in the 3-globin gene as a therapyta-
lassemia. As far as | know, he was the first petsano-
dify the expression of a gene by modified spliciAfer-
wards, Ryszard and | were talking quite some tizne,
then one of those moments happened where sométiténg
you almost literally like a brick! It was just stngous,
that this was the way of going. If you could useMgXo
suppress abnormal splicing, why not apply the sapae
proach for normal splicing, too? Within a few week
getting back to Perth, | received some oligos fRys-
zard. We had some cultures with muscle fibers gthag
were not very good, but we did some experimentsvagy
right away, and we got exon skipping in our vergtfi
experiment with one of Ryszard's oligos.

Then you were the one who applied for the first time
this technique on muscular dystrophy?

In a way, yes, at least in an attempt to remmdisease
causing mutation from the dystrophin mRNA. Butih#q
Masafumi Matsuo in Kobe in Japan also applied AONs to
the dystrophin gene transcript. He did it earler, | was
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not aware of this at the time. But he was actualligcing
a mutation, the "Kobe" deletion of exon 19 in amak
dystrophin gene transcript. He was probably thst fier-
son who was doing exon skipping in the dystropleneg

He has now treated a Duchenne boy with aidalef
exon 20 by injecting into his blood stream a sdadA
oligo against exon 19. According to a recent puaibian,
6% of the normal amount of dystrophin mRNA was fbun
and some dystrophin protein, too. But from the datw,
it was not convincing. However, he could show #atte-
mic exon skipping in Duchenne boys is possible atith
dangerous side effects.

| think the main problem there was the chaitthis
DNA oligo, that, as | understand it, reacts with RRNA in
such a way that the mRNA is destroyed by an enzyme
called RNAseH. It would have been a race between th
exon skipping mechanism and the mRNA degradation by
RNaseH. We repeated Matsuo's work in mice and found
that this type of DNA oligo works on some targets iot
others. Furthermore, when we used an ordinary 2@whe
oligo of the same sequence to exon 19, this conphuas
30 to 40 times more efficient. The reason was thata
stable oligo, which gets into the cells to indugere
skipping and does not induce the RNAseH mechanism.

When will there be an exon skipping therapy?

The gene was found 20 years ago. Everybody was very
excited then that next year, we would have a cure. What
can one actually say to the parents who feel that the time
for their boysis running out? Two years ago, Gertjan van
Ommenof Leiden University told me in an interview, that
it will take about 10 years until exon skipping will work for
the boys. Two years are gone, so eight years are left. |
have asked our families whether they really wish to know
that, and their answer was: "Yes, we wish to know it, and
we under stand that estimates like this cannot be precise,
and that this estimate does not mean that in January 2014
exactly there will be something for our son." What is the
situation now? How long do you think it would take?

Yes, | know these are terrible things. Thighes sixth
year that | am coming to the Parent Project mestibig-
fortunately, | meet new people each year, and gaah
some people are not here any more. But we haveoto p
ceed slowly and carefully and one step after theraio
avoid mistakes that would make the time to waineve
longer.

However, | am optimistic that, if the firsirdtal trials
are done carefully and safely, then very quicklyphan to
follow up with new trials. And the new trials woulad
clude new targets, that would skip other exongitiress
different mutations. So there will be no waiting f@ars
to see what happens and analyzing the resulte et a
positive result in one trial, we will always stére next
stage as soon as possible.

And one way how we might accelerate the weykhat
instead of trying to skip only one exon at a tinve, might
target two exons or even more simultaneously, thaise
multi-exon skippings. Why not using a cocktail ¢ifjos
to skip several exons at once? We have actuallg tltis
in cell culture with a mixture of oligos to remogrons 50,
51, 52 and 53 simultaneously, and it works readgnab
well. And another mix we have worked with, addresse

exons 6, 7, and 8, which are the exons the dystajuy
needs to have skipped. So we could try it on tigelddore
working with humans. Many different mutations coblel
addressed by one of these cocktails. And one aagardf
using a cocktail is that you could do safety tegfor three
or more oligos at one time. And we could even combi
different oligos. That would accelerate researcisster-
ably.

So, as it looks now, Gertjan's estimate isequaalistic,
maybe the time will be shorter, 5 to 6 years frawmn
until we can treat the first boys with good results

When talking to families, | often hear them saying:
"Why did Duchenne hit us? What is the reason?" "The
reason are the mutations, and they occur at random, they
cannot be predicted"”, | answer. But mutations are just
tools of evolution. If there were no mutations, we would
not be here, there would not be real life on earth, perhaps
just slime. But evolution also made scientists - like you -
who aretrying to right this, to repair the gene, to solve
that problem by finding a therapy.

It is an interesting way of looking at itidttrue, with-
out evolution, we wouldn't have even evolved. Tklab
it, everyone is different, everyone has probahiyhsly
different dystrophin genes. In some cases thersiagie
base changes in the protein coding exons, but ttesgge
one amino acid and are generally not significaniess
that was one very important amino acid. Every aystin
gene is subtly different, and the genetic variaégtends
to other genes and the genes that control genessipn.
We are a very complicated genetic package andghat
likely to be the reason for the different clinisgimptoms
we find in different Duchenne patients.

Manufacturing the oligos.

Who actually makes the oligos? They are probably made
automatically.

| personally made the 20-methyl oligos we uséd a
machine we have in the lab. | pressed buttonsyarkehe
AON sequences, | filled the reagents and kept ttogrped
up, and | lost lots of sleep, when | had to watehgyn-
thesis. The chemicals are very expensive and aase
tage so the synthesiser is kept running aroundltuk
when loaded with the chemicals. Now, there are many
companies who make oligos but | prefer some cowotret
the process. Also | get to learn more about theng$teies.
Once we optimized our 20-methyls in cultured cells,
got in contact with AVI Biopharma in Oregon, thegoa-
ny that now makes our morpholinos. They do thia ooll-
aborate arrangement and have been very supportive a
good to work with. More importantly, they can maker-
pholinos to clinical grade for the trials.

Will these oligos be expensive when everything is ready
for the boys?

They will be expensive, but not as expenssr/éha pro-
duction of viruses for gene replacement. Exon skippi
will be many times cheaper. The cost of makingehas
gos is substantial, and we still need lots of moliplos
with different sequences. But if we can designasithat
work very efficiently in small quantities, which ya@an
administer at a low dose and still are therapetiten
these drugs might not be so expensive.



Early preclinical diagnosiswill beimportant.

If exon skipping or another technique works, should it not
be applied early before the muscles disappear? | still have
my screening laboratory working, but it isdying. | wish |
could find some investor who could wait five years until he
would get his money back and more of it by promoting and
doing newborn screening for muscular dystrophy. In the
United Sates, there are now pilot programsin Atlanta and
Columbus/Ohio.

Early detection will be important. And possikfyexon
skipping was to work and shown to be safe, thasr ah
early diagnosis, you might start treating beforg symp-
toms at all. And that could make a big differerge.|
think newborn screening for muscular dystrophy goad
idea and should be made available everywhere.

Then thereis a message of hope?

At the end of this interview, would you please say some-
thing to the parents to keep hope after an important meet-
ing like this one in Cincinnati?

First let me give you a surprise: The progreitis the
morpholinos, that has been made in the last yess, w
astounding, we were getting results beyond our &gpe
tions. We are optimistic that they will work faarfbetter
than we anticipated. At the beginning of our wavk,
found that the morpholinos work very poorly in cail-
ture. And when we started the work in mice wittvine
injections, we were doing all these fancy trickg &b the
morpholinos into the muscles. It was working impiple
but then we just tried a type of negative contitod, mor-
pholinos in saline, just in a 0.9 % common salugon,
and that worked beautifully, without any carrieith@ut
any lipofectin or any other agent to enhance dglivEhe
pure morpholinos in saline, the simplest possikdg of

administering it, worked very, very efficiently! Alrthen
the people at AVI Biopharma attached some littlptjoe
tags on them to enhance delivery even more, arse the
things work very, very nicely in the mouse. Now, ave
to try this in humans. The people of AVI, who make
morpholinos, are very reactive and innovative. Taey
developing new chemistries, making new modificagion
and it is a wonderful collaboration with them. Smrpho-
linos are the best for the moment. | am hopingsdtmiys
will come up with something even better in the fatu

But to finish, | want to say that this ParBnbject
meeting has been very positive. There are so miiey d
rent approaches of research for muscular dystraptye
moment. There are pretty good trials on gene replang
on read-through, there are two trials on exon skpp
there is the myostatin work, there are so manyfit
things that are going on, and the steroids aregbsidied
in great detail. There is reason for a lot of hope.

But it is never going fast enough. | wish veslla cure
yesterday. Someone said: to me: "Cure muscularapfsf
and then retire". | am 50 years old now, and IkHiwill
continue working in this field for a long time. Bifitve
can make a difference soon, it will be by exon gkig.
That will buy some time until something better orreo
permanent comes along. It is not a perfect treatnBan it
is the best we can do at the moment with lots igbsland
with no new quantum leaps in technology

Thank you very much, certainly also on behalf of many
of the people all over the world who will read thisinter-
view: the boys, their parents and their relatives, their doc-
tors and the others who care for them, the Duchenne
resear chers and perhaps even influential people who could
change things so that you and your colleagues get the
funds and the opportunity to reach our goal soon, a the-
rapy for Duchenne muscular dystrophy.

Some scientific facts explained.

Genes are functional units of the genetic matedesoxy-
ribonucleic acid, DNA. Its structure looks like an inter-
twined ladder, thelouble helix. The rungs of this ladder
consist of four different small molecules, theses: ade-
nine, guanine, thymine, andcytosine (abbreviated A, G,
T, C). For spatial reasons, the rungs can only aohia
types of base combinations, thase pairs A-T and G-C.
Therefore, theequence of thebases on one strand is
complementary to the sequence on the other.

Most of the genes carry the instructicrstifie con-
struction ofproteins. In the cell nucleus, the genetic in-
struction of active genes é&pressed, it is copiedirans-
cribed, to another genetic substance, phe-messenger
ribonucleic acid or preemRNA, also called thérans-
cript. Most genes consist of active regions, ékens,
which contain the information for the proteins, afd
"inactive" ones, the often much longatrons, which,
however, may be important for the control of gere e
pression. After transcription, the introns are oged from
the pre-messenger RNA, and the transcribed esmited
together to thenessenger RNA, mRNA, which then

moves to theibosomes, the protein synthesizing struc-
tures outside the nucleus. The ribonucleic adiidASs,

use the base Wracil, instead of the similar base T of the
DNA.

In the messenger RNA, three consecutive bases,
codon ortriplet, specifies one amino acid according to the
genetic code. Three of the 64 different codons, UAA,
UAG, and UGA, arestop codons, where protein synthesis
is terminated. There are no spaces between the sokion
the ribosomes, the genetic instruction of the negpse
RNA is used for the construction of proteins frath
different kinds of their building blocks, ttzenino acids.

Duchenne and Becker muscular dystrophies argeca
by amutation or damage of thdystrophin gene which
carries the information for the protadystrophin. The
gene is located on the X chromosome. With a sequehc
2,220,22uclectides, “genetic letters”, it is by far the
longest human gene. Only 11,058 nucleotides, 0.5%,
the 79 exons of the dystrophin specify the sequehite
3,685 amino acids.

Dystrophin is needed for the mechanical stgtwf the
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muscle cells. It is located on the inside of thesohel cell
membranes to which it is anchored by many otheieprs,
thedystrophin-glycoprotein complex.

There are three types of mutations of therdpsin
gene:deletions, if one or more entire exons of the gene arg
missing,duplications, if parts of the gene are repeated,
andpoint mutations, if single base pairs are exchanged,
eliminated or added. As the three-letter codornbef
messenger RNA is read in the ribosomes one after th
other without interruption, theeading frameis not dis-
turbed,if the mutation deletes or adds entire codons of
three base pairs each. In this case, the readinggefre-
mainsin-frame and the dystrophin made is longer or
shorter than normal. If this change affects noreswetsal
structures of the dystrophin, it can still be paftinctio-
nal. Then the benign form of dystropiBecker muscular
dystrophy, develops.

If, however, the mutation shifts the readiranie by
one or two base pairs, the reading frame becaunesf-
frame. Then, a number of incorrect amino acids is incor-
porated into the protein starting at the mutatios antil
finally a new andgremature stop codon is reached. The
incomplete dystrophin cannot fulfill its normal fttion, it
disappears anbBuchenne muscular dystrophy develops.

Splice sitesare specific sequences inside the exons ang
at the borders of exons and introns which are ¢isséor
the correct removal of the non-coding intron segesn
from the pre-mRNA. The splicing itself is accompksl
by spliceosomes, a complex of many small RNAs and
proteins.

Theexon skipping technique tries to change a Du-
chenne mutation into a Becker mutation. If a matati
disturbs the reading frame and thus causes Ducliyme
trophy, the reading frame can bestor ed by artificially
removing from the messenger RNA one or more exons
directly before or after the deletion, duplicatimmnthe exon
containing a point mutation.

Exons can be eliminated from the mRNA véttti-
sense oligoribonucleotides, AONs. They are short RNA
structures consisting of about 20 nucleotides wisese
guences are constructed in such a way that thaghatt
themselves only at the complementary sequenceeitisel
exon to be removed or at its bordarsl nowhere else.
These AONSs thus interfere with the splicing machjrser
that thetar geted exons are no longer included in the

h

MRNA, they areskipped.

Prof. Stephen D. Wilton, PhD,

Centre for Neuromuscular and Neurological Disorders
University of Western Australia,

Nedlands, Australia,

E-mail: swilton@cyllene.uwa.edu.au

The gene itself with its mutation is not altered by exon
skipping, but its MRNA no longer contains the information
of the skipped exon or exons. As this mRNA is siort
than normal, the dystrophin protein is also shpitexon-
tains fewer amino acids. If the missing amino aeids
part of non-essential regions of dystrophin, like tentral
rod domains, the resulting shorter protein canno$tél
perform its stabilizing role of the muscle cell ni@ame.
The result would be the change of the severe Dughenn
symptoms into the much milder symptoms of Beckes-mu
cular dystrophy.

A note for those who learnt some chemistrgahool:
Oligonucleotides are short pieces of the two kinds of nu-
cleic cids, DNA and RNA, (oligo means few). The two
strands oDNA, desoxyribonucleic acid, consist each of a
chain of alternating phosphate and desoxyriboss,uni
their backbone. Desoxyribose is a sugar molecule fivie
carbon atoms, and the second carbon atom hasi@s$ us
oxygen atom missing. Each sugar unit carries orleeof
four "genetic" bases on its first carbon at&hA, ribo-
nucleic acid, has normal ribose units in its backbwith
an oxygen on its second carbon atducleotides are the
building blocks of both kinds of nucleic acids. Each
cleotide consists of one ribose, one base and looe p
phate. So there are four differembonuclectides and four
differentdesoxyribonuclectides. The oligos discussed in
this interview areantisense oligoribonucleotides, AONSs.
Antisense means that their base sequence is in reverse
order to a specific target sequence of a spliesisithe
pre-mRNA.

The two kinds of oligos or AONs used for exskipp-
ing are protected oligoribonucleotides so that tieynot
destroyed in the muscle cells by enzymes. The Dateh
using the20-methyl-phosphothioates, also callednethyl
thioates or 20-methyls. They have a methyl group, a car-
bon with three hydrogen atoms, on the oxygen okthe
cond carbon of the ribose units and a sulfur atwstead
of one of the oxygen atoms of the phosphate grotips.
mor pholinos the British-Australian researchers are using,
have one of the phosphate oxygens replaced by etlajin
amide group, a nitrogen carrying two methyl grougrs]
the entire ribose units replaced by morpholino sjreix-
membered rings, each consisting of four carbon stame
oxygen and one nitrogen atom with hydrogen atoms at
tached to the carbons.

Guenter Scheuerbrandt, PhD,

Im Talgrund 2, D-79874 Breitnau, Germany
E-mail: gschdarandt@t-online.de
Internet: www.duchenesearch.com



