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SELF-IMMOLATIVE MOLECULAR DENDRITIC SYSTEMS

Doron Shabat, School of Chemistry, Tel-Aviv University, E-mail: chdoron@post.tau.ac.il

Introduction

The structural precision of dendrimers has motivated numerous studies aimed at biological applications,
such as, the amplification of molecular effects or the creation of high concentrations of drugs, molecular
labels, or probe moieties. However, most of the dendrimers’ applications rety mainly on the high-group
functionality and not on their unique structural perfection. An appropriaie dendrimer could be structurally
designed to conduct a cleavage signal through the molecular dendritic system, similarly to domino bricks
falling on each other(11. Dendritic architectures are often used in nature to achieve divergent or convergent
conducting effects. For example, the structural properties of a tree allow it to transfer water and nutrients
from the trunk toward the branches and the leaves. The structural design of nerve cells is another striking
example of dendritic architecture with signal transduction sysiem.

Inspired by the dendritic fransduction pathway existing in nature, we focused our research in the
development of the concept that was termed as self~immolative molecular systems. Self-immolative
dendrimers were recently developed and imtroduced as a potential platform for the amplification of
chemical or biological signals(?]. These unique structural dendrimers can release all of their tail units
through a domino-like chain fragmentation, which is initiated by a single cleavage at the dendrimer’s
core[3-3], (Figure 1).

Q \\
e R e P

Figure 1: Self~immolative dendrimers, as shown in the picture, spontaneously release all the end-group
molecules following a single activation event; This triggering event induces a cascade of self—climinations,
which leads to complete dissociation of the dendrimer into its separate building blocks.

The design of a first generation self-immolative dendron is based on a molecular adaptor with three
functional groups. Two identical functionalities are linked to reporter molecules and the third is attached
to a trigger (figure 2, I). The cleavage of the trigger, initiates a self-immolative reaction sequence that
leads to a spontaneous release of the two reporter molecules. The adaptor molecule can be linked to two
additional identical units, each attached to two reporter molecules (figure 2, II). The head position of the
first adaptor unit is linked to a trigger. In this approach, a second-generation dendron can be prepared and
similarly, the design can be extended to higher generations of dendrons. The cleavage of the trigger will
initiate self-immolative chain reactions that will consequently fragment the dendrimer and release all of
the tail molecules.

The dendrimer’s adaptor unit is based on 2,6-bishydroxymethyl-p—cresol 7, a commercially available
compound with three functional groups (Figure 3). The two hydroxybenzyls are atiached through a
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Figure 2. (I) Graphical structure of a first generation domino dendron with a trigger and two tail units. (IT)
Graphical structure of a second generation domino dendron with a trigger and four tail vnits

carbamate linkage to reporter molecules and the phenol functionality is linked to a trigger through a
short spacer N,N’-dimethyl-ethylenediamine (1). The cleavage of the trigger initiates a self—immolative
reaction sequence of amine intermediate 2, starting with spontaneous cyclization, to form an N,N'—
dimethyl-urea derivative. The generated phenol 3 undergoes a 1,4—quinone-methide rearrangement,
followed by spontaneous decarboxylation to liberate one of the reporter molecules. The quinone—
methide species 4 is rapidly irapped by a water molecule {from the reaction solvent) to form a phenol
(5), which again undergoes a 1,4-quinone-methide rearrangement to liberate the second reporter
molecule. The generated quinone-methide species 6 is again trapped by a water molecule to form
2,6-bishydroxymethyl-p—cresol 7. .

We successfully achieved the synthesis and activation of up to a third~generation self-immolative dendron
with 4-nitroaniline reporter groups (Figure 4). 4-Nitro-aniline is easily observed when unconjugated
due to its yellow color. Dendron 8 was prepared with a trigger group (BOC) that can be chemically
removed by trifluoroacetic acid to form amine 9. The deprotected dendron 9 was dissolved in methanol
with 10% triethylamine and the release of 4-nitro—aniline was monitored by HPLC and UV analysis.
The expected patiern of the self-immolative process was observed (Figure 4). The intermediates 10 and
11 were gradually generated and disappeared to finally release eight molecules of 4-nitro—aniline. The
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Figure 3: Proposed Disassembly Pathway of 2,6-bishydroxymethyl-p-cresol-based Dendrons.

dendrimers were found to be highly stable in control experiments, as long as the trigger was not removed,
and no decomposition was observed for at least 72 hours.

Single triggered self-immolative dendrimers could potentially introduce significant advantages for
the prodrug approach. Incorporation of drug molecules as the tail units and an enzyme substrate as the
trigger, can generate a multi-prodrug unit that will be activated upon a single enzymatic cleavage. Theses
dendritic prodrugs may open new opportunities for targeted drug delivery. In contrast with conventional
dendrimers, self-immolative dendrimers are fully degradable and can be excreted easily from the body.
The cleavage effect of a tumor—associated enzyme or a targeted one, can be amplified and therefore, may
increase the number of active drug molecules in targeted tumor tissues. We have synthesized several
dendritic prodrugs, designed for activation either by catalytic antibody 38C2[6] or penicillin~G-amidase
(PGA). Significant advantage was observed in tumoral cell-growth inhibition when the dendritic prodrugs
were evaluated in comparison with classical monomeric prodrugs(’],
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Figure 4: Third-generation selftmmolative dendron triggered with TFA to release eight tail units of
4-nitroaniline.
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It is also possible to incorporate different drug molecules on the same prodrug platform. This would
effectively allow multi-drug therapy in a single molecule. We synthesized a self-immolative hetero—
trimeric prodrug system with the anti~cancer drugs camptothecin (CPT), doxorubicin, and etoposide
using the retro-aldol retro-Michael trigger activated by antibody 38C2 (Figure 5). Upon single activation
cleavage by the catalytic antibody, this prodrug system should almost simultaneously release three
different chemotherapeutic drugs at the same location. HPLC analysis has confirmed the release of the
drugs in the presence of antibody 38C2. Dendritic prodrugs, activated through a single catalytic reaction
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Figure 5: Single—triggered hetro—trimeric prodrug system with the anti—cancer drugs CPT, doxorubicin,
etoposide and a retro—aldol retro-Michael substrate (activated by catalytic antibody 38C2).

by a specific enzyme, could offer significant advantages in inhibition of tumor growth, especially if the
targeted or secreted enzyme exists at relatively low levels in the malignant tissue.

We were also interested to design and synthesize dendritic systems with signal-transduction pathway
from the dendrimer periphery to its focal site. While the previous molecular system acts as an amplifier,
that one will act similar to a receiver device. In light of this concept, we designed and synthesized
fully biodegradable dendrimers, disassembled through multi-enzymatic triggering followed by self—
immolative chain fragmentationt8]. The dendrimer’s main building block is based on diethylenetriamine,
which has two primary and one secondary amine functionalities. In a first—generation dendron (Figure 6),
the secondary amine is attached to a reporter group while the two primary amines are linked to enzymatic




Figure 6: Description of a Gi—dendron disassembly through a double triggering mechanism. Cleavage of
either trigger I or IT will initiate the release of the reporter group.
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Figure 7: Chemical structure of zeroth, first and second-generation dendrons,

substrates. The cleavage of either of the substrates by the enzyme, generates a free amine group which
initiates an intra—cyclization reaction to release the reporter group.

In order to evaluate our dendrimer biodegradation pathway, we synthesized zeroth, first and second-
generation dendrons (Figure 7) with pbenylacetamide as a triggering substrate for penicillin-G-amidase
(PGA) and 4-nitrophenol as a reporter group. 4 Hydroxybenzyl alcohol was employed as a seli-
immolative linker to connect two amine groups through carbamate linkages in the second—generation
dendron (EE).

Similar to a first-generation dendron, a second—generation dendron (III) can disassemble to its building
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blocks through the described enzymatic self~immolative fragmentation. The phenol, which is released
after the first intra—cyclization, undergoes 1,6-quinone-methide rearrangement to release carbamic acid
from the benzylic carbon. The quinone—methide species is rapidly trapped by a water molecule to yield
4-hydroxybenzyl alcohol. The generated carbamic acid, undergoes spontaneous decarboxylation to form
a free amine group, which is cyclized to release the reporter group. Importantly, only one enzymafic
cleavage, out of a possible four, is sufficient to initiate the domino breakdown that will release the reporter
group at the focal point of the dendrimer. The complete degradation of the dendron to its building blocks
is depicted in Figure 8.

)
PGA + JL + +

Dendron Hl ———— Q_\ HaNo —@—\ * —O—
PES 7.4 COOH N G0, HO oH HO NO,

Figure 8: PGA—catalyzed fragmentation of a Gr—dendron to its building blocks.

A possible application for such multi-triggered self-immolative dendrons was demonstrated by the
concept of prodrug activation gated through a molecular OR logic trigger[?). Masking of a functional
group in a targeted drug with a simple linker that contains two moieties cleaved by different mechanisms
can generate a molecular OR logic gate trigger. The gate is activated upon a cleavage signal from either
of the two input ports. The signal will be translated into a bond cleavage that releases the active drug
molecule. We synthesized an actual prodmg (pro—Dox) by equipping the OR molecular logic trigger with
the anticancer drug doxorubicin (Dox). 4-Hydroxybenzyl-alcohol was used as a self~immolative linker
between the amino group of Dox and diethylenetriamine (Figure 9). As with the model compound, the
two substrates were a phenylacetamide and a retro-aldol retro-Michael substrate. Cleavage by either
antibody 38C2 or PGA resulted in the removal of the 4-hydroxybenzyl alcohol and release of free Dox
(through 1,6—elimination).

38C2 or PGA

Figure 9: Doxorubicin prodrug activation by a molecular OR logic trigger with antibody rACt or PGA.

Dendritic prodrugs could offer significant advantages in the inhibition of tumor growth, especially if -
the targeted or secreted enzyme exists at relatively low levels in the malignant tissue. Up to now, we
were able to achieve the bioactivation of dimeric and frimeric—dendritic prodrugs. It was also shown that
dendritic prodrug exhibits a clear advantage over the classic monomeric one, in a cancerous cell-growth




inhibition assay. The next step that is required to advance this application, should be in vivo evaluation
of a dendritic prodrug with an enzyme that is over expressed in the tumor site. In order to achive this
goal, one should try to increase the water solubility of the dendritic molecules and reach an appropriate
concentration for in vive studies.
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Introduction

During the last decades, man-made materials and devices have been developed to the point at which they
can be used to replace parts of living systems in the human body. These special materials, which are able
to function in infimate contact with living tissue, with minimal adverse reaction or rejection by the body
are called biomaterials.

“Biomaterial is any substance (other then a drug) or combination of substances, synthetic or natural in
origin, which can be used for a period of time, as a whole or as a part of a system which treats, augments,
or replaces any tissue, organ or function in the body” (Boretos and Eden, 1984) (1).

This paper will review the main outlines for choosing the polymeric material for the right application, and
will focus mainly on biomatertals that are in use today in the cardiovascular area.

Two main parameters have to be considered in choosing the biomaterial for a certain application:

1. In order to choose the right Standard design, some physical and mechanical features such as strength
and deformation, fatigue and creep, friction and wear resistance, flow resistance and pressure drop, and
other characteristics which may be engineered with the material, must be considered.

2. Compatibility, or biocompatibility, characterizes a set of material specifications and constraints which
refer to the material-tissue interactions. These characteristics have to be specified according to the intended
device application, and have to be tested and evaluated in a set of in-vitro and in—vivo experiments (3).

Biocompatibility evaluation

In order to evaluate the material’s suitability for the cardiovascular application for long term implantation,
the biocompatibility criteria have to include the following host reactions to the biomaterial which focus
on toxicity, carcinogenicity and biostability: :
Foreign body reaction, Inflammatory reaction, Thrombosis, Hemolysis, Adaptation, Infection and
sterilization, Carcinogenesis, Hypersensitivity and systemic effects, Long term stability, and Fatigue tests
(2). These studies are designed according to ISO 10993 standards and are detailed in ref. (4)&(5).

Blood vessels

The development of peripheral vascular reconstructive surgery has been closely associated with the
development of prosthetic vascular grafts. The quest for an ideal vascular conduit began soon after Carrel
and Guthrie demonstrated in a canine model that homologous and herelogous artery and vein segments
could be used as arterial substitutes. Although, living, nonrejectable arterial and venous autografts appear
to be near—ideal vessel conduits, problems of procurement and size restrictions have prompted efforts
to develop stable prosthetic materials. The characteristics of the ideal graft have to fit the following
requirements which are devided into three main parts: mechanical, biocompatibility and handling:

¢ It must be durable, withstanding after implantation the dual threats of biodegradation and

mechanical fatigue.

% The ideal graft should have and maintain the same compliance as a normal artery: It should
be flexible, maintaining its contour and have kinking resistance, bending without partial




occlusion-—as it crosses joints.

&  The graft must not harm the host in anyway.

&  Its luminal surface must interact with blood elements in a minimally traumatic, nonthrombogenic
fashion.

< It should be resistant to infection.

& It must be capable of sterilization without graft alteration. The ideal graft should have an
optimal porosity, allowing for good incorporation without causing unmanagable bleeding
following implantation.

&  Finally, from the handling point of view, it must be readily available in multiple lengths and
sizes, and its handling characteristics should include an ease of suturing and a maintenance

of integrity. (3)

Vascular Grafts:

The synthetic graft market is currently dominated by three major materials: Polyethylene Terephthalate
(PET), Polytetrafluoroethylene (PTFE) and Polyurethanes. As mentioned above, vascular grafts should
be chemically stable and resistant to degradation and to toxic or inflammatory by products. They have
to be biocompatible and hemocompatible. Their structure has to be porofic to an extent that there won't
be blood leakage (2). Polyester (Dacron or PET) and PTFE are chemically stable after implantation
compared to earlier Nylon prostheses.

Dacron: There are woven Dacron (not porous), knitted Dacron (porous), crimped grafis and newer knitted
Dacron which have velour construction on their inner and outer surfaces that are thought to facilitate
tissue incorporation. For example: Bard® DeBakey® woven vascular grafts which combine the inherent
strength of a woven graft with knit-like softness for exceptional handling performance. Durable PET
polyester with wide, uniform crimp spacing is easy to manipulate and place Fig.1 (6).

In order to reduce the blood loss, knitted grafts sometimes should be pre-clotted prior to insertion. The
pre—clotting procedure is less frequently used in woven grafts because of much smaller pores produced
in this technique. Dacron grafis have recently been manufactured
coated with protein (collagen/albumin) to reduce the blood loss
and antibiotics to prevent graft infection. Impregnated grafts are
considerably more expensive than their non—coated counterparts.(8)
- Fig. 2 shows some Ultramax™ gel impregnated vascular grafis,
Fig, 1 o true zero porosity knitted velour grafis with different designs and

different sizes.

Expanded PTFE (ePTFE): e-PTFE is considered a non textile technique. This is a fluorocarbon polymer,
formed into sheets by a paste extrusion process, producing a porous material that has solid nodes inter
connected by fine fibrils, Fig. 3, (2). The intranodal distance can be varied to change the graft porosity.
The grafts in clinical use are impervious to blood, resistant to dilatation, and are chemically inert, highly
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electronegativeandhighlyhydrophobic. Thegraftsareavailablein
differentwallthicknesses. The ones with thinnerwallshave easier
handling characteristics, better conformability and improved
compliance. ePTFE is considered to be better than Dacron

. for venous reconstruction if autogenous vein is not available.

GORE-TEX® INTERING Vascular Graft, the newest vascular
graft offering from W. L. Gore & Associates, a leader in
vascular surgical products for more than two decades, redefines
graft performance by reducing kinking and compression
— problems that can lead to post-surgery complications. It is
the lowest profile, radially supported graft available today. The
graft has a smooth, luminal surface that's soft to the touch, and
yet is exceptionally strong. It resists kinking and compression,
no-profile radial support concealed within the ultra—smooth
graft wall. It conforms easily to the native vessel, while alse
simplifying tunneling and reducing the potential for tissue
trauma, The product may be cut and sutured at any point,
Fig. 4 (9).

Another product is Advanta VS. This is a one—piece graft
with Afrium’s unique wall design to allow more rapid tissue
ingrowth and unsurpassed kink and compression resistance.
These ePTFE grafts are used to repair occluded arteries and
veins of the hands and feet. By bypassing such occluded
peripheral vessels, blood circulation in the hands and feet
is maintained. The second major usage of ¢PTFE grafts
is for the dialysis treatment of patients who suffer from
chronic renal failure. The grafts were designed to exhibit
superior thrombo-resistance to prevent occlusion of the
relatively smaller diameter, low blood flow peripheral
arteries and veins where thrombi easily form, Fig. 5 (10).
The Gore vascular graft line also includes the GORE-TEX®
Stretch Vascular Graft. As illustrated in Fig. 6. and 6A, Gore
vascular grafts are available in a wide range of Stretch and non—
stretch configurations, including straight, tapered, bifurcated,
and many with external customizable ring reinforcement (13).

Polyurethanes: Polyurethanes were first introduced to the
medicaldevicemarketintheearliest50sascompositesfoambreast
prosthesis. Since then, alot of work and development was done to
improve their characteristics and biostability (7). Polyurethanes’
advantages include a very smooth non-thrombogenic inner




Fig. 6a

surface, a thin walled graft with some compliance and
improved handling characteristics. One of the products is
CadrioPass™ from Cardiotech, as is illustrated in Fig. 7 (11).
Some more recent developments refer to improving the
functionality and efficacy, through avoiding some existing
problems such as surface compatibility and thrombogenicity
involve anti—~thrombogenic coating such as carbon coating,
Heparin grafting, cell seeding and tissue engineered vascular
grafts.
The existing products have generally not proved successful in
Fig. 7 replacing the smaller diameter vessels. There is therefore, a
massive clinical need for an alternative supply of vessels to
replace diseased arteries. Tissue engineering offers the potential of providing vessels that can be used to
replace diseased and damaged native blood vessels(12). The success of a tissue—based graft depends on
its ability to meet several requirements. First, a graft must possess a confluent, adherent and quiescent
endothelium to resist thrombosis in vivo. The mechanical behavior of the graft must mimic the mechanical
properties of a native vessel. Hence, a graft must have a highly organized collagen matrix to impart tissue
strength. Finally, a graft must contain an elastin network to provide compliance and recoil (14).
Tissue engineering, using either polymer or biological based scaffolds, represents the newest approach
to overcoming limitations of small diameter prosthetic vascular grafts. Their disadvantages include
thromboembolism and thrombosis, anticoagulant relaied hemorrbage, compliance mismatch, neointimal
hyperplasia, as well as aneurysm formation (15).
The challenge of tissue engineering blood vessels with the mechanical properties of native vessels, and
with the anti~thrombotic properties required is immense, Recent advances, however, indicate that the goal
of providing a tissue-engineered vascular grafi that will remain potent i vivo for substantial periods of
time is achievable.
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MEETINGS AND EVENTS

THE 7 2nd ANNUAL MEETING OF THE
ISRAEL CHEMICAL SOCIETY

Will be held on February 6-7, 2007
At the Hilton Hotel, Tel-Aviv

Organized by the Chemistry Faculty of the Weizmann Institute of Science

Organizing Committee:
Gershom (Jan M.L.) Martin (Chair), Lia Addadi, Lucio Frydman, Ronny Neumann,
Raphy Nudelman (Teva Pharmaceuticals), Isracl Rubinstein, Reshef Tenne

FIRST ANNOUNCEMENT AND CALL FOR PAPERS

We are pleased to invite you to the 72nd Annual Meeting of the Israel Chemical Society, which will take
place at the Hilton Hotel in Tel-Aviv on Tuesday and Wednesday, February 6-7, 2007,

The organizing institution this year is the Weizmann Institute of Science.

There will be a small number of select plenary lectures by prominent speakers from abroad,
plus the traditional Award Lecture(s) by the winner(s) of the annual ICS Prize for Excellence.
This prize, and a number of additional prizes, will be awarded during the opening ceremony.
A total of sixteen sessions will cover the wide spectrum of chemical research in Israel.
Unlike in recent memory, a substantial portion of lectures in the parallel sessions will be
contributed lectures, selected from abstracts submitted in response to the present call for papers.
We would particularly like to encourage submissions by qualified students and postdocs.

The logistical conference organizer will be Unitours—Diesenhaus.

| Further details will be posted at the Conference website as they become available.
weizmann.ac.il/conferences/ICS2007
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THE JUBILEE NANOTECHNOLOGY SYMPOSIUM

Was held in Bar—Ilan University
On May 29-31, 2006.

Prof. Avi Ulman, Director of the Bar—Ilan Institute of Nanotechnology
Was the Chairman of the Organizing Committee,

The Lecturers, from Israel and abroad, delivered:

3 Plenary lectures and 30 invited lectures, in the following sessions:

Nanotubes, Scanning and force microscopy, Molecular electronics and magnetlsm Toxicity of
nanoparticies, Nanobiology, Nanomanufacturing, Macromoleculesandadvanced materials, Semiconductor
nanoparticles, Electron transfer, Nanoparticles.

A special presentation on Nanotechnology in Israel, was given by Prof. Ori Cheshnovsky,
Tel-Aviv University.

50 Posters on various topics in nanotechnology were also presented.




" Conference in honor of
the 90" birthday of Prof. Ephraim Katzir

FROM POLYMERS TO PROTEINS

ranfvarsalinial
May 14-15%, 2006 toliae el bl

Michael Sela (WIS)
On the unpredictability of individual research

Alexander Levitzki (HUJI)
An in-vitro model for cancer development

Avner Yayon (Prochon Biotech)
Science—driven biotechnology: From proteins to tissue regeneration

Yehuda Shoenfeld (TAU)
Behavioral changes are also of an autoimmune origin

Beka Solomon (TAT)
Immunotherapy of Alzheimer's disease

Sara Fuchs (WIS)
From synthetic peptides to recognition of the binding site of the acetylcholme receptor

Yecel Shai (WIS) ]

HIV-1 glycoprotein gp41: Molecular mechanisms of virus—cell fusion and T—cell inactivation
Mati Fridkin (WIS)

Elongating the duration of action of protein and peptide drugs

Nathan Sharon (WIS)
Structure-function relations of legume lectins
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Peptides and Yeast: A "Schiddoch’ made in Rehovot

Jeffrey M. Becker (University of Tennessee)
Peptide transporters and drug delivery

Fred Naider (CUNY Staten Island)
Part II: G protein coupled receptors

Ada Yonath (WIS)
Nascent proteins voyage from creation to initial folding

Israel Silman (WIS)
From acetylcholinesterase to natively unfolded proteins (and back again)

Harold Scheraga (Cornell University)
The two aspects of the protein folding problem

Designed proteins from combinatorial libraries of novel amino acid sequences

Gideon Schreiber (WIS)
Designing protein interaction interfaces

Jack F, Kirsch (UC, Berkeley)
Directed evolution combined with rational design to switch enzyme substrate specificity

Amnon Horovitz (WIS} _
Allostery in chaperonins: Structure and function
Yitzhak Pilpel (WIS)

Coping with genetic and non—genetic stress

Joel Sussman (WIS)
Living with salt: The molecular basis for halotolerance

Miriam Eisenstein (WIS)
Fifteen years of protein—protein docking
Lewis E. Kay (University of Toronto)
Seeing the invisible by NMR spectroscopy

Avraham Patchornik (W1S)
Novel ideas of a retired chemist

Concluding remarks by Prof. Ephraim Katzir




Menachem Rubinstein, The Weizmann Institute of Science
"Gene Regulation — A Never-Ending Story”

Chaim Gilon, The Hebrew University of Jerusalem
“Reduction of Food Consumption by Oral Melanocortin—4
Backbone Cyclic Peptide” '

Prof. David Milstein _
Organic Chemistry Department, Weizmann Institute of Science, has been elected a member of the
German Academy of Sciences, Leopoldina, '

| and is the recipient of the American Chemical Society Award in Organometallic Chemistry, for 2007.

Prof. Ada Yonath
Structural Biology Department, Weizmann Institute of Science, received the EMET Prize for 2007.




ERWIN CHARGAFF(1905-2002)

AND THE CHARGAFF'S RULES

Bob Weintraub, Director of the Libraries, Sami Shamoon College of Engineering,
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Beersheva and Ashdod. bob@sce.ac.il

“Few recent advances, for better or worse, had such an impact on biological thinking as the discovery
of base—pairing in nucleic acids. These complementariness principles do not only underlie current ideas
on the structure of the nucleic acids, but they form the foundation of all speculations, more or less well—
founded, on their physical properties (denaturation, hypochromicity, etc.), on the transfer of biological
information from deoxyribonucleic acid to ribonucleic acid, and on the role of the latter in directing the
synthesis of specific proteins. They form the basis of present explanations of the manner in which the
amino acids are activated before being assembled to make a protein, they are being invoked incessantly in
attempts to unravel the nucleotide code which is thought to be responsible for specifying the amino acid
sequence of proteins.” (Chargaff, 1963)

Chargaff’s rules were important in the discovery of the double helix structure of DNA. Francis Crick
(1989): “Finally, after many ups and downs, Jim [Watson] and I guessed the correct structure, using some
of the experimental data of the London group [Rosalind Franklin and Maurice Wilkins], together with
Chargaff’s rules about the relative amounts of the four bases in different sorts of DNA.”

Erwin Chargaff

Erwin Chargaff was born in Czernowitz in 1905. “And then came 1914. We were spending the summer in
Zoppot on the Baltic Sea. One afternoon at the end of June, we were watching the younger sons of Emperor
Wilhelm II playing tennis; an adjutant came and whispered something into the imperial ears, They threw
down their rackets and went away: the Austrian Archduke Franz Ferdinand had been assassinated. The
nineteenth century had come to an end: the lamps that went out all over Europe during that summer have
never been lit again.”

In 1928 Chargaff carned his Ph.D. from the University of Vienna under the supervision of Fritz Feigl.
His dissertation dealt with medical chemistry and diagnostic tests with organic silver complexes and with
the action of iodine on azides.

Chargaff worked at Yale on a fetlowship for two years, and then accepted a position in Berlin at the
University. He was Jewish and with Hitler’s rise to power he left for Paris. Chargaff worked for two
years af the Pasteur Instifute - “But the shadows began to fall,” and he understood that he should leave
Europe.

In 1935 he accepted a position at the Columbia University College of Physicians and Surgeons, where
he remained for the rest of his professional career. His mother, Rosa Silberstein, “died, only God knows
where and when, having been deported into nothingness from Vienna in 1943. She lives, a gentle and
merciful figure, in the memories of my childhood, embodying for me, more than anyone else I ever
met, what the Latin language calls, out of its very heart, misericordia. 1 can still see her standing before
me..."” (E. Chargaff, Heraclitean Fire,1978, and references therein; I. Hargittai, Candid Science, interview

1994).

Oswald A. Avery and Frederick Griffith:

In 1944, Oswald T. Avery, Coli MacLeod, and Maclyn MeCarty published in the Journal of Experimental
Medicine the now classic work, “Studies of the Chemical Nature of the Substance Inducing Transformation
of Pneumococcal Types.” :




Chargaff: In 1928, the British pathologist Frederick Griffith made a very important discovery, namely,
that when live non-virulent organisms are injected into mice together with a killed preparation of virulent
cells, lethal effects can be observed and virulent organisms are found in the animals. Similar observations
on what came to be called “bacterial transformation™ were later made in the test tube; it was clear that
the virulent smooth cells contained some principle that could transform, permanently and inheritably,
avirulent rough cultures into something resembling the smooth virulent doner organism. Avery and his
collaborators set out to isolate, purify, and identify this principle. They succeeded and these are the words
with which they concluded their paper:

“The evidence presented supports the belief that a nucleic acid of the desoxyribose type is the fundamental
unit of the transforming principle of Pneumococcus Type IL”

It is difficult for me to describe the effect that this sentence, and the beautiful experimentation that had
given rise to it, had on me. My reaction is, perhaps, best represented by some words I spoke much later
in an address commemorating 100 years of nucleic-acid research:

‘As this fransformation represents a permanently inheritable alteration of a cell, the chemical nature of
the substance respousible for this alteration has been elucidated for the first time. Seldom has more been
said in so fow words. The man who has written them, Oswald Theodore Avery (1877-1955) was at that
time already 67, the ever rarer instance of an old man making a great scientific discovery. It has not been
his first. He was a quiet man, and it would have honored the world more, had it honored him more. What
counts, however, in science is to be not so much the first as the last.

This discovery, almost abruptly, appeared to foreshadow a chemistry of heredity, and moreover, more
probable the nucleic acid character of the gene. It certainly made an impression on a few, not on many,
but probably on nobody 2 more profound one than on me. For I saw before me, in dark contours, the
beginning of a grammar of biology. Just as Cardinal Newman in the title of a celebrated book, “The
Grammar of Assent,’ spoke of the grammar of belief,  use this word as a description of the main elements
and principles of science. Avery gave us the first text of a new language, or rather he showed us where to
look for it. I resolved to search for this text.

Consequently, I decided to relinquish all that we had been working on or to bring it to a quick conclusion,
although the problems were not without interest and dealt with many facets of cellular chemistry. I have
asked myself frequently whether I was not wrong in turning around the rudder so abrupily and whether
it would not have been better not to succumb to the fascination of the moment: but these biographical
bagatelles cannot be of interest to anybody. To the scientist, nature is a mirror that breaks every 30 years;
and who cares about the broken glass of past times?”

Recalling the time in 1946 that he was considering attacking the riddle of nucleic acids, Chargaff
later recalled three lucky factors that contributed to his success: a new method described in 1944 by
R.Cousden, A.H. Gordon, and A. J. P. Martin that came to be known as paper chromatography — applied
to the analysis of the nucleic acid constituents, the purines and pyrimidines; the availability for the first
time of commercial ultraviolet spectrophotometers — which enabled the analytic procedure to be strictly
quantitative — for the purines and pyrimidines exhibit strong characteristic absorption spectra in the
ultraviolet; and what he felt to be most important, two excellent collaborators — Dr. Ernst Vischer and
Mrs. Charlotte Green.

Chargaff made most of the nucleic acid preparations, Vischer and Green developed the quantitative
analysis. Chargaff later recalled that they were fortunate in that their first attempts to determine the
structure of DNA they had chosen DNA specimens from yeast, ox tissues, and from tuberculosis bacilli.
The yeast and the tubercule bacilli differ dramatically in their compositions. Had he chose calf thymus
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DNA with pneumococcal DNA, he probably might have concluded that the two were indistinguishable
chemically.

Chargaff (1950): “We arrive at the following conclusions. The desoxypentose nucleic acids from animal
and microbial cells contain varying proportions of the same four nitrogenous constituents, namely adenine,
guanine, cytosine, thymine. The composition appears to be characteristic of the species, but not of the
tissue, from which they are derived. The presumption, therefore, is that there exists an enormous number of
structurally different nucleic acids; a number, certainly much larger than the analytical methods available
to us at present can reveal...I think there will be no objection to that statement that, as far as chemical
possibilities go, they could very well serve as one of the agents, or possibly as the agent, concerned with
the transmission of inherited properties.”

Into the galley proofs of the article, Chargaff added the following:

“The results serve to disprove the tetranculeotide hypothesis [under which the DNA could not be the
carrier of genetic information]. It is, however, noteworthy — whether this is more than accidental, cannot
yet be said — that in all desoxypentose nucleic acids examined thus far the molar ratios of total purines to
total pyrimidines, and also of adenine to thymine and of guanine to cytosine, were not far from one.”

Chargaff's Rules:

“One late afternoon, while sitting at the desk in my narrow tube of an office on the fifth floor of the
medical school, I asked myself: “What would happen if I assume that DNA contains equal quantities
of purines and pyrimidines?’ I took all the data we had on molar proportions of adenine and guanine
and of cytosine and thymine and corrected each set to give a total of 50 percent: there emerged — like
Botticelli’s Venus on the shell, though not quite as flawless — the regularities that I then used to call the
complementarity relationships and that are now known as base—pairing...

The regularities of the composition of deoxyribonucleic acids — some friendly people later called them
the ‘Chargaff rules” — are as follows: (a) the sum of the purines (adenine and guanine) equals that of the
pyrimidines (cytosine and thymine); (b} the molar ratio of adenine to thymine equals 1; (¢) the molar ratio
of guanine to cytosine equals 1. And, as a direct consequence of these relationships, (d), the number of
6-amino groups (adenine and cytosine) is the same as that of 6-keto groups (guanine and thymine).

Chargaff was a critic of the uses to which modern science was being used. He was against genetic
research.

Chargaff: My life has been marked by two immense and fateful discoveries: the splitting of the atom,
the recognition of the chemistry of heredity and its subsequent manipulation. It is the mistreatment of
nucleus that, in both instances, lies at the basis: the nucleus of the atom, the nucleus of the cell. In both
instances do I have the feeling that science has transgressed a barrier that should have remained inviolate.
As happens often in science, the first discoveries were made by thoroughly admirable men, but the crowd
that came right after had a more mephitic smell.
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Self-Immolative Molecular Dendritic Systems |
Doron Shabat, School of Chemistry, Tel-Aviv University, Tel Aviv

Self-immolative dendrimers were recently developed and introduced as a potential platform for a single
triggered multi-prodrug. These unique structural dendrimers can release all of their tail units through
a domino-like chain fragmentation, which is initiated by a single cleavage at the dendrimer’s core.
Incorporation of drug molecules as the tail units and an enzyme substrate as the trigger, generates a
multi-prodrug unit that is activated with a single enzymatic cleavage. We have demonstrated several
examples of self-immolative dendritic prodrug systems and shown significant advantages relative to the
appropriate monomeric prodrug. We anticipate that single—triggered dendritic prodrugs will be exploited
to further improve selective chemotherapeutic approaches in cancer therapy.
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Self-immolative dendrimers, spontaneously release all the
end-group molecules following a single triggering event, which
leads to complete dissociation of the dendrimer into its separate
building blocks. (see article by Shabat)



