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Welcome  
Welcome to the first issue of Science@CityTech, the journal for the faculty, staff, students, 
alumni and friends of New York City College of Technology, The City University of New York.  
We hope this will be the first of many issues to come. Through this journal, we will endeavor to 
keep you informed about the progress and the achievements of people in the various departments 
of sciences at our campus.   Science@CityTech aims to enhance the role of science and scientists 
at the College by furthering collaboration in the field of biology, physics, mathematics, 
chemistry, nursing and engineering. 

We will provide current information of interest to our students, faculty and other members of 
college community on a quarterly basis. The objective is to regularly provide updates in science 
and reports from our colleagues about their achievements and experiences, including 
notifications of forthcoming events, grants and scholarship opportunities.  We look forward to 
your scientific contributions and articles for future issues.  Furthermore, through this journal we 
will introduce you to the people who have made our college a great place in which to work. 
News and views from contributors is highly encouraged. We look forward to an interesting and 
rewarding tryst with knowledge.  Welcome aboard! 

Biologically Speaking   
Nasreen S. Haque, Ph.D. 

 
Creatures of the Environment 
 
In his Nobel Lecture held at Stockholm 
University, Sir Paul Nurse, President, 
Rockefeller University in New York, put 
forward the four great ideas of biology. 
These are cell theory, the gene and its 
regulation, the theory of evolution and the 
chemicals that make possible the structure 
and function of the cell. To this he has added 
a fifth dimension, an idea still in its infancy, 
of organization and spatial theory. I thought 
it would be appropriate to delve into these 
areas in this first issue of Science@Citytech.  
My attempt is to provide you with a brief 
description of these biological discoveries 

and their relationship in the context of 
behavior and the environment.  
 
One of the observations of nature that 
always comes out as striking is how 
different each organism looks and yet how 
similar they are! Biologists are good at 
collection of specimens and their 
categorization, with systematic placement of 
each organism in a particular order.  This 
has formed the basis of the classification 
system, which relies on the structure, 
function, and habitats of living organisms.  
Classification has aided research in this field 
enormously and has directed us to the 
current state of knowledge in biology.  

2005-2015 declared “Decade of Science” at CUNY 
“It’s no secret that our country’s strength, security, and advancement depend on scientific 
literacy. An acknowledged decline in student participation and proficiency in the science, 
technology, engineering, and mathematics fields imperils our competitive advantage in 
science and technology. The need for our multi-faceted Decade of Science initiative, 
launched in 2005 and profiled previously in CUNY Matters, could hardly be more pressing.” 
Matthew Goldstein,  
Chancellor of the City University of New York (CUNY) 
 



 
The advent of the lens, and with it the 
microscope, led to the postulation of the cell 
theory, which states that all life is composed 
of cells. A cell (Box 1) is the simplest 
structural and functional unit of all living 
things. Every action that is possible within 
an organism is the function of the properties 
of the cell. In order to understand these 
properties we have to look at the foremost 
discovery of the twentieth century - the  
 
gene. Rudolf Virchow was the first to find 
that cells come only from preexisting cells, 
based on his observation that cells reproduce 
and give birth to offspring, which resemble 
their parents. From the works of Gregor 
Mendel on garden peas we learned that 
hereditary patterns or characteristic ‘genes’ 
are inherited and independently assorted and 
that the probability of inheritance can 
actually be calculated. The exquisite model 
of DNA structure developed by Watson and 
Crick and Rosalind Franklin’s X-ray 
pictures gave us the first glimpse  of DNA, 
what is now known as the ‘blueprint of life.’ 
The development of a visible structure that 
allowed the manipulation of  molecules in 
any orientation brought a new sense of 
excitement to biologists. Molecular biology 
had  come of age.  
 

 
             Box 1. Animal cell structure  
 
However, it has not always been so! Even as 
recently as the 19th century there was a 
widely held belief among many biologists 
that living organisms were governed by 

‘vital forces’ that brought organisms to life.  
The theoretical structures of physics and 
chemistry were not yet associated with 
biology. It was much later that Louis 
Pasteur’s experiments on fermentation were 
accepted and with this acceptance emerged 
the concept of biochemistry. This showed 
for the first time experimentally that 
chemistry was an integral part of biological 
functions and that biology could no longer 
be separated from it. 
 
Though Gregor Mendel and Charles Darwin 
were contemporaries, they never met and 
their theories were unknown to each other. 
Two of the greatest discoveries of the living 
system were happening simultaneously. 
Darwin’s revolutionary idea of natural 
selection and the survival of species is now 
generally accepted as a theory of evolution. 
For natural selection to take place organisms 
must reproduce; an organism must be able to 
copy and transmit hereditary information to 
its offspring and this information must have 
variability. Natural selection depends upon 
this variable characteristic of an organism. 
Therein lies nature’s biodiversity in its 
spectacular myriad forms. It is of utmost 
importance that organisms survive and for 
that a species has to be fit and strong. This is 
the essence of Darwin’s hypothesis of the 
survival of the fittest. 
 
The rapidly emerging theory of spatial 
organization as stated by Paul Nurse is to 
view biology as an organization with 
purposeful behavior. Spatial organization 
within a cell becomes necessary for 
separation of the different chemicals within 
the microenvironments of the cell. What 
regulates the cell to act in a certain way at a 
certain time? A cell is highly organized and 
acts in coordination in order to bring about 
higher level of cellular structure and 
function. This is well depicted during cell 
cycle and differentiation.  The signaling 
mechanisms shed light on the underlying 
principles that regulate cellular structure, 
function, spatial arrangement /organization. 



However, to understand the complexities of 
biology requires multidisciplinary research 
units with knowledge of physics, chemistry 
mathematics and engineering. 
Finally, there is always an external factor 
encompassing and controlling all this - the 
environment. As with all organisms, humans 
behave, or more appropriately react, in 
response to the environs in which they live.  
The deceptively simple act of existence is 
based on what the environment provides. 
First, there is nourishment: Each morsel we 
put in our mouth has been processed in 
innumerable and unfathomable ways. We do 
not have an exact idea how it got recycled 
back to our system- even the synthetic 
material, because something must come 
from something. Therefore, we exist 
because of what we can obtain from the 
environment. The food is being processed in 
our body to provide the energy on which our 
senses are dependent.  
 
Our senses are also ruled by the 
surroundings. The smell of a flower is 
distinct from the aroma of food freshly 
prepared. The question to ask is why?  
 
Behavior set up by habits, but derives to a 
significant extent from the environment. In 
the 21st century we do not dare venture out 
without checking the weather. Before you 
choose which shoes to wear you must 
consult the Internet. In this systematic 
programming we have learned a precise   ‘if 
this, then that,’ very much like in computer 

programming and this is translated into our 
behavior. This programming sets our ways, 
which we call habit. This is swift and steady 
and governs our behavior. This has now 
become our comfort zone, which we can 
return to at any point. The environment 
inculcates this pattern in which we first 
capture information visually or otherwise 
and then selectively store it in our brains to 
be react in accordance at similar situations 
later. We are the creatures of our 
environment and like it or not dependent on 
it for our very existence. 
 
Why do we then destroy that which sustains 
us? Perhaps the human mind’s greatest 
longing is for independence and freedom – a 
secret desire burning in every heart. 
Freedom  from the need.  When one cannot 
achieve this one can even become suicidal.  
Eradicate that which comes in the way of 
our desire rather than be enslaved by it.  
Little do we realize that we are all one and 
the same. Ultimately, the cell becomes the 
organ that crafts the organisms which form 
habitats and in totality the environment. This 
recycling is orchestrated in manifold ways 
that keep the organisms going. So life goes 
on! 

Selected Reading: 
The great ideas of Biology. Sir Paul Nurse. 
College Lectures. Clinical Medicine Vol 3, 
No.6. November/December 2003. 

 



Biology, Mathematics and Computer Science 
 Isaac Barjis Ph.D. 

 

Mathematical and computational 
approaches have a tremendous potential 
to lead to fundamental insights and 
important practical benefits in research 
on biological systems. Mathematical and 
computational approaches have long 
been appreciated in physics, and in the 
last twenty years have played an ever-
increasing role in chemistry. The goals 
of these mathematical and computational 
approaches are to develop mechanisms 
to explain seemingly disparate 
phenomena. For example, how does the 
atomic level structure of an enzyme lead 
to its functional, enzyme catalysis? 
Knowing the three-dimensional structure 
of the muscle protein kinesin may lead 
to understanding of muscle action as 
well as other cellular motors. 
Simulations of the embryonic and fetal 
heart at different stages of development 
are helping to elucidate the role of fluid 
forces in shaping the developing heart.  

Characterization of biological systems 
has reached an unparalleled level of 
detail. To organize this detail and arrive 
at a better fundamental understanding of 
life processes, it is imperative that 
powerful conceptual tools from 
mathematics and the physical sciences 
be applied to the frontier problems in 
biology. Modeling of biological systems 
is evolving into an important partner of 
experimental work. 

In this article I will show some of the 
modeling and mathematical approaches 
that have been used in my research. 

Biological Processes 
Biological / Molecular processes are 
complex, dynamic and invisible. These 
processes can be investigated and 

studied from a very detailed or nano 
perspective or from a very abstract or 
macro perspective. However, the 
complexity, invisibility and dynamic 
behavior of these processes make them 
difficult to explain, teach, illustrate and 
understand. Any laboratory experiment 
of biological process/reaction is a time-
consuming study. Many biological 
experiments may require days or weeks 
before the dynamic behavior of reaction, 
process or the expected result can be 
observed. Even then many biological 
experiments fail to get the desired or 
expected result by conducting the 
experiment once. Yet repetition of the 
experiments is both time-consuming and 
costly. 

To overcome this problem and represent 
high level processes in the context of 
their component functions, we propose 
modeling and simulation approaches and 
methodologies to illustrate biological 
processes via graphical notations. In 
particular we will use Petri-nets, 
Boolean Networks, Rule-based 
Biological System Process Modeling, 
and Event Base simulation to model, 
simulate and analyze the process of 
carbohydrate metabolism. 

Why Mathematics? 
The application of mathematics to 
cellular and molecular biology is so 
pervasive that it often goes unnoticed. 
The determination of the dynamic 
properties of cells and enzymes, 
expressed in the form of enzyme kinetic 
measurements or receptor-ligand binding 
are based on mathematical concepts that 
form the core of quantitative 
biochemistry. Molecular biology itself 



can trace its origins to the entry of 
physical scientists into biology, with the 
inevitable infusion of mathematical 
tools. The utility of the core tools of 
molecular biology was validated through 
mathematical analysis. Examples include 
the quantitative estimates of viral titers, 
measurement of recombination and 
mutation rates, the statistical validation 
of radioactive decay measurements, and 
the quantitative measurement of genome 
size and informational content based on 
DNA (i.e., base sequence) complexity. 
This report highlights the use of dynamic 
programming in DNA sequence 
alignment.   

Dynamic programming is an algorithm 
in which an optimization problem is 
solved by saving the optimal scores for 
the solution of every subproblem instead 
of recalculating them.  In this article, I 
will show how one could use a dynamic 
programming algorithm to calculate the 
optimal score and to find the optimal 
alignment between two strings of DNA. 

Example:  find the optimal local 
alignment between the following 
sequences of DNA. 

Sequence 1 = AGTCAGCT 

Sequence 2 = ATACACT 

 

Figure 1: Scoring matrix 
 

 
                            F (i-1, j) +d 
                             
  
F (i, j) = max      F (i, j-1) +d                              
 
 
                           F (i-1, j-1) + s(Xi, Yj) 
 
     0  
 
d = Gap penalty ( in our case it would  be -2) 
X and Y are the two sequences 

 

 

 

 

Figure 2: A simple scoring scheme 
 
Local Alignment: Smith-Waterman 
algorithm 
In local alignment we are looking for the 
best alignment between subsequences of 
x and y.  The highest scoring alignment 
of subsequences of x and y is then called 
the optimal local alignment.  Smith-
Waterman algorithm is very similar to 
global algorithm. 
 
There are two differences with respect to 
global alignment: 

�  No score is negative 
�  Traceback begins at the highest 

score in the matrix and continues 
until you reach 0 
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C 0 0 
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1 

0 
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Figure 3: Scoring matrix fill steps and 
traceback steps. 

The trace-back can begin and end 
anywhere in the matrix.  Instead of 
starting the traceback from the bottom 
right corner, we begin in the cell with 



highest value (in our case 2 is the highest 
value).  The trace-back ends when we 
meet a cell with value 0.  

 
C    A   
C   A    

Score =  2 X (1) = 2 
 
 

A    G   T   - C    A   
A    - T    A    C   A    

 
Score = 4 X (1) + 2 X (-1) = 0 

 
A   G   T   C   A   G   G   C T 
A   T    A   C   A    -    -   C    T   

 
Score = 5 X (1) + 2X (-2) + 2 X (-1) = -1 
 
Why Computer Science? 
As the new millennium began, the 
computer and biological worlds moved 
closer together.  Computer modeling of 
genetics continues to facilitate the 
simulation of systems with a huge 
number of variables, allowing scientists 
to better understand how genes work. 
 
Patients and medical professionals need 
easy access to vast quantities of medical 
information. The amount of information 
in the primary medical literature alone is 
overwhelming. MEDLINE, an on-line 
repository of medical abstracts, contains 
more than 8.6 million bibliographic 
entries from over 3,800 current 
biomedical journals and adds 31,000 
new entries each month. 
 
Current trends within the health-care 
industry are toward reducing cost and 
variability in healthcare practice. This 
has led to a proliferation of national, 
regional and local guidelines for health- 
care. A significant challenge for medical 

informatics is the representation and 
processing of complex guidelines.  
 
Why Modeling and Simulation? 
A number of science educators feel that 
computer simulation offers tremendous 
potential for enhancement of the 
teaching and learning of science 
concepts. Wells & Berger (1986), Akpan 
& Andre (1999). Switzer and White 
(1984) discuss the place of computer 
simulation in the social science 
classroom. According to these authors 
computer simulations enhance learning 
and provide opportunities for learners to 
develop skills in problem identification, 
and in seeking, organizing, analyzing, 
evaluating, and communicating 
information. Ellis (1984), Marks (1982), 
Nakleh (1983), Switzer and White 
(1984) and Waugh (1984)  all support 
the idea that "It is in the area of 
simulations that computers have the 
potential to deal with higher learning 
outcomes in a way not previously 
possible inside the science classroom."  
 
Some studies suggest that simulation 
will lead to better results.  Biology 
knowledge of 92 undergraduate biology 
students using computer courseware 
increased more than did that of 
approximately the same number of 
students using traditional animal-based 
laboratories (Johnson, A.L. & J.A. 
Farme).  Another study by Samsel, 
R.W., G.A. Schmidt, J.B. Hall, L.D.H. 
Wood, S.G. Shroff & P.T. Schumacker 
(994) examined the academic 
performance of students doing wet 
practicals (where students set up and 
manipulated their own tissue 
preparations, prepared their own  
solutions and calculated and prepared 
the drug doses and concentrations to be 
used) with the performance of students 
using computer simulations. Academic 



performance was assessed by a 
laboratory report that assessed 
theoretical knowledge of the practical. In 
each of five separate laboratory 
exercises, the performance of the 
students who used computer simulations 
was superior at a statistically significant 
level to that of the students who 
participated in the wet labs. 
 
At Pennsylvania State College of 
Medicine, medical students used both 
computer demonstrations and animal 
(dog) demonstrations, and rated the 
former higher for learning 
cardiovascular physiology. 
 
In some studies it is shown that 
simulated dissection and actual 
dissections typically lead to equivalent 
performance on achievement tests. 
Simulations used before actual 
dissections may enhance dissection 
performance. Experiential simulations 
have been shown to facilitate learning 
from subsequent didactic instruction 
(Akpan, 2001).  In The New York Times 
it has been reported that nearly a dozen 
states have policies requiring public 
schools and colleges to offer students the 
option of simulated dissection (Oct 4 
2005 - New York Times.   
Research studies have indicated that the 
use of computer simulations of 
dissection, compared to the traditional 
hands-on method of dissection, provide 
comparable results in improving student 
attitudes and achievement, reduce 
instructional time (Kinzie, Strauss, & 
Foss 1993; Kinzie, Foss & Powers, 
1993; Guy & Frisby 1992; Fawver, 
Branch, Trentham, Robertson, & Beckett 
1990). Simulations can reduce 
instructional cost, and provide high-
quality, timely feedback responses to the 
user. Simulations entice users to 
manipulate variables and observe their 

effects in an environment that may be 
completely impossible, impractical, or 
ineffaceable compared to other methods 
of instruction. One most unique and 
powerful aspect of simulations use in 
science education is interactivity. The 
key here is that the student must do 
something. From educational research 
we come to know that learning involving 
"doing" is retained longer than learning 
via listening, reading, or seeing. 
Simulations in science education provide 
education which is non-linear and is not 
teacher-directed. This type of learning 
offers an inquiry approach in science 
education. The learner is actively 
involved in exploring and discovering. 
In science education simulations can 
turn over a great deal of power from the 
lecturer to the learner. Instead of the 
teacher directly leading students through 
specific content, the teacher provides an 
environment in which students can 
discover and explore. One useful 
strategy in science education is getting 
students involved in the best way to 
motivate them to learn. Simulations 
seem to hold a natural attraction for 
students to learn science.  

References: 
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Transcription Induces a Mutagenic Response during 
Amino Acid Starvation in Bacillus subtilis 

 Walied Samarrai  Ph.D. and  Rivka Rudner  Ph.D. 
   
In this paper we examine the effect of 
nutritional stress on transcription and 
stationary phase mutation.  In particular 
we will examine the correlation between 
the reversion rates in the leuB or thrA 
genes, and the abundance of  leu- or thr-
mRNA after amino acid starvation or 
treatments with serine hydroxamate.  
Moreover, we will discuss the levels of 
mRNA in response to nutritional stress. 
 To gain in depth knowledge of the 
relationships among nutritional stress, 
transcription and “adaptive” or 
stationary-phase mutation readers are 
encouraged to read (1, 6). Ryan and 
coworkers showing that mutations can 
arise in non-dividing bacteria has finally 
come to be appreciated (17). The process 
of transcription increases the 
concentration of single-stranded DNA 
that is potentially vulnerable to 
mutagenesis in prokaryotic (10,11) and 
eukaryotic (3) systems. Similarly, during 
the development of competency in 
Bacillus subtilis, a starvation-induced 
process in the stationary phase, single-
stranded and gapped DNA was reported 
to accumulate (9) and the enhancement 
of mutation frequency was demonstrated 
(15). In bacteria, an increase in  
reversion rates  of auxotrophs was 

correlated  with an increase in the 
stringent factor, (p)ppGpp, which 
accumulates in the absence of the 
required amino acid or in the presence of 
agents like serine hydroxamate known to 
induce the stringent response (2, 16,19). 
  An affect of transcription on 
mutation has been predicted (5) and 
discussed (4, 8) as a possible mechanism 
for generating specific variation during 

evolution (21, review). The hypothesis 
that enhanced mutation rates result from 
derepression provoked by amino acid 
starvation and (p)ppGpp accumulation  
in B. subtilis strains with differing  relA 
backgrounds was tested.   
 To investigate the relationship 
between operon derepression and 
mutation rates, three isogenic strains of  
B. subtilis BD79 (leuB1, pheA1), BD170 
( thrA5, trpC2) and BDR79   
(leuB1, thrA5; constructed from the 
DNA of strain BD79 by congression ) 
differing only in their relA background 
were examined. The different parental 
and constructed strains used for the 
study were as previously published (16). 
Strains TW30 (a knockout) and TW10     
(an over-producer), were provided by 
Marahiel (18).  The parent integrative 
plasmid pDR66 containing the IPTG-
inducible spacp promoter-cat and 
flanked by fragments of the amyE gene 
(12), were used to construct by 
transformation all the isogenic strains 
with the revertible markers leuB1 and 
thrA5.  The genetic and physiologic 
properties of the primary relA mutants, 
the stationary phase mutation 
frequencies for Phe+ revertants and SmR 
scored after 2-4 days have been 
documented. Also, the numbers of  Leu+ 
and  Thr+ revertants have been scored 
after SH  treatments along with viable 
counts.  The lower reversions rates in the   
relA strains correlated with their 
phenotypic requirement for at least four 
additional amino acids (7, 16, 18), their 
sensitivity to the histidine analog amino 
triazole (AT;14) and their inability to 
accumulate (p)ppGpp (7,16). No such 



correlation was seen with the drug-
resistant markers (SmR or RifR) when 
their mutation frequencies were about 
the same (16-22 x10-7 or1.4 - 5.5 x10-7 

respectively). The number of revertants 
continued to increase over time (4 -9 
days) and their colony size varied 
considerably, while resistance to the 
antibiotics remained mostly unchanged 
both in numbers and size. Large (L) and 
small (S) revertants  picked and grown 
overnight in selective liquid cultures, 
plated on medium lacking leucine or 
threonine, gave identical size colonies 
and similar titer (5..2 x108 ±1.2 ).  The   
relA mutants displayed a prolonged lag 
phase of 2 h compared with 1 h for the 
other relA+ strains as reported by others 
(18). Reduced growth rates (79-86 % of 
wild type) in minimal medium and 
reduced viability of 72-78% before 
starvation and 48-52% after a starvation, 
treatments with SH or from the average 
of three agar plugs removed from each 
selection plate  relative to wild-type 
CFU values were recorded. 
 Two nutritional stress conditions 
were compared: serine hydroxamate 
(SH, 2mg/ml) treatment for periods of 
30 and 60 min and  leucine or threonine 
starvation for the same periods of time. 
Cultures were grown in amino acid- 
supplemented minimal medium, 
vegetative samples were removed (V1 
and V2), followed by centrifugation and 
resuspension in SH-low amino acids or 
Starvation Medium in the presence of 1 
mM IPTG (0, 30, 60 min samples). Total 
cellular RNA was isolated according to 
the hot phenol method (13) and 10µg 
aliquots were  hybridized to leu or thr 
probes labeled by random priming with 
{- 32P} dATP using slot-blot analyses.       
Autoradiograph films were subjected to 
scanning densitometry and the relative 
hybridization was calculated.  As shown 
in Figs.1A and 1B, preferential increase 

in the levels of the specific leu- mRNA 
or thr-mRNA were associated only in 
strains that were stringently controlled 
(i.e. relA+) but not in the knockout strain. 
The relative increases in leu-mRNA 
levels after 60 min of SH- treatment 
were: 2.3, 1.5, 1.2, and 0.7 for the relA+- 
OP, relA+/pDR66, and   relA respect-
ively; and for the thr-mRNA they were: 
2.1, 1.7, 1.3 and 0.6 respectively (Figs 
1A and 1B).  Essentially by 30 min of 
treatment nearly maximal levels of leu- 
and thr-mRNA were attained, 
representing a significant increase in 
mRNA synthesis compared to vegetative 
repressed levels (Figs.1A and 1B). The 
ratio of the leu-mRNA levels during log 
growth relative to the wild type were: 
1.0:1.4:1.4: and 0.9 for BD79, 
BD79/pDR66, BD79/relA+-OP and 
BD79/ relA respectively (see Fig 1A). 
Similarly, for the thr-mRNA they were: 
00:1.15:1.22: and 0.85 for BD170, 
BD170/pDR66, BD170/relA+-OP and 
BD170/ relA- (Fig. 1B). As reported 
previously (18), the presence of 
integrated spac-relA-cat and spacp-cat 
promoters’ enhanced growth and 
transcription in both the absence and the 
presence of the inducer IPTG in both 
constructed strains (BD79 and BD170). 
Finally, during leucine or threonine 
starvation in both relA+ over-producer 
strains,  the levels of leu- and thr-mRNA 
increased 7.7 and 5.3 fold respectively 
compared to a decrease to 0.7 and 0.6 
found in both constructed relA knockout 
strains i.e. BD79 and BD170  
respectively (data not shown). 
    
 As reported for E. coli (20, 21), a 
quantitative correlation was also 
established in B. subtilis between leu- or 
thr-mRNA abundance and leuB- and 
thrA- reversion frequencies (Figs. 1A 
and 1B). The data suggest that (p)ppGpp 
contributes to regulating  leu or  thr 



operon expression and that the higher 
number of revertants is specifically 
associated with the derepression of these 
operons. Hence, it was necessary to 
demonstrate that increases in leu- and 
thr-mRNA levels are specific to the 
starvation conditions. leu-mRNA 
accumulates during leucine, but not 
during threonine starvation.  The double 
auxotroph BDR79 (leuB1, thrA5) made 
isogenic except for the relA gene (i.e. the 
knockout and the over-producer) was 
used for this purpose. Fig. 2A illustrates 
the specificity of leuB gene expression 
where a 2.9 fold increase in leu-mRNA 
levels was determined in the leucine-
starved relA+- OP as compared with the   
relA when  probed with the homologous 
sequence (i.e. leu and not thr).  
Similarly, starvation for threonine for 30 
and 60 min resulted in a 4.7 and 9.7 fold 
increase in thr-mRNA of the  relA+-OP  
relative to the  relA strain of BDR79 
(Fig. 2B). Although starvation for 
threonine evokes the stringent response 
and high levels of (p)ppGpp, it does not 
activate the leu operon because of the 
presence of leucine.  In the absence of 
the stringent factor (i.e., the relA 
knockout), removal of inhibition of 
attenuation alone (i.e. leucine starvation) 
does not allow leu operon expression as 
seen by the unchanged transcript levels 
(94% of 0 time point; Fig. 2A). Finally, 
mutation rates in amino acid 
biosynthetic genes (leu, thr, phe, his and 
lys), but not drug resistance genes (SmR 
and RifR), were enhanced in the relA+ 

compared with relA- strains under 
conditions that evoke the stringent 
response. 
 
 The observed changes in mRNA 
levels in response to nutritional stress 
could result from changes in rates of 
mRNA synthesis or degradation, namely 
an increased stability may be responsible 

for enhanced mutagenesis. To measure 
decay rates of specific transcripts, 
transcription initiation was inhibited by 
the addition of 250 µg/ml rifampicin to 
cells at the end of 45 min starvation and 
also to repressed cells grown in the 
presence of leucine. The half-life was 
calculated using three time points (5, 10, 
20 min) where the decay rate was 
exponential.  T1/2 in min at the end of 
starvation was: 4.5± 0.4, 6.4±1.1 and 
18.8±1.2 for BD79 relA+, BD79 relA+-
OP and BD79/ relA, respectively. 
Interestingly, during  repression the T1/2 
values were longer except for the  relA 
strain which was identical to starved 
value (i.e.11, 12, and 19, respectively). 
Even though the leu-mRNA was 
degraded more slowly in the relA strain 
no, increase in revertants was observed. 
In summary, as established in stressed E. 
coli (19, 20, 21), there is a positive 
correlation between the reversion rates 
of the leuB and thrA mutants and the 
rates at which these genes are 
transcribed in B. subtilis undergoing a 
stringent response.   
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Figure 1. Relative mRNA abundance in B.  
subtilis differing only in their relA background 
during repression followed by a treatment with 
serine hydroxamate-SH..1A. Four isogenic 
derivatives of strain BD79 (leuB1, pheA1) grown 
to log phase in minimal medium in the presence 



of 100µg/ml of leucine and phenylalanine (V1 
and V2). 1B.  

Four isogenic derivatives of strain 
BD170 were grown in the presence of 
100µg/ml threonine and tryptophan and 
analyzed as follows:  Cells were washed 
and transferred to minimal medium 
supplemented with 2µg/ml of the 
essential amino acids and 2mg/ml of SH 
was added in the presence of 1mM IPTG 
incubated for 30 and 60 min.  Slot blot 
assay was used to recover total amount 
of RNA (levels leu-mRNA    (1A) or 
thr-mRNA (1B)).   
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Figure 2. A comparison of the relative mRNA 
abundance in a double auxotroph  BDR79 
(leuB1, thrA5) of B. subtilis made relaxed ( relA-
, (p)ppGpp-) or stringent (relA+-OP, (p)ppGpp+) 
and starved individually to either leucine or 
threonine. 2A. Hybridizations of the RNAs from 
both sets with a leu-probe illustrating the 
specificity of the leuB gene expression. 2B. 
Hybridization of the same RNAs to the 

thr-probe illustrating specificity of the 
thrA gene expression. Cultures of the 
double mutant were grown as described 
in Fig 1. they were washed and 
incubated  under single amino acid 
starvation (i.e. either leucine or 
threonine) in the presence of 1mM IPTG  
for 30 and 60 min. Each RNA 
preparation was individually hybridized 
to either the homologous or the 
heterologous probe. The levels of leu- 
and thr-mRNA were determined by 
densitometry.    
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Alzheimer’s Disease in an Aging Society  

 Niloufar Haque Ph.D. 
 
 
The observations and input by scientists- 
biochemists, cell and molecular 
biologists, genetic engineers etc. help 
provide information at the cellular level 
in understanding the critical balance 
between health and disease. With the 
average life span of individuals in the 
USA reaching 85 years, the population’s 
susceptibility to hitherto unknown 
factors is coming to light.  
 
A case in point is Alzheimer’s disease, a 
progressive neurodegenerative disease 
that attacks the brain and results in 
dementia-impaired memory, thinking 
and behavior. The disease progresses 
slowly, from mild forgetfulness to 
confusion to dementia. AD is a specific 
disease and is not accelerated brain 
aging. There is  no known cure 
available. The overwhelming majority, 
95%, of this disease is of unknown 
etiology. It is of utmost importance to try 
to unravel the molecular changes that 
take place in the individual neurons, 
which ultimately lead to formation of 
tangles in the neurons and deposits of 
amyloidal plaques within the 
intracellular space in specific regions of 
the brain.  
 
At present there are about 4.5 million 
individuals afflicted with AD, of which 
about 40,000 are in New York City 
alone. With the large number of baby 
boomers (individuals born between1947-
1964) on the horizon reaching their sixth 
decade, the population of afflicted 
individuals is expected to quadruple by 
2050. Incidentally, the onset of the 
disease is later in women and seems to 
increase with the onset of menopause. 

Researchers at Mayo Clinic report that 
patients who score high on depression 
and pessimism scales have a 40% 
increased risk of dementia.. 
  
Alzheimer’s disease and frontotemporal 
dementia with Parkinsonism linked to 
chromosome-17 (FTDP-17) are two 
major neurological diseases which are 
characterized by the abnormal 
hyperphosphorylation and accumulation 
of tau in the affected neurons. There are 
six isoforms of tau formed by alternate 
splicing from a single gene.  
 
Expression of these isoforms is 
developmentally regulated. Over 
expression of adult human tau leads to 
maturation and differentiation of 
neuronal cells and is required for the 
formation of GAP junctions. Thus, 
abnormalities in tau can compromise 
neurogenesis. Interestingly, the tangle- 
forming protein has been named tau, 
which is the last letter of the Hebrew 
alphabet ,and also was the last protein to 
be associated with the ghost 
‘tombstones’ of the dead and dying 
neurons in the pathological brain. 
 
Age is known to be a single major risk 
factor for AD. Alzheimer’s disease is a 
metabolic disorder, an abnormality that 
results in the abnormal hyper-
phosphorylation of tau and is most likely 
a cause which precipitates the pathology. 
Like hypertension, coronary heart 
disease and multi-infarct dementia, 
Alzheimer’s disease is a metabolic 
disorder of mid to old age, which 
requires a genetic predisposition and one 
or more environmental factors. 

 



The fluidity of membrane decreases with 
age, thus making it susceptible to and 
less resistant to a wide variety of insults. 
Oxidative stress can be promoted by a 
number of factors and conditions 
including free radical formation. 
Antioxidants scavenge the free radicals 
and maintain the membrane fluidity.  

Neurogenesis in dentate gyrus plays an 
important role in memory formation. 
Regulation of expression and function of 
microtubule-associated proteins (MAPs) 
is critical for neurons to maintain normal 
cytoskeletal architecture and functions. 
Neural plasticity, on the other hand, is 
the ability of the brain to adapt to 
changes, which provides the foundation 
for learning and memory, and for repair 
after injury. The repair mechanisms, 
however, can also contribute to the 
development of pathology if the plastic 
responses are over-stimulated or 
deregulated. Neural progenitor cells 
offer a promising tool for therapeutic 
replacement of cells in brains afflicted 
with neurodegenerative diseases. A goal 
of modern medicine is to genetically 
modify these cells to introduce 
therapeutic genes into the brain. 

Clinical Symptoms: The disease 
progresses slowly from mild 
forgetfulness to confusion to dementia. 
 
Histopathology: Extensive 
neurofibrillary changes in the brain in 
the form of neurofibrillary tangles, 
neuritic (senile) plaques and neuropil 
threads. 
 

        
(a) Tangles form inside the neurons due 
to aggregation of tau, while plaques are 
seen outside the cell in the intracellular 
space formed by beta amyloid deposits. 
 

 
(b) Beta amyloid deposits. 
 

 
(c )Aggregation of tau forming tangles 
inside neurons. 
 



Genetic Risk Factors: 
• Mutations in 

  (i) bAPP (Ch 21) 
  (ii) PS-1 (Ch 14) 
  (iii) PS-2 (Ch 1) 

• Presence of APOE4 allele (Ch 
19) 

• Frame shift mutations in bAPP 
and ubiquitin 

• Other genetic factors 
 
Non-Genetic Risk Factors: 

• Age 
• Head trauma 
• Low education (perhaps the ‘use 

it or loose it’ factor plays a role 
here. Stimulus provides firing of 
neurons and helps in establishing 
neuron-neuron interaction and 
maintains connectivity)  

• Environmental factors 
 
Taupathies:  
These are a group of diseases associated 
with aggregation of tau protein and 
formation of tangles which leads to 
cellular dysfunction and pathology. 

·  Alzheimer’s Disease 
·  Down Syndrome, adult cases 
·  Guam Parkinsonism 

Dementia Complex 
·  Dementia Pugilistica 
·  Pick Disease 
·  Dementia with Argyrophilic 

Grains 
·  Frontotemporal Dementia 

(FTDP-17) 
·  Cortico-Basal Degeneration 
·  Pallido-Ponto-Nigral 

Degeneration 
·  Progressive Supranuclear 

Palsy 
·  Gerstmann-Sträussler-

Scheinker Disease with 
Tangles 

 

Conditions with Tangles: 
·  Dementia pugilistica 
·  Guam Parkinsonism 

dementia 
·  Frontotemporal dementia 
·  Progressive supranuclear 

palsy 
·  Tangle-only dementia 
·  Postencephalitic 

Parkinsonism 
Decrease in the activities of ChAT 
(choline acetyl transferase) and AChE 
(acetyl choline esterase) in the brains of 
patients with AD has been reported. 
 
Pharmacologic Therapeutics of AD 
Symptomatic drugs: 

Cholinomimetic compounds 
 -  Tacrine (Parke-Davis) 
 -  Aricept (Esai Pfizer) 
Neuroprotective drugs 
 -anti-neurofibrillary 
degeneration 
 -anti-amyloidosis 
 -anti-inflammatory 

Other drugs which have been in use to 
alleviate the suffering of cognitive 
patients are: donepezil, rivastigmine, 
galantamine, memantine; other agents 
include but are not limited to vitamins, 
statins, estrogen, anti-inflammatory 
formulations, antipsychotics, anti-
depressants, other mood stabilizers and 
herbal remedies such as ginko biloba etc. 
These drugs provide only a temporary 
relief to the symptomology but do not 
alter the course of the disease. The major 
drawback in early diagnosis is that the 
progression of disease is very slow. By 
the time the first symptoms start to 
appear, the disease has been incubating 
for a few years. Recent diagnostic PET 
scan imaging systems are helpful in 
identifying molecular and metabolic 
changes at an earlier stage. Drug 
treatment combined with lifestyle 
changes, including maintenance of blood 



pressure, control of diabetes, reduction 
in cholesterol and homocysteine level, 
following a regular exercise regime and 
engaging in intellectually stimulating 
activities will help fight external risk 
factors. But there is still a long way to go 
to that ultimate discovery. 
Further references: 
www.alz.com 
www.webMD.org 
www.alzgene.org  
 

The Cure? 
 

Orlando Bartolome Jr* 
 

Turning on the television I flipped the 
channels hoping to catch something 
interesting. Lo and behold, my eyes soon 
adhered to the luminous screen as I 
watched in horror and amazement, 
“Mysteries of the Black Death” a five- 
part series that PBS aired.  
 
As you may already know, the bubonic 
plague had taken two-thirds of the 
population of Europe. In around 1347, 
during the Elizabethan era, China 
became a leading distributor of 
consumer goods and unknowingly 
conveyed a dangerous cargo of fleas and 
rodents that hitchhiked onto cargo 
vessels. This contributed to the onset of 
the plague in Europe. Victims often 
experienced the common symptoms of 
flu at first, but signs of the Black Death 
emerged with the swelling of the lymph 
nodes throughout the body and black 
spots under the skin appearing. The poor 
standard of living, coupled with inferior 
sanitation and limited knowledge of the 
disease contributed to its sudden spread 
 
Today survivors in Eyam, England have 
been recorded to have come in close 
contact with the disease on an everyday 
basis. One, a mother of six, survived 

while she buried all her children and her 
husband in a week. However, she lived 
long enough  to die of old age.  At the 
height of the 1980’s, when unprotected 
sex with multiple partners was a 
common occurrence, a new and horrific 
disease, AIDS (acquired immune 
deficiency syndrome), caused by the 
human immune deficiency virus (HIV) 
emerged. This disease has claimed most 
of Steve Crohn’s friends, a man who was 
performing high-risk sexual acts, yet he 
never contracted the virus. His blood 
was sampled and given a heavy dosage 
of 3,000 times the HIV required to infect 
an individual, yet his blood work 
sustained an astonishing negative-HIV 
results. This led researchers like Dr. 
O’Brian to search deeply into his 
family’s history. It is striking to note that 
his genealogy could be traced back to 
the survivors of Eyam.  
      
What researchers found was that the 
descendants of plague survivors had a 
genetic mutation which occurred shortly 
after the last ice age, which was passed 
down from mother to child.  This gene 
encodes a protein, the chemokine CCR5, 
which has been implicated in aiding HIV 
entry into human cells. This mutation 
caused a slight irregularity in CCR5. , 
producing a  CCR5 Delta 32.  CCR5 is 
known to be a co-receptor for HIV entry. 
Perhaps CCR5 Delta 32 hinders the 
ability of the virus to invade the host 
cells and thereby offers protection to 
individuals who posses this mutation. 
 
Currently, since 1998, pharmaceutical 
companies have tried without success to 
replicate the Delta 32 gene, but further 
testing in the future may point toward a 
potential cure. 
 
 
           



Further Reading: 
1. The Black Plague, its Ramifications, 
and the CCR5-Delta 32 Deletion  
Mutation 
http://www.as.ua.edu/ant/bindon/ant475/
Papers/Kampis.pdf 
2. Secrets of the dead dead 
http://www.pbs.org/wnet/secrets/case_pl
ague/index. 
 

Curry and the Brain 
 

Rashida Begum* 
 

Small doses of curry could help protect 
the brain against Alzheimer's disease. At 
least, this effect has been observed in 
rats. How this finding translates to 
humans has yet to be determined.  

A new study provides evidence that 
culinary spices indeed play a role in 
good health. For example, studies have 
shown that cinnamon can improve 
glucose (blood sugar) and cholesterol 
levels in the blood in people with  type 
two diabetes and in those fighting high 
cholesterol. Cloves, bay leaves, and 
turmeric have also shown promise in 
improving diabetes. 

The spices appear to protect cells, 
tissues, and arteries against the 
damaging effects of free radicals in the 
bloodstream. Free radicals are the by-
products of cell processes that damage 
cells. Mounting evidence shows that this 
type of cell damage in the brain also 
leads to Alzheimer's disease.  

Curcumin, also known as turmeric, is a 
natural spice that has high levels of 
phenols, potent antioxidants that prevent 
cell damage caused by free radicals. 
Curcumin is extracted from the root of 
the Curcuma longa plant. Turmeric 

provides the distinctive yellow color to 
curry powder, a blend of several spices. 

Curcumin triggers an enzyme known as 
hemeoxygenase-1 or HO-1, which 
protects cells from free radical damage 
that causes inflammation and tissue 
damage. Peroxide radical formation and 
inadequate levels of free radical 
scavengers (antioxidants) are at the root 
cause of various diseases such as heart 
disease, diabetes, and Alzheimer's 
disease, writes researcher Claudia 
Colombrita, PhD, with the Universita di 
Catania in Italy  

Research studies on rat brain cells 
exposed to various concentrations of 
curcumin, has shown alterations in the 
level of HO-1 as well as two other 
protective enzymes. However, higher 
concentrations of curcumin caused 
substantial cell damage, with no increase 
in the protective HO-1 protein. While 
reports  appear promising, much more 
study is needed to determine levels of 
curcumin that could protect against 
Alzheimer's disease.     

DNA bar coding 
 

Rashida Begum* 

DNA bar coding has the potential to be a 
practical method for identification of the 
estimated ten million species of 
eukaryotic life on earth. As a uniform 
method for species identification, DNA 
bar coding will have broad scientific 
application. It will be of great utility in 
conservation biology, including 
biodiversity surveys. It could also be 
applied where traditional methods are 
unrevealing, for instance identification 
of eggs and immature forms, and 
analysis of stomach contents or excreta 
to determine food webs. In addition to 



enabling species identification, DNA bar 
coding will aid phylogenetic analysis 
and help reveal the evolutionary history 
of life on earth.   

DNA sequence analysis of a uniform 
target gene to enable species 
identification has been referred to as 
DNA bar coding, by analogy with the 
UPC bar codes used to identify 
manufactured goods. DNA bar coding of 
CoML specimens will provide 
immediately useful results and will have 
long-term applications for CoML 
investigators and the general scientific 
community.  

A remarkably short DNA sequence 
should contain more than enough 
information to distinguish ten or even 
100 million species. For example, a 600-
nucleotide segment of a protein-coding 
gene contains 200 codon third nucleotide 
positions. At these sites, substitutions are 
(usually) selectively neutral and 
mutations accumulate through random 
drift. Proof of principle for DNA bar 
coding has been provided by comparison 
of mitochondrial cytochrome c oxidase 
subunit I (COI) sequences among 
closely related species and across 
diverse phyla in the animal kingdom.  
 

An appropriate target gene for DNA bar 
coding is conserved enough to be 
amplified with broad-range primers and 
divergent enough to allow species 
discrimination. The initial target for 
DNA bar coding described in this 
protocol is mitochondrial cytochrome   
oxidase subunit I (COI). Selection of an 
appropriate gene is a critical strategic 
and practical decision, with significant 
consequences for the overall success of 
this project. A number of genes may be 
likely to meet one or more of our goals 

(discrimination and identification of 
species, discovery of new and cryptic 
species, reconstruction of evolutionary 
relationships among species and higher 
taxa). Our selection of COI as a target 
gene is supported by published and 
ongoing work, which demonstrates that 
bar coding via COI will meet the project 
goals for a wide diversity of animal taxa. 
 
*Student, Biological Sciences 

Grants 

New York City College of Technology 
recently received nearly $2 million in 
funding from the National Science 
Foundation (NSF) and the U.S. 
Department of Education (DOE) to 
increase opportunities for students 
underrepresented in science, technology, 
engineering, and math careers. 

·  The largest of the three grants is 
from the NSF Division of 
Undergraduate Education, which 
awarded City Tech $990,657 over 
five years for a project entitled, 
“Metropolitan Mentors Network 
(MetroNet): Growing an Urban 
STEM Talent Pool across New York 
City.” STEM stands for Science, 
Technology, Engineering and 
Mathematics. Dr. Pamela Brown, 
acting dean of City Tech's School of 
Arts & Sciences is the PI while 
Professors Roman Kezerashvili, 
Candido Cabo, Sidi Beri and 
Sunghoon Jang are Co-PIs. 

A second NSF grant of $496,800 over 
four years has been awarded to the 
College for the creation of a scholarship 
program within that funding agency's 
STEM Talent Expansion Program (S-
STEM). Principal Investigator for the 
project is Prof. Xiangdong Li and the 



Co-PIs are Professors Candido Cabo, 
and Sunghoon Jang.  

From the DOE’s Minority Science and 
Engineering Improvement Program, City 
Tech will receive $399,965 for a project 
called, “The Transfer of Learning from 
Mathematics and Physics to Computer 
Science and Engineering Applications,” 
which aims to facilitate the transfer of 
knowledge from theory to problem-
solving in engineering. Prof. Roman 
Kezerashvili, City Tech professor of 
physics, will coordinate this initiative. 
The Co-PIs on this project are Professors 
Janet Liou-Mark, Candido Cabo, and 
Sunghoon Jang.  

Other awardees of various prestigious 
grants are as follows: 

Linda Silverman   
Seymour Blank 
Hans Schoutens 
Kathryn Richardson 
Niloufar Haque 
Reginald Blake 
Thomas Tradler 
(Source: Patty Barba, Assistant Director 
Office of Grants and Contracts) 

 

Events  
 
CUNY Month is celebrated throughout 
the various campuses in November. A 
series of events were hosted at New 
York City College of Technology this 
year.  
 
·  First Symposium on “Frontiers of 

Biotechnology”, was held on 
November 2, 2006 and was 
organized by Professors N. Haque, 
W. Samarrai, N.S. Haque and I. 
Barjis, all of the Department of 

Biological Sciences. The Welcome 
address was delivered by Provost 
and Vice President of Academic 
Affairs Bonne August.  

 
Invited Speakers: 
Dr. Rivka Rudner (Hunter College) 
Dr. Tearina Chu (Mount Sinai School of 
Medicine) 
Dr. Mark Sidall (American Museum of 
Natural History) 
Dr. Todd R. Evans (Albert Einstein 
School of Medicine) 
Dr. Allen Burdowski (St. Francis 
College) 
 
·  2nd Annual Colloquium on “An 

Interdisciplinary Approach to 
Neurodegenerative Diseases and 
Related Disorders: From 
Diagnosis to Therapy” was held on 
November 14, 2006 and was 
organized by Professors N. Haque 
and N.S. Haque of the Department of 
Biological Sciences. The Welcome 
address was delivered by President 
Russell K. Hotzler. Dr. Gillian M 
Small, University Dean for Research, 
CUNY, presided over the event. 

 
Invited Speakers: 
Dr. Abdeslem El Idrissi, (College of 
Staten Island) 
Dr. Krishnaswami S Raja, (College of 
Staten Island) 
Dr. Marie T Filbin, (Hunter College) 
Dr. Deanna Benson, (Mount Sinai 
School of Medicine) 



·  4th Annual Poster Session for 
Faculty & Student Research was 
held on November 16, 2006. 
President Russell K. Hotzler, Provost 
Bonne August and Dean of the 
School of Arts & Sciences Pamela 
Brown brought welcoming remarks 
to open the session, which was 
organized by a committee of 11 
faculty members, chaired by 
Department of Physics Chair Roman 
Kezerashvili. 

 “The 4th Annual Poster Session was 
well received by all,” says President 
Hotzler, “and provided the faculty with a 
wonderful opportunity to learn about 
their colleagues’ interests. I have 
fostered the need for more faculty 
research since arriving here and am most 
pleased to see both the increased efforts 
and the quality of the work being done.” 
“The annual poster session has become a 
tradition,” says Professor Kezerashvili, 
“which not only enables faculty to 
exchange ideas and information on their 
research, but also provides students 
across the disciplines with opportunities 
to work with faculty on research projects 
that greatly enrich their educational 
experience.” 

·  Honors Scholars & Emerging 
Scholars Poster Presentation was 
held on  December 7, 2006, 
organized by Acting Dean of Arts 
and Sciences Prof. Pamela Brown, 
Janet Liou-Mark (Honor Scholars 
Program Coordinator) and Ms. Laura 
Yuen-Lau (Honor Scholars Program 
Assistant). A total of fourteen 
students received a stipend ($ 500) to 
work on a research project with their 
faculty mentors. 

 

Upcoming Events 
 
·   ‘Earth Day’, April 19, 2007. The 

event is organized by Professor 
Hugh McDonald, Social Science 
Department. Event will be followed 
by screening of the movie, ‘An 
Inconvenient Truth.’ 

·  School of Arts and Sciences First 
Annual Research Conference Friday, 
April 20, 2007, 10:00 AM -3:30 PM  
Atrium Amphitheater. 

·  Honors Scholars & Emerging 
Scholars Poster Presentation will be 
held on  May 3, 2007. 

 
 
 
 
 
 
 
 
 
 
 



Events at CityTech 
 

2nd Annual Colloquium on “An Interdisciplinary  
Approach to Neurodegenerative Diseases. 
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