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Thiamine 

Abstract 

Introduction 

Thiamine, or vitamin B1, is an essential vitamin for proper development of 
the nervous and cardiovascular system. Thiamine deficiency often presents 
itself as beriberi disease, which has many forms but is most notably 
characterized by loss of muscle function, severe fatigue, and hypotension 
eventually leading to death. 

 
 

 

¢ƘƛŀƳƛƴŜΩǎ ǊŜŎƻƳƳŜƴŘŜŘ Řŀƛƭȅ ǾŀƭǳŜ ŦƻǊ ŀƴ ŀŘǳƭǘ ƛǎ мΦн ƳƎκŘŀȅΦ Lƴ {ƻǳǘƘ 
Asian countries, thiamine deficiency is a consistent problem due to a diet 
high in grains. There is some thiamine in the outer endosperm layer of rice, 
but this is lost during washing because thiamine is water soluble. By 
creating a new gene that fuses a thiamine-binding protein (BBa_K931004) 
and a starch-binding protein together to create SBP-TBP (BBa_K931005), 
we hope to increase the retention rate of thiamine in rice.  

Thiamine Binding/Starch Binding Fusion Protein 

Vitamin B12 (Cyanocobalamin) is a vitamin involved in many neurological 
processes. The main source of dietary B12 is found in meat and dairy 
products.  This poses an issue for people following a vegan diet or who 
depend on B12 deficient food sources, such as rice. To supplement rice with 
B12, a starch-binding domain was conjugated with a B12 binding domain, 
from E. coli (BBa_K931001) in order to create a SBP-B12BP construct 
(BBa_K931003). 

Vit. B12 Binding/Starch Binding Fusion Protein 
The Importance of Education  

Our team's various human practice projects aimed to introduce our 
project and synthetic biology in general to the public, because many of 
the controversies and concerns involving synthetic biology stem from a 
lack of awreness and discussion. We tried to reach out to a diverse range 
of people at various events and through various media described in the 
Human Practices section below. 

 
 

 

Human Practices 

Survey of the Effects of Education on Attitudes Toward GM Rice and iRICE 

A survey was conducted to get the public's opinions on iRICE as well as 
genetically modified rice. The survey provided information on genetically 
modified foods with an emphasis on Golden Rice coinciding with a quiz on 
that information. Participants were questioned on their relative comfort 
with eating our protein as well as Golden Rice. In our results, an interesting 
correlation was discovered. 

 

 

 

 

 

 

Our supplement was less accepted 
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hǾŜǊ ƘŀƭŦ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴ 
depends on rice as a major source of its 
calories. The majority of the rice eaten is 
polished white rice., which is created 
from raw rice through the removal of the 
hull, bran, and germ layers. This process 
results in a large loss of nutritional value 
as the bran layer contains the majority of 
ǊƛŎŜΩǎ ƴǳǘǊƛŜƴǘǎΦ 

College of Agriculture, Biotechnology, and Natural Resources Field Day 
At a more family-oriented event, we created a kid-friendly interactive  
presentation in addition to our poster presentation. In order to teach 
children about cell biology, we gave kids and parents jello άŎŜƭƭǎέ ǘƘŀǘ ǘƘŜȅ 
ŎƻǳƭŘ Ŧƛƭƭ ǿƛǘƘ ǘƘŜ ŎŀƴŘȅ άƻǊƎŀƴŜƭƭŜǎέ ƻŦ ǘƘŜƛǊ ŎƘƻƛŎŜΦ 

Nutrient deficiencies have been overcome through fortification in 
countries that rely on other crops. For example, wheat products are often 
fortified in the United States. However, rice fortification using the 
traditional fortification techniques (e.g. dusting) has had limited success  
around the world as many cultures wash their rice before cooking. This 
method of rice preparation removes the added nutrients. 

Genetic engineering has been used as a 
more modern method of improving 
ǊƛŎŜΩǎ ƴǳǘǊƛǘƛƻƴŀƭ ǾŀƭǳŜΦ ! ŎƻƳƳƻƴ 
example is Golden Rice, which is 
genetically engineered to produce beta-
carotene. Unfortunately, this method is 
not being utilized widely due to a public 
stigma against genetically modified  
foods, worries of horizontal gene 
transfer, and discomfort with the golden 
color of the rice. 

Our solution to this problem is to create a modular fusion protein 
supplement. Through the use of starch and nutrient binding domains, it is 
possible to adhere  vitamins to rice without altering the DNA of the rice 
plant itself. 

Bill Nye the Science Guy Expo and the Vitamin Catching Game 

On September 6th, Bill Nye the Science Guy came to the University of 
Nevada to give a talk, and the University hosted a science fair before the 
event. All clubs, teams, and organizations related to science were invited to 
bring a cool demonstration for the public. We officially unveiled our public 
iRICE poster and answered questions about our project. We also played a 
game that demonstrates how iRICE works. Using only simple household 
items (a swimming noodle, Velcro ball catchers, and a few tennis balls), we 
created a giant rice grain that can hold onto our vitamin tennis balls. 

ÅThe RFP-SBP binding assay qualitatively shows the function of the SBP     
domain in binding rice. 

ÅThe purification of SBP-B12BP with the amylose column demonstrates the 
affinity  of the protein for a carbohydrate substrate. 

ÅThe B12 binding assay demonstrates the binding capabilities of the SBP-B12 
binding protein. 

ÅThere will be further quantitative analysis of the binding characteristics of 
both domains of the protein. 

To demonstrate that the starch binding domain (SBP) will bind to polished 
rice grains, a fusion construct consisting of the starch-binding domain 
(BBa_931000) from the R. oryzae glucoamylase gene and a red fluorescent 
domain encoded by the mRFP1 gene (BBa_J23117) was created. The 
resulting construct was expressed in E. coli under the control of a 
constitutive promoter to produce the RFP-SBP protein.  

Even though white rice is a major source of calories for over half the 
ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴΣ ƛǘ ƛǎ ŀ ǇƻƻǊ ǎƻǳǊŎŜ ƻŦ ƴǳǘǊƛŜƴǘǎΦ ²ƘƛƭŜ ǊƛŎŜ Ŏŀƴ ōŜ 
fortified using vitamin powders, such approaches have had limited 
success because many vitamins are leeched away during the washing 
process prior to cooking. To address this problem, we have engineered 
proteins that will adhere nutrients to rice grains to prevent losses. These 
proteins contain a starch-binding domain that is fused to specific nutrient-
binding domains. Because rice is composed mainly of starch, the starch-
binding domain prevents nutrient leeching during washing. 
Supplementing rice with these fusion proteins will provide a novel 
approach to fortifying rice. Proteins with a starch-binding domain 
connected to a vitamin B12-binding domain, a thiamine-binding domain, 
and a RFP have been created.  

Binding Red Fluorescent Protein to Rice 

Figure 3. Binding Test Results 
An atomizer was used to spray rice with the 
following treatments: water, crude E. coli 
extract expressing RFP, crude E. coli extract 
expressing RFP-SBP. The rice was sprayed in 
three one second burst and then allowed to dry 
for three hours. The rice was subsequently 
washed using two traditional methods in Asian 
countries(swirling and pinching), and was then 
placed under the tap for 15 seconds. The rice 
was analyzed under a fluorescent microscope 
(excitation 584 nm, emission 607nm) (top 
photo). Lower photo shows white light image 
of same samples. 

Conclusions 

To assess the ability of RFP-SBP to bind rice, a binding test was conducted. 
The presence of RFP-SBP on treated rice was determined by fluorescent 
microscopy. The RFP-SBP treated rice fluoresced strongly, while untreated 
rice (sprayed with water only) did not fluoresce at all. Rice was also treated 
with a crude extract of RFP, which was diluted so its relative fluorescence 
was equivalent to the RFP-SBP crude extract to standardize the treatment. 
While RFP treated rice fluoresced, the signal was clearly weaker than that 
seen from the RFP-SBP treatment. These results indicate that while some 
amount of non-specific binding does occur due to the hydroscopic nature of 
starch, the SBP domain does direct binding of RFP to rice. 

Figure 5. Starch and B12 Binding Protein Gene Construct 

Figure 7. Purified SBP-B12BP using an Amylose Purification Column 

Figure 8.  B12 Binding Assay  

a) b) 

Figure 6.  Western Blot Analysis for Soluble Protein Detection 

Figure 1. Model of the generic Starch-Binding-Nutrient-Binding protein 

Figure 2.  Red Fluorescent-Starch Binding Protein Gene Construct 
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Sponsors 

Initial expression was done in TOP10 
cells, but the protein was only found 
in inclusion bodies as seen in Figure 6. 
 
The protein was then expressed in 
BL21 cells, but the protein remained 
insoluble. Addition of 5 nM vitamin 
B12 lead to the expression of the 
protein in a soluble state (data not 
shown)                                                                   
.  

 
The Coomassie gel in Figure 7 shows 
relatively pure protein in Lane 1, 
crude product in lane 6 and column  
washes in lanes 7-9. The protein was 
purified on an amylose column 
which demonstrates the starch 
binding abilities of SBP-B12BP.  
     

8b) B12 Binding Assay 
Demonstrates Protein Functionality 
The Increasing trend in absorbance 
is the result of increasing the 
concentration of B12-HRP.  

Figure 4. Starch Binding-Thiamine Binding Protein gene construct 

The Model System 

Regardless of how much people 
knew about Golden Rice originally, 
after reading an information sheet, 
most were willing to eat GM rice. In 
fact, most people said they would 
prefer it to our iRICE supplement! 
This shows how education can 
contribute to greater acceptance of 
engineered and supplemented food.  

Open Forum on the GMO Controversy 
We held an open forum to ask some  of the biochemistry students who 
participated in the survey why they responded the way they did. We also 
asked why they think other people are against GM food. Some of the 
students echoed our concerns about the importance of education. 

"The fear is the fear of not knowing, not a fear of the food itself. People 
Ƨǳǎǘ ŘƻƴΩǘ ƘŀǾŜ ŜƴƻǳƎƘ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ƛǘΦϦ 

 
The Effects of GMO Food labels 
²Ŝ  ŀƭǎƻ ǿŀƴǘŜŘ ǘƻ ǘŜǎǘ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ŀŎǘǳŀƭ ǊŜŀŎǘƛƻƴǎ ǘƻ Da ŦƻƻŘΦ  ²Ŝ ǎŜǘ 
up an experiment by labeling two bags of cookies: genetically modified or 
non-genetically modified, and asking the students to help themselves.  

Vitamin B12 

8a) Assay Mechanism 
B12 labeled with HRP was bound to 
SBP-B12Bp that was coated on a 
binding plate. B12 can be detected 
by HRP sensitive substrate. 

Surprisingly, many of them 
picked the genetically 
modified cookies . We were 
shocked to how open to 
genetically modified foods 
they were, and they told us 
that  this was largely due to 
their awareness of synthetic 
biology. 

Figure 9. Scatchard Plot. 
A Scatchard plot was used to 
determine the K(d) of the SBP-
B12BP. The K(d) was calculated at 
52.34 pM.  Substrate bound was 
determined using a standard 
curve created using developed 
B12-HRP in known amounts and 
plotting concentration vs. 
absorbance.  
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