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Green Chemistry Workshop for Drug
Development and Education

By Ray Borg, Chair of the UMass Sustainable Scientists Association and Outreach Coordinator of the NSYCC
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Back row from L to R: Hannah Sevian, Javier
Mangano, Shen Duan, Alejandro Rovira. Front
row from L to R: John Warner, John Wong, Leo
Letendre, Vaso Lykourinou

On Saturday, November 5, 2016, Pfizer
Pharmaceuticals, the University of Mas-
sachusetts Sustainable Scientists, and the
Northeastern Section Younger Chemist
Committee hosted a workshop focused
on green chemistry in the pharmaceuti-
cal industry and chemical education at
the Integrated Science Center at UMass
Boston. In addition to the large number
of graduate students in attendance, there
were several high school students from
Urban Science Academy as well as high
school teachers.

The first half of the event was com-
prised of four talks from research
chemists at Pfizer who integrate green
chemistry principles into their daily
lives. Javier Magano gave the first pres-
entation about the last 14 years at Pfizer
and how green chemistry has been in-
corporated. Dr. John Wong followed
with a presentation on pharmaceutical
compounds synthesized using biocata-
lysts as a more sustainable alternative.
Next, Dr. Leo Letendre presented his
work about the greening of the industrial
production of Celebrex®. Javier then
finished the Pfizer presentations with a
talk on applications of transition metal
catalysis in the pharmaceutical industry.

We then proceeded to a working
lunch hosted by Dr. Shen Duan where at-
tendees broke into four different groups
that analyzed different synthetic routes
of Pregabalin. After the discussion, each
group presented what could be im-
proved about each synthetic pathway to
reduce energy and toxic materials, and
increase the yield of the desired com-
pound.

Dr. John Warner, CEO of Warner
Babcock and co-founder of Beyond Be-
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nign, opened up the green-chemistry-in-
education part of the workshop by pre-
senting on his experiences through aca-
demia, industry and entrepreneurship.
His life story as a chemist is fascinating
and inspiring; he continues to innovate
and implement green chemistry in all
facets of his company and provides hope
for the future.

Next, John de la Parra, a graduate
student and instructor from Northeastern
University, gave a talk on the green
chemistry units he and his colleagues,
Vaso Lykourinou and Alejandro Rovira,
have been implementing into the under-
graduate curricula at Northeastern.

Lastly, Dr. Hannah Sevian from
UMass Boston presented on the devel-
opment of student thinking from middle
school to graduate school. From her
years of collecting surveys and data from
students, she presented examples of how
chemistry is presented at these levels
along with ways to increase student en-
gagement and understanding of the ma-
terial.

The large, diverse, and engaged
crowd, as well as Pfizer’s generous con-
tribution, made this event a great suc-
cess! We hope to continue this collabo-
ration and host more green chemistry
events in the future. &

What’s Yours?

DMPK Scientist,
LC/MS Product Specialist,
Mass Spec Operator,
Staff Investigator,
Process Chemist,

QA Manager,
Synthetic Chemist,
Lab Instructor . . .

Many local employers post positions
on the NESACS job board.

Find yours at

www.nesacs.org/jobs
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2017 Chair’s Statement

By Leland L. Johnson, Jr., The Conditas Group, ljohnson @theconditas-

group.com

The Northeastern Section of the Ameri-
can Chemical Society has been known
for innovation and leading the way lo-
cally and globally. Our section is situ-
ated in an area with representatives from
the top talent pools of chemistry and the
chemical sciences, from industry and
academia.

The executive committee of our
section has performed admirably in an
effort to capture the institutional mem-
ory of our section while engaging new
volunteers to continue the work of the
section. Over the past several years, vast
inroads have been made in these areas:
¢ Streamlining the publication and de-

livery of our award-winning newslet-
ter, The Nucleus;

¢ Redesigning and re-launching the
www.nesacs.org website;

e Updating the way we register for
meetings within the section;

¢ Engaging our members and the gen-
eral public in order to increase aware-
ness of our section and promote the
benefits of chemistry to our society
and the world.

In 2015, I was humbled by the result of
my election to Chair-Elect for 2016. I
am honored by the trust you have placed
in me to lead the section in the specific
ways that a NESACS Chair is able to do
so. In 2016, as Program Chair and
Chair-Elect for our section, I focused on
finding interesting chemists, leaders,
and at least one politician to speak with
our section. I also found that diversity
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and innovation were prominent themes
for the monthly meetings I was privi-
leged to organize. This led to a strong
group of speakers and panelists from in-
dustry, academia and government, in-
cluding a greater number of speakers
and panelists who are women and/or are
from under-represented groups in
STEM.

This boldly illustrates that we have
tremendous depth within and around our
section, and efforts to highlight our in-
spiring members should continue in the
coming years.

Whether through named awards
given throughout the year or highly vis-
ible outreach to Boy Scouts, National
Chemistry Week, or “Area Meetings,”
our section will continue to shape the
positive public perceptions of chemistry
and the influence of chemistry through
our networking activities, professional
improvement, and social events.

Personally and professionally, net-
working and communication have been
key drivers of success, and key indica-
tors of impending (for me, personal or
professional) failure. This is true of NE-
SACS. Our committees are very strong
and very involved and very dedicated.
We should focus on coalescing with a
goal to move forward, together...for and
with NESACS.

I have had the distinct privilege of
working with amazing chemists, of
course, and dedicated volunteers in our
section. What I have found is that so
many ask if they are “able to help,” and
to those members who are willing to
serve: | hope that I am able to answer
your questions sufficiently.

I was introduced to the section
through our award-winning Exchange
Program to Germany. From there, I
served the NSYCC as Career Chair, then
Chair, and then with sage advice from
former section Chairs, I moved to Pub-
licity Chair, then Alternate/Councilor
and member of the Fundraising Com-
mittee. I have seen the section from the
inside and the outside, and I will always
encourage you to come in, to roll up

I
2015 NESACS Sponsors
Instititution Contribution Level
Amgen Platinum  Platinum
Biogen, ldec Platinum  Platinum
Davos Pharma Platinum
Johnson-Matthey
SK Life Sciences
Navin Fluorine International Gold
Vertex Gold
Esselen Fund of the Boston  Silver

Foundation
Merck and Co. Silver

National Institute of Standards Silver
(NIST)

Pharmacore Silver

PLR Brand Services (Polaroid) Silver

Sanofi Silver

MilliporeSigma Bronze

European Chemical Sciences Bronze
(EuCheMS)

The Royal Society of Chemistry Bronze

German Chemical Society Bronze
(GDCh)

Novartis Bronze

Strem Chemicals Bronze

Contribution Levels Donation

Platinum $5,000+

Gold $3,500-$4999
Silver $2,000-$3,499
Bronze $500-$1,999
Meeting Sponsors
Amgen

Cape Cod Community College
Genzyme-Sanofi

Nova Biomedical

Takeda

Vertex
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your sleeves, and to have a lasting im-
pact on our section.

In closing, so many have dedicated
their time, their sweat, and their hearts
to our section. We have had to offer sad,
yet fond farewells to too many in 2016.
Some are still with us. Some live in the
legacy of their service. Let us not forget
them. Let us honor them by strengthen-
ing our section with our own service. So

continued on page 14

BOOKY OUR RAVINGS

When you tell our advertisers that you saw
their ads here they have more confidence in
our newsletter’s viability as an advertising
medium. They advertise more. This sup-
ports our many activities.
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Monthly Meeting

The 966" Meeting of the Northeastern Section of the American

Chemical Society

Co-Sponsored by the Women Chemists Committee

Thursday, January 12, 2017
Broad Institute

415 Main Street, Cambridge, MA 02142

Annual Meeting (Rm 1001M)

Board Meeting (Rm 1001M)

Social Hour (Lobby, 415 Main St.)

Dinner (Yellowstone Room, 75 Ames Bldg., Room 2001)
Leland L. Johnson Jr., NESACS Chair, Presiding

4:00 pm
4:30 pm
5:30 pm
6:30 pm
7:30 pm

Keynote Presentation (Auditorium, 415 Main St): Dr. Allison
Campbell, President of the American Chemical Society, Associate
Laboratory Director for Earth and Biological Sciences, Pacific
Northwest National Laboratory.

Title: 2017 Presidential Focus for the American Chemical Society

YOU MUST REGISTER IN ADVANCE TO ATTEND THE MEETING:
DINNER RESERVATIONS ARE REQUIRED.
THE PUBLIC IS INVITED

* Registration is required and a ticket will be necessary for admission to the
symposium, the networking reception, and the board meeting.

* To register, please use the link at: https://nesacs-broad-january-2017-

monthly-meeting.eventbrite.com/

¢ MBTA closest stop is Central Square or Kendall/MIT, Bus lines 1 and 2.
Street Parking is available for less than 2 hours. Garage parking is located
at 55 Franklin Street (enter on Franklin or Green Street, located two

blocks from NIBR).

¢ Registration or other questions? Please contact: Ms. Anna Singer during
regular business hours, secretary @nesacs.org.

* Please note: the office is open on a part-time basis only <

Abstract:

2017 Presidential Focus for
the American Chemical Society

The health of our planet, the safe prac-
tice of science, science literacy, and ad-
vocacy for the societal value of
chemistry and its practitioners are the
primary tenets driving American Chem-
ical Society’s (ACS) 2017 President Al-
lison Campbell. This talk will highlight
technical programming, events and ini-

tiatives planned during her tenure in the
ACS Presidential succession to show-
case how chemistry can be accom-
plished safely, sustainably, and securely
and drive solutions to our most pressing
global issues. President Campbell’s
technical programming focus on a sus-
tainable energy future, understanding
the role of chemistry in the earth’s at-
mosphere and climate, the health of our
soil and terrestrial systems, and the
availability of clean water will be par-
ticularly highlighted. &

]

Biography:

]
Dr. Allison A. Campbell is the 2017
Presidentof the American Chemical So-
ciety. She holds a Ph.D. in Physical
Chemistry from State University of
New York at Buffalo. She received a
B.A. from Gettysburg College in Get-
tysburg, PA. Immediately after finishing
her Ph.D., she joined the Materials Sci-
ence Department at Pacific Northwest
National Laboratory in Richland, Wash-
ington, where she focused her research
in the field of biomaterials.

She is credited with co-inventing a
bio-inspired process to “grow” a bioac-
tive calcium phosphate layer, from the
molecular level, onto the surfaces of ar-
tificial joint implants to extend implant
life and reduce rejection. She is also
recognized for her work in understand-
ing the role of proteins in biomineraliza-
tion. She is currently the Associate
Laboratory Director of the Earth and Bi-
ological Sciences Directorate at Pacific
Northwest National Laboratory.

Allison was elected AAAS Fellow
in 2013 and is a member of the National
Academy of Sciences Chemical Sci-
ences Roundtable and the Washington
State Academy of Sciences. She is the

continued on page 13
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2016 National Chemistry Week

By Raymond Lam, Assistant Professor, Science and Mathematics, Massachusetts Maritime Academy

The theme for National Chemistry Week
(NCW) 2016 was “Solving Mysteries
Through Chemistry.” The Northeastern
Section of American Chemical Society
(NESACS) teamed up with Boston
Children’s Museum and Museum of
Science — Boston once again to host two
public events and one high school series
event. This year also marked the first
year after the passing of Dr. Christine
Jaworek-Lopes, our beloved NCW
chair, organizer, and contributor for the
past decade. A special poster was put up
at all the events, and a blue tie was
printed on our volunteer T-shirts in
memory of her courageous fight against
colorectal cancer and to raise awareness.

Prior to the events, a volunteer ori-
entation event was held at the Museum
of Science — Boston on Sunday, October
2. Volunteers got an early preview of the
activities provided this year, and many
offered suggestions for improvements.
On Sunday, October 16, NESACS spon-
sored a NCW 2016 Kick-Off Event at
the Museum of Science. Volunteers en-
sured that more than 250 visitors to the
day-long event enjoyed a number of
hands-on activities. Among the high-
lights of the day were the two Phyllis A.
Brauner Memorial Lectures, presented
by Dr. Bassam Z. Shakhashiri, Professor
of Chemistry at the University of Wis-
consin-Madison.

Our second event was the High
School Science Series on Thursday, Oc-
tober 20, also held at the Museum of
Science. Students participated in a num-
ber of hands-on activities and demon-
strations facilitated by NESACS
volunteers and Museum of Science
staff. Two lecture demonstrations were
given by David Sittenfeld.

Our last event was held at Boston
Children’s Museum on Saturday, Octo-
ber 22. In addition to all the hands-on
activities related to the yearly theme,
Boston Children’s Museum staff also set
up a crime scene as an introduction to
all the activities. The crime scene re-
volved around a stolen birthday cake
from a birthday party and the various
evidences left behind by the suspect.
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Visitors were asked to help the detective
solve the crime by participating in the
activities and learning the different tech-
niques. The crime scene setup was well
received, with the younger audiences in-
trigued and eager to carry out the activ-
ities. Visitors were also given a stamp
sheet as they entered our activity area
and we had chemistry-related stamps
made so visitors could collect stamps at
each station. Approximately 1000 visi-
tors participated in the event and our vis-
itors loved the stamps idea as it
encouraged them to do as many activi-
ties as possible.

The activities and demonstrations
that were performed throughout NCW
2016 include: making UV bracelets,
writing secret messages using goldenrod
paper and ammonia, urine analysis, blood
detection with luminol, finger printing,
height determination using shoe size,
testing food for starch/sugar/protein, pH
testing of everyday chemicals, density
gradient of soil, microscopic view of
soil, fibers and hair, and chromatogra-
phy of ink. ACS NCW promotional ma-
terials, bookmark magnifiers, and
outreach materials and safety glasses
generously donated by Millipore Sigma
were given as souvenirs for NCW 2016.

The success of our events would
not have been possible without the effort
from our contributors and volunteers.
Special thanks to everyone at Boston
Children’s Museum and Museum of
Science — Boston for hosting the events,
and to Millipore Sigma for their gener-
ous donation. Our visitors appreciated
the patience, enthusiasm, passion and
energy from our volunteers from Be-
yond Benign, Brandeis University, Em-
manuel College, Gordon College,
Malden Catholic High School, Massa-
chusetts Maritime Academy, Nipmuc
Regional High School, Northeastern
University, Salem State University,
Stonehill College, Suffolk University,
Toxikon Corp, and Youth Mensa.

Children, grades K-12, were able to
participate in the national poster compe-
tition. Congratulations to Owen Hale
(7th Grader) from Woodbury Middle

S
Photos from NCW at the Boston Chil-

dren’s Museum.
Photos by Alissa Daniels.

School for winning the 6th — 8th Grade
category and Sindhu Mukundan (10th
Grader) from Pioneer Charter School of
Science I for winning the 9th — 12th
Grade category.

Winners of the Poem Contest: An-
isha Kundu (8th Grader) from Ephraim
Curtis Middle School won the 6th — 8th
Grade category and Sindhu Mukundan
(10th Grader) from Pioneer Charter
School of Science I won the 9th — 12th
Grade category.

The 2017 theme for NCW is
“Chemistry Rocks!” <&



Young Chemists Crossing Borders:
An International Exchange Program

Reflections from the YCCB Exchange Program with the EuCheMS European Young Chemists

Network.
By Caitlyn Mills

In September 2016, four young chemists
from NESACS traveled to Seville,
Spain, as part of the Young Chemists
Crossing Borders (YCCB) international
exchange program.

During this week-long exchange,
the YCCB delegates attended the 6% Eu-
ropean Chemical Sciences (EuCheMS)
Chemistry Congress with their hosts, the
European Young Chemists Network
(EYCN), and were immersed in a variety
of different scientific and cultural events.

Each exchange member gave a
presentation (either a keynote presenta-
tion or a short oral presentation) on their
current research work, took part in vari-
ous EYCN sponsored networking events,
and explored the culture of Seville.

The exchange members also trav-
eled to Cobre Las Cruces, an active cop-
per mining complex, where they learned
about mining, experienced an open pit
mining blast, and toured the hydromet-
allurgical plant where the copper is
treated. This experience offered a
unique look into the manufacturing set-
ting of an active mine and plant while
educating the exchange members on the
industrial culture in Spain. Below are
statements from each exchange member
on their impressions of the program, as
well as demonstrations of personal and
professional development.

Lori Ferrins, Postdoc, Northeastern
University

“The YCCB program was a fantas-
tic experience not only from a profes-
sional point of view but also on a
personal level. My motivation for apply-
ing to the program was two-fold; I
wanted to present my work at a highly
regarded international conference and to
expand my network of contacts, and in
both of these areas I was highly success-
ful. My keynote presentation was well
received and I gained many interesting
and useful perspectives, in addition to

having formed long lasting friendships
with a number of people that I would not
have otherwise met.”

Mindy Levine, Associate Professor,
University of Rhode Island

“I have been to many conferences
and met many interesting people, but it
never really occurred to me that they
were all domestic conferences and I was
only really meeting people and making
connections with other American scien-
tists. This conference opened my eyes to
the exciting chemistry being done in Eu-
rope and all over the world. It was great
to be pushed a little out of my comfort
zone and try to figure out how to speak
Spanish (fail!), navigate the Spanish
streets (also fail!) and have a fabulous
time in Spain (big success!). I expect the
connections I made there to lead to mul-
tiple long-term collaborations that will
include more international travel in the
future. Thanks, YCCB for this wonder-
ful opportunity!”

Caitlyn Mills, Graduate Student,
Northeastern University

“The exchange trip was an experi-
ence that has definitely made a lasting
impression. Not only did I get the
chance to explore a new city and culture,
but I had the chance to discuss science
and research with scientists from other
countries that may not get the opportu-
nity attend a conference in the US. I also
expanded my network both profession-
ally and personally. After my presenta-
tion, I spoke with a number of scientists,
both students and professionals, about
the methods our lab has developed over
the years and how they can use these
methods in their own research projects.

“This was a great opportunity to
showcase our computational tools to a
new audience. On a personal level, the
members of the EYCN were more than
gracious hosts, and I treasure the lasting
friendships developed during the trip.

ﬁ'\ & 5" EulheMS senue
. hemitny Corgress | I #-—-_e-

YCCB delegates and YCC representatives ose
with EuCheMS President and EYCN hosts dur-
ing farewell dinner.

o TN, ="

YCCB Delegates and EYCN hosts touring Cobre
Las Cruces in Seville, Spain.

This experience has shown me the im-
portance of international collaborations,
and I look forward to continuing my re-
search career and volunteer efforts with
these new connections.”

Courtney Ngai, Graduate Student,
University of Massachusetts Boston
“Talking to other scientists is one of
my favorite parts about conferences, and
the YCCB trip to the EuCheMS confer-

continued on page 13
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Summer Scholar Report

Bromination of anti-TGF-f1 for applications in imaging fatty liver via immuno-enhanced dual-

energy CT (eDECT)

John Ernandez,' Dr. Mark W. Grinstaff,* 1Department of Chemistry, *Departments of Chemistry and Biomedical Engineering,

Boston University, Boston, MA 02215

Introduction

Several methods of soft tissue visualization exist, yet few are
capable of generating three-dimensional images of tissue mor-
phology with quantitative information on composition and
distribution of key artifacts. Enhanced single-energy comput-
erized tomography (eSECT) has a history of use in visualiza-
tion of whole or segmented embryos,' insects,> small
mammals,® and reptiles* typically using X-ray active stain
Lugol’s iodine (see Figure 1a).

Yet, eSECT does not allow for determination of chemical
composition of stained samples. Similarly, whole-mount im-
munostaining may be used to determine the distribution of
key biomarkers® and patterning defects®, but only provides
two-dimensional visualization (see Figure 1b). This project
proposes immuno-eDECT which allows for visualization of
soft tissue morphology and separation of artifacts in 3D using
X-ray active brominated antibodies for key biomarkers. Dual
energy CT hinges on the ability to exploit differences in
atomic K-edge values in heterogeneous mixtures (Figure 2)’
By bombarding a heterogeneous sample with X-ray energies
specific for each component of the material, differences in re-
sulting attenuation allow for “separation” of each component
from the material.

This study focuses on validation and optimization of
bromination of anti-TGF-$1, an antibody specific for fibrosis
biomarker TGF-B1, and preliminary evaluation of immuno-
eDECT. TGF is essential in the pathway towards liver fibro-
genesis found in non-alcoholic fatty liver disease (NAFLD)
where it regulates conversion of hepatic stellate cells (HSCs)
into myofibroblasts (MFBs) and upregulates the generation
of reactive oxygen species.>!! NAFLD impacts over 30 mil-
lion Americans'? and is historically evaluated using qualita-
tive, categorical scoring which results in overestimation of
key artifacts.!3!> We believe that 3D visualization via eDECT
with brominated biomarkers will improve upon previous chal-
lenges in resolving heterogeneous liver via unenhanced CT'¢
17 while also allowing for more quantitative analysis of tissue.

Experimental Methods and Materials

Bovine serum albumin (BSA), N-bromosuccinimide (NBS),
N-acetyl L-tryptophan methyl ester, N-acetyl L-tyrosine ethyl
ester, guanidine-HCI, Coomassie Brilliant Blue, thioglycolic
acid, phenol and solvents (including acetic acid, DMSO, and
acetonitrile) were purchased from Sigma Aldrich. Lapine anti-
TGF-B1 was purchased from Abcam. HRP affinity isolated
polyclonal swine anti-rabbit immunoglobulin was purchased
from Agilent Technologies. Vector VIP peroxidase substrate
was purchased from Vector Laboratories. Control and high-
fat diet C57 black male mice were received from and sacri-
ficed by Jackson Laboratories. Bradford assay for protein
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fragmentation and ELISA were carried out using a Beckmann
Coulter AD 340 Platereader. Tandem mass spectrometry was
performed using Waters Tandem Quadrupole. Fourth deriva-
tive spectroscopy was carried out via HP Agilent diode array
spectrophotometer. Sandwich ELISA was performed using
Affymetrix eBioscience Ready-SET-Go! kit for human and
mouse TGF-B1. Circular dichroism was performed on Applied
Photophysics CS/2 Chirascan with accompanying software.
Imaging of whole-mount immunostaining was performed
with Olympus IX70 microscope with SPOT Insight Firewire
camera.

Figure la. Lugol-stained E15.5 stage mouse embryo imaged via eSECT
with 3D projection-based reconstruction. 1b. Whole-mount in situ hy-
bridization of myogenin expression in E10.5 mouse embryo.

Figure 2. X-ray absorption of bromine, iodine, and iron. For example,
bombarding a heterogeneous mixture of iodine and bromine with X-ray
energy at 80 kV “separates” iodine content from bromine content based
on differential absorption responses

Direct protein bromination

Determination of optimal bromination time was carried out
on BSA, adding 9 ml of 1 mg/ml BSA in phosphate-buffered
saline (PBS) to 1 ml of 4 mM NBS, reacting at room temper-
ature for 60 minutes, sampling and halting the reaction every
10 minutes by dialyzing in nanopure water at 4 °C for 48
hours with frequent bath changes. Dialysis bath content was
centrifuged at 2500 rpm to concentrate and compared to a
Bradford reagent calibration curve to determine degree of
fragmentation due to oxidation. An aliquot of 0.25 mg/ml



Summer Scholar Report

Continued from page 8

anti-TGF-B1 was then brominated in 4 mM NBS for opti-
mized time of 40 minutes at room temperature, also halted
with dialysis for 48 hours. Optimization reactions varied NBS
concentration to 8 and 12 mM and pH to 3.0 and 9.0 under
similar conditions.

Tandem mass spectrometry

BSA and antibody samples were first lyophilized overnight.
BSA was then degraded in 6 M hydrochloric acid (8§ M for
antibody) with 10 yL of 1 pg/ml phenol and 50 pL of thio-
glycolic acid at 105 °C for 16 hours (48 hours for antibody)
in 40 ml pressure vials. Residual acid content was removed
via lyophilization and amino acid residue was resuspended in
0.1% acetic acid. A gradient elution was performed as cited
by Kato, et al.'® Native and brominated tyrosine were used as
standards.

Fourth derivative UV spectroscopy

UV analysis follows a method developed by Bray, et al'® to
determine the number of tyrosyl residues brominated by NBS.
In brief, UV absorption due to tryptophan must first be quan-
tified and separated from absorption due to tyrosine (see Fig-
ure 3). Aliquots ranging from 0.03 to 0.15 mM of tryptophan
methyl ester standard are added to 6 M guanidine buffer and
read from 250 to 310 nm, for determination of the tryptophan
molar extinction coefficient at 282 and 292 nm, Then 1 mg/ml
BSA and 2.2 uM antibody are spiked with aliquots of 4.9 and
1.0 uM tyrosine ethyl ester, respectively, to create standard
additions plots from which the number of unaffected tyrosyl
residues may be determined and subsequently the percent
bromination.

Figure 3. UV activity of most proteins is due to absorption from aromatic
amino acids tyrosine and tryptophan. A characteristic peak at 282 nm rep-
resents an overlay of tyrosine and tryptophan absorption, whereas the
characteristic 292 nm trough is solely tryptophan absorption. Equation 1
allows for calculation of tryptophan absorptivity at 292 nm, determined
from tryptophan standards. Equation 2 then separates the contribution of
tryptophan to the 282 nm absorption to quantify the number of intact tyro-
syl residues.

Sandwich enzyme-linked immunosorbent assay
(ELISA)

Seven wells across two rows of a Coulter 96-well plate were
used to compare native and brominated antibody immunogen-
icity. Manufacturer-provided capture antibody, TGF antigen,
HRP-linked secondary antibody and coloring reagent were
used. Two-fold serial dilutions were performed on TGF antigen
to create a calibration curve. The Lindmo method of infinite
antigen excess?® was used to determine immunogenicity.

Circular dichroism

Aliquots of 0.2 mg/ml of native and brominated BSA and an-
tibody in PBS were scanned in triplicate with a 1 mm crystal
cuvette ranging from 200 to 280 nm. Scans were performed
over the course of days after bromination to monitor protein
structural stability.

Validation of bromine and iodine X-ray separation
Solutions of 0.02 mM NBS and Lugol’s iodine (equivalent to
the maximum concentration of staining agent in murine liver)
were loaded into roughly 1 cm polystyrene capillary tubes. A
1:1 mixture was also produced. The tubes were loaded into a
specially designed polystyrene hollowed fixture which allows
for minimal pixel shifting over the course of scanning (see
Figure 4). Scanning was performed via Zeiss Xradia 520
Versa at 40 and 80 kVp, with LE2 and LES filters, for bromine
and iodine respectively. Scanning occurred at roughly 4X
magnification with 5 gm? isotropic resolution for 5 hours.
Post-processing such as calibration to low- and high-attenu-
ating standards, filtering, and masking was performed on
Zeiss Reconstructor 11 and DSCoVer 11 software, with 3D
reconstruction performed on Analyze (Mayo Clinic).

Lugol’s iodine time course on ex vivo murine liver tissue
Five 0.5 cm sections of healthy murine tissue were first fixed
overnight at 4 °C in Dent’s fixative (80% methanol, 20%
DMSO) and then underwent four freeze/thaw cycles at -80 °C
in 100% methanol. Tissues were rehydrated in 50 and then
15% methanol and permeabilized for 30 minutes at room tem-
perature with 10 ug/ml proteinase K. Sections were each
stained under one of the five following conditions: 3, 18, and
24 hours at 0.3% Lugol and 42 hours 0.3% with 6 and 30
hours at 3.0% Lugol’s. Sections were rinsed at the end of each
staining period and cast in 0.5% agarose in small plastic cylin-
ders (Figure 4). Sections were then scanned on Scanco ¢ CT40
at 70 kVp with 3D reconstruction performed on Analyze
(Mayo Clinic).

Figure 4. 1) Cylindrical sample-
holder customized for CT scanning
with minimal pixel drift. 2) Sample
platform insert which also serves as
high-attenuating standard for calibra-
tion. 3) Samples are embedded in
0.5% agarose in plastic “plugs” and
loaded on 2.

Whole-mount immunostaining and X-ray visualization
of ex vivo murine liver tissue

Murine livers were dissected from 10% (control) and 60%
fatty diet-fed mice and lobes separated into roughly 50 mg
cubic sections. The whole-mount immunostaining protocol
proposed by Sillitoe and Hawkes?' was adopted with some

continued on page 10
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modifications. Native and brominated antibody was incubated
at 100-, 500-, and 1000-fold dilutions for 4 days. After 2 days
of incubation of HRP-linked secondary antibody, sections
were dehydrated in sucrose gradations, frozen in TissueTek,
and cryosectioned into 20 pm slices followed by coloration
with Vector VIP peroxidase substrate until proper signal-to-
noise was achieved. Subsequent visualization was carried out
via brightfield light microscopy. Optimal dilution factor 100x
was applied to brominated antibody for 7 days on control and
fatty liver sections followed by 3D visualization via Scanco
UCT 40 as preliminary testing for immuno-eDECT.

Results

Direct protein bromination afforded low oxidative fragmen-
tation with acceptable degrees of bromination. Bradford UV
assay of dialysis bath content revealed protein fragmentation
below 1%. Optimization reactions revealed that decreasing
pH from 9.0 to 3.0 did significantly decrease bromination of
BSA from 88 to 56%, while doubling or tripling NBS con-
centration had no significant impact on bromination (see Table
1) as determined by fourth-derivative assay. Fourth derivative
spectroscopy predicted 16.8 + 3.1 tyrosyl residues, agreeing
with the 19 residues found in native BSA. It was determined
that lapine anti-TGF used contained 15.9 + 4.5 tyrosyl
residues. As seen in Table 2, a significant difference in degree
of bromination was seen with both BSA and antibody bromi-
nation in comparison to native forms, with 36% bromination
of anti-TGF and 78% bromination of BSA, when bromination
occurs at physiological pH 7.4.

Conditions  Tyr Brominated  Average Percent Bromination
pH3.0t 10.7£6.5 56
pH7.4 148+58 78
pHS.0 16.7+6.1 88
| 8 mM NBS 14.5+5.1 76
12mMNBS 15+10 79

Table 1. Impact of pH and NBS concentration on BSA tyrosyl bromination.
Note that values marked with 1 show significant (p < 0.05) difference in
the number of brominated tyrosyl residues than bromination at pH 7 4.

16.8+3.1

 Native BSA

Brominated BSA 42+58 1
Native anti-TGF-B1 =~ 159145 o
| Brominated anti-TGF-B1  10.2+85 -

Table 2. Number of tyrosine residues not brominated via oxidation as de-
tected by UV spectroscopic assay. Note prediction of number of tyrosine
residues in native BSA agrees with theory. Significant difference in tyro-
sine residues between native and brominated BSA (p < 0.001) and native
and brominated antibody (p = 0.002). fLapine Fc IgG, UniProt database.

Tandem mass spectrometry revealed bromination of BSA
in comparison to native and brominated tyrosine standards.
Both monobromination (m/z 262—216) and substantial dibro-
mination (339 —293) of BSA is detected. Successful total
acidic degradation of BSA is also noted by the presence of
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Figure 5a. Tandem LC/MS of native BSA demonstrating successful total
acid degradation with m/z 182 — 136 tyrosine shift b. ESI LC/IMS of
brominated BSA demonstrating dibromination pattern at m/z 339 c. Tan-
dem LC/MS of brominated BSA demonstrating dibrominated tyrosyl frag-
mentation of m/z 339 — 293. Note all features are designated with *.

characteristic free tyrosyl degradation (182 —136). (see Fig-
ure 5).

Sandwich ELISA revealed 53.5% intact immunogenicity
by the Lindmo method. Circular dichroism confirms reduced
immunogenicity in terms of reduced intensity of the 210 nm
trough and 220 nm peak; however, the overall shape of CD
traces do not significantly change over the course of five days,
suggesting intact secondary structural helicity (see Figure 6).
Additionally, reduced immunogenicity is translated into ex
vivo immunostaining capabilities. While murine liver sections
imaged with brominated anti-TGF do show greater staining
upon qualitative comparison to unstained samples, several
comparisons are demonstrative of their reduced ex vivo im-
munogenicity. First, it is noteworthy that TGF appears to be
highly distributed in both fatty and control murine liver (com-
pare Figure 7a and 7b), suggesting that it may be too general
of a target for liver fibrosis. However, brominated anti-TGF
still shows lower immunostaining in fatty liver when com-
pared to its native counterpart (compare Figure 7d against 7b)
and lower immunostaining in control liver when compared to
its native counterpart (compare Figure 7c against 7a). Figures
7f demonstrates that little nonspecific HRP-binding or back-
ground coloration occurs when compared to fully immunos-
tained samples (Figures 7a —d).

3D reconstruction of NBS- and Lugol’s iodine-containing
capillary tubes demonstrate clear separation of both materials

continued on page 11
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Figure 6a. Circular dichroism profile for brominated antibody (days 1 5)
in comparison to native antibody from 190 to 280 nm. Note preservation
of 195 nm peak and 220 nm trough. 6b. CD profile of brominated BSA
over the course of 4 days in comparison to native BSA from 200 to 280
nm. Note preservation of 207 and 222 nm troughs.

Figure 7. Brightfield light microscope imaging of 20 um thick murine liver
slices via VIP peroxidase coloration at 10X magnification. All images
taken at 0.21s exposure for qualitative comparison. A. control liver im-
aged with native anti-TGF showing comparative staining with B. fatty
liver imaged with native anti-TGF. C. Control liver imaged with bromi-
nated anti-TGF showing lighter staining than D. fatty liver imaged with
brominated anti-TGF, suggesting upregulation of TGF biomarker in fatty
liver. Images compared to E. total control/unstained and F. control with
only secondary horseradish-peroxidase antibody, showing little nonspe-
cific background staining.

Figure 8. 3D reconstruction produced from
an overlaying of binarized bromine image
stacks taken at 40 kVp and binarized iodine
image stacks taken at 80 kVp. 1:1 mixture
shows clear separation of materials solely
via eDECT.

(see Figure 8). All tissue sections stained with Lugol’s iodine
did not show significant shrinkage over the time course. Sec-
tions stained for 3 and 18 hours at 0.3% Lugol’s demonstrated
a thin coating of iodine staining which correlated with CT im-
aging (see Figures 9a and b) which demonstrate only superfi-
cial attenuation with no stain penetration or visualization of
tissue morphology. Staining for 6 and 30 hours at 3.0%
Lugol’s allowed for total tissue penetration and visualization
of hepatobiliary ducts and portal system vasculature (see Fig-
ures 9c and d). 3D reconstruction of the 6 hour time point al-
lowed for visualization of the duct and vasculature system in
three dimensions (see Figure 9¢). However, subsequent CT
visualization of fatty liver tissue with brominated anti-TGF
did not show significantly different attenuation (Figure 10)
compared to control tissue under brominated anti-TGF stain-
ing conditions.

Discussion

Our study aimed to develop a method, which allows for
visualization of soft tissue morphology and separation of ar-
tifacts in 3D by first developing X-ray active brominated an-
tibodies for key biomarkers. NAFLD murine liver served as
a tissue model due to its history of qualitative and often inac-
curate imaging, with TGF-B1 serving as a fibrosis biomarker
for targeting. Direct bromination via oxidation yielded 36%
bromination of antibody and 78% bromination of non-im-
munoreactive bovine serum albumin (BSA), with pH appear-
ing to be the only factor which significantly impacts bromi-
nation yields. These yields are in line with previous reports of
direct bromination via oxidation, which report 63 + 4%22. Al-

continued on page 12

A 3hel03% Lugol's

B. 18h¢/0.3% Lugol's

Figure 9a-b. Cross-section along the z plane of uCT imaging of murine
liver tissue under 3 and 16 hour exposure to 0.3% Lugol’s iodine. Note
only superficial penetration of stain. Figure 9c¢ —d. Similar imaging of
murine liver at 6 and 30 hours of exposure to 3.0% Lugol’s, affording
complete penetration and visualization of ducts and vasculature. All imag-
ing performed at 70 kVp with beam hardening correction applied. Figure
9e. 3D reconstruction of image C performed on Analyze (Mayo Clinic).
Some ducts and vasculature highlighted in red and green for illustration.

\

Figure 10. Cross-sectional visualization r
of murine tissue in agarose plugs imaged

at 45 kVp with 36 um3 isotropic voxel res-
olution. HI and C1 are high fat and con-

trol tissue samples with brominated
anti-TGFimmunostaining, H2 and C2

were immunostained with native anti-TGF
and H3 and C3 are unstained controls.
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though higher yields are noted for bromination of monoclonal
antibodies, it should be noted that these oxidative direct
brominations were carried out using a slow release of radioac-
tive bromine with chloramine T, which has been shown to
generate many fragmented protein byproducts,”® while in this
study NBS oxidation allowed for little fragmentation. Al-
though the reported anti-TGF bromination yields are more in
line with indirect bromination methods, previously reporting
49 £ 2%, such methods?* rely on the attachment of a bromi-
nated linker molecule via multistep synthesis, which lowers
overall yield. In addition, with only one bromine atom per
linker molecule and a single linker per antibody, signal-to-
noise ratios would be markedly low for CT imaging purposes.
Enzymatic bromination methods, while allowing for higher
yields, require rigorous purification.?

Degree of bromination is determined from fourth deriv-
ative spectroscopic assays. In the original report, Bray et al.
note the application of the UV method for the determination
of the number of brominated tyrosyl residues in BSA via NBS
oxidation and report high accuracy of tyrosyl residue determi-
nation. These factors together justified the usage of the assay.
Although direct bromination targets tyrosyl residues, which
may be located in antibody epitope-binding sites, 53.5% im-
munogenicity is still preserved in brominated antibody sam-
ples, which is quite high in comparison to the typical range of
immunogenicity in oxidatively labeled IgG immunoglobulins,
which ranges from 12 — 53% 26 Furthermore, while immuno-
genicity is most certainly important, resulting signal-to-noise
ratio is of equal importance for meaningful eDECT imaging,
and if reduced immunogenicity is the result of loading 5-10
bromine atoms per antibody, it must be accepted.

Circular dichroism did reveal some structural changes to
the brominated antibody. Equimolar solutions of native and
brominated antibody, and for comparison BSA, did show re-
duced or altered attenuation at key regions, such as the 210
and 220 nm troughs. However, the overall trace, indicative of
secondary structure alpha helicity, has been maintained. It
should be noted that BSA profiles were not measured past 200
nm due to the effects of chloride ions in the PBS buffer on CD
signal in the far-UV range.?’” If modeled after the poly-L-ly-
sine spectrum studied by Chang, et al.?® in which at 206.5 nm,
zero B-sheet intensity is contributing to the overall signal, pos-
itive deviation in ellipticity is due to B-turns and negative de-
viation is due to a-helices and random coiling. Brominated
antibody shows between 25-30 mdeg of positive deviation in
elipticity, suggesting increasing -turns or, more likely, a de-
crease in helicity due to bromination.?

Evidence of some structural changes reflected in CD
studies and reduced in vitro immunogenicity, coincide with
ex vivo immunostaining. Although brominated anti-TGF does
show greater binding in fatty liver when compared to control
liver also stained with brominated anti-TGF- demonstrating
the upregulation of TGF in fatty liver — native anti-TGF shows
greater staining in both control and fatty liver when compared
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to its brominated counterpart. It is possible that bromination
impacted the fidelity of the primary-secondary/HRP antibody
binding interaction which could reduce the degree of detection
of the brominated antibody. Furthermore, it is possible that
diffusion kinetics of the brominated antibody have been al-
tered and less complete penetration of the tissue was achieved
leading to poorer staining. However, support of CD and
ELISA studies indicates that brominated antibody most likely
has reduced immunogenicity.

Preliminary testing of dual-energy CT separation resulted
in successful material separation and soft tissue visualization.
It has been well established the Lugol’s iodine is a robust and
flexible stain for CT visualization of soft tissue.** Despite pre-
vious studies demonstrating tissue shrinkage (and thus poten-
tial changes to tissue morphology) due to Lugol’s staining?',
no significant difference in dry tissue mass was observed be-
fore and after staining at the 0.3 and 3.0% concentrations used.
The 3.0% concentration also afforded total tissue penetration
with visualization of key vasculature and duct artifacts without
limiting beam hardening effects. Lugol’s staining on its own
was also sufficient for 3D tissue reconstruction. Additionally,
when placed in the context of successful iodine and bromine
separation via eDECT, Lugol’s iodine serves as a robust coun-
terstain for immuno-eDECT. However, the second component
of immuno-eDECT - brominated anti-TGF — ultimately
showed poor attenuation in liver tissue suggesting that the sig-
nal-to-noise ratio afforded by the degree of bromination was
too low.

Conclusion and Future Direction

Our study has set out to brominate liver fibrosis biomarker
anti-TGF-B1 and test its immunogenicity while also perform-
ing preliminary demonstrations of the capabilities of immuno-
eDECT. Direct methods afforded 36% bromination of
anti-TGF along with reduced in vitro and ex vivo immuno-
genicity as well as secondary structural changes. However, di-
rect bromination methods afforded higher immunogenicity
than previously cited examples while still maintaining observ-
able ex vivo response. In addition, separation of iodine and
bromine as well as staining capabilities of Lugol’s iodine
demonstrate the potential robustness of immuno-eDECT.
However, greater signal-to-noise of brominated antibody is
required for proper CT visualization of fibrosis patterns, sug-
gesting the need for greater degrees of bromination. This will
be pursued via covalent attachment of a mainly poly-L-
bromo-tyrosine moiety to anti-TGF via amine linkage which
will serve as a “bromine tag.” Furthermore, there is interest
in tagging secondary/HRP antibodies so that immuno-eDECT
may be more widely applicable to soft tissue immunostaining
studies such that investigators may send a brominated second-
ary antibody against any primary antibody of their choice.
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Call for
Nominations

Philip L. Levins Memorial
Prize

Nominations for the Philip L. Levins
Memorial Prize for outstanding perfor-
mance by a graduate student on the way
to a career in chemical science should
be sent to the NESACS Administrative
Secretary, 12 Corcoran Rd., Burlington
MA 01803 by March 1, 2017.

The graduate student’s research
should be in the area of organic analyti-
cal chemistry and may include other
areas of organic analytical chemistry
such as environmental analysis, bio-
chemical analysis, or polymer analysis.
Research emphasis must be on novel
uses of analytical methods, not routine
analysis.

Nominations may be made by a
faculty member, or the student may sub-
mit an application. A biographical
sketch, transcripts of graduate and un-
dergraduate grades, a description of
present research activity and three ref-
erences must be included. The nomina-
tion should be specific concerning the
contribution the student has made to the
research and publications (if any) with
multiple authors.

The award will be presented at the
May 2017 NESACS meeting. <

YCC Crossing Borders

Continued from page 7

ence provided the perfect environment
for networking and exchanging ideas.
After previously attending conferences
in my specific division of chemistry (ed-
ucation), it was great to hear about re-
search in other areas of chemistry. In
particular, EuCheMS had a terrific
lineup of plenary lectures, which were
very inspiring. The extra events planned
by YCCB were the perfect way to expe-
rience the culture of Seville and solidify
friendships. I look forward to seeing
these colleagues again at future confer-
ences; thank you YCCB!” &
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many are already answering this call.
We need each and every one of you.

When you see programs that inter-
est you, PLEASE, get involved. When
you see programs that were once fallow,
now re-invigorated, with new blood and
new life, THANK those members!
When you see programs that could ben-
efit from your own input, your service,
and your help; please VOLUNTEER!

2017 will be an amazing year for
NESACS! I am here to answer your
calls and emails. Thank you, and please
be in touch! Lee &

CAREER DEVELOPMENT

Being an active participant in
NESACS activities will enable you to
network with major institutions and
corporations in our area and can
open up new career opportunities.

The NESACS Board of Publications,
which is responsible for both the
Nucleus newsletter and the NESACS
website, is looking to increase its
activities in this arena.

We would like to expand our capa-
bilities for keeping our membership
informed on what is happening in our
field and how to adapt to changing
times and new technologies.

You can help us do that. All we ask of
you is a few hours a month and a smile.

Call or email to see what
opportunities are available.

contact -- Michael Filosa
NESACS Board of Publications
Phone - 508-843-9070

Email filosam@verizon.net

BUSINESS DIRECTORY

SERVICES SERVICES

What exactly goes on at NESACS’
monthly Board meetings?

www.nesacs.org/reports

Q. Exactly, how many awards and
scholarships does NESACS sponsor?

A) One b) Two ¢) Many
www.nesacs.org/awards
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* Structure Activity Programs

* TH NMR and 13C NMR

= LC/MS Services

Strengths:

* Outstanding Communications

* Reliable Time Management
+ Experienced Ph.D. Scientists

TELL OMB ADVEBTISERS

Membership surveys show that you want L e R 3
more articles in our newsletter. If you tell On Target - On Time - On Budget
our advertisers that you saw their ad here, S S IE oA,

P d = 7 Phone: (781) 932-4142
they will provide more financial support and Fax:  (781) 933-6695
this will allow us to add more articles. Email: organix@organixinc.com

www.organixinc.com

/"WOULD YOU BELIEVE?\

e Our Section (NESACS) is the
largest in the ACS.

o We have more volunteers than any

other Section.

e We have more activities than any
other Section.

e The Nucleus has been voted at
several ACS National meetings to
be the best Section newsletter.

e We are expanding Nucleus and
NESACS web site coverage of activities.

The Following positions are open
1. Photo Journalists
2. Book Reviewers
3. Corporate and Local news reporters
4. Copy Editors
5. Volunteer Coordinator

If you woulld like to be active in this vibrant

organization, please contact Board of

Publications member Michael Filosa
filosam@verizon.net

No experience needed.

PROMOTE YOUR PRODUCTS

AND SERVICES e ADVERTISE IN
THE NUCLEUS

The Nucleus readership is greater
Massachusett's largest source for chemi-
cal and biochemical buyers. The Nucleus
reaches more than 7,000 readers each
month. It has been estimated that these
buyers annually purchase more than
$3,500,000 of:

e EQUIPMENT
e SUPPLIES
® CONSULTING SERVICES

Placing an advertisement in The Nucleus is
the lowest cost method of reaching this select
audience.

For further information and other
options for promoting your com-
pany’s products and services visit:

www.mboservices.net

Just a willingness to participate
\ and a s%nse of h'?;mor P /

WANY WORE ARWIGEES

When you tell our advertisers that you saw
their ads here they have more confidence in
our newsletter’s viability as an advertising
medium. They advertise more. This sup-
ports our many activities.

Index of Advertisers

Drew University ................ 5
Eastern Scientific Co.......16
Micron, Inc. .......ccovvveeeen. 14
NuMega Resonance Labs 15
Organix, Inc. ....cccccevveenens 15
PCI Synthesis................... 15
Robertson Microlit Labs..14

Tyger Scientific, Inc. ....... 15
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http://www.drew.edu/resmed
http://www.easternsci.com
http://www.micronanalytical.com
http://wwwnumegalabs.com
http://www.organixinc.com
http://www.pcisynthesis.com
http://www.robertson-microlit.com
http://www.tygersci.com
http://wwwnumegalabs.com
http://www.tygersci.com
http://www.mboservices.net
filosam@verizon.net
http://www.pcisynthesis.com
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Calendar

Check the NESACS home page
for late Calendar additions:
http://www.NESACS.org

Note also the Chemistry Department web
pages for travel directions and updates.
These include:
http://www.bc.edu/schools/cas/chemistry/s
eminars.html
http://www.bu.edu/chemistry/seminars/
http://www.brandeis.edu/departments/chem
istry/events/index.html
http://chemistry.harvard.edu/calendar/upco
ming
http://www.northeastern.edu/cos/chemistry/
events-2/
http://chemistry.mit.edu/events/all
http://chem tufts.edu/seminars.html
http://engineering tufts.edu/chbe/newsEven
ts/seminarSeries/index.asp
http://www.chem.umb.edu
http://www.umassd.edu/cas/chemistry/
http://www.uml.edu/Sciences/chemistry/Se
minars-and-Colloquia.aspx
http://www.unh.edu/chemistry/events

January 18
Prof. Richard Anderson (Wisconsin)
WPI, GP1002

Prof. Sharon Hammes-Schiffer (U. Illinois -
Urbana-Champagne)

“Proton-coupled electron transfer reactions.”
Northeastern, 129 Hurtig Hall

12:00 noon

January 23

Prof. Loren Looger (Janelia/HHMI)
Harvard, Pfizer Lecture Hall

4:15 pm

Eastern Scientific

www.easternsci.com
781-826-3456

Vacuum Pump Problems?

Eastern Scientific
specializes in the repair and
precision rebuilding of all
makes of mechanical
vacuum pumps.

Free pick-up & delivery
Restrictions apply

January 25
Prof. Susannah Scott (U. Cal. — Santa Barbara) -
MIT, Location TBA j OI n
4:15 pm
Prof. Eranthie Weerapana (Boston College)
“Understanding the role of cysteine-mediated N ESAcs
protein activities in cancer and degenerative
diseases associated with aging.” on facebOOk
Northeastern, 129 Hurtig Hall
12:00 noon

www.facebook.com/nesacs
January 26
Prof. Mark MacLachlan (U. of British
Columbia)
MIT, Room 6-120
4:00 pm y 2
January 30 What’s Yours?
Prof. Xiaowei Zhuang (Harvard) DMPK Scientist,
Harvard, Pfizer Lecture Hall LC/MS Product Specialist,
4:15 pm Mass Spec Operator,
January 31 Staff Investigator,
Prof. Tom Keyes (Boston Univ.) Process Chemist,
Tufts, Pearson, Rm. P106 QA Manager,
4:30 pm Synthetic Chemist,
Prof. Young-Hoon Ahn (Wayne State Univ.) Lab Instructor
Boston College, Merkert 130
4:00 pm Many local employers post positions
Notices for The Nucleus O TS L [ESRIES il
Calendar of Seminars should be Find yours at
sent to: www.nesacs.org/jobs
Xavier Herault, email:

xherault(at)outlook.com <

Have you seen it on the NESACS website?

Updated frequently - Late-breaking news - Position Postings

Back issues of the Nucleus - Career-related Links - Awards and Scholarship

WWW.NESACS.Org
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http://www.nesacs.org/careers.html
http://www.bc.edu/schools/cas/chemistry/seminars.html
http://www.brandeis.edu/departments/chemistry/events/index.html
http://chemistry.harvard.edu/calendar/upcoming
http://www.northeastern.edu/cos/chemistry/events-2/
http://engineering.tufts.edu/chbe/newsEvents/seminarSeries/index.asp
http://www.uml.edu/Sciences/chemistry/Seminars-and-Colloquia.aspx



