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The Longest Established Part-Time Graduate Program in 
New England 

EVENING GRADUATE PROGRAM 

in CHEMISTRY at 

NORTHEASTERN UNIVERSITY 

Take courses to -
keep up-to-date 
improve professional qualifications 
apply toward the part-time Masters program. 

All courses meet for a two-hour period once a week 
and carry two quarter-hours of graduate credit 
toward the 40 quarter-hour requirement for an M.S. degree 

Courses are taught by Full-time Faculty in their area of expertise 

OFFERED THIS SPRING QUARTER (Classes begin April 4, 1994) 

Introductory Level Graduate Courses: 
(Prerequisite: the equivalent of a Bachelor's degree in Chemistry) 

Optical Methods of Analysis 2 
Environmen~al Analrticar. Chemistry 
Spectrometric Identification of Organic Compounds 

Continuing Introductory Level Graduate Courses: 
(Prerequisite: Completion of the previous Quarter course or its equivalent) 

Qua'.1tum Chemistry 2 (Prereq.: Quantum Chem. 1) 
Physical-Organic Chemistry (Prereq.: Adv. Org. Chem. 2) 

Advanced Level Graduate Courses: 
(Prerequisite: Completion of a first·year graduate course in Organic Chemistry) 

Organic Stereochemistry and Reaction Mechanisms 

(A new series of graduate courses will begin in the Fall of 1994) 

For additional information contact: 

Prof Tom Gilbert, Executive Officer 
Department of Chemistry, 216HT 
Northeastern University 
Boston, M4 02115 

Tel: (617) 373-2383 

Northeastern University is an equal opportunity/arfirmative action educational institution and employer. 
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1994 NESACS Candidates 
for Election 
Chairman-Elect (one to be elected) 

Doris I. Lewis (Suffolk Univ.), Patricia L. Samuel (Boston Univ.) 
Treasurer (one to be elected) 

Janies U. Piper (Simmons College) 
Trustee (one to be elected) 

G. Richard Handrick (retired) 
Councilor/Alternate Councilor (4 Councilors and 4 Alternate Councilors to be elected) 

Catherine E. Costello (M.l.T.), Reen D. Gibb (Brookline H.S.), James A. Golen (U. 
Mass. Dartmouth), Amo H.A. Heyn (retired), Esther A.H. Hopkins (Mass. Dept. of 
EPA), Cynthia B. McGowan (Merrimack College), Janet S. Perkins (retired), Dorothy 
J. Phillips (Waters Chromatogr.), Norman W. Rice (ORYZA), Donald 0. Rickter 
(Polaroid), Patricia L. Samuel (Boston Univ.), Irwin A. Taub (U.S. Army Natick R&D 
Ctr.), Alfred Viola (Northeastern Univ.), Valerie R. Wilcox (Nat'l Plastics Center & 
Museum) 

Nominating Committee (two to be elected) 
James N. Lepage (W.R. Grace & Co.), Joseph A. Lima (Houghton Chemical Co,.), 
Debra J. Saez (Technically, Inc.), J. Donald Smith (U. Mass Dartmouth) 

Norris Award Committee (two to be elected) 
Charles L. Braun (Dartmouth College), Saul G. Cohen (Brandeis Univ.), Dudley R. 
Herschbach (Harvard Univ.), Robert S. Umans (Boston College) 

Petition Candidates: In accordance with the Northeastern Section Constitution, Article 
VIII, Sec. 3, "Any group comprising 2 percent or more of the membership of the North­
eastern Section may nominate candidates for any elective office provided that such nomi­
nation (accompanied by the signatures of the nominating group) shall be presented in writ­
ing to the Chairman of the Nominating Committee not more than ten days following the 
March meeting of the Northeastern Section." Accordingly, such petitions are due March 
20, 1994 and should be sent to Dr. Dorothy J. Phillips, Waters Chromatography, Inc., 34 
Ma.p.le St., Milford, MA 01757. At least 100 valid signatures are required. Preferably, the 
petition should be sent by certified mail. 

Nominating Committee: Dorothy J. Phillips (chairman), E. Joseph Billo, Phyllis A. 
Brauner, Morton Z. Hoffman, Michael E. Strem. <> 

Call for Papers 
Undergraduate Research 

Poster Session 

at the 

Twenty-fourth Northeast Regional 
ACS Meeting (NERM-24) 

Burlington, Vermont 
June 19-22, 1994 

The organizers of NERM-24 invite under­
graduate students, including graduating 
seniors to submit abstracts for presentation at 
the Undergraduate Research Poster Session, 
which will be part of the extensive program­
ming for undergraduates at this regional meet~ 
ing. Send abstracts on standard ACS forms to 
the organizer of the session: Prof. Edward J. 
Miller, Dept. of Chemistry, SUNY-Platts­
burgh, Plattsburgh, NY 1290 I . Deadline for 
receipt of abstracts: March 4, 1994. 
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Annual Undergraduate 
Research Symposium 

Saturday, April 30, 1994 

The Northeastern Section of the ACS is solic­
iting the submission of poster papers for this 
symposium, which will be hosted by the 
Student Affiliates of Boston University. Send 
abstracts on standard ACS forms to the orga­
nizer, Prof. Patricia L. Samuel, Department of 
Chemistry, Boston University, Boston, MA 
02215. Tel: 617-353-2124; fax : 617-353-
6466; e-mail: psamuel@chem.bu.edu. 
Deadline for receipt of abstracts: April 15, 
1994. <> 
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Duracell, Inc. 
Hoechst Celanese Corporation 
Millipore Foundation • . 
Polaroid Corporation, Chc:micil ,,~, 

Research Division · 

Corporate Sponsors 
Aerodyne Research, Inc. 
AESAR/ Alfa Johnson Matthey 
Arthur D. Little, Inc. 
Cambridge Isotope Labs 
Consulting Resourcer:; Corporation 

Houghton Chemical Corp. ···~ . 
Organix, Inc. . · 
Orion Research, Inc. 
Strem Chemicals, Inc. 
Van Waters & Rogers, In<:: (VW&R) 

Esselen Forum 
April 13, 1994 
A Forum is planned for April 13, 8 
p.m. at the Science Center, Harvard 
University. The general topic will be 
the polymerase chain reaction which 
has been used to replicate small pieces 
of DNA many times. This is a basic 
technique used in sequencing the 
human genome, in genetic engineering, 
in forensic analysis and in studying 
DNA in ancient tissues. The technique 
is the scientific basis, carried to ficti­
tious extremes, in the movie Jurassic 
Park. Watch for the detailed announce­
ment in the April issue. <> 

Board of 
Directors 
by Michael J. Hearn 

NOTE: Board meetings are held on the 
meeting day at 4:30 p.m. On March 10, 
1994 it will be held in the Cabot Room of 
the Mallinckrodt Chemistry Building 
(opposite the Science Center) . Section 
members are invited to attend. 

Condensed Minutes, 
Meeting of December 9, 1993 
Officer's Reports: 
Chairman's Report: Dr. Phillips re­
minded board members to submit their 
annual reports on time. 

continued on page 6 

.. 
Monthly Meeting 
The 7fJOth Meeting of the Northeastern Section 
of the American Chemical Society 
TheodOte William Richa.rds Meeting 
Thursday, March I 0, 1994 

Harvard University Faculty Club 

5~ · Social Hour 

e:3o Dinner 

Harvard University Science Center, Lecture Hall B .... Award Ceremony 
Reflections on Theodore William Richards - Dr. Dudley R. 
Herschbach, Harvard University 
Introduction of the Medal Recipient - Dr. Jeremy Knowles, Harvard 
University · 
Presentation of the Medal to Professor Holm - Dr. James A. 
Kaufman, Chainnan, Northeastern Section 
Richards Medal Address: Research in Biologically Related Inorganic 
Chemistry- Dr. Richard H. Holm, Harvard University 

Re~hments will be served after the program. 

Dinner reservations should be made no later than March 4, 1994. Please call Marilou 
Cashman at (800) 872-2054. Reservations not cancelled at least 24 hours in advance must be 
paid. Members, $21.00; Non-members, $23.00; Retirees, $12.50; Students, $8.00. THE 
PpBLIC IS INVITED. Anyone who needs special services or transportation, piease call 
Maril~ Cashman a few days in advance so that suitable arrangements can be made. 

Free Parking: Broadway Street Garage, 3rd level. Enter via Cambridge St. and Felton St. 

Nexi meeting: Thursday, April 14, 1994 at Harvard University. Esselen Award to be presented 
to Kary B. Mullis (La Jolla, CA) for work in Biochemistry related to Genetics. His topic is 
n, Polymerase Chain Reaction. Social Hour 5:30 pm followed by dinner (Faculty Club), 
Evening meeting at 8:00 pm, Science Center. Also note that on Wednesday, April 13 at 8:00 
pm, there will be an Esselen Forum at the Harvard University Science Center. See prelimi­
nary announcement on pa8e 4. 

Abstract 
Several current problems in bio logi­
cally related inorganic chemistry will 
be considered. The structures and func­
tions of metal binding sites in a num­
ber of enzymes have been investigated 
by the synthetic analogue approach. 
Recent results relevant to molybdooxo­
transferases, sulfite reductase, nitroge­
nase, and cytochrome c oxidase will be 
presented, with emphasis on the funda­
mental chemistry underlying the func­
tions of mononuclear or polynuclear 
metal sites in these enzymes. <> 

Biography 
Richard H. Holm was born in Boston, 
Massachusetts on 24 September, 1933. 
He holds a B.S. degree from the Uni­
versity of Massachusetts and the Ph.D. 
from Massachusetts Institute of Tech­
nology (1959). He started his academic 
career as an assistant professor at Har­
vard University and subsequently 
served on the faculties of the Univers­
ity of Wisconsin, M.l.T., and Stanford 
University. He returned to Harvard in 
1980 to revive inorganic chemistry at 
that insti tution, and in 1983 became 

Higgins Professor of Chemistry. He 
was Chairman of the Department dur­
ing the period 1983-86. 

His research interests are in the 
inorganic chemistry of the transition 
elements. Among the research contribu­
tions of the Holm group are those in the 
areas of static and dynamic molecular 
stereochemistry, applications of para­
magnetic NMR to problems of structure 
and reactivity, multi-electron transfer 
series, tetraazamacrocycles, inorganic 
syn thesis of mono- and polynuclear 
molecules, oxygen atom transfer reac­
tions, magne tic propertie s of solids , 
metal-thiolate, dithiolene, and thiomet­
allate complexes , and bioinorganic 
chemistry with emphasis on synthetic 
analogues and reaction systems of the 
active sites of cytochrome P-450, iron­
sulfur prote ins and enzymes, nicke l 
hydrogenases, molybdenum hydrox­
ylases, and the Mo- and V-containing 
sites of nitrogenases. Over 50 students 
have received Ph.D. degrees based on 
this research, which has also involved 
over 75 postdoctoral associates. 

He has served on numerous advi­
sory and visiting committees and has 
been on the editorial boards of several 
journals. He has held over 50 lecture­
ships, including the Baker Lectureship 
at C ornell U niversity and the Miller 
Professorship at the University of Cali­
fornia-Berkeley . Professor Holm has 
received a number of awards, including 
the Bailar Medal, the American Chem­
ical Society Award in Inorganic Chem-

continued on page 13 

MCG Officers 
1994 
Chairman: Dr. N. Laxma Reddy 
Cambridge Neuroscience, Inc. 

(617) 225-0600 
Immed. Past Chairman: Dr. James 

Jacobs, Univ. of Rhode Island 
(401) 792-2028 

Program Chairman: Dr. Aloke 
Dutta, Organix, Inc. (6 17) 932-4 142 

Secretary: Dr. Craig Siegel, 
Genzyme Corp., (617) 252-7657 

Treasurer: Dr. Michael Singer, 
Organix, Inc., (617) 932-4 142 <> 
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Molecular Modeling: 
The Small-Molecule Approach 
A Satellite TV Seminar produced by the American Chemical Society, 

, sponsored by the Medicinal Chemistry Group and u_ Mass, Lowell 

Tuesday, March 29, 1994, 1-4 p.m. 
University of Massachusetts Lowell 
Olney 150. Free parking available 

T~e seminar has been organized by Dr. J. Phillip Bowen of the Univ. of 
Georgia. The three-hour seminar will include the following presentations: 
Garland R. M~rshall, Director of the Center for Molecular Design and Prof. 
of Molecular Biology and Pharmacology, Washington Univ., on the concep­
tual framework for drug design. 
':'vonne C. Martin, Senior Project Leader, Computer-Assisted Molecular De­
sign, Abbott Laboratories, on molecular modeling in the design of potent and 
selective D 1 agonists. 
Daniel F. Ortwine, Research Associate, Parke Davis Pharmaceutical 
Research Division, Warner-Lambert Co., on the use r0f pharmacophore mod-
els in the design of N-methyl-D-aspartate. "' 

Following t~e ~atellit.e seminar will be a local site panel discussion on 
molecular modelmg mcludmg local experts in this field. 
Ad~ance r~gistr~tion is encouraged as there will be limited seating. Please 
~11 a reg~stratwn fee of $30 ($20 for students and high school teachers) to 
Michael Singer, clo Organix Inc., 65 Cummings Park, Woburn, MA 01801. 
Check~ payable to: MCG-NESACS. Participants will receive a booklet of the 
material presented during the satellite seminar. 

For information call Michael Singer at (617) 932-4142. 

Directions to the Univ. of Massachusetts Lowell, North Campus: Follow I 
495 to the Lowell Connector. Take Exit SN, Thorndike St. Tum LEFT at light 
beyond underpass. Go straight at two lights to the end of Fletcher St. Tum 
RIG~T onto Paw~ucket St., STRAIGHT at blinking light at hospital, LEFT at 
next hght, over bndge onto University Ave. Follow Univ. Ave. to traffic light. 
Tum RIGHT, parking is on your right beyond Olney Hall. () 

Board of Directors 
continued from page 4 

Treasurer's Report: Dr. Piper pre­
sented the itemization for November. 
His report was ACCEPTED. 
Councilors' Report: Dr. Phillips con­
gratulated Dr. Gilbert on his appoint­
ment to the Standing Council Commit­
tee on Meetings and Expositions and 
M. Burgess on her appointment to the 
Standing Council Committee on Pro­
fessional Relations. 
Committee Reports: 
Awards: Dr. Foye reported that the re­
cipient of the Henry A. Hill Lecture­
ship Award has been selected . He 
urged the Board to consolidate the 
write-up on awards in the Section's 
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Annual Report to give it more promi­
nence. 
Hospitality: Dr. Howell confirmed the 
locations of the upcoming meetings: 
January at Curry College, February at 
Regis College, March and April at 
Harvard, May possibly at Brandeis. 
Publications: Dr. Costello indicated 
that planning for the NUCLEUS in 
1994 was on track. Dr. Heyn, Editor, 
stated that the January issue would be 
12 pages, the February issue to be 16 
pages. 
Public Service: Dr. Handrick conveyed 
the message from Dr. Brauner that 
fresh volunteers for working with the 
committee would be welcome, espe­
cially in connection with the Holiday 
Lectures. 
Richards Medal Committee: Dr. Kauf-

man relayed the information that the 
A wardee has been selected and will 
receive the award at the March Section 
Meeting. Dr. Green, Chairman of the 
Committee will soon offer suggestions 
concerning staffing of the committee in 
a manner to assure a greater degree of 
continuity. 
Other Committees: 
National Chemistry Week: Dr. Phil­
lips relayed information received from 
Bert Paul summarizing the MIT pro­
gram Forum for Young Chemists on 
Saturday, November 13, 1993 at which 
Dr. Phillips addressed the group Qf 8th 
to 11th graders on careers in chem­
istry. V. Wilcox described her experi­
ence in bringing hands-on chemistry to 
150 children in rural Georgia, a ven­
ture supported by the National Plastics 
Museum and the Section. 
NERM 23: Dr. Gilbert announced that 
the meeting, in addition to being scien­
tifically successful, was financially suc­
cessful, as well, resulting in $13,000 
after expenses which will be distributed 
to Sections in proportion to their atten­
dance. Therefore, a large part will be 
going to this Section. Dr. Hopkins sug­
gested that a part of this be used as seed 
money for the next NERM meeting in 
this Section. 
Old Business: Dr. Hopkins reviewed 
the procedure to be followed at this 
evening's Section meeting for voting 
on an amendment of the Constitution 
and Bylaws. 
New Business: Dr. Kaufman stated the 
value of obtaining copies of the An­
nual Reports of other Large Sections. 

Annual Meeting, 
January 13, 1994 
Officer's Reports: 
Chairman's Report: Dr. Phillips re­
viewed highlights of the past year and 
thanked board members for their ef­
forts to make the programs successful, 
such as: Project SEED, the Education 
Task Force Workshop, the ACS Short 
Course, the MIT Young Chemists 
Forum, the ACS Satellite programs at 
the University of Massachusetts -
Dartmouth and Lowell. 
Chairman-Elect: Dr. Kaufman men­
tioned the strong Section Meeting talks 
presented during the year and hoped 

1J 

for an even better 1994. 
Secretary: Dr. Heam, while preparing 
the Annual Report was struck by the 
num?er ~f projects undertaken by the 
Section m A wards , Education, and 
Public Awareness. 
Treasurer's Report: Dr. Piper pre­
sented the financial report for 1993 
which was ACCEPTED. 
Trustees: Dr. Handrick presented a 
preliminary report. The final report 
will be prepared as soon as the year's 
data are received from the banks and 
stockbroker. 
Committee Reports: 
Hospi!ality: Dr. Howell reported that 
total dmner attendance at meetings was 
about 500. 
Publications: Dr. Costello reported 
that 1993 was a successful year for the 
NUCLEUS. Advertising income has 
exceeded the budgeted amount signi­
ficantly, thanks to the efforts of Ad­
vertising Manager Vincent Gale. It is , 
planned to increase the number of 
pages published in 1994. Dr. Phillips 
thanked the Board of Publications for 
the excellent Summer issue given out 
at the NERM-23 meeting. 
Membership: New members have 
been invited to attend meetings of the 
Section and a number of them have 
done so. L. Rubin mentioned the excel­
lent work of Arlene and Ted Light in 
developing the local Employment 
Clearing House. 
Other Committees: 
Public Service: Dr. Brauner discussed 
the several activities of this committee. 
She extended thanks to several mem­
bers who helped in making the Holiday 
Lectures at the Science Museum a 
great success. 
Speakers' Bureau: Dr. Michael Dube 
has joined Mary Ann Solstad and will 
in time, take over the Speakers ; 
Bureau. 
Summerthing: V. Wilcox described 
this successful August program with its 
three venues in central Massachusetts. 

Dr. Phillips thanked all commit­
tees for their work and referred to the 
upcoming Annual Report of the Sec­
tion for details about their activities. 
Old Business: None 

continued on page 8 

Consulting 
Chemists' Meeting 

March 17, 1994 
An IS0-9000 Workshop 

What is it? How is it implemented? 
Will it benefi t the smaller-scale tech­
nical business? 
Speakers: Mr. William Noz, Mr. 
Harold Greenberg, Ms. Lesley Enos 
Principals in the IS0-9000 Network. ' 

Sheraton Tara Lexington Inn 
Lexington, MA 

727 Marrett Rd., Exit JOB, Rte.128, 
Rte. 2A West 114 mile to Hotel 

Dinner at 5:30 p.m. 
Workshop 6:30-9:00 

The Professional Consulting 
·Chemists' Group of the Northeastern 
Section and Pemix, Inc. of Wayland, 
MA are co-sponsors. 
Call Debra Saez at (508) 521-1327 

by March 15, 1994 
Cost: $ 50, which includes the dinner 
workshop and all hand-out materials. ' 

Description of the 
Workshop 
Smaller-scale and start-up technical 
manufa~turing and service-providing 
companies need to be familiar with the 
Quality Manage_~ent and Quality 
~ssuran~e guidelines developed by the 
mternatlonal Organization for Stand­
ardization (ISO) if they are to -remain 
competitive on domestic and interna­
~ional. business fronts. This Workshop 
is designed to provide general but sub­
stantive information to small technical 
businesses on the requirements con­
tained in the IS0-9000 guidelines. This 
Workshop is important to any techni­
cal busine~s which develops, designs, 
produces, mstalls services, or supplies 
a product or service. () 

Please donate your copies of 
the NUCLEUS to your local 
High School when you no 

longer need them. 

PARTICLE CHARACTERIZATION 
Analytical Service 
and 

Instrument Sales 

CJ Representative sampling by rotary riffling 

D Bulk density by tap analysis 

D Particle .size ~Y sedimentation (Stokes Law) and 
laser d1ffract1on (Fraunhofer and Mie theory) 

CJ True density by gas displacement (pycnometry) 

D Surface area by gas adsorption (B.E .T.) 

D Porosity by mercury intrusion and gas desorption 
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Board of Directors 
continued from page 7 

New Business: Dr. Singer, Treasurer 
of the Medicinal Chemistry Group, 
stated that active officers were guiding 
the group for the coming year. He 
hoped for closer coordination with the 
Board of Directors. The feeling was 
expressed that any of the officers of the 
group, just as any Section Members, 
are welcome to attend Board meetings. 

After parting remarks expressing 
her appreciation for the cooperative 
spirit of the Board of Directors and 
members of the Section, Dr. Phillips 
recessed the Annual Meeting. 

Condensed Minutes, 
Meeting of January 13, 1994 
Officer's Reports: 
Chairman's Report: Dr. Kaufman, 
thanking Immediate Past Chairman 
Dorothy Phillips for her guidance of 
the Section's activities in 1993, pre­
sented her with the ACS Past Chair­
man's pin . Dr. Kaufman stated his 
hopes for the Section for J994. He es­
pecially invited members to attend 
Board of Directors Meetings. 
Treasurer's Report: Dr. Piper pre­
sented the December 1993 summary 
which was APPROVED. 
Committee Reports: 
Budget: Dr. Piper presented the pro­
posed 1994 budget which is to be 
voted at the February meeting. 
Constitution and Bylaws: Dr. Hopkins 
invited members who were interested 
in serving on this committee to contact 
her. 
Publications: Dr. Strem thanked out­
going chair Dr. Costello for her able 
leadership of the Board of Publica­
tions. 1994 is expected to be a success­
ful year for the NUCLEUS. Dr. Heyn, 
editor, stated that the February issue 
would be 16 pages and the March issue 
expected to be 20 pages. 
Public Relations: L. Charpentier was 
welcomed as the 1994 chairman of the 
committee. 
Other Committees: 
Project SEED: Dr. Phillips stated that 
there is a February 11th deadline for 

continued on page 17 
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Historical Notes 
Nineteenth Century Harvard Murder 

For our column this month we are 
indebted to Paul R. Jones, chairman of 
the Department of Chemistry, Uni­
versity of New Hampshire and 1994 
chairman of the ACS Division of 
History of Chemistry. The letter from 
Eben Horsford to Justus von Liebig 
(printed below) is part of an enormous 
volume of printed matter, much in the 
public press, describing a sorry event 
in the history of Harvard's chemistry 
department. Concise biographies of 
both Horsford and Webster can be 
found in the W.D. Miles treatise, 
"American Chemists and Chemical 
Engineers" American Chemical Soci­
ety, Washington, D.C. 1976. 

Paul Jones writes: In 1991 I was 
digging through an archival collection 
related to Liebig in the Bavarian State 
Library in Munich. My goal was to find 
material on Johannes Wislicenus who 
had spent a few months working in 

Horsford' s laboratory at Harvard 
when Wislicenus was only 18 years 
old. The thought was that 1 might find 
some reference to Wislicenus in corre­
spondence to or from Horsford. The 
search uncovered a dozen or so letters 
written by Horsford to Liebig, the first 
f ew before 1860 and the remainder .in 
the 1860 's. The latter letters dealt 
largely with the manufacture of baking 
powder (see P.R. Jones, "JuStus von 
Liebig, Eben Horsford, and the Devel­
opment of the Baking Powder In­
dustry '', Ambix, 40, Part 2, 65(1993). 
The letter printed here came in the 
earlier period. 1 am certain that what 
is printed here is the original letter as 
Liebig received it. Any irregularities in 
the English would then be Horsford's 
own doing." The bibliographic refer­
ence for the letter is SBLIEB03.HOR 
Liebigania 11 B Letter # 3. 

: ... : ::.:::: . Since.1950 . ,.>:\ · 
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GALBRAITH LABORATORIES, INC. 
Fax: (615) 546-7209 Tel: (615) 546-1335 
2323 Sycamore Drive P.O. Box 51610 
Knoxville, TN 37921-1750 Knoxville, TN 37950-1610 

Call or write for our information packet. 

Cambridge, August 31, 1850 

My dear friend, 

Day before yesterday perished on 
the gallows my former friend Dr. 
Webster. I have thought to give you a 
summary of his case, knowing the 
interest you have taken in his trial­
and thinking you might like to know 
the points upon which his fate hinged, 
divested of all the rubbish of a fort­
night' s record of testimony. 

You have probably seen his con­
fession-or seen some allusion to it. 
The drift of it was that he had invited 
Dr. Parkman to hi s laboratory in 
Boston, in the hope of inducing him to 
postpone his claims which had long 
before matured, that Dr. Parkman 
came as invited, that Dr . P. was ex­
ceedingly insolent, overbearing, and 
threatened him with social and profes­
sional ruin, at the same time thrusting 
his fist in his face; that thereupon in the 
height of his passion he caught a block 
of wood, and struck him a blow that 
killed him instantly. He immediately 
attempted his recovery by application 

of ammonia to his nostrils but after ten 
minutes became satisfied that life was 
totally extinct. He then thought only of 
concealment. It never occurred to him 
to go out and proclaim the fact of the 
quarrel and state the circumstances­
only to destroy as rapidly as possible 
every virtue of the body. He took it to 
a sink and there dismembered it, at the 
same time burning the clothes in a fur­
nace. The head, feet and hands as most 
likely to be recognized he first de­
stroyed the trunk and a part of the 
limbs he attempted to conceal. The 
imperfection of the execution of this 
plan led to his detection and arrest. 

His contradictory stories to his 
friends and counsel rendered them 
almost powerless before the trial came 
on, and a most elaborate scheme of cir­
cumstantial and direct testimony on the 
part of the government proved his 
guilt. The little pamphlet I sent you 
contains a tolerably fair summary of 
the testimony as rendered. 

The substance of the testimony 
adduced by the government showed 
that Dr. Parkman was last seen entering 

Advanced 
Surface 
Technology, Inc. 

9 Linnell Circle 
Billerica, MA 01821 
508-663-7652 

Dr. Webster's rooms, that the body dis­
membered and partially destroyed was 
found in these rooms, that on Dr. 
Webster's person and in his house were 
articles of Dr. Parkman' s property, and 
finally that there were known to be dif­
ficulties between him and the deceased, 
which had almost brought the parties at 
an earlier period to a personal collision. 
In view of all these things the jury ren­
dered a verdict of guilty- a verdict in 
which the community have about 
acquiesced generally, but which the 
whole country abroad from one end to 
the other, thought was not sustained by 
the published testimony. An appeal was 
made to the governor for pardon or 
commutation, supported by petitions 
from all parts of the country. It was 
supported moreover by the most 
solemn asservations of Dr. Webster of 
his entire innocence of the crime of 
which (word missing) had been con­
demned. This petition was not granted. 
I should have stated that there was a 
suit for a new trial on the grounds of 
certain informalities in the prosecution 
of th is case. This was not granted. 
Before the final consideration of his 
case by the governor and council, he 
sent in a confession of what I have told 
you. It availed nothing. He confessed 
the homicide although he denied the 
premeditation- he had by his previous 
protestation of his innocence and by the 
confession deprived his statements of 
all reliance whatsoever. 

Such was the strong desire of the 
jury to bring him in not guilty that had 
Dr. Webster made the confession while 
the trial was in progress, they would 
have rendered the mi ldes t verdict 
which the law permits a verdict that 
would have shuthim up in the state 
prison at the utmost but a few years. 
So that he has really been hung on a 
falsehood. The character of Dr. Park­
man was marked by eccentricities. He 
was distinguished for his benevolence 
and at the same time known to be 
exacting in the very last degree. The 
knowledge of this-fact by the techni­
cal com munity prepared them to 
believe Dr. W's statement. 

A number of quite unimportant 
and totally irrelevant circumstances 

continued on page JO 
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Historical Notes 
continued from page 9 

were made to bear against the Dr. That 
is, I suppose, uniformly the case where 
a community is as deeply excited as 

· ours has been. 
Had the Dr. been more careful to 

have his expenditures and his income 
bear a due relation to each other this 
infamy would never have come upon 
him. He has never been a man of prin­
ciple or of self control. His history 
which has recently come to the more 
general knowledge of the friends of 
family show him to have been guilty in 
early life of deeds which merited all he 
has just received. 

But let him rest. He was buried in 
Mt. Auburn without a funeral on the 
day succeeding his execution. 

His family in all their temptations 
have done nothing to withdraw from 
them the respect, confidence and affec­
tion of the circle with which they have 
so long mingled. 

I have just returned from a vaca­
tion of six weeks, a part passed among 
mountain shooting, fishing, camping in 
the woods etc., a part on Shetten Island 
shooting and fishing along the sea 
shore-and a week at the meeting of 
the association of which I was last year 
the secretary. We had an exceedingly 
interesting meeting. I presented a paper 
on the ammonia in the air-some of 
the results of which I will enclose to 
you, with the request however that no 
publicity be given to them till I shall 
have still extended them. The results 
are more surprising than I supposed 
when I wrote you and Dr. Breed. Yet I 
want more time. I had also four other 
lesser papers of which but two were 
presented. 

The chemical section furnishes 
about sixty papers altogether. 

Within the last few weeks Porter 
has been called to a chair something 
like my own at Brown University-an 
appointment in the highest degree 
flattering. Prof. Norton who visi ted 
Gies sen during Mr. Porter's stay has 
also been called to the same institution. 

My school never opened so well. I 
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1993 Summer Scholars' 
Reports 
Cloning of E.coli Fructose 1,6-Bisphosphatase into an 
Expression Vector 
by Gayle Phadungchait 

Boston College, Merkert Chemistry Center, Department of Chemistry 

Advisor: Evan Kantrowitz 

Of all the metabolic pathways, gluco­
neogenesis, the biosynthesis and deg­
radation of glucose may be the most 
important for glucose is the primary 
energy source of the brain. In fact, sur­
vival depends on the ability of the 
body to synthesize glucose after only 

· one day of food deprivation. Frµctose · 
1,6-bisphosphatase (FBP) from E. coli 
catalyzes an essential reaction in the 
gluconeogenesis pathway and also reg­
ulates the pathway. A detailed study of 
fructose 1,6-bisphosphatase may pro­
vide valuable insight into the catalytic 
mechanism of the enzyme and t.he 
allosteric interaction of its subunits. 
The reaction catalyzed converts fruc-

11993 Norris Summer Scholar 

have I believe twenty-seven; a number 
quite appalling to me, especially when 
I consider that I have a course of about 
seventy lectures to deliver at the Med­
ical College in Boston during the com­
ing fall and winter. I had hoped to have 
this part filled by Mr. Porter but he has 
done better, and I retain it temporarily 
till someone shall be found who has 
done something in Chemistry and who 
will work as well as lecturer. 

Mr. Soldan who was with you two 
years ago is now my assistant. He 
wishes to be remembered to you. 

I have today commenced my de­
termination of ammonia for this year-

The balance of the lette r was 
never found. The letter included a 
table of Horsford's analyses of ammo­
nia in air, rain, and snow, covering the. 
period December 1849-July 1850. Jn 
1856 Horsford declared these earlier 
results to be in error. <> 

tose 1,6-bisphosphate to fructose 6-
phosphate and inorganic pho,sphate 
which is essential for the growth of E. 
coli on substances such as glycerol, 
succinate, and acetate 1• In addition: the 
regulation of fructose-6-bisphos­
phatase production is a major control 
point in gluconeogenesis1• . · 

Over the past fifty years the· en­
zyme has been studied by various bio­
chemical and biophysical methods. 
FBP from E. coli has been sequenced 
and the gene has been cloned2 • Al­
though the X-ray structure of.mam­
malian FBP has been determined, the 
X-ray structure of E. coli FBP has not. 
However, E. coli FBP and pig kidney 
FBP have 70% homology at the active 
site region from residues 240-290. 
Consequently parallels can be drawn 
between the two enzymes. 

One powerful tool that can be 
used to study the relationship between 
structure and function of FBP is site­
specific mutagenesis which substitutes 
specific amino acids in the enzyme3. 

Site-specific mutagenesis will be used 
to directly modify FBP from E. coli in 
order to investigate its catalytic and 
regulatory mechanisms. Before, site­
directed mutagenesis can be used the 
E. coli jbp gene on the plasmid pJS54 
must be moved into an expression vec­
tor such as pET3a4 . The pET3a vector 
controls expression of the insert DNA 
by a T7 promoter inserted into the 
BamHI site of the multicopy pBR322 
plasmid4 . Over expression produces 
enough enzyme for characterization 
studies. Once the gene is cloned into 
pET3a and over expressed a procedure 
must be .devised to purify the enzyme. 
Thus the objective of this research pro~ 

ject was to clone the jbp gene from E. 
coli into the vector pET3a and develop 
a protein purification procedure for the 
enzyme. 

Results 
A schematic diagram of the proce­

dure for the cloning of E. coli jbp gene 
into the pET3a plasmid is shown in 
Figure 1. In order to clone the jbp gene 
in pET3a a Ndel restriction site had to 
be introduced at the first codon of the 
fbp gene and a second Ndel site, 
located in the protein coding region, 
had .to be removed in such a fashion 
that the amino acid sequence of the 
protein was not altered. Site specific 
mutagenesis was used for the addition 
and eradication of these Ndel restric­
tion sites. 

(a) Amplifying FBP by PCR 
The fbp gene must be single 

stranded for site-specific mutagenesis. 
Thus the first step required cloning the 
jbp gene into a vector that can replicate 
itself as single-stranded or double­
stranded DNA. The vector used was 
pUCl 18 which carries a phage origin 
of replication. Before the fbp gene 
could be cloned into pUCl 18 enough 

PCR Reaction 

1) Heatto94 C 
2) Anneal at 55 c 
3) Extend at 72 C 

pJS54 

EcoRI 8amHI 

llJp gene 

+ 

pUC118 

EcoRI OamHI 

BamHI 

PCRproduced 
lbp 

DNA Ligase 

FBP DNA needed to be accumulated. 
The Polymerase Chain Reaction (PCR) 
was used to amplify the DNA5 . Pri­
mers complementary to the beginning 
and end of the gene were synthesized. 
The PCR procedure involved heating 
pJS54 to 94°C to separate the DNA 
strands and then cooling to 55°C to 
allow for the single stranded primers to 
anneal to the DNA template. In the 
presence of nucleotides the primers 
were extended with Taq polymerase at 
72°C. This PCR cycle was repeated 30 
times to produce between 1 to 5 micro­
grams of double stranded DNA which 
carried the jbp gene. Each PCR primer 
contained mismatches to the DNA tar­
get sequence so that the PCR reaction 
would introduce an EcoRI restriction 
site at the beginning of the gene and a 
BarnHI restriction site at the end of the 
gene. These restriction sites are neces­
sary to clone the jbp gene into the plas­
mid vector pUCl 18. 

( b) Cloning the PCR product into 
pUCJ18 

The PCR products were separated 
by isolating the desired DNA from the 
reaction mixture on an agarose gel and 
purifying the DNA from the agarose 

EcoRI BamHI 

(:) 
pEK250 

digesled wilh EcoAI and BamHI . . . . j 1) Make single stranded ONA 
Site Spec1hc Mutagenes1s 2) Anneal oligonucleolide 

mutagen 
3) Fill out with Polymerase and 

Ugase 

0 
pET3a + tbp 

Cloned fbp inlo 

1) Cut with Ndel and 6amHI 
2) DNAUgase 

E<OR~mHI 

0 
pUC118+ fbp 

+ 
Ndel Sam HI 

pET3a digested with Ndel and BamHI 

Figure 1. Schematic of the protocols used to amplify the E.coli fructose 1,6-bisphosphatase gene 
by PCR, to clone fructose 1,6-bisphosphatase gene into pUCl 18, to mutate the pEK250 plasmid by 
site-directed mutagenesis, and to clone the fructose 1,6-bisphosphatase gene into the expression vec­
tor, pET3a. 

1 2 3 4 5 6 
Figure 2. Analysis of restriction fragments of 
the jbp gene cloned into the pUCl 18 plasmid 
by agarose gel electrophoresis. The following 
samples were run in each lane respectively: ( 1) 
molecular weight standards of'>.. DNA digested 
with BstEll, (2) the jbp gene cloned into 
pUCl 18 digested with EcoRl and BamHl, (3) 
the jbp gene cloned into pUCI 18, (4) the jbp 
gene cloned into pUCI 18 digested with BamHl, 
(5) the jbp gene cloned into pUCI 18 digested 
with EcoRl, and (6) pUCI 18 alone digested 
with EcoRl and BamHl. The numbers on the left 
hand side of the gel correspond to the number of 
kilobase pairs of each f ragment of the A DNA. 

using Gene Clean (US Biochemicals). 
The PCR product and pUC 118 were 
digested with the restriction enzymes 
EcoRI and BamHI (see Figure 1) and 
the digested fragments were isolated 

' and again purified by agarose gel elec­
trophoresis and Gene Clean. The PCR 
fragment and pUCl 18 fragment were 
treated with DNA ligase (see Figure 
1). The cloned pUCl 18 with the PCR 
product (now named pEK250) was 
then digested with various restriction 
enzymes to verify that the jbp gene 
was inserted into the pUCl 18 plasmid 
(see Figure 2). The experimental frag­
ment sizes were the expected sizes, 
thus pEK250 is pUCl 18 with the fbp 
gene inserted between the EcoRI and 
BarnHI sites. 

( c) Site-specific Mutagenesis 
The pEK250 plasmid was trans­

formed into strain XLl-Blue MRF and 
Ml3K07, a filamentous helper bacte­
riophage, was used to induce produc­
tion of the single-stranded DNA. The 

continued on page 13 
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An Idle Pump Can Be Costly. 
We can have that 'idle' pump back in 
working condition quickly, and at far 
less than the cost of a new one. 
We'll pick-up your pump free-of­
charge*, re-build it using man­
ufacturer's original 
replacement parts, and give ... · 
you a 90-day warranty on 
parts and labor. 

We service all makes 
of vacuum pumps 
including such names 
as: Sargent-Welch, 
Precision, Cenco, 
Kinney, Alcatel, Stokes, 
Leybold-HerC!eus, plus Turbo 
Molecular Pumps by Sargent-Welch. 

~1 . We maintain a variety of rebuilt 
' / . pumps, pump fluids & vacuum 
·· · ,, · · components-in stock-ready 

for immediate delivery. Call or 
fax us today for more infor­

mation at 508-667-2393 
fax 508-671-0014. 

*Free pickup within a 
50 mile radius of 
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Billerica. 
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National Science Foundation 
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• Interpretation of One-Dimensional (lD) NMR Spectra 

• Two-Dimensional (2D) NMR 

Participants will be responsible for travel expenses. Interested undergraduate faculty are 
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Contact: NMR Concepts, P. 0. Box 1577, Kingston, RI 02881-0490 
Phone (401) 792-2876, Fax (401) 792-2104 
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Scholars' Reports 
continued from page 11 

site-specific mutagenesis procedure 
involves using the single-stranded 
DNA of interest, annealing a mutagenic 
oligonucleotide, extending the oligonu­
cleotide with DNA polymerase, and 
sealing the 5' end of the oligonucleotide 
with DNA ligase (see Figure 1). In our 
procedure two oligonucleotides were 
used (see Figure 3), one to introduce 
the Ndel site at the first codon of the 
jbp gene and the other to eradicate the 
Ndel site in the middle of the gene3. 

The site-specific mutagenesis was per-

Oligonucleotide #1 

DF657 competent cells prevents re­
combination between the jbp gene in 
pET3a and the chromosomal jbp. The 
candidate plasmids were purified by 
the alkaline lysis method and then 
treated with a variety of restriction 
enzymes to verify that the fbp gene 
was cloned into pET3a plasmid. 

( e) Future Directions 
The next step will be to purify the 

fructose l ,6-bisphosphatase from E. 
coli. This summer project on the 
cloning and overexpression of the E. 
coli fructose 1,6-bisphosphatase gene 
will be continued as part of a Senior 
Scholar of the College Project. During 

. · Met Lys Thr 
5.' C AGG GAA ACT 0 ATG AAA ACG 3 ' FBP template : -

I II I 111 111 I 111 111 111 
Oligo sequence: 3 ' G TCC CTT TGA G TAC TTT TGC 5 ' 

FBP result: 5' C AGG GAA ACT!CAT ATG1AAA ACG 3' 

Ndel Site Figure 3. Sequences of the two 
oligonucleotides used to intro­
duce and remo~e the Ndel sites 
within thejbp gene needed for 
the cloning into pETJa. The 
sequences of the wild type fbp 
template, the oligonucleotide 
used for the mutagenesis, and 

Uligonucleotide · #2 

Asn Asp His Met Va l Gln 
GC AAC GAC Cill ATG GTT GAA G FBP template: 5' 3' 

Oligo sequence : 
II 111 111 II 111 111 111 I 

3' CG TTG CTG G TAC CAA CTT C 5' 

FBP result: 5' GC AAC GAC CAC ATG GTT GAA G 
Asn Asp His Met Val Gln 

3 , the sequence of the resulting 
mutation within the jbp gene 
are shown. 

formed by the method of Kunkel 6 . 

Candidate DNA plasmids were then 
purified from colonies that grew on 
ampicillin plates and were digested 
with various restriction enzymes to ver­
ify that the jbp gene contained an Ndel 
site at the first codon and had lost an 
Ndel site in the middle of the gene. 

(d) Cloning into pET3a 
Ndel and BamHI restriction 

enzymes were used to digest the puri­
fied plasmid to remove the jbp gene, 
the pET3a vector was digested with the 
same enzymes (see Figure 1). Both 
fragments were isolated on an agarose 
gel and purified. The two fragments 
were mixed and treated with DNA lig­
ase and transformed into competent 
DF657 [tonA22, ~-. ompF627(T/), 
relAl , pit-10, spoTl, ~(fbp)287] 1 cells 
which lack the jbp gene. Use of these 

this year I hope to use site-specific 
mutagenesis to investigate the catalytic 
and regulation mechanis ms of thi s 
important metabolic enzyme. 
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Gayle 
Phadungchai 
1993 Norris Summer Scholar 

Dr. Evan Kantrowitz, Gayle 's research 
supervi sor comments: "Gayle Phad­
ungchai began working in my labora­
tory a t Boston College during her 
freshman yea r, at which time she 
helped with a variety of experiments 
and computer related projects. How­
ever, her real introduction to indepen­
dent research came as a result of her 
work during the summer of 1993 as a 
Norris Summer Scholar. ... She de­
voted full time to L research project 
and this concentrated period gave her 
the chance to combine and apply the 
knowledge that she had gained from 
lectures to the research project. I 
believe that learning to combine lec­
ture material and to perform indepen­
dent laboratory work ha s allowed 
Gayle to develop during thi s period 
into a mature research sc ientist, 
something that may not have been pos­
sible without the Norris Summer 
Scholarship." <> 

Richard H. Holm 
continued from page 5 

istry , the Harri son Howe Award, the 
Centenary Medal of the Royal Society, 
the Dwyer Medal of the Australian 
Chemical Society, the American 
Chemical Society A ward for Distin­
guished Service in· the Advancement of 
Inorganic Chemistry, the Polyhedron 
Prize for Creativity in Inorganic Chem­
istry, the Alfred Bader Award in Bio­
organic or Bioinorganic Chemistry, and 
the National Academy of Sciences 
Award in Chemical Sciences. He is a 
member of the American Academy of 
Arts and Sciences and the National 
Academy of Sciences. Recently he was 
awarded the honorary Doctor. of Sci­
ence from the University of Chicago. 
<> 
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Enzymatic Activity of Glutathione-S-Transf erase in Non-Aqueous Solvents 
by Michelle A. Poiriert 

Department of Chemistry, University of Massachusetts Dartmouth, North Dartmouth, MA 02747 

Advisor: Dr. Bal Ram Singh 

_Introduction 
Glutathione-s-transferase (GST), a 

two-substrate ubiquitous enzyme, is 
. one of the liver's several detoxification 
enzymes. This enzyme catalyzes the 
reaction between y-glutamylcysteinyl­
glycine (glutathione, GSH) and elec­
trophilic xenobiotics including drugs, 
chemicals, or carcinogens, such as 
polycyclic aromatic compounds. 1•2 For 
reasons ranging from function to diver­
sified presence, GST remains an im­
portant macromolecule for biochemi­
cal study. 

Until quite recently, it was be­
lieved that enzyme catalysis in general 
was possible only in aqueous media 
(except for those enzymes located in 
biological membranes). In the last few 
years, however, observations have 
been made which contradict this con­
ventional wisdom. In particular, a­
chymotrypsin and subtilisin, two pro­
teases which are not membrane bound, 
were found to display activity in sev­
eral organic solvents. 3 Of particular 
interest to this research is the fact that 
novel properties have been observed 
from non-aqueous enzyme catalysis. 
These properties include thermal stabil­
ity, significantly different substrate 
specificities, and, in some cases, the 
ability to catalyze a totally different 
reaction.3.4 In most cases non-polar sol­
vents have been observed to be favor­
able for non-aqueous enzymology. 

The non-aqueous enzyme cataly­
sis of GST has been investigated in 
this study. Previous work has demon­
strated that GSH can be non-covalently 
bound to the enzyme and the free glu­
tathione separated from the enzyme/ 
substrate complex by gel filtration. 5 

This work provided a means of com­
bining the water soluble substrate with 
the enzyme before the enzyme was uti­
lized to increase the chance of non­
aqueous catalysis. Fourierctransform 
infrared spectroscopy (FT-IR) A TR 

t 1993 Norris Summer Scholar 
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(attenuated total reflectance) technique 
has been used in this research to study 
the effect of organic solvents on the 
structure of GST, with octane and 
amyl alcohol as model hydrophobic 
and hydrophilic solvents on a relative 
scale. The catalysis of GST was also 
analyzed by FT-IR ATR technique 
using l-chloro-2,4-dini tro benzene 
(CDNB) as the model electrophilic 
substrate. An assay system was first 
established in aqueous media and later 
modified for non-aqueous studies. 

Materials and Methods 
Equine liver GST (lyophilized 

powder, EC. 2.5.1.18), CDNB and 
crystalline reduced GSH were pur­
chased from Sigma Chemical Com­
pany (St. Louis, MO). Solutions of 
GST and GSH were prepared in 20 
mM sodium phosphate buffer (NaPB) 
pH 6.5. Octane and amyl alcohol were 
purchased from Aldrich Chemical 
Company (Milwaukee, WI). Solutions 
of CDNB were prepared in ethanol 
immediately prior to use. 

Spectrophotometric assay of 
aqueous enzyme activity 

Each protein solution was assayed 
for enzymatic activity using a Beck­
man DU Model 2400 Spectrophotom­
eter. To perform this assay, 50 µL of 
20 mM GSH was added to a l mL re­
action mixture containing 50 µL of 20 

mM CDNB and 10 µL of lmg/mL 
GST and the absorbance at 340 nm 
was monitored. 

FT-IR Spectroscopy-A TR 
Technique 

FT-IR Spectra were recorded on a 
Nicolet Model 8210 spectrophotometer 
equipped with a 60° horizontl;ll zinc 
selenide ·crystal A TR (attenuated total 
reflectance) accessory. 6'7 All spectra 
were recorded with a room tempera­
ture DTGS detector at 4 cm-1 resolu­
tion. To obtain each spectrum, a total 
·of 50 scans were recorded. 

FT-IR A TR analysis of organic 
solvent effects on enzyme structure 

Protein IR spectral recordings 
after treatment with organic solvents 
for 0 and 30 min were carried out 
according to the previously published , 
procedure. 7 

FT-IR ATR Spectroscopic assay of 
aqueous and non-aqueous enzyme 
activity 

The aqueous enzymatic assay of 
the GST-catalyzed conjugation of 
CDNB to GSH was accomplished by 
adding 100 µL of 20 mM GSH and 
100 µL of20 mM CDNB to a 1800 µL 
solution of buffer layered on the crys­
tal. A volume of IO µL of 1 mg/mL 
GST was added to the solution and a 
spectrum was collected immediately as 
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a reference. Spectra were collected 
every 5 minutes for 20 minutes to 
monitor the course of the reaction. 
Two controls were run in addition to 
the first assay. The first control, "GSH 
&CDNB", was a repeat of the first run, 
omitting the addition of the enzyme. 
The second control, "CDNB only", 
was a repeat of the first, omitting the 
GSH. 

The non-aqueous enzymatic catal­
ysis was completed according to the 
following proc.edure. Volumes of 100 
µL of 1 mg/mL G~T and 500 µL of 20 
mM GSH were addi::d to 1800 µL of 
buffer layered on the crystal. The solu­
tion was allowed to incubate on the 
crystal for 30-minutes before the bulk 
was removed. A volume of 1800 µL of 
octane and 250 mL of 20 mM CDNB 
were applied to the GST/GSH ad­
sorbed crystal. A spectrum was col­
lected immediately as the reference 
and additional spectra were collected 
every 5 minutes for 20 minutes to 
monitor the course of the reaction. As 
in the aqueous studies, two controls 
were run. 

Results and Discussion 
FT-IR Spectroscopy has been used 

to analyze the function of GST in 
aqueous and non-aqueous media. 
Structural analyses were performed to 
provide insight into possible non-aque­
ous enzymatic activity. FT-IR ATR 
technique has previously been demon­
strated to be a useful method of study­
ing protein structure because of its 
high sensitivity as a technique.7 More 
recent work has expanded use of the 
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Figure 1. Ff-JR spectrum of glutathione-s­
transferase (GST) enzyme in buffer 
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Figure 3. Spectrum of the GST-cata/yzed reaction in aqueous medium 

technique to include the effect of 
organic solvents on the structure of 
proteins. In this study structural analy­
sis of GST was performed in buffer, 
octane, and amyl alcohol. Figure J 
represents the spectrum of the enzyme 
in buffer. The peak at 1650 cm-1 is the 
amide I band and Amide II band is rep­
resented by the peak at 1550 cm-1• The 
ratio of the amide I to amide II peak 
height represents the enzyme in its 
native form. Figure 2 depicts GST 
upon exposure to (A) octane anct (B) 
amyl alcohol for 30 minutes. The 
results of the analysis are summarized 
in Table I. It can be seen from the table 
that the ratio of amide I to amide II 
decreases 15.8% upon exposure of 
GST to octane. In contrast, this ratio 
increases 26.3% upon exposure of the 

enzyme to amyl alcohol. 
The structural analysis seems to 

indicate a larger change in structure 
from the native form for amyl alcohol 
exposure. According to previous stud­
ies with a-chymotrypsin, a change in 
structure was observed upon exposure 
to amyl alcohol but not octane.6 This 
enzyme was also shown to retain its 
activity in octane and not in amyl alco­
hol. 3 The structural studies of GST 
may suggest that the enzyme retains its 
activity in octane. 

The spectrum of the GST-cata­
lyzed reaction in aqueous medium is 
depicted in Figure 3. The set of peaks 
in the region of 1040-1100 cm- 1 is 
believed to represent the CDNB 
molecule. Chl.orine, when bound to a 
carbon on a benzene ring, has a very 
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strong lR absorbance at 1040 cm-1• 8 It 
is apparent from the spectrum that the 
peak at 1040 cm- 1 increases after 5 
minutes, then decreases throughout the 
remaining spectra. The set of spectra 
corresponding to the two controls, 
although not shown, follow the same 
decreasing trend. According to the plot 
shown in Fig. 3 inset, the total change 
of absorbance at 1040 cm-1 from 0 to 
20 minutes is different for the three 
runs. It can be seen from the plot that 
the total absorbance change was high­
est for "CDNB only". This change 
decreased upon addition of GSH to the 
reaction contents and further decreased 
upon addition of enzyme. 

The non-aqueous catalysis data 
are compared with the aqueous cataly­
sis data in Figure 4. It can be seen 
from the two graphs that the aqueous 
and non-aqueous data follow the same 
trend: the lowest absorbance change 
was observed for the reaction mixture 
containing enzyme. 

In the catalysis experiments the 
decrease in the 1040 cm- 1 peak was 
observed in Figure 3 and all the spec­
tra collected. The decrease in this peak 
is believed to represent the breakdown 
of CDNB, more specifically, the C-Cl 
bond . It is known the CDNB is not 
particularly stable in solution. Because 
the decrease is highest in the "CDNB 
only" data, the breakdown seems to be 
occurring more rapidly without the 
enzyme. Perhaps the binding of sub­
strates to the enzyme and the reaction 
itself is preventing the immediate 
breakdown in solution. Because the 
reaction occurs without the enzyme, 
although very slowly, one would ex­
pect the decrease in the 1040 cm- 1 

A 
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0.1 0 
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TABLE I. Effect of Organic Solvents on Structure of 
Glutathione-S-Transferase 

SOLVENT Peak Heights Ratio Rel.% 

AMIDEI 

Buffer 0.012 

TIMEO 0.838 
Octane 

TIME 30 0.834 

TIMEO 0.162 
Amyl Alcohol 

TIME30 0.154 

peak for "GSH & CDNB" to be in 
between the "CDNB only" and the 
enzyme run. In fact, this is observed in 
both aqueous and non-aqueous cataly­
sis studies. Another interesting obser­
vation is the difference in overall 
absorbance change in aqueous and 
non-aqueous data: the overall change 
is sig nificantly higher in aqueous 
media. It is likely that CDNB is less 
stable in buffer than in organic sol­
vents, which would account for a more 
rapid breakdown and larger absorbance 
change in aqueous media. Although 
indirect, the data could suggest that the 
enzymatic activity of OST is being 
observed. The identical trend observed 
in octane, in combination with the 
structural data of OST in octane, may 
sugge st that the enzyme retains its 
activity in organic solvents. In order to 
better understand the FT-IR spectra, it 
will be necessary in the future to ana­
lyze the breakdown products of CDNB 
closely by gas chromatography-mass 
spectrometry. 

B 

Change 
AMIDE II 

0.0087 1.379 

0.722 1.161 -15.8% 

0.717 1.163 -15.7% 

0.093 1.742 +26.3% 

0.092 1.674 +21.4% 

Non-aqueous enzyme catalysis of 
OST has both biochemical and bio­
technological applications. This study, 
in combination with others of its type, 
may provide a better understanding of 
the mechanism of non-aqueous cataly­
sis, including the role of the solvent in 
catalysis. Biotechnological applica­
tions of non-aqueous OST catalysis 
include the degradation of environ­
mental pollutants, most of which are 
only soluble in non-aqueous media. 
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Michelle A. 
Poirier 
Dr. Singh writes: (condensed) 
Michelle, currently at the U. of Cali­
fornia-Berkeley, was one of the top 
students in chemistry at UMass Dart­
mouth. She entered as a liberal arts 
major, but enjoyed science courses and 
so changed her major to biology and 
soon realized that "to understand 
biology , it was important to know 
chemistry." So she changed her major 
to chemistry (biochemistry option). In 
1991, she contacted me regarding 
doing biochemical research in my 
laboratory . She got interested in an 
enzyme that may be relevant to local 
problems , so we decided on glu­
tathione-S-transferase with a goal of 
getting it to work in non-aqueous sol­
vents. Then, the water insoluble PCBs 
could be a substrate. PCB is a major 
pollutant in the Acushnet River. 

After summer research in 1991 
funded by Pfizer Corp., she continued 
the research in the summer of 1993 as 
a Norris Scholar. Michelle showed a 
very strong dedication to this project. 
In addition to learning several research 
techniques, she learned how to design 
a relevant project applicable to local 
problems. She developed a very strong 
confidence in planning research and 
deriving conclusions from her results. 
<> 

Board of Directors 
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applying as preceptor of the program. 
Those interested are invited to contact 
her. 
Public Service: Dr. Golen is the new 
chairman of this committee. 
Old Business: None 
New Business: In fostering closer ties 
with the Medicinal Chemistry Group, 
Dr. Kaufman appointed Drs. Gleek­
man, Hopkins and Kaufman to a spe­
cial committee to work with M. Singer 
and his fellow officers and to seek the 
advice and expertise of Dr. J . Neu­
meyer. <> 
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March 29 
Prof. Michael D. Morse (Univ. of Utah) 
"Electronic Structure and Chemical 
Bonding in Transition Metal Diatomics" 
Massachusetts Institute of Technology 
Room 2-105 at 4:00 pm 

March 29 and 30 
The Fourth Annual Science Day sponsored 
by the Barnett Institute of Chemical 
Analysis and Materials Science at 
Northeastern University 

March29 
Prof. Charles R. Cantor (Boston Univ.) 
"Implications of the Human Genome 
Project" 
356 Ell Center at 4:00 pm 

March 30 
Prof. Charles R. Cantor (Boston Univ.) 
"Sequence-specific DNA Purification" 
356 Ell Center, 9:00 am - 12: 15 pm 

The Science Day Poster Session 
Ell Center Ballroom, 1 :00-3:00 pm 

The De Vivo Lecture in Materials 
Science 
356 Ell Center at 4:00 pm 

March 30 
Dr. Kenneth G. Mann (Univ. of Vermont) 
"The Assembly of Blood-Clotting 
Enzymes on Membranes" 
UMass Dartmouth, Rm. 305, Science & 
Engineering Bldg (Group II) at 4:00 pm 

March 31 
Prof. Jack W. Szostack (Harvard Medical 
School) 
"Isolation of New Ribozymes from Large 
Pools of Random RNA Sequences" 
Boston College, Rm. 127, 
Merkert Chemistry Center at 4:00 pm 
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Nucleus Calendar 
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Chris Arumainayagam 
Dept. of Chemistry 
Wellesley College 
Wellesley, MA 02181 
Tel: (617) 283-3326 
Fax: (617) 283-3642 
e-mail: CARUMAINA Y AG@ 
LUCY.WELLESLEY.EDU 
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Fax: (6011)384-8835 

Laboratory Automation 
Off-the-shelf & customized hardware and software 

Direct reading simultaneous 
apectromefer upgrades 

:fpollo1 our data acquisition retrofit product 
1~ de~1gned to extend the life and func­
l!onahty of your ARL, Baird, or Jarrel-Ash 
(ICP) spectrometer. It provides instrument 
control, data .storage, and reporting through 
easy menu dnven software. 

Technology Exchange Corporation 
A Sc/Mt/tic <:omput.r Appl/cation• CompM1y 
Phone (508) 234-6655 FAX (508) 234-6859 

NMR ANALYSIS 
POLYMERS • ZEOLITES • CHEMICALS 

• GLP/GMP COMPLIANCE • 
SPEClRAL DATA SERVICES, INC. 
818 Pioneer• Champaign, IL 61820 

(217) 352-7084 •FAX (217) 352-9748 
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DESERT 
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Elemental 
Microanalysis 
Since 1980 

+ CHNOSP Halogens 
.+Metals by AA 
+ Ion Chromatography 
+ Trace Analysis 
+ Coal/Petroleum 

FAST, RELIABLE SERVICE 

No Charge for Phone 
or Fax Results 

P.O. Box41838 
Tucson, Al 85717 
Fax 602-623-9218 

245 S. Plumer, #24 
Tucson, Al 85719 

Phone 602-623-3381 
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Standards Catalog 

~ERICAN .. ~,~~YMER 
ST AND ARDS CORPORATION 

P. o. Box 901 , Mentor, Ohio 44061-0901 
Phone: 216-255·2211 Fu: 216·255-8397 

POLYMER 
PROBLEMS? 

• Complete Polymer Deformulation 
•. Good vs.' Bad Comparison 

DSC, TGA, IA, UV-Vis, GC, HPLC, NMR 
• GPC/SEC Molecular Weights and MWO 
• Additive Package Analysis 

4Mlll Street 
Bellingham, MA 

02109 

• 
(508) 966-1301 
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CIL, the world's leading suppli:er of ~le 
isotope labeled chemicals and b1ocherrucals, 
has two positions availabl~ as a result of 
continued, steady growth m a dependable 
market. 

Ph.D.IM.S. Synthetic Oreanic Chemist 
Laboratory position requires excellent l~ 
techniques, a broad knowledge o~ org~c 
synthetic methods and . a l!rofic.1ency m 
chemical separation and identificatio~ of or­
ganic compounds. Ph.D. or !-f.S. with ex­
perience in organic syn~es1s and strong 
analytical skills are required. New gradu­
ates encouraged to apply. 

Quality Control Chemist 
Motivated chemist with a high ener~ level 
to work in our state-of-the-art analytical lab. 
B.S. or M.S. in chemistry with one to three 
years experience in operation of NMR as 
well as GC, GC/MS, LC and other 
analytical systems preferred. New graduates 
will be considered Flexible work schedule 
is a plus. 

CIL offers an excellent salary, ~k op?on 
and benefit package. For cons~derat1on, 
send your resume and salary history to 
Diane Weatherbee. 

CIL 
CAMBRIDGE ISOTOPE LABORATORIES 
20 Convnerce Way, Woburn, MA 01801 

An Equal Opportunity Employer 
Non Smoking Environment 

BOSTON COLLEGE 
Department of Chemistry 

The Chemistry Departn:ient of 
Boston College has openmgs for 
full and part-time non-tenure 
track lecturers for the 1994-1995 
academic year. We are seek!ng 
Ph.D . chemists with outstandmg 
teaching credentials,. Positions 
may involve teachmg general 
chemistry, lecture .and labora­
tory; organic chemistry, lecture 
and lab ora to.ry, adyanced 
courses in orgamc and biochem­
istry, and advan~ed labor~tory 
courses in physical chemistry 
and instrumental methods. 

Candidates should send a cur­
riculum vitae, _including. infor­
mation on previous teachmg ex­
perience, and names and ad­
dresses of three references to : 

Dr. Evan R. Kantrowitz 
Chairman Department of Chemistry 

Boston College 
Chestnut Hill, MA 02167 

Equal Opportunity Employer 

PHYSICAL 

or 

ORGANIC 

CHEMISTS 
. COATINGS SPECIALIST 
Senior level position requires 
hands on laboratory development 
of coatings, management ~f. ~ye 
and ink development activities 
through consultants and manu­
facturers and technical consulta­
tion of media manufacturers with 
the purpose of becoming the 
media development expert for the 
company. MS Physical or 
Organic Chemistry, 6-10 years 
experience with a successful 
product development background. 

INK SPECIALIST 
Senior level position requires 
hands on development of inks, 
managing dye and ink develop­
ment activities through consult­
ants and manufacturers, technical 
consulting of ink manufacturing 
facilities with the purpose of be­
coming an expert in ink develop­
ment for the company. MS 
Physical or Organic Chemistry 
with 6-10 years experience in ink 
jet, business machines, or aque­
ous ink development and succes~­
ful product development expen­
ence. 

Qualified candidates 
please send resume to: 

HAMBLIN GROUP, INC. 
16 Boston Post Road Wayland, MA 01ne 

or fax to: (508)358-0193 

L.___C_O_N_S_U_U_A_N_TS~~I IL--~P_R_O_D_U_CT_S~___._, 

Materials & Processes 
Contract Analyses & 
Engineering Services 

Consulting: 
R&D 

Materials Selection 

Process Development 

Contamination Analysis and Control 

Mechanical/Electrical Failure Analysis 

ODC Phaseout 

Capabilities: 
. SEM/EDS. CC/ MS, FflR, lCP, DSC, 
UV/Vis. 

· X-ray Auorescence 

Karl Fischer 

Dilatometry 

Metallographic Preparation/Examination 

Hardness, Shear Tensile Testing 

Thin Film Coatings 

CommerciJJ/ Busio.., Dtpartmtnl 
100 Morse Street 
Norwood, MA 02062 
(617) 762·5300 (617) 769-2237 FAX 

NORTHROP 
Electronics Spt.m• Division 
Notwood Sito 

Your Priorities ... 

10 -Accuracy and Precision 

2° -Turnaround (1 day for CHN, S, X) 
3°-Value 

Our Capabilities ... 

- Organic Elemental Analysis 

- Inorganic Analysis - AA, ICP 

- Chromatography - HPLC, IC, GC 

Your Service Lab ... 

MJ~''~"'!.'!"!'<'<o.;~.!'S 
(908) 534-4445 P.O Box 470, Rt. 22E 

Whitehouse, NJ 08888 

PROTECT 
Your Expensive Lab Work with Research 

and Development Record Books 
STOCK RECORD BOOKS 

8500 - Fifty pages and fifty duplicates. 
1/4 inch sqs. on right pages. 

B100P - 100·1/4 inch sqs. on right pages. 
100· 1 O sqs. per inch on left pages. 

B200P - 208 1/4 inch sqs. on right and left pages. 
B200PH - 208 horizontally lined right and left pages. 
Books have instruction and TOC's. Page size is 11 x 81/2. 
Hard extension brown cloth covers. Pages open flat. 

$10.50 each, FOB Chicago 
CUSTOM MADE BOOKS TO ORDER 

SCIENTIFIC BINDERY PRODUCTIONS 
1255 S. Wabash Ave., Chicago, IL 60605 

Phone: 312-939-3449 Fax: 312-939-3787 

Glass Repair & Fabrication 
+ Cost-Saving Repairs -

Save 50% of replacement coat. 
+ Custom and off-the-shelf fabrication 
+ Glassware for Perkin Elmer & others 

Call (615) 546-1335 
for our information packet. 

GALBRAITH SCIENTIFIC GLASS 
a division of Galbraith Laboratories, Inc. 
2323 Sycamore Dr. • Knoxville, TN 37921 

LABORATORY 
EQUIPMENT· 

Bought • Sold • Exchanged 

March Special 
Millipore Filtration Equipment 

Ask for our latest equipment listing 

American Instrument Exchange, Inc. 
21 Canal Street, Lawrence MA 01840 

TEL: 508-794-3496 FAX: 508-794-8431 

ChemNameStru 
Innovative chemical structure drawing program. 
D NameXpert module converts UJP AC chemical 

names to high quality molecular structures. 
D A wide range of drawing tools D Text editing tools 
D Rwis on PCs Wlder MS Windows 3.1 

~ ~ yo H2NW N l-acetyl-6-aminoindole --- I 
""-- ;; 

Special Offer $149 

Cbemlnnovation Software (6 19)566-2846 

8190E Mira Mesa B lvd., Suite 428, San Diego, CA921 26 

An exciting opportunity at 

THE NUCLEUS 
Would you like to contact the 
movers and shakers and re­
searchers of the business and 
academic worlds? 

Our members tell us that they 
would like to see more a rticles 
about the happenings in these 
two arenas. We have a p lan to 
make the gathering of a rtic les 
from these sources fairly easy, 
but we need several volunteers 
to do the contacting. 

Might that be you ? ? ? 

Please call 
Arno Heyn 

Editor of The Nucleus 

(617) 969-571 2 
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