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NESACS News Member News
2003 Lyman C. Newell Grants
The Northeastern Section has awarded
the Lyman C. Newell Grants for the
65th Annual Summer Conference of the
New England Association of Chemistry Teachers to:
Patricia Brandl, Medford High
School; Medford, MA
Lorraine Kelly, Hull High School;
Hull, MA
Diane Paskowski, Somerset High
School; Somerset, MA
Richard Silva, East Province High
School; East Providence, RI
The four-day conference featured
food chemistry and nutrition with
applications for the classroom and laboratory. The conference was held at the
Sacred Heart University in Fairfield,
CT, from Monday, August 4th through
Thursday, August 7th. The grants of
$225.00 each help to defray the cost of
the conference.

George M. Whitesides has received
one of the three Kyoto Prizes awarded
in 2003. The prizes are awarded for
having “contributed significantly to
mankind’s betterment.” Specifically,
he received the prize for his work in
organic molecular self-assembly.
Our congratulations to Dr. Whiteside.
From C&ENews, June 30, 2003.
The Lyman C. Newell Grants
commemorate a former chair of the
Northeastern Section who was a distinguished chemist, teacher, and historian of chemistry. For many years he
was chair of the Chemistry Department at Boston University. Lyman
Newell served as the first president of
NEACT from 1889 to 1900 and
expressed a continuing interest in
training chemistry students throughout
his long career. It is fitting that his
efforts are continued by grants that
bear his name. ◆

Corporate Patrons
Astra Zeneca Pharmaceuticals
Novartis Pharmaceutical Corp.
Strem Chemicals, Inc.

Corporate Sponsors
Aerodyne Research, Inc.
Cambridge Isotope Laboratories
Consulting Resources Corp.
Houghton Chemical Corp.
New England Biolabs, Inc.
Organix, Inc.
Polymedica Corp.
Sigma-RBI

Directions
(Note the map orientation!)
From Boston:
Take I-93 North to the Route 125, exit
41 (Andover). Go North on Rte. 125 (7
miles). The route takes a left turn as it
joins Rte. 114. Turn left at the lights
(on Elm St.), and enter the college by
turning left into the first driveway. *Go
all the way back, and the building you
will be facing is Cushing Hall. (Chemistry is on the third floor). The Sakowitch Campus Center is the next
building to the SE.
From Connecticut, Western Mass:
From Worcester, take I-290 N to I-495
North. Follow I-495 North to Rte. 114
E, Middleton exit (27 Mi.). Go South
on route 114 You will pass through a
set of lights, a set of blinking lights,
and two more sets of lights. Turn right
(on Elm St.), and enter the college by
turning left at the first driveway. Follow * above.
From NH, Vermont:
Go South on I-93, to the I-495 North
exit (Lawrence). Follow I-495 North to
the Rte. 114 E, Middleton exit. Go
South on route 114. You will pass
through a set of lights, a set of blinking
lights, and two more sets of lights.
Turn right (on Elm St.), and enter the
college by turning left at the first driveway. Follow * above. ◆
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Monthly Meeting
The 844th Meeting of the Northeastern Section of the
American Chemical Society
Thursday, September 18, 2003 (Note: This is the THIRD Thursday)
Merrimack College, North Andover, MA
Sakowich College Center, Murray Lounge, 2nd Floor
5:30 pm Social Hour
6:30 pm Dinner
8:00 pm Evening Meeting, Dr. Jean Fuller-Stanley, presiding
Dr. Patrick D. McDonald (Waters Corp.)
Evolution of HPLC: An Insider’s View.
Dinner reservations should be made no later than noon, September 12. Please
call or fax Marilou Cashman at (800) 872-2054 or e-mail at
MCash0953@aol.com. Reservations not cancelled at least 24 hours in advance
must be paid. Members, $28.00; Non-members, $30.00; Retirees, $18.00;
Students, $ 10.00; Please indicate your choice: Chicken or Vegetarian.
THE PUBLIC IS INVITED.
Anyone who needs handicap services/transportation, please call Marilou Cashman a few days in advance so that suitable arrangements can be made.
Free Parking on campus
Next Meeting: October 9, 2003, 50-year members honored, Henry A. Hill
Award; Wellesley College Club, 5:30 pm Social Hour and dinner; Evening
Meeting: 8:00 pm: Dr. David Yesair (BioMolecular Prod.) “Creating a New
Biomolecular Enterprise.”

Biography
Dr. Patrick D. McDonald is a Senior
Fellow in Chemistry Operations,
Waters Corporation. Born and raised
in Rockville Centre, Long Island, NY,
he received his Sc.B. in Chemistry in
1965 from Brown University with a
second major in English literature. His
undergraduate research in aromatic
nitration reactions was supervised by
Prof. Leallyn B. Clapp. Supported by
a Graduate Teaching Assistantship and
an American Chemical Society-Petroleum Research Fund Fellowship, he
completed a thesis in bioorganic chemistry, “On the Mechanism of Phenolic
Oxidative Coupling Reactions”, supervised by Prof. Gordon A. Hamilton (a
student of Prof. Frank Westheimer at
Harvard), and was granted a Ph.D. in
1970 from the Pennsylvania State
University. Dr. McDonald then did
research in steroid biochemistry as a
NIH Postdoctoral Research Trainee in

Endocrinology from 1970 to 1974 with
Dr. Seymour Lieberman in the Departments of Biochemistry and Obstetrics/Gynecology and the International
Institute for the Study of Human
Reproduction, College of Physicians
and Surgeons, Columbia University,
NY, NY.
While at Columbia, in 1972, he
bought an ALC 100 system from
James Waters and did seminal work in
steroid separations using HPLC. His
experience with LC techniques, however, especially preparative TLC, open
column liquid-liquid partition and liquid-solid adsorption chromatography,
began in 1963. Dr. McDonald joined
Waters on July 1, 1974, where he has
done pioneering research and product
development in several diverse areas
including preparative LC, sample
preparation, industry-standard HPLC
solvent purity specifications, post-column reaction detection, environmental
analysis, mobile phase degassing technology, and electronic information

systems.
He is the principal inventor of
radial compression technology, the first
really new method of packing LC
columns in the 100-year history of
chromatography. He guided the development of the PrepLC™/System 500,
the first time that a commercial LC
instrument was designed to incorporate
a specific, proprietary column technology [Prep-Pak™ Cartridges]. The first
PrepLC system was installed at the
University of New Hampshire on
March 17, 1976, nine months after the
invention date. After the second system was placed at Harvard, Prof. Elias
J. Corey, in comments published in
the “New York Times,” called it “a
revolution in liquid chromatography”
and a “good example of the fine technological work in American industry.”
Dr. McDonald’s work in sample
preparation catalyzed a worldwide revolution in analytical methods development. He lead the team which
invented in October, 1977, rapidly
developed, and brought to market for
sale in January, 1978, the Sep-Pak®
Cartridge – the first commercial column liquid-solid extraction device.
Sep-Pak Cartridges were Waters’ first
truly high volume product and inaugurated Waters manufacturing facilities in
Cidra, P.R., and, more recently, in
Wexford, Ireland. In 1996, he and his
team invented and brought to market
Oasis® Sample Extraction products,
containing a patented polymeric sorbent with revolutionary properties for
reversed-phase SPE.
Dr. McDonald is the author or coauthor of many refereed papers, book
chapters, founding editor and architect
of “Waters Information Center” Internet Applications Database, and a frequent contributor at International
Symposia on Endocrinology, Steroid
Chemistry, Chromatography, and
Water Quality in the last 30 years. He
is a long-standing member of several
professional societies including the
ACS [since 1965], AAAS, Sigma Xi,
and the Chromatographic Society
(London). He holds eight U.S. and
many foreign patents and has received
two Millipore awards for Technical
Innovation. ◆
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Abstract
Evolution of HPLC: An
Insider’s View
High Performance Liquid Chromatography (HPLC) emerged in the latter
third of the 125 year history of analytical chemistry, but quickly became a
predominant technique. In the 1960s
gas chromatography, while meeting the
demands for identification and quantitation, was limited to volatile compounds. The evolution and successful
commercialization of HPLC in the late
1960s and 70s required the parallel
development of smaller particle stationary phases and higher-pressure
instrumentation. Pioneers in the technology became, or partnered with,
early entrepreneurs, and many of the
developments in HPLC happened in
commercial laboratories. Among the
early entrepreneurs who set the stage
for this market, this presentation will
focus especially on James L. Waters.
The lecture will also explore the
changes in key industries that drove
development of the HPLC market. In
summary, we will celebrate how entrepreneurs, technology, and applications

Pre-Announcement

Medicinal
Chemistry
Group
Symposium: The Design of
Selective Inhibitors
Tuesday, October 7, 2003
MIT Faculty Club, 50 Memorial Dr.
Speakers: E. Villhauer (Novartis)
D.Yamashita (Glaxo Smith Kline)
P. Dragovich (Pfizer Global R&D)
Evening speaker: J.Talley (Microbia)
The Discovery of Celebrex
Reservations: 800-872-2054 no later
than noon, Sept. 30.
See the full announcement in the October issue. ◆
led HPLC to its current position as a
predominant technique in analytical
chemistry.
Collaborators: Dorothy J. Phillips,
Uwe D. Neue, Waters Corporation ◆

Book Review
Tales From The Underground.
A Natural History of
Subterranean Life, David W.
Wolfe (Perseus Publishing, 2001) 221
pp, ISBN 0-7382-0128-6; $26.00
(hardcover)
Reviewed by Dennis J. Sardella
Department of Chemistry
Merkert Chemistry Center
Boston College
Chestnut Hill, MA 02467
Every year, in the first class of my
General Chemistry course, I tell my
students about the Roman god Janus,
the double-faced god who stands guard
at the doorway of homes, one face
looking outward, and the other inward.
I point out to them that like Janus,
chemists live astride the interface of
two worlds: the visible macroscopic
world of chemicals, bulk properties
and observable changes, and the
unseen one of atoms, molecules and
quanta, and that our job is to shuttle
back and forth between the two, interpreting the phenomena in the seen
world in terms of the properties of the
unseen one.
Perhaps this is one reason why I
was intrigued by Tales From The
Underground, with its title reminiscent
of Dostoyevsky’s Notes From The
Underground. The main reason,
though, was that, like most people, I
live my life on the surface of the earth,
not giving much thought to what goes
on beneath my feet, except when
something like the Big Dig inconveniences me, or exposes something fascinating or horrifying, or when I am
battling subterranean critters determined to destroy roots in my lawn and
garden. I thought it might be worthwhile for me to move beyond this
adversarial relationship to something
more positive and informed.
Wolfe, an Associate Professor of
Plant Ecology at Cornell, sets out to
introduce the general reader to the
underground world, to its enormity, to
how little of it is actually known and
understood, to the profound effect it
continued on page 7
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Book Review
Continued from page 6

has on the aboveground world of
which we are most aware, of its
tremendous promise and the surprises
it can hold for us, and of the tenuousness of its existence in the face of
stresses imposed by human activity.
With his clear and enjoyable prose
style, he has largely succeeded in crafting an enjoyable introduction to a
world of which most of us probably
know relatively little.
The book is divided into three
parts. The first, “Ancient Life”,
addresses the question of the origin of
life on earth and examines the recentlyemerging hypothesis that it began, not
in the seas or pools, but in subterranean
environments, perhaps with the surfaces of clays functioning as primitive
“enzymes”, providing catalytic sites, or
even, with their aperiodic crystalline
structures, sites for biomolecular
assembly, rather like protogenes.
Wolfe next turns to the remarkable
variety of extremophiles, microbes that
that thrive in environments of extreme
high temperature and pressure, and the
surprising chemistry that they manifest, which has greatly expanded our
ideas of biochemical reactions:
“Many of these microbes have
unusual metabolisms. For example,
some of them ‘breathed in’ iron
oxide (rust) as a substitute for oxygen in their respiration process.
Others exhaled methane gas … as a
waste by-product, which was subsequently utilized as an energy source
by another important group of
microbes sharing the same habitat.
A particularly important discovery
was that some of these creatures
were able to utilize metals other
than iron, such as cobalt or uranium
in their biological processes.”
Perhaps the most intriguing section deals with the relatively recent
discovery of the archaebacteria, and
the subsequent realization that they are
both far more widespread than initially
realized, and no mere curiosity or evolutionary sidetrack, but a third branch
(the archaea) of the tree of life (along
with the bacteria and the eukarya). It
is remarkable that something this fun-

damental should have gone undetected
for so long, and a sobering reminder of
how much remains undiscovered under
our very feet (both figuratively and literally).
Part II (“Life Support For Planet
Earth”) focuses on the essential role
played by microorganisms in creating
and sustaining the ecosystem of earth,
beginning with the nitrogen-fixing bacteria and ending with a discussion of
microbes and the chemical weapons
they produce to ensure their survival.
Wolfe provides a brief overview of the
discovery of antibiotics and their role
in transforming the quality of human
life in the twentieth century, but his
presentation makes it clear that, from
the perspective of the microbe, all their
chemical products are beneficial, their
classification as toxins or antibiotics
being meaningful solely from a human
perspective.
Wolfe also includes a historical
sketch of Charles Darwin’s studies of
the role of worms in creating and maintaining soil, providing a vivid reminder
to those of us who are gardeners that
healthy worms in a freshly turned
spade of soil are not merely a symptom
of good soil, but one of the causes.
Perhaps the most interesting section, though, dealt with myccorhizal
fungi which grow on the root hairs of
trees, facilitating the uptake of nutrients and the root systems of neighboring trees, functioning as a “connecting
tissue” in forests, in effect creating a
subterranean ecosystem. Without
them, even single trees would have a
hard time existing, because their roots
would be incapable of taking up sufficient nutrients.
In the final section of Tales From
The Underground, Wolfe turns to the
influence of human activity on soil and
its inhabitants, exploring the ways in
which farming, development, and the
addition of chemicals directly to soil
(whether for beneficial purposes, or as
waste products), or indirectly, through
water or air pollution, are placing
stresses on the creatures of the underground, affecting their prospects for
survival. Whether mammals (the
prairie dog, the black-footed ferret and
the burrowing owl), worms and
insects, or bacteria and fungi, Wolfe

Nominations
Richards Medal Award
Nominations are invited for the 2004
Theodore William Richards Medal
Award for conspicuous achievement in
any area of chemistry. The Richards
Medal, first presented in 1932, is
awarded every two years by the Northeastern Section.
The medal was last presented to
Prof. Stephen J. Lippard, Mass. Institute of Technology. The next presentation will be made in March 2004.
Nomination documents should
include a brief curriculum vitae for the
person nominated and a clear and concise nomination letter outlining the
“conspicuous achievements in chemistry” on which the nomination is
based. Please send these materials to:
Patricia Ann Mabrouk
Department of Chemistry
111 Hurtig Hall
Northeastern University,
Boston, MA 02115
Nominations must be received by
November 1, 2003.
For information: Prof. Patricia A.
Mabrouk, 617-373-2845
fax: 617-373-8795
p.mabrouk@neu.edu ◆

makes a strong case that they should
not be looked at simply as individual
cases, but as members of a complex,
highly-linked ecosystem, of which
humans are one part, and that our survival is inextricably bound up with
theirs.
At the risk of sounding a quasireligious note, I cannot help recalling
how apt the biblical assertion that
“Inasmuch as you did this for the least
of these, my [kindred] you did it to
me” seems in this context.
Wolfe’s book, though brief, concludes with a generous section of notes
and references, pointing the way for
future exploration on any of the topics
he has covered, and it makes for enjoyable and informative reading. It will
give you a new appreciation for the
ground beneath your feet. ◆
The Nucleus September 2003
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Garden State Exhibit Center ▲ Somerset, NJ

November 17–20, 2003

• 600+ Papers
• Invited and Contributed
Symposia
and Poster Sessions
• Eight Major Award
Presentations
• 200+ Exhibitors
• One-and Two-Day Short
Courses
• Exhibitor Workshops
• Employment Resource
Center

SALTUS

Eastern Analytical Symposium

• Special Symposium for
the 75th Anniversary of
the Discovery of the
Raman Effect
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Visit the EAS website at www.eas.org
For updates on program, short courses, workshops,
registration, and housing; or to request a copy of the
Preliminary Program for the 2003 EAS

CONNECTIONS TO CHEMISTRY 2003
Numerous resources for High School Chemistry Teachers are available from the American Chemical Society. The
Education Committee of the Northeastern Section of the American Chemical Society (NESACS) invites high school
chemistry teachers to Burlington High School (Burlington, MA) on Wednesday, October 8th, 3:30 – 8:00 PM. This
program will help connect high school teachers with the ACS resources that will help students with their questions and
their learning of chemistry. The workshops that will highlight these resources are:
• Performing Effective Chemical Demonstrations with John Mauch, Braintree High School and Chair of the
High School Committee of the ACS Division of Chemical Education; and Linda Weber, Natick High School.
They will discuss how to safely perform effective chemical demonstrations. Participants will have the opportunity
to do the demonstrations using handouts that include the chemistry, the techniques, and the proper waste disposal.
(Workshop A)
• Liability in the Laboratory and Classroom. You could be sued! Know how to protect yourself! Liability
issues facing teachers will be reviewed. A lawyer experienced in Massachusetts’ liability law will present Massachusetts’ cases and their disposition. (Workshop B)
• Will a Match Burn in the Absence of Gravity? with Tom Gilbert, Department of Chemistry, Northeastern University. The theme of this year’s National Chemistry Week is Earth’s Atmosphere and Beyond. Almost all planets
in our solar system have an atmosphere or a shell of gases. Atmospheres exert pressure, transfer heat, dissipate
radiation and are affected by gravity. Participants will experiment with cloud formation and other atmospheric
phenomena, and relate these results to other planets. (Workshop C)
• Exploring Quantum Concepts in Chemistry with Alan Crosby and Associates of the Department of Chemistry
and Peter Garik, School of Education, Boston University. The computer program, Quantum Explorers, provides
students and teachers with interactive graphical representations of the foundational behavior of matter. Using the
Explorers’ program, you will investigate the quantum properties of atoms and the nature of the bonds that determine molecular behavior. (A two session computer workshop – Workshop D)

Program
3:30 – 4:00 Registration and Refreshments
4:00 – 4:25 Welcome and Overview
4:30 – 6:10 Three Simultaneous 45 Minute Workshops Presented in Each Session:
Session I: 4:30 – 5:15
Session II: 5:25 – 6:10
Workshop A: Performing Effective Chemical Demonstrations
Workshop B: Liability in the Laboratory and Classroom
Workshop C: Will a Match Burn in the Absence of Gravity?
One 90 minute Workshop: 4:30 – 6:10
Sessions I and II: 4:30 – 6:10
Workshop D: Exploring Quantum Concepts in Chemistry
6:15 – 8:00 Dinner and Address
Address: Around the World on 37 Cents! or How to Find Unusual Resources for Teaching
Sally Mitchell, East Syracuse-Minoa Central High School, East Syracuse, NY
Recipient of the Northeast Regional ACS Outstanding High School Teacher Award
• A certificate for three hours of Professional Development, and a one-year subscription to ChemMatters will be
given to all workshop participants.
• For additional information, contact Dr. Ruth Tanner, Chair, Education Committee, NESACS: 978/934-3662 or
Ruth_Tanner@uml.edu
• The deadline for registration is Friday, October 3rd. The registration fee is $15.00, and includes workshop and
program-related materials, dinner, and the subscription to ChemMatters.
• Additional program details and the registration form are on the NESACS Web site <http://www.nesacs.org>
under Connections to Chemistry 2003.
The Nucleus September 2003
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How to Function in
Cross-Functional Teams
By Mukund S. Chorghade, Ph. D.
The chemical enterprise has traditionally been a vibrant, innovation-driven,
and highly successful industry. In
recent years, a confluence of spectacular advances in chemistry, molecular
biology, genomics and chemical
processes technology, and the related
fields of spectroscopy, chromatography
and crystallography has led, in the
pharmaceutical sector, to the discovery
and development of numerous novel
therapeutic agents to treat a wide spectrum of diseases. In order to facilitate
this process, there has been a significant and noticeable effort aimed at
improving the integration of discovery
technologies, chemical outsourcing for
route selection and delivery of active
pharmaceutical ingredients, drug product formulations, clinical trials and
refined deployment of information
technologies. Cross-functional teams,
i.e. multi-disciplinary and multi-func-
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tional teams focusing on lead generation and optimization have replaced
the traditional, specialized research
groups.
To develop a drug from conception to commercialization, the highly
entrepreneurial biotechnology and biopharmaceutical industry has also
reached out and established global
strategic partnerships with numerous
companies. The same trend has been
visible in the agro-chemical, commodity chemical, and other chemistryrelated businesses. Once again,
cross-functional teams have become
the norm.
Challenges that face technological
industries primarily are those of sustaining growth and profitability with
ever-increasing research costs.
Research organizations’ productivity
must be dramatically increased. To use
the pharmaceutical industry as an

example: the drug market is increasingly segmented; industry has created
individual islands of technology along
the discovery route, e.g. combinatorial
and computational chemistry, high
throughput screens, genomics etc.
Increasing segmentation of patient
populations as well as treatment
options and drugs for therapeutic intervention requiring greater customization have resulted in drug discovery
and development being done sans frontières with collaborations spanning the
globe, using scientists who have a
broad array of technical, professional
and cultural boundaries. This scenario
is being repeated in virtually all segments of the chemical enterprise. The
focus is on creating a “web of collaboration” spanning the entire gamut of
professionals in the strategic triad of
academia, government and industry.
Managing research on diverse projects
and across several sites has become a
significant endeavor in itself.
Several years ago the model for R
& D was a laboratory that was isolated
psychologically, and sometimes geographically, from the rest of the business. The independent laboratories set
their own goals, agendas, and endpoints. The expectation was that large
value would emanate from these
efforts. “Tossing a product across the
wall” from research and development
into production and marketing was a
frequent modus operandi. Research
would target a particular problem with
virtually no input from the development, sales, marketing or regulatory
groups. The “discoveries:” would then
be passed to the other groups as a fait
accompli. The groups in the other
functions would complain about the
lack of real utility of these products
and denigrate their laboratory colleagues as ivory tower scientists without any understanding of the real
world. Scientists were reluctant to
present and defend their ideas to professionals outside their own specialties. The stereotypical scientist was an
unkempt loner who toiled alone in a
laboratory.
Today, scientists are more likely to
expound their ideas in a team environment. Using cross-functional teams is

How to Function
Continued from page 10

a recent and highly effective idea that
has been implemented to get things
done “better, faster, cheaper”, to
streamline operations and delineate
effective solutions to problems. The
concept of an “interlocking” project
team can be used to manage more
complex, strategic projects involving
multiple teams, key suppliers and customers and external partners.
Examples of teams that led to
commercial success are the ones that
resulted in the discovery of Cimetidine
and Viagra. Kevlar was developed at
Dupont for use in automobile tires;
teamwork led to its utility in bulletproof vests and canoes.
What, then, are the responsibilities
of an efficient cross–functional team?
What should an ideal cross-functional
team achieve?
1. Prioritize the portfolio of current
and future projects and rapidly
identify goals and the impediments
to achieving them. Goal setting is
an important exercise that should
establish realistic, achievable and
measurable end-points, milestones
and work plans. Every team member must be valued for technical
and professional inputs.
2. Explore all issues fully.
3. Generate novel ideas then refine
them.
4. Build and connect for newer and
better ideas.
5. Combine, modify and enhance
ideas to generate workable solutions.
6. Generate detailed cost benefit
analyses to support the viability of
the solution.
7. Formulate plans for implementing
the solution.
8. Identify and resolve major issues
and conflicts.
9. Manage budgets, schedules
staffing, and resources.
10.Seek management approval with
confidence and enthusiasm. Coordinate with senior management by
dint of regular, formal or informal

meetings and presentations, written
memos and position papers.
11.Apply each function’s strategies,
processes, tools and standards.
12.Review progress and exit gracefully
if goals are not being met. (However communicate to individuals on
failed projects that “People do not
fail on failed projects.”)
The discovery of Cimetidine well
exemplifies the points discussed
above. A cross-functional team was
set up. It investigated novel biochemical mechanisms. New chemical structure-activity relationships
were explored to address the therapeutic need. Several compounds
were synthesized and close integration of molecular biology for
screening and refining the pharmacological models was achieved. The
lead compound was scaled up with
novel and innovative process chemistry. Transition to manufacturing,
sales and marketing was achieved
almost seamlessly.
The discovery of Viagra® came
about after initial failures of the material in clinical trials for treatment of
angina. Excellent collaboration
between the discovery research group
scientists, clinicians and regulatory
personnel led to the development of a
real blockbuster drug.
Great cross-functional teams are
fostered, nurtured, and treasured by
organizations if each member:
1. Clearly understands the objectives
and missions and supports the
goals.
2. Develops and maintains broad
organizational perspectives .
3. Has a can-do spirit that inspires
brilliant ideas and innovation from
colleagues.
4. Accesses information without organizational barriers.
5. Communicates (verbally and in
writing) effectively vertically and
laterally.
6. Feels empowered to make spot
decisions.
7. Regards time and energy as well
spent on the project.
8. Realizes the potential for effective

contributions as an avenue to career
advancement.
9. Remains highly results-oriented and
accountable for results.
A prospective team member must
have the skills to engage a group in
problem-solving exercise, and demonstrate savvy, vision and broad organizational perspective to transcend
mundane matters, must effectively represent the specific function in development and project decisions, be able to
apply the function’s strategies,
processes, tools and standards to the
assigned projects, be comfortable participating in the problem solving
process.
One should not underestimate the
importance of having faith in one’s
idea and championing the project or
product. Through skillful negotiation
you can lobby colleagues into supporting your ideas. (The discovery of the
Post-it® notes at 3M ideally showcases
the value of product championship.)
A team member should always:
1. Prepare thoroughly for the assignment: understand all background
information. Adequate homework
and planning will ensure that “well
begun is half done”.
2. Stay focused on the objectives and
project plans.
3. Rigorously adhere to commitments
and project deadlines.
4. Be motivated and willing to act
quickly.
5. Articulate your positions even if
the view is an unpopular one.
6. Compromise to lose a battle and
win the war.
7. Credit and respect unconventional
ideas, perspectives, contributions
generously.
8. Operate informally and have fun;
celebrate successes.
9. Keep conflicts focused on issues
and not personalities.
10.Remember that flawed ideas are
not necessarily bad ideas.
Effective teamwork is a great way
to expand one’s professional network,
and can bring recognition amongst
peers and superiors. Make every effort
Continued on page 12
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to step out of original spheres of
expertise and participate in science in a
more global context. It is critically
important not to bring pre-conceived
biases into the team. Constructive dialogue must be maintained at all times;
it is particularly important to master
the art of “disagreeing without being
disagreeable”. The motto should be
“Collaboration not Confrontation”.
Special tips and pointers before you
accept an invitation to join a team:
1. Choose a team wisely: Do your
homework to ascertain how critical
the team’s output is and whether it
adds value. Analyze if a team is
necessary for the project or
whether the task can be completed
with the aid of a couple of dedicated performers.
2. Satisfy yourself that your skill and
knowledge base are critical components of the team success.
3. Identify competing interests inside
the organization.
4. Recognize that teamwork is not

entirely glamorous. At times,
assignments necessitate numerous
meetings that are inappropriate and
inopportune responses to unanticipated problems
5. Detect and eliminate time wasters:
avoid lengthy and interminable discussions that overshadow the critical path. Always try to redirect the
team if you see it going astray.
6. Remind yourself that it is immaterial how many teams you are on;
your performance is vital!
7. Pay careful attention and contribute
to group dynamics.
8. Maintain a sense of humor and try
to be self-effacing.
Leading a cross-functional team
will enhance your visibility within a
corporation.
To be a successful cross-functional
team leader you should aspire and
strive to be a:
1. Decisive, insightful leader of sound
judgment who can delineate project
goals and can crystallize objectives.
2. Team-builder who commands
respect and trust of peers.
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3. Technically competent innovator.
4 . Shrewd assessor of the judgment of
functional specialists.
5 Superb communicator and diplomat.
6. Influential consensus builder who
can integrate diverse viewpoints
and expertise, achieve excellence
out of functional and professional
diversity.
7. Skilled negotiator who can optimize resources, team members’
dedication and commitments to
project goals.
8. Motivated learner of new concepts,
strategies and tactics
The following tips will be useful to
you if you are selected as a team
leader:
1. Define the charter of the team
clearly: Seek assurance that you are
empowered to make rapid decisions that may affect several individuals and departments. Goals
and deadlines must be set and
clearly articulated.
2. Ensure full access to all key management personnel and strategic
plans.
3. Build on strengths: Team members
are selected for specific skills,
experience, wisdom and creativity.
Ascertain the each team member’s
strengths; resolve to draw on their
expertise and encourage them to do
“better than their best.”
4. Encourage creativity and emancipation from barriers and boundaries to generate ideas of value.
5. Solicit contributions from quieter
members of the team.
6. Take prudent risks; think about
untraditional approaches to the
problems.
7. Periodically assess performance;
seek regular feedback.
8. Ensure that your own performance
is of star quality.
9. Modify your own behavior if necessary for team success.
10.Communicate effectively and concisely, with conviction and clarity.
11.Pursue mentoring support: Caring,
Continued on page 13

Historical Note
Friedrich Miescher, The Man Who Discovered DNA
By George Wolf1
A condensed version of this article has
been printed in the Summer 2003 issue
of Chemical Heritage. The full text has
been supplied by the author and is
reprinted with his permission, as well
as the permission of Chemical Heritage2.

“Who discovered DNA ?” “Watson and Crick, of course !” most students will answer. However, DNA was
isolated, analyzed and recognized as a
unique macromolecule in 1869 by
Friedrich Miescher, an eminent physiological chemist from Basel, Switzer-
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Concern and Commitment. It is
imperative that you cultivate a professional relationship with a senior
experienced scientist or manager
who can effectively be your mentor. This individual can be an
influential advisor who can guide
you through the trials and tribulations of the project and help you
navigate the labyrinth of corporate
politics. As you grow into your role
as a leader, junior members of the
team will look to you as a potential
mentor—be a sage and soothsayer
to these people!
12.Improve your interpersonal skills.
Sometimes highly trained and brilliant scientists are reluctant to participate in a team. The following have
been cited as reasons why:
1. Unrealistic expectations from management and business or marketing
professionals: Rome was not built
in a day, a cure for cancer is not
likely to be found in a month.
2. Lack of support from top management: Many companies pay mere
lip service to team recommendations.
3. Individual egos and styles conflict
with the team concept: Prima donnas in the company are reluctant to
be team players.
4. Impatience allied with a desire to
seek instant solutions to long- term
problems.
5. Irrational fear of failure and the
“curse of smartness”. This means

6.

7.

8.

9.

that we believe ourselves to be so
smart that we seek solutions to
problems that do not exist. Some
intelligent people agonize long
over so many facets of a problem
that they are reluctant to make any
critical decisions. Moreover, people value the fields in which they
are well versed over all others and
are averse to listening to individuals from other work functions.
Tendency to seek solace in and
recycle stale, uninspired but safe
ideas.
Organizational and bureaucratic
inertia allied with negativity in the
organization.
Excessive dominance of teams by a
few individuals: many of these lack
focus and waste time in meetings
recounting old “war stories.”
Feeling that teamwork is not
rewarded and is not an effective
path to career advancement.

It is highly recommended that you
work closely with your management to
avoid these problems. By judiciously
choosing your teams you will find your
visibility, productivity and chances of a
promotion increase dramatically.
Today’s “knowledge worker” is one
that can “learn, unlearn and then relearn”. The work environment
demands that you are flexible, adaptable and a quintessential team player.
You must be dedicated to continuously
learn, grow and expand your credentials. Judicious use of learning, listening and influencing skills allied with
utilization of the strategies outlined
herein will make you a valuable
employee for many a year. ◆

land. His life and contribution to science have been repeatedly described in
chapters of books on the history of
nucleic acids, for instance by Portugal
and Cohen, and recently by Lagerkvist,
by Fruton and by Gehring. The 50 th
anniversary of the work of Watson and
Crick on DNA is an impetus for a look
at the way it was discovered and the
man who discovered it.
Brief Biography
Friedrich Miescher was born in
Basel in 1844, the eldest of 5 sons of
Friedrich Miescher-His, professor of
pathologic anatomy at Basel University, and a successful practicing gynecologist. Miescher’s mother, Antonie,
was of the His family, Basel aristocracy if such had existed. Her brother,
Wilhelm His, who lived in the same
house as the Mieschers, was professor
of anatomy and physiology, distinguished for his work in embryology
and histology. He had a life-long influence on his nephew Friedrich. The
household was of that academic, hautbourgeois kind well-known at that
time, comfortable, spacious, hospitable, filled with music, books and
intellectual pursuits, mainly, of course,
centering on biology and medicine. In
the Miescher-His house gathered a
wide circle of friends, old and young,
from divers social classes. Even
decades later, friends of the Miescher
sons who had been treated like members of the family, felt grateful for the
intellectual stimulus they had received
in that house. Wilhelm His, in a monumental work, describes Miescher’s life
and appends a collection of Miescher’s
correspondence with family and colleagues, as well as a selection of his
scientific papers.
Continued on page 14
1

Dr. George Wolf is an adjunct professor
in the Department of Nutritional Sciences
and Toxicology at the University of California, Berkeley. His research for the article took him to Basel, Switzerland, where
he visited Miescher’s great-granddaughter.
She fed him a “delicious” strawberry cake
but could offer no assistance in his fruitless search for Friedrich Miescher’s original laboratory notebooks.
2
George Wolf. Friedrich Miescher, the
Man Who Discovered DNA. Chem. Heritage, 2003, 21 (2), 10-11, 37-41.
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The young Miescher, though shy
and withdrawn - no doubt because he
was hard-of-hearing - graduated at the
top of his high-school (Gymnasium)
class. He began his medical studies in
Basel in 1862, attending lectures by
both his father and uncle. In the summer of 1865, he worked in the chemical laboratory of F. Wöhler in
Göttingen, but came down with
typhoid fever and could not resume his
studies until 1866. He graduated in
1868, presenting an outstanding thesis.
At the time of his graduation, he
wrote a long letter to his father, discussing his career plans. He wanted to
be a practicing physician, but because
of his hearing difficulties, he chose
ophthalmology or otology, where listening through a stethoscope would not
be needed. On the other hand, he had a
great desire to work in basic research:
”It was only in the lectures on physiology that the entire splendor of research
on organic matters became apparent to
me “. He therefore proposed a compromise: he would practice ophthalmology and in his spare time do
research. Miescher’s father showed
this letter to Miescher’s uncle, Wilhelm His, who instantly saw that the
compromise solution would not work.
He proposed that “in view of the considerable mental talents which Fritz
has “, he should enter the career he
found most appealing, that of research
in physiology. His thought that someone so eminently theoretical in nature
as Miescher would find satisfaction
only in scientific research. Miescher,
who idolized his uncle, followed his
advice and his father agreed. So, in
1868, the young physician decided to
join the laboratory of physiological
chemistry of Felix Hoppe-Seyler, “the
rising new star”, as he was called by
Lagerkvist. He had established the first
faculty of natural science in Germany.
Miescher wanted to investigate the
chemistry of the cell, following the
conviction of his uncle that “the ultimate solution of the problem of tissue
development will be found in chemistry.”
14
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Young Miescher, with his characteristically methodical approach to
research, decided, before starting what
we would now call a post-doctoral job
in physiological chemistry, to spend a
semester in the chemistry laboratory of
A. Strecker in Tübingen, to become
familiar with organic-chemical techniques. In the fall of 1868 he began his
work in Hoppe-Seyler’s laboratory,
also in Tübingen. His mentor was
interested in the chemistry of body fluids, particularly of blood. He had
recently discovered the binding of oxygen to hemoglobin in erythrocytes.
Now he put Miescher to work on other
blood cells, the lymphocytes. These
were difficult to obtain in quantity, so
Miescher isolated leukocytes, similar
to lymphocytes and thought to be
derived from them. He prepared leukocytes from pus. From these, he then
succeeded in isolating pure nuclei. He
extracted an acid-insoluble, alkali-soluble, high-phosphorus containing substance from the nuclei and
characterized what he recognized as a
new class of substances. By December
1869, a year after beginning his
research, he submitted a manuscript to
Hoppe-Seyler, describing the new substance, which he called “nuclein”, later
called “nucleic acid” by R. Altmann
and now known as DNA (Miescher’s
name for it, nuclein, will be used in
this article).
Hoppe-Seyler delayed publication
for two years, in order to repeat the
experiments himself. He confirmed
Miescher’s results in every respect and
published the paper of Miescher
together with his own confirmation, in
addition to a paper demonstrating the
presence of nuclein in the nucleated
erythrocytes of birds and snakes.
Miescher was still not satisfied
with his research training and sought
more experience in physiological
research in the laboratory of C. Ludwig in Leipzig, where he worked on
nerve pathways in the spinal cord
(1869-70). Though conscientious as
usual, he was not enthusiastic about
this topic. The international character
of the research school there, with scientists from six nations, including an
Egyptian of Islamic faith, was most

unusual at that time, and there he made
many good friends for life.
He returned to Basel in 1870 and
in 1871 became Privatdozent upon
completing his Habilitation , a thesis,
which dealt with the regulation of
breathing. His experiments proved that
it was not lack of oxygen, but
increased carbon dioxide in the lung
alveoli that acted as the respiratory
stimulus.
Miescher began his research
career in Basel under the tutelage of
his uncle, Wilhelm His, famous for his
studies on the origin of tissues in the
developing embryo. He influenced
Miescher to investigate the small white
spheres present in the yolk of hens’
eggs, which His thought may be the
cells that form the early embryo upon
fertilization. Miescher concluded from
some experiments that they contained
nuclein, but later came to doubt this.
His was also interested in the development of fish eggs and Miescher began
to study them chemically with a view
to isolating nuclein from their nuclei.
However, he soon realized that fish
sperm cells might be a more rewarding
source for that purpose, because they
were simple independent cells, known
from previous histologic studies to
consist almost entirely of nuclei. Moreover, on the practical side, the salmon
migration up the Rhine and the consequent large-scale salmon fisheries
made this material easily available in
large quantities.
At that time (1872) his uncle and
mentor, Wilhelm His, became professor of anatomy and embryology in
Leipzig and Miescher was appointed to
the newly-created chair of professor of
physiology in Basel at the exceptionally young age of 28, after receiving
the highest recommendations from
both Hoppe-Seyler and Ludwig.
Nonetheless, there was talk in the university of the “triumph of family politics”. Miescher started with very poor
facilities, his laboratory consisting of a
converted corridor and he had the help
of only a quarter-time technician. His
old friend, A. Jaquet, after Miescher’s
death, commented that, when Miescher
took over the professorship in Basel,
aware of his great new responsibilities,
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he tried to make up for his youth and
inexperience by redoubling his
research and teaching efforts. He overtaxed his strength and the consequences of overwork began to affect
his health.
Miescher succeeded in isolating
nuclein from salmon spermatozoa,
similar in properties to the nuclein of
leukocytes from pus, except that it was
combined in salt-like form with a basic
protein he called “protamin”, still
known by that name to-day. He later
isolated nuclein from the sperm of
carp, frog and bull, apparently a constant component of nuclei of spermatozoa (1871-73).
The concept of the existence of a
separate substance, characteristic of the
cell nucleus and different from protein
was vigorously contested by scientists
in Germany, France and England.
Miescher, perhaps discouraged by this
vociferous opposition to his discoveries, ceased to investigate sperm
nuclein, at least as far as the public
record goes, though some notes show
that even in 1876 he still carried out
chemical studies on this topic.
In 1878, he married Marie Ann
Rusch; they had three children.
Instead of nuclein, he turned his
attention to the physiology of the maturation of the salmon’s reproductive
organs. The spawning salmon, while
traveling up the Rhine, does not feed,
yet the male continues to produce
sperm and the ovaries of the female
grow to a quarter of her body weight.
Miescher showed that the trunk muscles of the fish degenerated, while the
products of muscle breakdown were
transported by the blood to build up
the germ cells. He termed the process
“liquidation”. The results of this study
were published in 1880 and consist of
an enormous number of careful measurements and statistical data on the
migration and spawning of salmon in
the Rhine, on changes in their body
weight at different periods, their trunk
muscles, ovaries and spleen . Upon a
request from the government,
Miescher in the 1880s prepared an

extensive report on the nutritional
requirement of prisoners, a task he
described as “thankless and tedious”.
Similarly he felt it a distraction from
his passionate devotion to research to
be asked to write a comprehensive
paper on the nutrition of the Swiss
population in light of recent scientific
findings and complained bitterly of
“becoming the guardian of the stomachs of 3 million of his countrymen”.
A new institute of physiology was
opened in Basel in 1885, constructed
according to Miescher ’s plans and
under his supervision, called
“Vesalianum”, named by him to honor
the Renaissance anatomist Andreas
Vesalius, who published the first scientifically accurate work on anatomy and
physiology in Basel in 1543. Miescher
organized the first ever congress of
physiology in Basel in 1889, attended
by 50 scientists. At the Vesalianum,
Miescher continued his work on respiration that he had begun in 1871 for his
Habilitation thesis. This led to his
studies on the effect of high altitude on
the composition of blood, which, however, were never completed.
In 1885, Miescher contracted
pleurisy, perhaps because of the long
hours spent in his ice-cold laboratory,
when he neglected his ill health to the
extent of not taking any nourishment
for long periods. In 1894, he was diagnosed as suffering from tuberculosis.
He died of the disease in a sanatorium
in Davos in 1895, at age 51. As quoted
by Portugal and Cohen, his former
teacher, C. Ludwig, wrote to him
shortly before his death: “I know what
it is to give up well-loved, hopeful
work. Sad as it is, there remains for
you the satisfaction of having completed immortal studies in which the
main point has been the knowledge of
the nucleus; and so, as men work on
the cell in the course of the following
centuries, your name will be gratefully
remembered as the pioneer of this
field.”
Prophetic words, indeed!
Miescher left behind a mass of
unpublished work as laboratory notes
and manuscripts. These were compiled
by his old friend from Leipzig days, O.
Schmiedeberg, then professor of phar-

macology at Strasbourg, and published
in 1896 .
Miescher ’s personality was
described by one of his students , F.
Suter: he appeared to be insecure, restless and introverted, no doubt because
he was hard-of-hearing and myopic.
The impression he gave was of a person completely taken up by his inner
mental activity, without contact with
the outer world. However, when called
upon, he was always ready to help others. As a lecturer, he was difficult to
understand, fidgety, in constant
motion, with little contact with his
audience. He assumed much greater
knowledge and interest amongst his
listeners than they really had, even
though he spent days and often weeks
preparing for his lectures. Yet he was
extremely hospitable and invited all
students who attended his courses to
his house once a semester.
Two traits of his personality were
most striking: his passion for his scientific goals that he pursued without rest,
often working in the laboratory from
dawn to midnight, neglecting his family and his health - not even noticing
the beginning of the sickness of which
he died prematurely. And his extreme
modesty and self-criticism. He hesitated before publishing any work he
would consider to be incomplete. This
was the reason for his very sparse publication record and he even reproached
himself for having published some
results too soon. He wrote: ”Physiological chemistry is made up of such a
great number of interdependent facts
that it makes little sense to add still
more to the confusion. That being so, I
have deprived myself of the great joy
experienced by publishing a few scattered discoveries. But I can do nothing
else”.
The Experiments
At the time Miescher began his
research in Hoppe-Seyler’s laboratory
in the fall of 1868, proteins, lipids
(including lecithin and cholesterol) and
carbohydrates were known as chemical
components of tissues. Also, mainly
through histochemistry, different cell
types in tissues and components of
cells (protoplasm, nucleus, nucleolus,
Continued on page 16
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plasma membrane) were known.
As a new post-doctoral assistant,
Miescher had his own ideas, greatly
influenced by his uncle, of the importance of investigating the chemical
properties of cell components. In practical terms, this meant finding a material for study and then developing
chemical methods for such investigations. He had, of course, to fit into the
current Hoppe-Seyler research program. A letter from Miescher to His
clearly shows that he brought his own
ideas into complete harmony
(Einklang) with those of his research
director’s, to study the chemical composition of lymph cells : “I was captivated by the thought to trace the
general conditions of the life of cells
by means of the simplest and most
independent forms of animal cells”.
Lymph cells were difficult to obtain in
quantity from blood or lymph glands.
Hoppe-Seyler had already attempted to
isolate cells from pus and suggested to
Miescher to use this material. W.
Kuhne in 1868 had proposed that white

blood cells, lymphocytes, were the precursors of the leukocytes of pus.
Besides, Hoppe-Seyler was interested
in understanding the formation of pus.
Few methods were then available
for identification, isolation in chemically pure form and characterization of
substances from animal tissues. In
many cases, the isolation procedure
itself served as a method of identification, depending on solubilities in different solvents or, for proteins, in
aqueous solutions of salts at different
pH’s. Only a small number of proteins
was known, so a newly-discovered
protein was assumed to be identical to
one already known, if their solubility
properties were the same. Color reactions were: for protein, an early type
of biuret reaction (violet color with
copper sulfate and alkali); xanthoprotein reaction (yellow color with nitric
acid); Millon’s reaction (red color with
mercuric nitrate and nitric acid); for
purines (uric acid, xanthine, guanine),
the murexide reaction (purple color
with nitric acid followed by ammonia).
The basic method for identification and characterization was by elementary analysis. Miescher used

elementary analysis data not only to
compare different isolates for identity
or difference, but also to demonstrate
purity by purification to constant
analysis. In his publications, Miescher
does not state which method he used
for carbon and hydrogen analysis, most
likely it was that of Liebig , by heating
the substance with copper oxide and
absorbing the water formed in calcium
chloride and the carbon dioxide in
alkali, both of which were weighed. He
mentions the method of Varrentrapp
and Will for determination of nitrogen,
in which the substance was heated with
sodium and calcium hydroxide and the
evolved ammonia trapped in
hydrochloric acid. The ammonium
chloride formed was precipitated by
excess platinum chloride as the chloroplatinate and weighed.
The all-important phosphorus
analysis, which led to the discovery of
nuclein, was described by HoppeSeyler, though not by Miescher in his
publications, and consisted in combusting the phosphorus-containing
substance with sodium nitrate and carbonate, dissolving the residue in nitric
acid and precipitating with ammonium
molybdate. The precipitate of ammonium phosphomolybdate was dissolved
in ammonia, re-precipitated with magnesium sulfate and weighed as magnesium pyrophosphate.
All the methods used were gravimetric and therefore laborious and
time-consuming. In 1876 Miescher
complains in a letter to his friend
Boehm about the “factory work” that is
needed to carry out the “mountain of
quantitative analyses” .
Nuclein From Leukocytes
Miescher started with the aim to
isolate and characterize leukocyte proteins. His first task was to isolate the
cells from pus in a pure state. No techniques for the isolation of such cells
were known. In that era, prior to the
introduction of sterile surgical procedures, suppurating wounds following
operations were frequent in hospitals.
Miescher had bandages from the local
surgical clinic sent to him daily. He
discarded those with a particularly bad
odor. He tested various salt solutions to
wash out the cells from the bandages
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and was successful with a 9:1
water:sodium sulfate solution. Centrifuges were not then available as laboratory equipment so that he had to
wait several days for the cells to settle
out. He washed the cells 2-3 times and
finally collected them by filtration,
checking progressively by microscope.
The next problem he tackled was
the nature of the cells’ proteins. The
hypothesis of Hoppe-Seyler then current was that it probably consisted
mostly of myosin. Miescher tested
authentic muscle myosin by extraction
of muscle with dilute alkali and precipitation upon neutralization with acid.
The resulting authentic myosin was
soluble in sodium chloride solution. He
ultimately distinguished five “proteins” extracted from whole leukocytes: a type of albumin soluble in
dilute acid; a protein coagulating at 4849°C, insoluble in dilute acid; a protein
similar to serum albumin; a protein
insoluble in sodium chloride, soluble
in dilute acid; and finally a substance
that appeared to be unlike a known
protein, insoluble in dilute acid or
sodium chloride, soluble in alkali and
re-precipitable with acid. Therefore,
myosin was not present in the leukocytes.
By alcohol extraction of the leukocytes, Miescher obtained a lipid he
identified as lecithin by means of phosphorus analysis. In the ether-insoluble
fraction of the alcohol extract upon
hydrolysis he found a reducing
sugar (by the copper sulfate-sodium
hydroxide reaction) that he thought
represented “cerebrin”, similar to cerebrosides obtainable from nerve tissue.
Next Miescher determined the
composition of the cell nucleus of the
leukocytes. For this purpose he isolated cell nuclei, a feat never achieved
before. He began by prolonged treatment of the cells with dilute acid,
expecting the proteins of the protoplasm to dissolve, leaving the nuclei.
This was not successful - residues of
protoplasm remained adhering to the
nuclei. However, after weeks of treating the cells with 1/1000 diluted

hydrochloric acid in a cold room (in
winter), he shook the undissolved mass
with ether and water. Part of the
remaining material was retained at the
boundary between the two liquids. A
fine powder accumulated at the bottom
of the vessel, shown by microscopy to
be pure nuclei with smooth contours
and a distinct nucleolus. Miescher correctly deduced that the nuclei sank to
the bottom because their specific gravity was greater than that of the remaining proteins. Extraction of the nuclei
with sodium carbonate produced a
solution from which a substance could
be precipitated with acid. This substance, insoluble in water and sodium
chloride, soluble in sodium hydroxide
and disodium phosphate, non-coagulable by boiling, differed in properties
from known proteins and appeared to
be a characteristic component of the
nucleus. Miescher concluded that it
was the same acid-insoluble, alkalisoluble substance that he had extracted
from whole leukocytes. At that point,
Miescher was still convinced that he
dealt with a protein, because it gave
the xanthoprotein color reaction. He
later realized that this reaction was
caused by protein impurities contaminating the nuclear substance.
To produce greater quantities of
this material, Miescher made use of the
recently developed method for enzymatically dissolving protein by W.
Kuhne. Miescher first removed lipids
from the pus cells with warm alcohol,
then digested the residue by treatment
with an acid extract of pig’s stomach,
which contained the proteolytic
enzyme pepsin. He obtained a fine gray
powder of pure nuclei as a sediment,
collected it by filtration and washed it
with alcohol. Again, the nuclei could
be dissolved completely in caustic
alkali and a precipitate formed on neutralization. This precipitate, again, dissolved in dilute sodium carbonate and
was insoluble in acid, even boiling
acetic acid. Miescher realized that he
had isolated the same substance in
three stages: first, from whole leukocytes; next, from nuclei contaminated
with protein; finally, from pure nuclei.
He then knew that he had found a new
substance and named it “nuclein”,

which we now know as DNA.
Elementary analysis of nuclein
revealed about 14% nitrogen and about
3% phosphorus, with closely similar
results in 9 separate analyses. This was
a much higher content of phosphorus
than found in protein. He rejected the
hypothesis that this may be a complex
of protein with lecithin (a lipid substance with a high phosphorus content,
recently discovered by Hoppe-Seyler),
because it was resistant to proteolysis
and insoluble in alcohol. He showed
that the phosphorus was organically
bound by combusting the substance at
high temperature. The organicallybound phosphorus escaped with the
vapor and the residue contained no
inorganic phosphate.
In a letter to his uncle in 1869
Miescher wrote that preliminary observations led him to suspect that nuclein
occurred also in liver, kidney, testicle,
and nucleated erythrocytes and suggested that it may be an acid. He
remarked: “With experiments using
other tissues, it seems probable to me
that a whole family of such slightly
varying phosphorus-containing substances will appear as a group of
nucleins, equivalent to the proteins.”
Thus, within the span of less than one
year, working in Hoppe-Seyler’s laboratory, Miescher had discovered DNA,
the nucleic acid from nuclei.
An unusual event then followed.
On December 23rd 1869, when
Miescher was already at work in Ludwig’s laboratory in Leipzig, he wrote
to his parents: “On my table lies a
sealed and addressed package. It is my
manuscript...I am now sending it to
Hoppe-Seyler in Tübingen. So the first
step towards publication has been
taken, provided Hoppe does not
refuse.” He did refuse - at first.
Miescher wanted to publish in HoppeSeyler’s own journal, of which the latter was editor. Hoppe-Seyler delayed
and delayed - why? He did not reject
the paper of Miescher, but decided to
delay publication, probably because of
the sensational nature of the discovery
of a new class of cell substances. He
wanted to repeat Miescher’s experiments himself, to dispel the doubts that
Continued on page 18
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he admitted feeling about the work.
He wrote: “Even though I am
acquainted with the careful research
methods of Dr. Miescher, I could not
suppress some doubts about the correctness of his data. These are of such
great physiological importance, that I
have repeated that part of the work
regarding the substance from nuclei
that he has named nuclein”. As
pointed out by Olby, Hoppe-Seyler’s
doubts were perfectly reasonable and
were based on the fear that the pepsin
digestion of the cells may have yielded
peptides, which could have combined
with lecithin to yield the N/P ratio of
nuclein.
Hoppe-Seyler described an exact
repetition of Miescher’s experiments,
finding identical solubility properties
and an almost identical elementary
analysis with respect to nitrogen, with
slightly lower phosphorus. He also
reported an almost identical analysis
and chemical properties for nuclein
extracted from yeast cells and from
brain.
Hoppe-Seyler published Miescher’s
article after a two-year delay, in conjunction with his own article in 1871,
following a series of anxious, though
very respectful letters to him from
Miescher. Miescher’s article carries a
footnote stating that “through unforeseeable circumstances” its publication
had been delayed. Miescher requested
that supplementary remarks be added
to his article, but Hoppe-Seyler
declined. These remarks explain the
reason for the delay. Miescher states
that he was pleased to see his results
confirmed and adds that HoppeSeyler’s discovery of a nuclein-like
substance from yeast demonstrated the
existence of a new factor pertaining to
the life of the lowest as well as the
highest organisms, representing a basic
chemical difference between nucleus
and protoplasm. He suggested that the
chemical degradation products that
could be obtained from nuclein may be
of great interest to establish its structure.
Immediately following the
Miescher paper in Hoppe-Seyler ’s
18
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journal is one by P. Plosz from Pesth
(Hungary), which, without mention of
Miescher’s methods, uses his techniques to show that nucleated erythrocytes of birds and snakes (but not
non-nucleated erythrocytes from cows)
contained a substance with the properties of nuclein. Plosz later described the
isolation of nuclein from rabbit liver.
Nuclein From Spermatozoa
During a brief vacation (September-October 1869), just after completing his work in Hoppe-Seyler ’s
laboratory, Miescher undertook some
preliminary studies with his uncle, W.
His, in Basel. His had been concerned
with the development of eggs into
chick embryos and had discovered
microscopic light-refracting white
spheres in the yolk of hens’ eggs,
which he assumed to be preformed
cells that upon fertilization would
become embryos. Since they were
thought to be nucleated, Miescher
began work to see whether they contained nuclein. Upon his return to
Basel from Leipzig in 1870, Miescher
continued these studies and isolated
grains from these particles that he
thought were nuclei and from which he
then extracted a pepsin-resistant, acidinsoluble, alkali-soluble substance.
These chemical properties were similar
to those of leukocyte nuclein. Elementary analysis also showed about 14%
nitrogen, but a much higher phosphorus content than pus cell nuclein. The
material gave color reactions positive
for protein, causing Miescher to conclude that it was a different kind of
nuclein, characteristic for egg yolk,
perhaps combined with a protein.
Much later (1876), Miescher became
doubtful of his earlier conclusion and
in a letter to Hoppe-Seyler, wrote that
the presence of protein even after
pepsin digestion confused the whole
problem. This substance has since been
identified as a highly-phosphorylated,
protease-resistant protein named
phosvitin.
His was also interested in fish
embryo development from fish eggs
and persuaded Miescher to look at
salmon eggs. However, these were as
difficult to investigate as hens’ eggs

and the step to sperm was not a big
one. Just as before he had studied
leukocytes from pus as separate, independent cells, possible to isolate in
pure form, so he now switched his
interest from fish eggs to fish spermatozoa, the heads of which were known
to consist almost entirely of nuclei, as
discovered by the Swiss histologist A.
von Kolliker in 1841. Miescher wrote:
“I was, therefore, glad to find in sperm
an even simpler object of study. Spermatozoa are said by histologists to consist of nuclei, or as cells with mostly
nuclear mass. I have now succeeded in
obtaining large amounts of pure spermatozoa from salmon”. Such nuclei
might give him an opportunity to determine whether nuclein might be found
in sperm cell nuclei, perhaps similar to
that in pus cell nuclei, thus allowing
him to expand the new class of substances to nuclei of another cell type.
Salmon sperm was a fortunate
choice for two reasons: fish sperm consists almost exclusively of spermatozoa suspended in saline, in contrast to
that of other species, where they are
mixed with other secretions. Secondly,
salmon migrated up the Rhine in the
fall in vast numbers in order to spawn.
Salmon fishing was an important
industry in Basel and salmon sperm
was plentiful and cheap.
To isolate spermatozoa, Miescher
squeezed salmon testes through cheese
cloth and washed with water. The suspension was made acidic with acetic
acid; the spermatozoa heads settled out
as a fine powder, the tails dissolved in
the acid. They were broken and lipid
extracted by treatment with alcohol
and ether and traces of residual protein
removed by washing with water.
When Miescher treated the residue
with dilute hydrochloric acid, he found
he could extract a base which, with
platinic chloride, precipitated as the
chloroplatinate and could be crystallized as such. He wrote to his former
mentor, Hoppe-Seyler: “The platinum
double salt, free of phosphate, crystallized in beautiful orthorhombic
prisms... the salt points to a peculiar
substance, with high nitrogen content,
representing a molecule in between
urea and protein”. This was the base he
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called “protamin”. He performed elementary analyses on the platinum double salt and derived the empirical
formula for the free base as
C 16 H 30 N 9 O 3 · 2HCl·PtCl 4 + 1 / 2 H 2 O,
later confirmed by his associate, J. Piccard.
Since then, protamine has been
confirmed as an important component
of spermatozoa. Salmon spermatozoal
protamine is indeed a “peculiar substance”, a protein with 21 arginine
residues out of a total of 33 amino
acids, with an empirical formula, close
to that originally determined by
Miescher and Piccard. During meiosis,
when diploid testicular stem cells differentiate into haploid spermatozoa,
histones attached to the chromosomes
are replaced by protamine. The arginine residues of the protamine combine with the phosphate backbone of
the DNA by salt bridges, thus preventing transcription of the mature spermatocyte DNA. It is significant in that
regard that Miescher could not detect
protamine in immature salmon sperm.
Here Miescher fell into an error:
he detected purine bases in the protamine he had isolated by the murexide
reaction, no doubt caused by contamination with adhering DNA. Later,
Miescher requested that Piccard reinvestigate this question. Piccard also
detected purine bases in the acid extract
of spermatozoa from which protamine
was isolated. However, he concluded
(correctly) that nuclein also contained
purine bases. This confusion was not
resolved until R. Altmann in 1889 separated protein (free of purine bases)
from nuclein (called by him nucleic
acid), containing xanthine bases.
To obtain nuclein from spermatozoa, Miescher first removed lipids with
hot alcohol, then extracted protamine
with dilute acid. The residue was
washed with dilute acid, then treated
with alkali. The dissolved nuclein was
then precipitated by a 1:1 mixture of
dilute hydrochloric acid and alcohol.
The substance so prepared was free of
protein, as shown by a negative Millon
reaction and absence of sulfur.

Miescher emphasized the necessity of
working rapidly and in the cold. Frequently, he had to catch the salmon
himself, with the help of his technician, from the Rhine at a spot just
below the university. There were then
no cold-rooms, so he could only do the
experiments in the winter, starting at 5
a.m. in an unheated laboratory with all
windows open. No solution could be
left for more than 5 minutes, no precipitate left for more than 1 hour unless
covered with alcohol, all precautions,
no doubt, to prevent degradation of
nuclein (DNA) by deoxyribonucleases.
As for the chemical properties of
the nuclein, Miescher realized that it
had a high molecular weight, because
it was non-diffusable across a parchment paper membrane (Pergamentpapier); and that it was a multibasic acid,
as it could combine with several molecules of the basic protamine or several
ions of barium or copper.
Elementary analysis of salmon
sperm nuclein gave an empirical formula: C29H49N9O22P3, with 13% nitrogen and 9% phosphorus, the result of 6
separate analyses. For comparison, a
trideoxynucleotide with the bases guanine, cytidine and thymine, for
instance, would have the empirical formula C29H37N10O20P3, with 14% nitrogen and 9% phosphorus.
Miescher correctly assumed that
nuclein occurred in spermatozoa as a
salt with protamine. He observed the
physico-chemical property of a base
exchange, whereby the protamine of
nuclein-protamine salt in solution
could be exchanged for other cations
such as sodium or calcium.
Curiously, Miescher thought that
nuclein formed the outer structural
envelope of spermatozoa. He came to
this erroneous conclusion because,
when he removed the nuclein from
spermatozoa with alkali, the residue
that remained could be observed
microscopically to be in the shape of
the spermatozoon lacking the envelope
and to be proteinaceous in nature.
Miescher investigated carp and
frog sperm and, without actually isolating nuclein, remarked that it contained
a substance with nuclein-like properties. He studied spermatozoa from bull

semen and, in order to compare their
nuclein with that of pus cells, he
digested the bull spermatozoa with
pepsin from pig’s stomach as he had
done with the pus cells, and isolated
the nuclein by extraction of the undigested residue with alkali, then precipitated the nuclein with acid. This
nuclein had properties closely similar
to salmon sperm nuclein, showing 7%
phosphorus upon elementary analysis.
Moreover it also closely resembled pus
cell nuclein in solubilities, except that
the latter had less phosphorus (3%) and
showed some sulfur (2%).
Morphological studies completed
Miescher’s work on salmon sperm,
published in 1874. He continued to
investigate salmon sperm for several
years without publication. His friend,
O. Schmiedeberg, compiled and published the results of these studies after
Miescher’s death in 1896. There is
described, in the minutest detail, the
isolation, purification and analysis of
nuclein from salmon sperm, though in
essence identical to the original
method published in 1874. Miescher
mentioned attempts at chemical degradation of nuclein and his suspicion that
a product may be thymine, already
observed by A. Kossel and A. Neumann. He collaborated with R. Altmann, who had developed methods for
separating protein from nuclein, called
nucleic acid by Altmann, on the analysis of yeast nuclein. As late as 1892, 3
years before his death, Miescher began
work on “karyogen”, a supposed ironcontaining protein in the sperm cell
nucleus.
General Ideas Of Miescher Concerning Nuclein
Miescher made the broad generalization, based on his experiments, that
nuclei contained nuclein and in that
way differed from protoplasm. Thus,
nuclei of leukocytes from pus and of
spermatozoa, as well as the “nuclei” of
egg yolk granules (these later turned
out to be a phosphorylated protein) all
contained nuclein. Miescher remarked
that, though nuclei had been discovered by histologists in a variety of tissues, even in nerve cells, histologic
observations could not find a single
Continued on page 20
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common property amongst nuclei from
different tissues. He considered that it
was the chemical composition of
nuclei, in particular the presence in
them of nuclein, that constituted their
common property. He suggested that
there may be sulfur-containing nuclein
(in leukocytes and egg yolk granules)
and sulfur-free nuclein (in spermatozoa). No doubt, the leukocyte nuclein
was contaminated with protein. As
Fruton points out, “about 20 years of
work was required to sort out the confusion generated by these views”.
Miescher thought that a further difference between nucleins from different
cells was in their salt-like combination
with protamine: whereas salmon sperm
cell nuclein was linked to protamine,
pus cell nuclein occurred without protamine. He regarded the phosphorus
moiety of nuclein as the important
component and remarked “I cannot
refrain from believing that we are here
in presence of the most fundamental
physiological form of phosphorus”.
Although Miescher’s conclusion
regarding the existence of nuclein was
strongly contested by a number of scientists, the generality of nuclein as the
characteristic nuclear substance was
soon confirmed. As already mentioned,
P. Plosz in 1871 identified nuclein in
nuclei of bird and snake erythrocytes
and in 1873 identified it in liver cells .
R. Altmann isolated nuclein from yeast
cell nuclei. E. Zacharias in 1881, using
the methods of Miescher both for isolation and characterization, reported
the presence of nuclein in nuclei of
frog erythrocytes and in nuclei of protozoans; most remarkably also in the
nuclei of the epidermis of leaves of
plants (tradescantia and ranunculus),
and even in the rod-like structures
(later termed chromosomes) of dividing plant nuclei.
Miescher’s Ideas Concerning Fertilization And Heredity
Miescher’s views of the function
of nuclein changed over time. When he
first discovered nuclein and observed
its high phosphorus content, he thought
20
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it was merely a storage form for phosphorus. Later, however, his preoccupation with nuclein from sperm and, as
he thought, from egg, led him to ponder the question of fertilization. Liebig
proposed, as early as 1839, that chemical activity consisted in the movement
of molecules ; and that chemical reactions were the transmission of this
movement from one substance to
another upon close contact. Liebig’s
thought was extremely influential at
that period and was applied to the
process of fertilization by T.L.W.
Bischoff and others, suggesting that
the spermatozoon made close contact
with the egg and thereby transmitted a
stimulus initiating embryonic development. This idea was taken up by
Miescher’s uncle, W. His, who was
then professor of embryology at
Leipzig. He insisted that fertilization
was molecular stimulation by molecular motion and not a transfer of substance. Growth of the embryo began
with the stimulus to the egg by the
molecular motion inherent in the
chemical composition of the spermatozoon. This view was initially opposed
and was later superseded by the work
of O. Hertwig. Investigating the fertilization of the sea-urchin, he showed
that spermatozoa fused completely
with the egg rather than just making
contact. At the moment of fertilization
two nuclei united to produce the first
nucleus of the new generation.
In this controversy, Miescher, as
ever strongly under the sway of his
uncle, adhered to the opinion that the
spermatozoon and in particular the
nuclein that he had detected as being
localized in its envelope, would be the
ideal candidate to transmit motion and
thus mediate fertilization upon contact
with the egg nucleus. He wrote: “If one
were to assume that the specific cause
of fertilization depends on a single
substance, for instance through an
enzyme or in some other way, perhaps
through a chemical stimulus, then one
would have to think without a doubt
principally of nuclein.” Miescher
believed “to the death” in the chemical
basis of inheritance. However, this he
took to mean not the transmission of a
substance from sperm to egg. He

believed in the concept that “fertilization is a physical process of motion”.
He argued that, as he could find no single substance in sperm or egg that
could be the hereditary substance “nuclein” from egg of hen and carp
differed as did nuclein from salmon
and bull sperm - he concluded that
“there is no specific fertilization substance”. The continuity of form was
subsumed not merely in the biological
molecule, but in its constituent atomic
groupings, with the chemical properties depending on the nature and intensity of atomic motions, transmitted
from sperm to egg. He foresaw the
necessity of postulating what we now
know as the haploid nature of sperm
and egg: “If in the germinal cell there
is an absence of a member of the series
of factors which determines normal
cellular activity ... the spermatozoon
reintroduces that part and restores cellular activity. Like muscle after a nerve
stimulus, the egg, when it received the
sperm stimulus, becomes chemically
and physically different.” As late as
1895, the year of his death, Miescher
wrote that the egg nucleus could have
a missing component that is supplied
by the sperm, perhaps by mere contact
or through molecular movement. Ironically, as quoted by Fruton, Hertwig,
who had observed the fusion of sperm
with egg and was one of the founders
of the transmission theory of fertilization, thought it was most probable that
the fertilization substance and the
transmitter of hereditary properties,
was actually nuclein!
Miescher’s ideas about fertilization changed again shortly before his
death, when he isolated what appeared
to be an iron-containing, phosphorusfree protein from the core of the spermatozoon after removal of the
nuclein-containing envelope. He called
it karyogen. He wrote: “Fertilization
consists in the three fundamental substances of the male cell, nuclein,
karyogen and protoplasmic protein,
reduced to the germinative state, being
brought together with the corresponding female cell, also in the germinative state. They are then somehow
united by a karyokinetic ‘dance’.”
Miescher considered the interest-
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ing possibility that the “boundless multiplicity” of hereditary characteristics
could be found in the vast number of
stereoisomers resulting from the asymmetric carbon atoms contained in the
amino acids of protein. Thus he calculated that a protein molecule with 40
40
asymmetric carbons would have 2 or
about a trillion isomers. W. Gehring
pointed out that the idea of the storage
and transmission of genetic information in a chemical form in a single type
of molecule, through an almost infinite
variability, was to become the basis of
modern molecular biology.
The contact theory of fertilization
died with Miescher. As Fruton points
out, doubts arose in the 1890s about
the role of nuclein. Perhaps, if
Miescher had not adhered so closely to
his uncle’s views, he might not have
missed the true nature of nuclein as the
hereditary substance.
The author is grateful to Mrs. M.
Samimi, Friedrich Miescher Institute,
Basel, Switzerland, for photocopies of
laboratory notes of Miescher and for
photographs, also to Mrs. A. GelzerMiescher, Basel, for historical articles
on Miescher. The author also thanks
Dr. K. J. Carpenter for help with historical references.
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Supplement
Historical Context
Although the expression “cell”
was used as early as the 17th century
by R. Hooke and M. Malpighi, it was
not until the 19th century, with the
development of microscopy, that the
cell was observed in plant and animal
tissues. As a microscopist, R. Brown
discovered the cell nucleus in plants in
1831 without realizing its nature, and
J.E. Purkynje described (and named)
the cell’s protoplasm as a ground substance in the embryo in 1839.
It was T. Schwann who first came
to regard the cell as the basic element
in the structure of animal and plant tissues. In his “Microscopic Investigations” (1839), he gives a clear
description of cells and of their nuclei
in lymphocytes and epithelia. His theory of cell formation involved aggregation of extracellular substances to
form cells and it was not until 1852
that R. Remak demonstrated that cells
originated by cell division. In 1858 R.
Virchow wrote: “Wherever a cell originates, in that place there must have
been a cell before, just as an animal
can only originate from an animal and
a plant from a plant”.
At the time of Miescher’s first
investigations, the protoplasm of the
cell was regarded as paramount. However, already in the 1850s was the
nucleus considered to be of importance
and it was realized that cell division
was accompanied by nuclear division.
E. Haeckel, in his great work on physiology and anatomy, published in 1866,
clearly distinguished between nucleus
and cytoplasm. He ascribed to the
nucleus the property of inheritance of
the cell’s inheritable characteristics and
a role in the cell’s reproduction,
whereas the cytoplasm served the
adaptation of the cell to its environment and the nourishment of the cell.
He thought both cytoplasm and
nucleus consisted of protein, albeit of

different chemical properties, proteins
being made up of combinations of carbon, hydrogen, oxygen, nitrogen, sulfur and often phosphorus. He stated
that the proteins were extremely labile
and that the slightest stimulus could
transform or destroy their complicated
atomic structure. T.H. Huxley
remarked in 1868 “all organisms, both
animal and vegetable, are fundamentally one... their action, form and elementary composition are basically
proteinaceous”.
At that period, physiologists like
Wilhelm His adhered to the view that
chemistry would explain the function
and development of cells, in opposition
to the prevailing reliance on
microscopy and the staining techniques
with the many newly-discovered
organic dyes. His and Miescher distrusted the staining procedures,
because the interaction of tissue components with dyes lacked exact chemical definition. Miescher’s aim was to
go beyond staining methods and to
attempt the chemical isolation and
analysis of cell components (“I must
again defend myself against the guild
of the dyers...”). As Olby points out,
Miescher, though he isolated pure
nuclei from pus cells, he so distrusted
staining procedures that he never used
the popular carmine stain specific for
nuclei.
The application of chemistry to
physiology goes back to H. Boerhaave,
whose textbook on physiology (1708)
taught that all physiological functions
obey chemical and physical laws. Justus von Liebig was doubtless the father
of modern biochemistry. He developed
the basic method for carbon and hydrogen analysis of organic compounds
later used by Miescher and, in the
1830s, among a host of discoveries in
organic and biochemistry, he studied
the metabolism of protein to urea and
uric acid, and isolated lactic acid from
muscle. He established the significance
of protein, carbohydrate and fat in animal and human nutrition in the 1840s.
His view that catalysis consisted of
molecular movement that sets up sympathetic vibrations in other molecules
found an echo much later in Miescher’s
Continued on page 22
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ideas on the process of fertilization.
The towering figure in biochemistry, with whom Miescher worked
1868-9, was Felix Hoppe-Seyler. His
overarching view was that all life
processes must be chemical. As a
young physician, Hoppe-Seyler
entered Virchow’s research institute in
Berlin in 1854. In 1861, he was
appointed to the chair of applied chemistry in Tübingen, where he instituted
the first independent laboratory of
physiological chemistry. His achievements in biochemistry were epochmaking. Not only did he write the most
influential textbook for many years on
physiologic and pathologic chemical
analysis for physicians and research
students, he also founded the famous
Zeitschrift für Physiologische Chemie.
As fundamental as Liebig’s analytical
methods, he established reliable analytical procedures for biochemistry,
including spectral analysis, gas analysis and colorimetry. He isolated and
distinguished between different proteins - serum and egg albumin, globu-

lin, fibrin, myosin. He purified and
established the composition of lecithin,
isolated cholesterol and recognized the
binding of oxygen to erythrocytes as a
function of hemoglobin. One of
Hoppe-Seyler’s students, A. Kossel,
followed up Miescher ’s work and,
starting in 1879, identified the
hydrolytic decomposition products of
yeast nuclein (nucleic acid) as uracil,
thymine and cytosine, as well as purine
and pyrimidine bases from animal tissues .
Research Schools
When Miescher’s uncle persuaded
the young man to forsake the profession of a practicing physician and to
take up a research career instead,
Miescher chose first to train in chemical research methods with A. Strecker
in Tübingen. The concept of “learning”
research was relatively new. Strecker
had been a pupil of Liebig, one of the
pioneers in the establishment of
research schools. Liebig’s began in the
1840s. Prior to that time, scientific
research was carried out by rich private
individuals as an avocation rather than
a profession, as for instance by A.-L.
Lavoisier, or by amateurs gathered
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together under the auspices of an academy or society, as for instance the
Royal Society in London. Viewed from
today’s point of view, it is amusing to
read in a novel by I. S. Turgenev
(“Fathers and Children”, 1862) of the
hero who brings his chemical apparatus with him in his overnight bag on a
visit to the country house of a friend
and there pursues his “chemical
research”.
The earliest of research schools
was developed by the Czech anatomist
and physiologist J.E. Purkynje in Breslau (then in Germany), where he was
appointed professor of physiology in
1823. His reforms of the medical
school curriculum were based on the
teachings of the Swiss educational
reformer J.H. Pestalozzi (1746-1827),
ultimately reflecting the ideas of the
Enlightenment and the writings of J.J.
Rousseau. Pestalozzi was primarily
concerned with the education of children, “not with what a child learns,
but how it is learned” and that “genuine education is self-instruction,
activity that permits...the child to build
his or her own view of the world knowledge is a self-generated product”. Purkynje at first introduced
“experimental courses” in which the
professor and assistants carried out
experiments watched by students, later
allowed students to take part in these
demonstrations. Later still, starting in
1828, by application of the Pestalozzian principles of learning-by-doing, he
was able gradually to establish the
modern research institute, with students conducting chemical and microscopic investigations under his
direction. As today, the professor was
in charge of the research agenda, the
doctoral candidate or medical student
received advanced training, including
in the use of elaborate apparatus and
instruments, and was rewarded by publication of his results (no women participated), and ultimately was helped
by the professor to obtain a research
position. An important achievement of
Purkynje was to maintain the research
institute within the purviews of the
university, where previously only lectures had served for the education of
the students.
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At about the same time (1824), the
young Justus von Liebig began the
establishment of a research school in
Giessen (Germany) that became the
model for such institutions and trained
some outstanding scientists. He was
mainly responsible for the professionalization of scientific research, through
the reshaping of university curricula,
experimental training in a new institute, specialist qualifications (the
Ph.D.), with emphasis on original
work, a written thesis and specialized
publications. The foundation on which
Liebig’s laboratory was built was a
reliable, repeatable method for the
analysis of organic compounds, a combustion apparatus for quantitative
organic analysis. Its development was
completed by 1830, and it was used by
Hoppe-Seyler and Miescher amongst
many others. As pointed out by Morrell: “The use of a set of relatively simple, fast and reliable experimental
methods allowed those students who
were less than brilliant to do and to
publish competent work. When these
techniques were deployed on a large
scale, a knowledge factory was the
likely result.” Publication was in
Liebig’s own journal, Annalen der
Chemie . Soon, Liebig established a
great reputation, which ensured a supply of increasingly gifted students as
manpower (again, no women) and
institutional support. The similarity of
the research schools of the 1840s to our
present system, at least in the American universities, is unmistakable.
Of course, there were (and are)
disadvantages. Membership of a
school could inhibit imagination. It
was the opinion of A. Kekulé, who had
been offered (and declined) an assistantship by Liebig, that it is essential
“for doing something of your own...to
get rid of preconceptions due to early
training”.
The research schools attended by
Miescher were those of Strecker and
Hoppe-Seyler in Tübingen and of C.
Ludwig in Leipzig. Even though
Miescher was professor of physiology
with his own laboratory and later his

own institute, the Vesalianum, he never
founded a research school. He had few
students and clearly lacked charisma.
He wrote to his friend, A. Jaquet, at the
end of his life (1894): ”If I could instill
into my students the idea that everything in physiology is not only interesting but also easily acquired, I would
have great success as a teacher. However I regard such teaching as a deception”.
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NERM 2003
Saratoga Springs, NY
June 15 - 18, 2003
By Morton Z. Hoffman, Boston University; NESACS Representative to the
Northeast Regional Steering Committee
The 31st Northeast Regional Meeting
of the American Chemical Society,
hosted by the Eastern New York Section, was held in Saratoga Springs on
June 15—18. Organized by General
Chair Tony Noce (MWH Americas)
and Program Co-chairs Susan Hayes
(Starfire Systems) and Steve Tysoe
(General Electric Global Research
Center), the meeting attracted nearly
500 chemists, including about 50
undergraduate students. With corporate
support from Albany Molecular
Research, General Electric Global
Research Center, Starfire Systems, and
MWH Americas, and academic support from Union College, the program
featured 200 oral and poster presentations, including 26 undergraduate
research posters, a wide range of symposia, workshops for students and educators, and a chemical exhibition.
Highlights of the meeting included
the presentation of the Buck-Whitney
Award of the Eastern New York Section to Thomas Szyperski (SUNY-Buffalo), the Northeast Regional Industrial
Innovation Awards to Steven Brickner,
Michael Barbachyn, Douglas Hutchinson, and Peter Manninen (Pfizer; Groton, CT), and William Pfefferle
(Precision Combustion; New Haven,
CT), and the Northeast Regional
Award in High School Chemistry
Teaching to Sally Mitchell (East Syracuse-Minoa Central High School; East
Syracuse, NY). The Eminent Scientist
Lecture was presented at a Student
Affiliates-Women Chemists Committee luncheon by Linda Schadler (Rensselaer Polytechnic Institute). This
author presented a workshop with Barbara Stewart (University of Maine) on
“The Peer-Led Team Learning Model”
in the symposium on trends and innovations in undergraduate education.
Important symposia were offered on
light emission, the chemistry of the
origins of life, forensics and the 9/11
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attacks, nanotechnology, biosensing,
and parallel synthesis.
Chemists and engineers from the
Northeastern Section who made presentations at NERM include Jack
Szostak (Massachusetts General Hospital), Thomas Pochapsky (Brandeis
University), Francesco Stellacci
(MIT), Tao Deng (MIT), Deli Wang
(Harvard University), Martin Polz
(MIT), Michael Hearn (Wellesley College), Gary Weisman (University of
New Hampshire), Glen Miller (University of New Hampshire), John Porco
(Boston University), Li Deng (Brandeis University), Timothy Jamison
(MIT), and Morton Hoffman (Boston
University).
Ruth Tanner (University of Massachusetts Lowell) served as the facilitator at the meeting for the Division of
Chemical Education, and Howard
Mayne (University of New Hampshire) represented the previous NERM
in 2001 as its General Chair.
Also in attendance were the candidates for ACS President-Elect, Michael
Strem (Strem Chemicals, Inc.) and
William Carroll (Occidental Chemicals
Corporation); also present were ACS
President Elsa Reichmanis (Lucent
Technologies), and Anne O’Brien
(Wyeth Research, Retired), ACS District I Director.
The Northeast Regional Steering
Committee voted to proceed with the
incorporation of the “Northeast Region
of the American Chemical Society,”
following the trend of other ACS
regions around the country in order to
ensure the financial continuity and
institutional memory of their regional
meetings. The Committee examined
the proposed by-laws of incorporation,
which will be reviewed again at the
Fall ACS meeting in New York.
The next NERM, to be hosted by
the Rochester Section, will be held in
Rochester, NY, on October 31 November 3, 2004; for details see
<www.NERM2004.org>. NERM 2005
will be hosted by the Western Connecticut Section at Sacred Heart University, Fairfield, CT, on July 14 - 17,
2005. The sites for NERM 2006 and
2008 are under discussion. Because of
the Fall ACS National Meeting in
Boston in 2007, there will be no
NERM that year. ◆

SERVICES

Custom Synthesis of Chemicals
On-time Delivery, Quality, & Competitive Price

Tyger Scientific Inc.
324 Stokes Ave, Ewing, NJ 08638
Phone (609)-434-0144, Fax (609)-434-0143
www.tygersci.com, Email sales@tygersci.com
We help chemists develop billion dollar products
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SERVICES

Fast Turnaround / Accurate Results



NMR  Antibody Purification
MASS
 DNA Sequencing
 Elemental Analysis

Numega Resonance Labs
(858) 793-6057 Fax (858) 793-2607

Analyzing
Polymers in
Your Lab?

Designed for polymer chemists, lab
managers or technicians working in the
field of Polymer Characterization who
need to characterize the molecular weight
distribution of polymers, Waters Alliance®
GPC 2000 Series Systems with Empower™
Software achieve levels of dependability,
reproducibility and accuracy unlike any
GPC instrument before.
Visit www.waters.com
or call 1-800-252-4752
to learn more about Waters solutions
for polymer labs like yours.
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LABORATORY
EQUIPMENT
Bought Sold Exchanged
SEPTEMBER SPECIAL
G

G

Gas Chromatograph

Shimadzu model 17A dual FID GC system
complete with AOC-20i auto injector/AOC-20S
auto sampler, class VP 4.2 software and computer
Call for details

American Instrument Exchange, Inc.
1023 Western Ave., Haverhill, MA 01832
TEL: 978-521-2221 FAX:978-521-8822
www.americaninstrument.com
E-Mail: info@americaninstrument.com

For Excellence in Organic Chemistry


Contract research and
development



Custom synthesis
(milligram to kilogram) in all areas
of organic and medicinal chemistry

PATENT ATTORNEY
Jacqueline M. Arendt

Short and long term projects

Affilliated with Major IP Law Firm

Chemical, Pharma., Chem. Eng., Med Devices,
Licensing, Counsel on Controlling Patent Costs
119 Nimrod Drive, Concord MA 01742

Ph-978-807-5278
email-jacquiaren@aol.com

240 Salem Street
Woburn, MA 01801

Phone: (781) 932.4142
Fax:
(781) 933.6695
Email: organix@organixinc.com
www.organixinc.com
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CAREER OPPS

Excel in your career
Cambridge Isotope Laboratories, Inc. (CIL)
is the world's premier producer of stable
isotope labeled compounds and the world
leader in the field of stable isotope separations. For more than 20 years, CIL has specialized in the development, production,
and marketing of stable (non-radioactive)
isotopes and chemical compounds labeled
with stable isotopes.
Join an industry leader with a
top notch staff as we continue to grow.
 Synthetic Organic Chemists (PhD)
Visit our website at www.isotope.com to
learn more about CIL and current employment opportunities.
Contact Information
Human Resources
Cambridge Isotope Laboratories, Inc.
50 Frontage Road Andover, MA 01810-5413
Email: humanresources@isotope.com
Fax: 978-749-2768
CIL is an equal opportunity employer

Cytokine Bioassay Services


Recombinant Cytokines
 Monoclonal Antibodies
 Outsourcing Services
SBH Sciences, Inc. Dr. Raphael Nir, General Director
mir@sbhsciences.com 508-650-6200 , x14
www.sbhsciences.com
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Calendar
Check the NESACS Homepage
for late additions:
http://www.NESACS.org
Note also the Chemistry Department web pages
for travel directions and updates. For example:
http://web.mit.edu/chemistry/
http://www-chem.harvard.edu/events/
http://www.umassd.edu
http://www.dartmouth.edu/~chem/

Sept. 5

Advance your career in the pharmaceutical industry:

Master of Science in

Drug Discovery
& Development
■ 30-credit master’s program
■ evening classes for working professionals
■ Two courses per semester;
program completion in five semesters
■ accepting applications for fall 2003

■

This program teaches students
the scientific principles underlying the discovery and development of small-molecule
drugs, and provides a broad understanding
of the drug discovery process.

Prof. E. J. Corey (Harvard Univ.)
Prof. Thomas V. O’Halloran (Northwestern Univ.)
Prof. Eric N. Jacobsen (Harvard Univ.)
Prof. Laura L. Kiessling (Univ. of WisconsinMadison)
Dr. William H. Rastetter (IDEC Pharmaceuticals)
Prof. Peter G. Schultz (The Scripps Research
Institute;
The Genomics Institute of the Novartis Research
Foundation)
Symposium to celebrate the completion of the
renovation of Building 18, MIT, Wong
Auditorium, E51, 9 am–5 pm
Registration is REQUIRED;
deptofchemistry@mit.edu

Massachusetts College of Pharmacy

Sept. 25

and Health Sciences

Prof. Peter F. Green (Univ. of Texas)
“Nano-scale ordering and wetting of a structured
liquid film.”
Dartmouth College, Hanover, NH, 101 Fairchild,
10:30 am

179 Longwood Ave., Boston, MA 02115

For more information, call Dan Kiel, PhD at
617.732.2975, or e-mail dan.kiel@mcp.edu.

www.mcp.edu

Notices for the Nucleus
Calendar should be sent to:

Have you seen the new NESACS website yet?

Dr. Donald O. Rickter, 88 Hemlock St.,
Arlington, MA 02474-2157
e-mail: rickter@rcn.com

Updated frequently
Late-breaking news, position postings and back issues of the Nucleus

WWW. NESACS .org

