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IDENTIFICATION OF A CHROMOSOMAL REGION POSSIBLY 

INVOLVED IN O-SIDE CHAIN BIOSYNTHESIS IN BRUCELLA ABORTUS. 

by 

Ning Wu 

S.M. Boyle, Chairman 

Veterinary Medical Sciences 

(ABSTRACT) 

The gram-negative bacterial pathogen Brucella abortus is 

a zoonotic pathogen causing brucellosis ina variety of animal 

species including humans. The loss of the O-side chain in the 

lipopolysaccharide of the outer membrane decreases Brucella 

virulence. To understand the genetics of O-side chain 

biosynthesis and its relationship to virulence, studies were 

initiated to characterize specific O-side chain mutants. BB. 

abortus rough mutant strain RA2 was derived by transposon 

(TIn5) mutagenesis of smooth B. abortus 2308. The chromosomal 

region of strain RA2 with the Tn5 and flanking chromosomal 

region was cloned into the sequencing vector pGEM-3Z to create 

a suicide plasmid pNW-2. The plasmid pNW-2, or a derivative 

of it (pNW-3), in which Tn5 was replaced with a Kank gene, 

were electroporated into wild type smooth B. abortus 2308 in 

order to assess the phenotypic conversion from smooth to 

rough. The electroporation parameters such as cell growth 

stage, pulse field strength and pulse length were optimized. 

It was determined that using late log phase cells 

(approximately 70-77 Klett units), 10 ms and 13 KV/cm were the



best conditions for achieving transformation by pNW-2 or pNW- 

3. Kanamycin resistant and ampicillin sensitive Brucella were 

screened for double reciprocal crossovers between the suicide 

plasmids (pNW-2 and pNW-3) and Brucella chromosomal DNA. The 

recombinants were checked for their O-side chain by crystal 

violet uptake and immunoblotting with monoclonal antibody 

specific for the O-side chain. The locations of Tn5 and the 

flanking region in the genome of these recombinants were 

characterized by Southern blot using either a Tn5 probe or a 

flanking region probe. An analysis of KanR colonies showed 

that none of the recombinants were rough. The B. abortus DNA 

in pNW-2 was sequenced and compared with other genes. No 

Significant homology was found between the Brucella DNA in 

pNW-2 and gene sequences in the gene bank. Analysis of the 

recombinants suggests no linkage between the Tn5 element in 

strain RA2 and the rough phenotype.
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Introduction 

Brucella iS a gram-negative intracellular bacterial 

pathogen causing Brucellosis in a wide variety of animal 

species. The genus Brucella includes six species; B. abortus, 

B. ovis, B. melitensis, B. canis, B. neotomae and B. suis. 

The first species of Brucella, B. melitensis, was originally 

isolated and named "Micrococcus melitensis" by Sir David Bruce 

in 1887. He isolated the bacterium from the spleens of 

patients who died from "Malta fever" on the mediterranean 

island Malta. In 1897, Bernard Laurits of Denmark isolated B. 

abortus which at that time was described as "Bacillus abortus" 

from the reproductive tract of a cow having "Bang’s disease"; 

this disease refers to cattle having brucellosis. Alice 

Evans, an American microbiologist, recognized and proved that 

both species belong to the same genus and renamed "Malta 

fever" to "Brucellosis" in order to honor Sir Bruce in 1918. 

Meyer and Shaw in 1920 suggested the genus name of Brucella. 

Other Brucella species were discovered between 1914 and 1974 

(28). The name of each species reflect the hosts from which 

they were isolated. 

Under microscopic observation, Brucella are either small 

cocci, coccobacilli or short rods arranged either as single 

cells, pairs, or groups of cells. The average size of a cell 

is about 0.5-0.7yum in diameter and 0.6-1.5ym in length (13). 

They are resistant to weak acid and able to survive in dry and 
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low temperature for a long time (13). Additionally, they are 

nonmotile, noncapsulated and possess an outer membrane 

structure characteristic of gram-negative bacteria. Two of 

the major surface antigens, A and MM, are different 

arrangements of oligopolysaccharide, the carbohydrate portion 

of lipopolysaccharide (LPS). The biological properties and 

biochemical characterization of the Brucella species are 

sufficiently different to permit identification. For 

instance, lysis by bacteriophage, CO, requirement for growth, 

H,S production, dye (thionine and basic fuchsin) sensitivity 

and agglutination with monoclonal A or M antibody, are used to 

type Brucella spp. and strains (36). Brucella spp. show very 

close homology to each other using DNA hybridization 

techniques (20). The average amount of guanosine and cytosine 

content in their genome is about 55-59% (36). B. melitensis 

has two separate chromosomes approximately 2.2 and 1.1 

megabase pairs in size (31). In the Brucella genome, there 

are repeat insertion sequences (IS) but different species 

possess different copy numbers of IS. These repeat IS may be 

responsible for genomic polymorphism of Brucella because they 

have the potential for transposition, recombination and 

deletion (17, 18). So far, no extrachromosomal DNA, i.e. 

plasmids, has been found (36). Morphologically, Brucella 

resembles Bordetella, Haemophilus and Pasteurella based on 

their gram-negative reaction and size and shape (37). 
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However, based on 16S rRNA classification, Brucella is related 

to the bacterial species of Rhizobium and Mycoplana (15). 

Rach Brucella species has a fairly broad host range. For 

example, B. abortus can infect cattle, humans and horses, 

while B. melitensis can infect humans, goats and sheep. 

Brucellosis is characterized by abortion in cattle and by 

undulant fever in humans. Other common symptoms and signs in 

humans include myalgia, arthralgia, anorexia, fatigue and 

weight loss (27). Usually Brucella invade their hosts through 

impaired skin, conjunctival surfaces, oral and respiratory 

mucosa (27). Although readily engulfed by macrophages and 

other phagocytic cells involved in host immune system, they 

Survive and replicate in these cells. They are released into 

lymphoid system and blood as the result of lysis of 

macrophages and locate in the liver, spleen and reproductive 

organs (45). Usually antibiotics such as tetracycline, 

streptomycin, rifampin or a combination of these are used to 

successfully treat brucellosis in humans. 

The mechanisms of how Brucelia survive and replicate in 

macrophages are not clear; however, some possible mechanisms 

have been described. Canning (7) proposed that the release of 

5’-guanosine monophosphate and adenine by 8B. abortus can 

inhibit the degranulation of peroxidase positive granules 

which blocks the respiratory burst of neutrophils. Latimer et 

al. (26) tested the hypothesis that cell envelope associated 
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copper/zinc superoxide dismutase activity was the reason that 

Bruceiia can resist free oxygen radicals during a respiratory 

burst. They demonstrated that Brucella bearing a 

nonfunctional Cu/Zn SOD were as virulent as wild type (26). 

Catalase probably plays some role in the resistance of 

Brucella to peroxides (30). To date, it appears that the 

lipopolysaccharide (LPS) of the outer membrane is the only 

major determinant which plays a defined role in the virulence 

of Brucella (3, 32, 40, 43). 

LPS is composed of an oligopolysaccharide chain (O-side 

chain), a sugar core and a lipid A. The major antigenic 

determinant is associated with the O-side chain probably due 

to the highly antigenic carbohydrates. The O-side chain’s 

chemical structure is composed of a linear homopolymer of 96- 

100 a-1,2 linked 4,5-dideoxy-4-formamido-D-mannose (also 

called perosamine) repeat units (10, 52). Two major 

carbohydrate antigens in Brucella are antigen A and antigen M 

which is due to the difference in arrangement of O-side chain 

repeat units. Antigen A (A refers to abortus) is made of qa-1,2 

linked 4,6-dideoxy-4-formamido-D-mannose repeat units. The 

antigen M (M refers to melitensis) is made of one 1,3- and 

four 1,2-linked 4,6-dideoxy-4-formamido-D-mannose repeat 

units. Usually antigen A is dominantly expressed in B. 

abortus, and antigen M is dominantly expressed in B. 

melitensis (5). Different strains have been shown to carry 
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either A or M antigen, both or neither (i.e. rough strain). 

The variation in O-side chain linkage contributes to the 

differences or similarities of the serotypes among Brucella 

spp. as well as the cross reactions with other bacteria. For 

instance, Yersinia enterocolitica 0:9 possesses an O-side 

chain identical to B. abortus and can cross-react with anti A 

monoclonal antibody of B. abortus (6,8,9). The sugar core 

which links O-side chain to lipid A is composed of 7-10 sugar 

including mannose, glucose, quinivosamine, unknown sugars and 

2-keto-3-deoxy-2-octulosonate (KDO) (36, 38). Lipid A 

attaches the entire core and O-side chain to the outer 

membrane. Lipid A is the mixture of glucosamine and 

Gdiaminoglucose bound with long-chain fatty acid including 

saturated C16:0 to C18:0, and hydroxylated (3-OH-C12:0 to 20- 

OH-C30:0) fatty acids (34, 36). 

The LPS of Brucella is very unique not only because of 

its structure but also because of its properties. The 

endotoxic effect is less than other enterobacterial endotoxin 

(16) and is nonpyrogenic. LPS can provoke a humoral mediated 

immune response in hosts (10). IgG and IgM are the major 

antibodies induced by Brucella LPS (10); and the antibody 

titer usually persists during adult vaccination for quite a 

long time even up to several years (10). This persistence can 

confuse the diagnosis of infected animals versus vaccinated 

ones using standard agglutination tests (STA) and complement 
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fixation test. The relationship between Brucella abortus LPS 

and virulence is almost same as found in the enterobacteria, 

such as Salmonella typhimurium and Escherichia coli. Usually 

rough strain without intact O-side chain show less virulence 

than the smooth strains possessing intact O-side chain (43, 

45). Brucella abortus RB51, a rough strain derived from B. 

abortus 2308, 1s a good example (43). It is highly attenuated 

in cattle (12) and provides good protection against B. abortus 

2308 challenge in goat, mice and cattle (12, 40, 49). 

In 1992, 105 cases of human brucellosis were reported in 

America; but it is estimated that only 4-10% of case were 

reported because of lack of recognition of various symptoms 

and signs of the disease (11). There was an outbreak of human 

brucellosis reported in 1992 in a meat processing plant in 

North Carolina; 18 cases of Brucellosis were reported (11). 

Usually the source of infections to humans is ingestion of 

Brucella contaminated milk or cheese. Animals suffering from 

brucellosis which are diagnosed by standard diagnostic tests 

(27) are slaughtered because of a federally mandated 

Brucellosis eradication program (27). Thus brucellosis really 

seldom cause health problems in humans and economic loss in 

livestock in the U.S.A.. The Brucellosis problem outside 

North America and Western Europe is much worse, especially in 

the middle east. In 1988, 71,051 cases of Brucellosis were 

reported in Iran (53). Brucella abortus is the most 
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frequently identified strain for causing brucellosis in 

cattle. Since 1939 the standard Brucella vaccine strain for 

cattle in the United States of America has been the smooth B. 

abortus strain 19 . Although it is used in Brucellosis 

eradication programs, it is still not ideal. Strain 19 does 

not confer 100% protection in vaccinated cattle, and is only 

effective in avoiding seroconversion when it is inoculated 

into calves (i.e. calfhood vaccination). As a live vaccine, 

strain 19 still is virulent and can occasionally induce 

abortion in pregnant cattle as well as infect humans who 

mishandle the vaccine strain. Another disadvantage of strain 

19 is that vaccinated cattle seroconvert which makes it 

difficult to distinguish vaccinated cattle from those infected 

by B. abortus field strains. In contrast to strain 19, rough 

strain RB51 (43) is of very low virulence, apparently does not 

induce abortion in pregnant cattle, protects cattle vaccinated 

at any age, and does not induce O-side chain antibodies (i.e., 

does not seroconvert (12, 43). However, the rough strain RB51 

has not been characterized at the genetic level to understand 

the basis of its O-side chain deficiency. 

Although the genetics of LPS biosynthesis of Brucella is 

unknown, the LPS genes of the gram-negative bacterium 

Salmonella typhimurium are well characterized (Figure 1). In 

S. typhimurium, the O-side chain is about 30-32 branched 

repeat sugar units of which mannose (Man), rhamnose (Rha) and 
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galactose (Gal) are the backbone; in addition the acylated 

abequose (Abe) and glucose (Glu) are the branch sugars. The 

core structure is composed of heptose (Hep), glu, gal and KDO. 

Lipid A has glucose disaccharide as its backbone, and bears C,, 

and C,, fatty acids as well as the phospholipid (28). Although 

the detailed chemical structure of LPS of S. typhimurium is 

different from Brucella, the overall structures are the same. 

Both LPS contains lipid A, a sugar core and an O-side chain 

Formed by oligopolysaccharide repeat units as found in other 

gram-negative bacteria such as £E. coli and Yersinia 

enterocolitica. The rfb gene cluster. of Yersinia 

enterocolitica, which is involved in O-side chain biosynthesis 

and assembly, can be expressed in O-side chain deficient 

Escherichia coli (1). Thus S. typhimurium and £. coii LPS 

genes can be used as a model for identifying genes involved in 

LPS synthesis in Brucella. 

In S. typhimurium, the genes involved in lipid A 

biosynthesis are distributed in different positions along the 

genome. The biosynthesis and modification of lipid A genes 

include ipxA, B, C, D (Figure 1). The sugar core biosynthesis 

genes are located in rfa gene cluster at 81-85 minute position 

(41). The rfa gene cluster includes rfaA, B, C, D, F, G, P, 

QO, Y, Z (Figure 1). The kdsA and rfaE genes are also involved 

in sugar core synthesis and are located outside of the rfa 

cluster. Whether or not genes in the rfa cluster are part of 
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one operon is unknown. Any mutation of rfa gene will induce 

a deep rough phenotype. The rfb gene cluster, responsible for 

O-side chain synthesis and assembly, is located at 44-48 

minute position in the genome. The rfb cluster shows more 

polymorphism (19, 28) than the rfa cluster which is consistent 

with the fact that Lipid A and sugar core have more conserved 

structures than O-side chain. The rfb genes encoding proteins 

related to sugar biosynthesis, transfer and assembly include 

rfbA, B, C, D, F, G, J, X, U, V, W, M, K, P (21, 42) (Figure 

1). Rhamnose biosynthesis is catalyzed by rfbB, C, A, D gene 

products. Mannose biosynthesis is catalyzed by rfbM, K gene 

products (42). The transferases of Rha, Man, and Abe are 

encoded by the rfbV, U and N genes respectively. The 

attachment of O-side chain is due to the functions of the rfbP 

and rfaL genes (4, 42). The assembly of oligopolysaccharide 

repeat units is dependent on rfc product (Figure 1) (42). The 

current model for the O-side chain synthesis and assembly is 

that sugars are first synthesized in the periplasmic 

compartment. The first repeat sugar unit is attached to the 

core, while the rest of repeat units are assembled to form an 

O-side chain unit and then are transferred out of the membrane 

and linked to the first repeat unit which is attached to the 

core. Basically, rfb mutants will exhibit a rough phenotype 

(28, 42). 

This thesis research was initiated to characterize rough 
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mutants created by Tn5 mutagenesis mediated via bacteriophage 

Pl transduction and similar to the strain RB51. Strain RA2, 

the strain used in this study, is a rough mutant of B. abortus 

2308 (35) created by Tn5 mutagenesis (Fang Lai, unpublished 

data, VPI&SU). The objective of this research was to identify 

whether the gene(s) disrupted by Tn5 insertion are responsible 

for the rough phenotype of strain RA2. The Tn5 element and 

Surrounding B. abortus 2308 flanking region were cloned from 

B. abortus RA2 into the vector pGEM-3Z. The cloned region was 

electroporated into wildtype B. abortus strain 2308. The 

recombinants were selected and assessed for rough phenotype by 

crystal violet uptake and immunoblot analysis using specific 

anti O-side chain antibody. The results suggest that the Tn5 

insertion may not play a role for inducing the rough phenotype 

of B. abortus strain RA2. 
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�R�A�1�,� �R�A�2�,� �R�B�5�1� �w�e�r�e� �g�r�o�w�n� �i�n� �T�r�y�p�t�i�c�a�s�e� �S�o�y� �B�r�o�t�h� �(�B�e�c�t�o�n� 

�D�i�c�k�i�n�s�o�n�,� �M�i�c�r�o�b�i�o�l�o�g�y� �S�y�s�t�e�m�s�,� �C�o�c�k�e�y�s�v�i�l�l�e�,� �M�D�)� �o�r� �S�O�B�-�C� 

�m�e�d�i�a� �(�6�%� �t�r�y�p�t�i�c�a�s�e� �s�o�y� �b�r�o�t�h�,� �1�0� �m�M� �N�a�C�l�,� �2�.�5� �m�M� �K�C�l�,� �1�0� �m�M� 

�M�g�C�l�,�,� �1�0� �m�M� �M�g�S�O�,� �a�n�d� �2�0� �m�M� �g�l�u�c�o�s�e�)� �(�2�5�)� �a�t� �3�7�°�C� �w�i�t�h� 

�S�h�a�k�i�n�g�.� �E�.� �c�o�l�i� �D�H�5�q�a�@� �w�e�r�e� �g�r�o�w�n� �i�n� �T�e�r�r�i�f�i�c� �B�r�o�t�h� �m�e�d�i�a� �(�T�B�,� 

�1�.�4�%� �t�r�y�p�t�o�n�e�,� �2�.�7�%� �y�e�a�s�t� �e�x�t�r�a�c�t�,� �0�.�4�%� �g�l�y�c�e�r�o�l�,� �1�7� �m�M� �K�H�,�P�O�,�,� 

�7�2� �m�M� �K�2�H�P�O�,�)� �[�5�0�]� �o�r� �L�u�r�i�a�-�B�e�r�t�a�n�i� �m�e�d�i�a� �(�L�B�,� �1�%� �t�r�y�p�t�o�n�e�,� 

�0�.�5�%� �y�e�a�s�t� �e�x�t�r�a�c�t�,� �0�.�5�%� �N�a�C�l�)� �(�2�9�)�.� �T�r�y�p�t�o�n�e�,� �y�e�a�s�t� �e�x�t�r�a�c�t� 

�a�n�d� �B�a�c�t�o�-�A�g�a�r� �w�e�r�e� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �D�i�f�c�o� �L�a�b�o�r�a�t�o�r�i�e�s� 

�(�D�e�t�r�o�i�t�,� �M�I�.�)�.� �T�h�e� �c�e�l�l�s� �r�e�p�l�i�c�a�t�i�n�g� �p�l�a�s�m�i�d�s� �w�e�r�e� �g�r�o�w�n� �i�n� 

�s�e�l�e�c�t�i�v�e� �m�e�d�i�a� �w�h�i�c�h� �c�o�n�t�a�i�n� �a�n�t�i�b�i�o�t�i�c�s�:� �A�m�p�i�c�i�l�l�i�n� �(�A�m�p�)� 

�1�0�0�u�g�/�m�l�,� �K�a�n�a�m�y�c�i�n�(�K�a�n�)� �2�5�-�1�0�0�p�g�/�m�l�,� �o�r� �S�t�r�e�p�t�o�m�y�c�i�n� �(�S�t�r�e�p�)� 

�2�5�u�g�/�m�l�1�.� 

�R�e�a�g�e�n�t�s� �a�n�d� �e�n�z�y�m�e�s�:� 

�A�l�l� �t�h�e� �r�e�a�g�e�n�t�s� �w�e�r�e� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �S�i�g�m�a� �C�h�e�m�i�c�a�l� 

�C�o�r�p�o�r�a�t�i�o�n� �(�S�t�.� �L�o�u�i�s�,� �M�O�)� �u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �i�n�d�i�c�a�t�e�d�.� 

�R�e�s�t�r�i�c�t�i�o�n� �e�n�d�o�n�u�c�l�e�a�s�e�s�,� �c�a�l�f� �i�n�t�e�s�t�i�n�a�l� �a�l�k�a�l�i�n�e� 

�p�h�o�s�p�h�a�t�a�s�e� �(�C�I�P�)�,� �T�4� �D�N�A� �l�i�g�a�s�e�,� �h�a�l�o�g�e�n�a�t�e�d� �i�n�d�o�l�y�l�-�£�-�D�-� 

�g�a�l�a�c�t�o�s�i�d�e� �(�B�l�u�o�-�G�a�l�)�,� �T�a�q� �D�N�A� �p�o�l�y�m�e�r�a�s�e�,� �W�i�z�a�r�d� �P�C�R� �P�r�e�p�,� 

�W�i�z�a�r�d� �C�l�e�a�n�-�u�p� �S�y�s�t�e�m� �a�n�d� �W�i�z�a�r�d� �M�i�n�i�p�r�e�p�s� �w�e�r�e� �p�u�r�c�h�a�s�e�d� 

�f�r�o�m� �P�r�o�m�e�g�a� �(�M�a�d�i�s�o�n�,� �W�I�)�.� �A�g�a�r�o�s�e� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �G�I�B�C�O�-� 
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�T�a�b�l�e� �1�.� �B�a�c�t�e�r�i�a�l� �s�t�r�a�i�n�s� �a�n�d� �p�l�a�s�m�i�d�s� 

� � �D�e�s�c�r�i�p�t�i�o�n� �S�o�u�r�c�e� 

� � 
�S�t�r�a�i�n�s� 
�B�.� �a�b�o�r�t�u�s� 

�2�3�0�8� 

�R�B�5�1� 

�E�.� �c�o�l�i� 
�D�H�5�-�a�@� 

�P�l�a�s�m�i�d�s� 
�p�G�E�M�-�3�2�Z� 

�p�U�C�4�-�K�i�x�x� 

�P�N�W�-�1� 

�P�N�W�2� 

�p�N�W�3� 

�W�i�l�d� �t�y�p�e� �v�i�r�u�l�e�n�t� �f�i�e�l�d� 
�s�t�r�a�i�n� �w�h�i�c�h� �i�s� �p�a�t�h�o�g�e�n�i�c� 
�t�o� �c�a�t�t�l�e�.� 

�R�o�u�g�h� �m�u�t�a�n�t� �o�f� �B�.� �a�b�o�r�t�u�s� 
�2�3�0�8� �b�y� �T�n�5� �i�n�s�e�r�t�i�o�n�,� �K�a�n�R� 
�a�n�d� �S�t�r�e�.� 

�R�o�u�g�h� �m�u�t�a�n�t� �o�f� �s�t�r�a�i�n� �2�3�0�8� 
�b�y� �T�n�5� �i�n�s�e�r�t�i�o�n�,� �K�a�n�k� �a�n�d� 
�S�t�r�s�.� 

�R�o�u�g�h� �m�u�t�a�n�t� �o�f� �B�.� �a�b�o�r�t�u�s� 
�2�3�0�8�,� �r�i�f�a�m�p�i�n� �R�.� 

�F�-�,� �e�n�d�A�l�,� �h�s�d�R�1�7�,� �s�u�p�E�4�4�,� 
�t�h�i�-�1�,� �r�e�c�A�l�,� �g�y�r�A�9�6�,� �r�e�l�A�l� 
�i�b�d�[�-�]�,� �p�h�i�8�0�d�l�a�c�Z�[�d�]�M�1�5�.� 

�H�i�g�h� �c�o�p�y� �n�u�m�b�e�r� �s�e�q�u�e�n�c�i�n�g� 
�p�l�a�s�m�i�d�,� �l�a�c�Z�+�,� �A�m�p�R�.� 

�K�a�n�R� �g�e�n�e� �f�r�o�m� �T�n�5� �i�n� �p�u�c�4�,� 
�A�m�M�p�R�.� 

�7�.�3�K�b� �E�c�o�R� �I� �f�r�a�g�m�e�n�t� �b�e�a�r�i�n�g� 
�T�n�5� �w�i�t�h� �f�l�a�n�k�i�n�g� �r�e�g�i�o�n� �f�r�o�m� 
�R�A�2� �i�n�t�o� �p�G�E�M�-�3�2�Z�.� 

�S�u�b�c�l�o�n�e� �o�f� �7�.�0�k�b� �E�c�o�R� �I� 
�f�r�a�g�m�e�n�t� �b�e�a�r�i�n�g� �T�n�5� �w�i�t�h� 
�f�l�a�n�k�i�n�g� �r�e�g�i�o�n� �f�r�o�m� �p�N�W�-�1�;� 
�K�a�n�k�,� �A�m�p�R�.� 

�X�h�o� �I� �f�r�a�g�m�e�n�t� �o�f� �T�n�5� �i�n� 
�P�N�W�-�2� �r�e�p�l�a�c�e�d� �b�y� �1�.�6�K�b� �K�a�n�k�R� 
�g�e�n�e� �f�r�o�m� �T�n�5� �i�n� �p�U�C�4�-�K�i�x�x�,� 
�K�a�n�R�,� �A�m�p�R�.� 

�G�.�G�.� �S�c�h�u�r�i�g�*� 

�J�.� �M�c�Q�u�i�s�t�o�n�?� 
�(�M�S� �t�h�e�s�i�s�)� 

�F�.� �L�a�i�?� 

�G�.�G�.� �S�c�h�u�r�i�g� 

�B�R�L�?� 

�P�r�o�m�e�g�a �� 

�P�r�o�m�e�g�a� 

�T�h�i�s� �s�t�u�d�y� 

�T�h�i�s� �s�t�u�d�y� 

�T�h�i�s� �s�t�u�d�y� 

� � 
�V�P�I�&� �S�U�,� �B�l�a�c�k�s�b�u�r�g�,� �V�A�.� 
�G�I�B�C�O�-�B�R�L� �L�i�f�e� �T�e�c�h�n�o�l�o�g�i�e�s�,� 
�P�r�o�m�e�g�a� �C�o�r�p�o�r�a�t�i�o�n�,� �M�a�d�i�s�o�n�,� �W�I�.� 

�1�3� 

�I�n�c�.�,� �G�a�i�t�h�e�r�s�b�u�r�g�,� �M�D�.



�B�e�t�h�e�s�d�a� �R�e�s�e�a�r�c�h� �L�a�b�o�r�a�t�o�r�y� �(�G�I�B�C�O�-�B�R�L�,� �G�a�i�t�h�e�r�s�b�u�r�g�,� �M�D�)�.� 

�I�n�c�e�r�t!"� �a�g�a�r�o�s�e� �a�n�d� �N�u�S�i�e�v�e� �l�o�w� �m�e�l�t�i�n�g� �p�o�i�n�t� �a�g�a�r�o�s�e� �w�e�r�e� 

�o�b�t�a�i�n�e�d� �f�r�o�m� �F�M�C� �B�i�o�P�r�o�d�u�c�t�s� �(�R�o�c�k�l�a�n�d�,� �M�E�)�.� �T�h�e� �G�e�n�i�u�s� �K�i�t� 

�w�a�s� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �B�o�e�h�r�i�n�g�e�r� �M�a�n�n�h�e�i�m� �B�i�o�c�h�e�m�i�c�a�l�s� 

�(�I�n�d�i�a�n�a�p�o�l�i�s�,� �I�N�)�.� 

�R�e�s�t�r�i�c�t�i�o�n� �d�i�g�e�s�t�i�o�n�:� 

�A�l�l� �r�e�s�t�r�i�c�t�i�o�n� �d�i�g�e�s�t�i�o�n�s� �w�e�r�e� �p�r�o�c�e�s�s�e�d� �i�n� �a� �f�i�n�a�l� 

�v�o�l�u�m�e� �o�f� �2�0� �w�l�.� �T�h�i�s� �2�0� �p�l� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�s� �5�0�0� �n�g�-�1�0�0�0� �n�g� 

�o�f� �D�N�A�,� �2�-�1�2� �U� �o�f� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e� �a�n�d� �2� �p�l� �1�0�X� �r�e�s�t�r�i�c�t�i�o�n� 

�e�n�z�y�m�e� �b�u�f�f�e�r�;� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �w�a�s� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�°�C� 

�o�v�e�r�n�i�g�h�t�.� 

�E�l�e�c�t�r�o�p�h�o�r�e�s�i�s�:� 

�B�o�t�h� �m�i�n�i� �S�u�b!"� �c�e�l�l� �a�n�d� �w�i�d�e� �M�i�n�i� �S�u�b!"� �#�£�x�D�N�A� 

�E�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �c�e�l�l� �(�B�i�o�-�R�a�d� �L�a�b�o�r�a�t�o�r�i�e�s�,� �R�i�c�h�m�o�n�d�,� �C�A�.�)� �a�n�d� 

�t�h�e� �p�o�w�e�r� �s�u�p�p�l�y� �E�C�-�1�0�3� �(�E�-�C� �A�p�p�a�r�a�t�u�s� �C�o�r�p�o�r�a�t�i�o�n�,� 

�P�e�t�e�r�s�b�u�r�g�,� �F�l�o�r�i�d�a�)� �w�e�r�e� �u�s�e�d� �t�o� �s�e�p�a�r�a�t�e� �D�N�A� �f�r�a�g�m�e�n�t�s� �i�n� �1�%� 

�a�g�a�r�o�s�e� �i�n� �1�X� �T�B�E� �b�u�f�f�e�r� �(�1�7�.�8� �m�M� �T�r�i�s�,� �1�7�.�8� �m�M� �B�o�r�i�c� �a�c�i�d�,� 

�0�.�4� �m�M� �E�D�T�A�)�.� �T�h�e� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�t� �5� �V�/�c�m� 

�u�n�l�e�s�s� �s�p�e�c�i�f�i�c�a�l�l�y� �m�e�n�t�i�o�n�e�d�.� 

�P�l�a�s�m�i�d� �D�N�A� �i�s�o�l�a�t�i�o�n�:� 

�T�h�e� �e�x�t�r�a�c�t�i�o�n� �o�f� �p�l�a�s�m�i�d�s� �w�a�s� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�l�k�a�l�i�n�e�-� 

�S�D�S� �p�r�o�c�e�d�u�r�e� �o�f� �I�s�h�-�H�o�r�o�w�i�c�z� �a�n�d� �B�u�r�k�e� �(�2�1�)�.� �S�o�m�e�t�i�m�e�s� �a� 

�W�i�z�a�r�d� �P�C�R� �M�i�n�i�p�r�e�p� �(�P�r�o�m�e�g�a� �C�o�r�p�o�r�a�t�i�o�n�,� �M�a�d�i�s�o�n�,� �W�I�)� �w�a�s� 

�u�s�e�d� �t�o� �i�s�o�l�a�t�e� �p�l�a�s�m�i�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �p�r�o�t�o�c�o�l� �d�e�s�c�r�i�b�e�d� �b�y� 

�m�a�n�u�f�a�c�t�u�r�e�r�.� 
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�C�h�r�o�m�o�s�o�m�a�l� �D�N�A� �e�x�t�r�a�c�t�i�o�n�:� 

�T�h�e� �c�h�r�o�m�o�s�o�m�a�l� �D�N�A� �o�f� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n�s� �w�a�s� �i�s�o�l�a�t�e�d� �b�y� 

�C�T�A�B� �(�H�e�x�a�d�e�c�y�l�-�t�r�i�m�e�t�h�y�l�a�m�m�o�n�i�u�m� �b�r�o�m�i�d�e�)� �e�x�t�r�a�c�t�i�o�n� �(�2�)� �w�i�t�h� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �m�o�d�i�f�i�c�a�t�i�o�n�s�:� �(�1�)� �A�f�t�e�r� �a�d�d�i�n�g� �6�0�0� �p�l� �o�f� 

�p�r�o�t�e�i�n�a�s�e� �K� �d�i�g�e�s�t�i�o�n� �m�i�x�t�u�r�e�,� �2�0�0� �u�l� �o�f� �2�.�5� �M� �N�a�C�l� �w�a�s� �a�d�d�e�d� 

�a�n�d� �m�i�x�e�d� �t�h�o�r�o�u�g�h�l�y� �t�o� �r�e�m�o�v�e� �c�e�l�l� �w�a�l�l� �d�e�b�r�i�s�,� �d�e�n�a�t�u�r�e�d� 

�p�r�o�t�e�i�n� �a�n�d� �p�o�l�y�s�a�c�c�h�a�r�i�d�e� �c�o�m�p�l�e�x� �t�o� �C�T�A�B�.� �(�2�)� �T�h�e� �c�h�l�o�r�o�f�o�r�m� 

�a�n�d� �p�h�e�n�o�l� �e�x�t�r�a�c�t�i�o�n� �p�r�o�c�e�d�u�r�e� �w�a�s� �r�e�p�e�a�t�e�d� �t�w�i�c�e� �a�n�d� �t�h�e� 

�m�i�x�t�u�r�e� �s�p�u�n� �a�t� �1�0�,�0�0�0�x� �g� �f�o�r� �3�0� �m�i�n�u�t�e�s�;� �(�3�)� �O�n�e� �t�h�i�r�d� 

�v�o�l�u�m�e� �o�f� �7�.�5� �M� �a�m�m�o�n�i�u�m� �a�c�e�t�a�t�e� �a�n�d� �t�h�r�e�e� �v�o�l�u�m�e� �o�f� �9�5�%� 

�e�t�h�a�n�o�l� �w�e�r�e� �a�d�d�e�d� �t�o� �a�q�u�e�o�u�s� �p�h�a�s�e� �f�o�r� �1� �h�o�u�r� �a�t� �-�2�0�°�C� �t�o� 

�p�r�e�c�i�p�i�t�a�t�e� �D�N�A� 

�C�a�C�l�,� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�:� 

�T�h�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �p�r�o�c�e�d�u�r�e� �w�a�s� �t�h�e� �C�a�C�l�,� �p�r�o�c�e�d�u�r�e� 

�d�e�s�c�r�i�b�e�d� �i�n� �A�u�s�u�b�e�l� �e�t� �a�l�.�(�2�)�.� �H�e�p�e�s� �(�N ��-�2�-�E�t�h�a�n�e�s�u�l�f�o�n�i�c� 

�a�c�i�d�)� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �b�u�f�f�e�r� �f�o�r� �C�a�C�l�,� �s�o�l�u�t�i�o�n� �t�o� �m�a�k�e� �E�.� �c�o�l�i� 

�D�H�5�q�@� �c�o�m�p�e�t�e�n�t�.� 

�C�o�n�s�t�r�u�c�t�i�o�n� �o�f� �p�N�W� �p�l�a�s�m�i�d� �s�e�r�i�e�s�:� 

�P�N�W�-�1� �c�o�n�s�t�r�u�c�t�i�o�n�:� 

�A� �7�.�3� �k�b� �o�f� �E�c�o�R� �I� �f�r�a�g�m�e�n�t� �w�a�s� �c�l�o�n�e�d� �f�r�o�m� �B�.� �a�b�o�r�t�u�s� 

�R�A�2� �i�n�t�o� �t�h�e� �E�c�o�R� �I� �s�i�t�e� �o�f� �h�i�g�h� �c�o�p�y� �n�u�m�b�e�r� �v�e�c�t�o�r� �p�G�E�M�-�3�2�Z�.� 

�T�h�i�s� �f�r�a�g�m�e�n�t� �c�o�n�t�a�i�n�s� �T�n�5� �t�r�a�n�s�p�o�s�o�n� �e�l�e�m�e�n�t� �(�2�3�)� �a�n�d� �a�i�l�1�.�5� 

�k�b� �o�f� �B�.� �a�b�o�r�t�u�s� �2�3�0�8� �c�h�r�o�m�o�s�o�m�e�.� 

�A�p�p�r�o�x�i�m�a�t�e�l�y� �8� �u�g� �o�f� �v�e�c�t�o�r� �p�G�E�M�-�3�Z� �w�a�s� �d�i�g�e�s�t�e�d� �1�8� 

�h�o�u�r�s� �w�i�t�h� �2�0� �U� �o�f� �E�c�o�R� �I� �i�n� �4�0� �u�l� �o�f� �b�u�f�f�e�r� �a�t� �3�7�°�C�.� 
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�D�e�p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �o�f� �6�.�5� �y�g� �o�f� �t�h�i�s� �d�i�g�e�s�t�e�d� �v�e�c�t�o�r� �w�a�s� 

�c�o�n�d�u�c�t�e�d� �i�n� �a� �f�i�n�a�l� �v�o�l�u�m�e� �o�f� �5�1� �p�l� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�i�n�g� �0�.�9� �U� 

�o�f� �C�I�P� �a�n�d� �5� �p�l� �o�f� �1�0�X� �C�I�P� �b�u�f�f�e�r� �a�t� �3�7�°�C� �o�v�e�r�n�i�g�h�t�.� �T�h�e�n� �5�1� 

�u�l� �o�f� �p�h�e�n�o�l� �w�a�s� �a�d�d�e�d� �i�n�t�o� �t�h�e� �m�i�x�t�u�r�e� �a�n�d� �v�o�r�t�e�x�e�d� �3�0� 

�s�e�c�o�n�d�s�,� �s�p�u�n� �a�t� �1�5�,�0�0�0�x� �g� �f�o�r� �5� �m�i�n�u�t�e�s�.� �T�h�e� �a�q�u�e�o�u�s� �p�h�a�s�e� 

�w�a�s� �r�e�m�o�v�e�d� �a�n�d� �a�d�d�e�d� �t�o� �a�n� �e�q�u�a�l� �v�o�l�u�m�e� �o�f� �c�h�l�o�r�o�f�o�r�m�:� 

�i�s�o�a�m�y�l� �e�t�h�a�n�o�l� �(�2�4�:�1�)� �a�n�d� �m�i�x�e�d� �b�y� �v�o�r�t�e�x� �3�0� �f�o�r� �s�e�c�o�n�d�s�;� �t�h�e� 

�m�i�x�t�u�r�e� �w�a�s� �s�p�u�n� �a�t� �1�5�,�0�0�0�x� �g� �f�o�r� �5� �m�i�n�.� �T�h�e� �a�q�u�e�o�u�s� �p�h�a�s�e� 

�w�a�s� �s�a�v�e�d� �a�n�d� �7�.�5� �M� �a�m�m�o�n�i�u�m� �a�c�e�t�a�t�e� �w�a�s� �a�d�d�e�d� �t�o� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e� �f�i�f�t�h� �v�o�l�u�m�e� �o�f� �t�h�e� �m�i�x�t�u�r�e� �v�o�l�u�m�e�.� �T�h�r�e�e� 

�v�o�l�u�m�e�s� �o�f� �9�5�%� �e�t�h�a�n�o�l� �w�a�s� �a�d�d�e�d� �i�n�t�o� �t�h�e� �m�i�x�t�u�r�e� �f�o�r� �3�0� 

�M�i�n�u�t�e�s� �a�t� �-�2�0�°�C� �t�o� �p�r�e�c�i�p�i�t�a�t�e� �D�N�A� �.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �s�p�u�n� �a�t� 

�1�0�,�0�0�0�x� �g� �f�o�r� �1�0� �m�i�n�.� �A�f�t�e�r� �w�a�s�h�i�n�g� �i�n� �7�5�%� �e�t�h�a�n�o�l�,� �t�h�e� �D�N�A� 

�p�e�l�l�e�t� �w�a�s� �d�r�i�e�d� �i�n� �s�p�e�e�d� �v�a�c�u�u�m� �(�S�a�v�a�n�t� �I�n�s�t�r�u�m�e�n�t�s�,� �I�n�c�,� 

�H�i�c�k�s�v�i�l�l�e�,� �N�Y�)� �a�n�d� �r�e�s�u�s�p�e�n�d�e�d� �i�n� �2�0� �u�l� �o�f� �s�t�e�r�i�l�e� �d�i�s�t�i�l�l�e�d� 

�w�a�t�e�r�.� �F�o�r� �g�e�n�o�m�i�c� �D�N�A� �p�r�e�p�a�r�a�t�i�o�n�,� �a�b�o�u�t� �1� �w�g� �o�f� �B�.� �a�b�o�r�t�u�s� 

�R�A�2� �D�N�A� �w�a�s� �d�i�g�e�s�t�e�d� �b�y� �1� �U� �o�f� �E�c�o�R� �I� �i�n�a� �f�i�n�a�l� �v�o�l�u�m�e� �o�f� �2�0� 

�u�l� �a�t� �3�7�°�C� �o�v�e�r�n�i�g�h�t�.� �T�h�e� �l�i�g�a�t�i�o�n� �r�e�a�c�t�i�o�n� �w�a�s� �i�n� �a� �2�0� �u�l� 

�f�i�n�a�l� �v�o�l�u�m�e� �c�o�n�t�a�i�n�i�n�g� �6�0�0� �n�g� �o�f� �g�e�n�o�m�i�c� �D�N�A�,� �3�0� �n�g� �o�f� �p�G�E�M�-� 

�3�Z�,� �0�.�5� �m�M� �o�f� �A�T�P�,� �1� �U� �o�f� �T�4� �l�i�g�a�s�e� �a�n�d� �4� �p�l� �o�f� �5�X� �T�4� �l�i�g�a�s�e� 

�b�u�f�f�e�r�.� �A�f�t�e�r� �i�n�c�u�b�a�t�i�o�n� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �o�v�e�r�n�i�g�h�t�,� �t�h�e� 

�l�i�g�a�t�i�o�n� �m�i�x�t�u�r�e� �w�a�s� �u�s�e�d� �t�o� �t�r�a�n�s�f�o�r�m� �c�o�m�p�e�t�e�n�t� �E�.� �c�o�l�i� �D�H�5�a� 

�b�y� �C�a�C�l�,� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�.� 

�A�f�t�e�r� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �1�0�0� �y�w�l� �o�f� �c�u�l�t�u�r�e� �w�a�s� �s�p�r�e�a�d� �o�n�t�o� 

�L�B� �p�l�a�t�e�s� �c�o�n�t�a�i�n�i�n�g� �e�i�t�h�e�r� �a�m�p�i�c�i�l�l�i�n� �(�1�0�0� �y�g�/�m�l�)�,� �o�r� 
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�k�a�n�a�m�y�c�i�n� �(�2�5� �y�w�g�/�m�l�)�o�r� �b�o�t�h� �w�i�t�h� �B�l�u�o�-�G�a�l� �(�7�0� �y�w�g�/�m�l�)� �a�n�d� �(�6� 

�u�g�/�m�l�)� �I�P�T�G�.� �E�a�c�h� �o�f� �t�h�e� �k�a�n�a�m�y�c�i�n� �r�e�s�i�s�t�a�n�t� �w�h�i�t�e� �c�o�l�o�n�i�e�s� 

�w�a�s� �p�a�t�c�h�e�d� �o�n�t�o� �t�h�r�e�e� �L�B� �a�g�a�r� �p�l�a�t�e� �c�o�n�t�a�i�n�i�n�g� �e�i�t�h�e�r� �k�a�n� �(�2�5� 

�u�g�/�m�l�)�,� �o�r� �a�m�p� �(�1�0�0� �u�g�/�m�l�)�,� �o�r� �n�o� �a�n�t�i�b�i�o�t�i�c� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�h�e� �k�a�n� �a�n�d� �a�m�p� �r�e�s�i�s�t�a�n�t� �c�o�l�o�n�i�e�s� �w�e�r�e� �g�r�o�w�n� �a�t� �3�7�°�C� 

�o�v�e�r�n�i�g�h�t� �i�n� �T�B�.� �T�h�e� �p�l�a�s�m�i�d�s� �o�f� �t�h�e� �c�o�l�o�n�i�e�s� �w�e�r�e� �e�x�t�r�a�c�t�e�d� 

�b�y� �I�s�h� �p�r�o�c�e�d�u�r�e� �(�2�1�)� �a�n�d� �d�i�g�e�s�t�e�d� �w�i�t�h� �E�c�o�R� �I�.� �T�h�e� �i�n�s�e�r�t�s� 

�w�e�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e� �m�a�p�p�i�n�g� �a�s� �w�e�l�l� �a�s� 

�S�o�u�t�h�e�r�n� �b�l�o�t� �a�n�a�l�y�s�i�s� �(�4�6�)� �u�s�i�n�g� �a� �B�.� �a�b�o�r�t�u�s� �2�3�0�8� 

�c�h�r�o�m�o�s�o�m�a�l� �p�r�o�b�e� �a�n�d� �a� �T�n�5� �p�r�o�b�e�.� 

�p�N�W�-�2� �c�o�n�s�t�r�u�c�t�i�o�n�:� 

�T�o� �d�e�l�e�t�e� �3�0�0� �b�p� �E�c�o�R� �I� �f�r�a�g�m�e�n�t� �f�r�o�m� �p�N�W�-�1� �(�F�i�g�u�r�e� �2�)�,� 

�2� �p�g� �o�f� �p�N�W�-�1� �w�a�s� �d�i�g�e�s�t�e�d� �b�y� �2�0� �U� �o�f� �E�c�o�R� �I� �a�n�d� �s�e�p�a�r�a�t�e�d� �i�n� 

�1�%� �N�u�S�i�e�v�e� �l�o�w� �m�e�l�t�i�n�g� �p�o�i�n�t� �a�g�a�r�o�s�e� �g�e�l� �a�t� �5� �V�/�c�m�.� �T�h�e� 

�a�g�a�r�o�s�e� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �7�.�0� �k�b� �b�a�n�d� �w�a�s� �r�e�m�o�v�e�d� �a�n�d� �p�u�r�i�f�i�e�d� �b�y� 

�W�i�z�a�r�d� �P�C�R� �P�r�e�p� �(�P�r�o�m�e�g�a� �C�o�r�p�o�r�a�t�i�o�n�,� �M�a�d�i�s�o�n�,� �W�I�)�.� �L�i�g�a�t�i�o�n� 

�o�f� �7�.�0� �k�b� �f�r�a�g�m�e�n�t� �a�n�d� �v�e�c�t�o�r�,� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �c�o�l�o�n�y� 

�s�e�l�e�c�t�i�o�n�,� �p�l�a�s�m�i�d� �s�c�r�e�e�n�i�n�g� �a�n�d� �r�e�s�t�r�i�c�t�i�o�n� �m�a�p�p�i�n�g� �m�e�t�h�o�d�s� 

�w�e�r�e� �s�a�m�e� �a�s� �d�e�s�c�r�i�b�e�d� �a�s� �b�e�f�o�r�e�.� 

�P�N�W�-�3� �c�o�n�s�t�r�u�c�t�i�o�n�:� 

�T�h�e� �X�h�o� �I� �f�r�a�g�m�e�n�t� �i�n� �T�n�5� �i�n� �p�N�W�-�2� �w�a�s� �r�e�p�l�a�c�e�d� �b�y� �K�a�n� 

�g�e�n�e� �o�f� �T�n�5� �f�r�o�m� �p�U�C�4�-�K�i�x�x� �(�P�h�a�r�m�a�c�i�a� �B�i�o�t�e�c�h� �M�o�l�e�c�u�l�a�r� �a�n�d� 

�C�e�l�l� �B�i�o�l�o�g�y� �p�r�o�d�u�c�t�s�,� �P�i�s�c�a�t�a�w�a�y�,� �N�J�)� �(�F�i�g�u�r�e� �2�)� 

�1�.�5� �u�g� �o�f� �p�N�W�-�2� �w�a�s� �d�i�g�e�s�t�e�d� �b�y� �X�h�o� �I�=� �a�n�d� 

�d�e�p�h�o�s�p�h�o�r�y�l�a�t�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �b�e�f�o�r�e�.� �1�.�5� �p�g� �o�f� �p�U�C�4�-�K�i�x�x� �w�a�s� 
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�E�c�o�R� �I� 

� � 

� � 

� � 
� � 

� � 

� � 

� � 

�i� �E�c�o�R�I� 
�P�o�i� �N�h�e� �I� �X�h�o� �I� 

�E�c�o�R� �I� �|� �:� �i� �X�h�o� �I� �i� �E�c�o�R� �I� 
�{� �|� �j� 

�p�N�W�-�1�l� �f� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �_� 

�a�z� �a� 

�p�G�E�M�-�3�Z� �B�.� �a�b�o�r�t�u�s� �T�n�s� �B�.� �a�b�o�r�t�u�s� 
�2�7�0�0�b�p� �5�8�0�0�b�p� �P� 

�F�l�a�n�k�i�n�g� �p�r�o�b�e� 

 �� 
�E�c�o�R� �I� 

�i� �N�h�e� �I� �X�h�o� �I� 
�p�e�o�r� �I� �:� �X�h�o� �I� �:� �E�c�o�R� �I� �-� 

�|� 
�p�N�W�-�2� �|� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T� �T�T� 

�a� �L�d� 

�B�.� �a�b�o�r�t�u�s� �T�n�i� �B�.� �a�b�o�r�t�u�s� 
�8�5�0�b�p� 

�E�c�o�R� �I� 
�i� �N�h�e� �I� �X�h�o� �I� 

�E�c�o�R� �I� �i� �|� �X�h�o� �I� �2� �p�r�o�k� �I� 
�|� 

�p�N�W�-�3� �|� �t� �f�T� �'� �|� �q� �t� �T� �|� �t� �t� �T� �|� 

�o�C�"� �a� 
�T�a�s� �K�a�n�k� �g�e�n�e� �T�n�S� 

�4�0�0�b�p� �4�0�0�b�p� 

�2�0�0�0� 
�r�r� �r�e�e� 

�F�i�g�u�r�e� �2�.� �p�N�W� �p�l�a�s�m�i�d� �s�e�r�i�e�s�.� 
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�d�i�g�e�s�t�e�d� �b�y� �X�h�o� �I� �a�t� �3�7�°�C� �f�o�r� �3� �h�o�u�r�s�.� �B�o�t�h� �D�N�A� �s�a�m�p�l�e�s� �w�e�r�e� 

�s�e�p�a�r�a�t�e�d� �b�y� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �a�t� �5� �V�/�c�m� �o�n� �1�.�0�%� �N�u�S�i�e�v�e� �l�o�w� 

�m�e�l�t�i�n�g� �p�o�i�n�t� �a�g�a�r�o�s�e�.� �T�h�e� �5�.�4� �k�b� �b�a�n�d� �o�f� �p�N�W�-�2� �a�s� �w�e�l�l� �a�s� 

�1�.�6� �k�b� �b�a�n�d� �o�f� �p�U�C�4�-�K�i�x�x� �e�n�c�o�d�i�n�g� �K�a�n�R� �w�e�r�e� �c�u�t� �f�r�o�m� �t�h�e� 

�a�g�a�r�o�s�e� �g�e�l� �a�n�d� �p�u�r�i�f�i�e�d� �b�y� �W�i�z�a�r�d� �P�C�R� �P�r�e�p� �(�P�r�o�m�e�g�a� 

�C�o�r�p�o�r�a�t�i�o�n�,� �M�a�d�i�s�o�n�,� �W�I�)�.� �T�h�e�s�e� �p�u�r�i�f�i�e�d� �f�r�a�g�m�e�n�t�s� �w�e�r�e� 

�l�i�g�a�t�e�d� �t�o�g�e�t�h�e�r� �a�n�d� �u�s�e�d� �t�o� �t�r�a�n�s�f�o�r�m� �F�E�.� �c�o�l�i�.� �T�h�e� �k�a�n�a�m�y�c�i�n� 

�a�n�d� �a�m�p�i�c�i�l�l�i�n� �r�e�s�i�s�t�a�n�t� �c�o�l�o�n�i�e�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �a�n�d� �t�h�e� 

�p�l�a�s�m�i�d�s� �f�r�o�m� �t�h�e�s�e� �c�o�l�o�n�i�e�s� �w�e�r�e� �s�c�r�e�e�n�e�d� �a�n�d� �m�a�p�p�e�d� �a�s� 

�d�e�s�c�r�i�b�e�d� �b�e�f�o�r�e�.� 

�S�o�u�t�h�e�r�n� �B�l�o�t�:� 

�T�h�i�s� �p�r�o�c�e�d�u�r�e� �w�a�s� �b�a�s�e�d� �o�n� �t�h�e� �p�r�o�t�o�c�o�l� �d�e�s�c�r�i�b�e�d� �b�y� 

�S�o�u�t�h�e�r�n� �w�i�t�h� �m�o�d�i�f�i�c�a�t�i�o�n�s� �(�4�7�)�.� �T�h�e� �T�u�r�b�o�B�l�o�t�t�e�r!"� �R�a�p�i�d� 

�D�o�w�n�w�a�r�d� �T�r�a�n�s�f�e�r� �s�y�s�t�e�m� �(�S�c�h�l�e�i�c�h�e�r� �&� �S�c�h�u�e�l�l� �I�n�c�.�,� �K�e�e�n�e�,� 

�N�H�)� �w�a�s� �u�s�e�d� �t�o� �t�r�a�n�s�f�e�r� �d�e�p�u�r�i�n�a�t�e�d� �D�N�A� �t�o� �t�h�e� �N�y�l�o�n� �t�r�a�n�s�f�e�r� 

�m�e�m�b�r�a�n�e� �(�M�i�c�r�o�n� �S�e�p�a�r�a�t�i�o�n�s� �I�n�c�,� �W�e�s�t�b�o�r�o�,� �M�A�)� �a�s� �d�e�s�c�r�i�b�e�d� 

�b�e�l�o�w�.� �2�0�X� �S�S�C� �(�3� �M� �N�a�C�l�,� �0�.�3� �M� �N�a�,�c�i�t�r�a�t�e�,� �p�H� �7�.�0�)� �w�a�s� �t�h�e� 

�t�r�a�n�s�f�e�r� �b�u�f�f�e�r� �s�y�s�t�e�m�.� �A�l�l� �p�a�p�e�r� �t�o�w�e�l�s�,� �W�h�a�t�m�a�n� �p�a�p�e�r� �a�n�d� 

�n�y�l�o�n� �m�e�m�b�r�a�n�e� �u�s�e�d� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�e�r�e� �c�u�t� �t�o� �t�h�e� �s�a�m�e� 

�S�i�z�e� �a�s� �t�h�e� �g�e�l�.� �P�a�p�e�r� �t�o�w�e�l�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �t�h�e� �s�t�a�c�k�i�n�g� 

�t�r�a�y� �a�n�d� �c�o�v�e�r�e�d� �w�i�t�h� �t�h�r�e�e� �p�i�e�c�e�s� �o�f� �W�h�a�t�m�a�n� �C�h�r�o�m�a�t�o�g�r�a�p�h� 

�p�a�p�e�r� �(�I�n�t�e�r�n�a�t�i�o�n�a�l� �L�t�d�,� �M�a�i�d�s�t�o�n�e�,� �E�n�g�l�a�n�d�)�.� �T�w�o� �p�i�e�c�e�s� �o�f� 

�p�r�e�s�o�a�k�e�d� �2�0�X� �S�S�C� �W�h�a�t�m�a�n� �p�a�p�e�r� �w�e�r�e� �l�a�y�e�r�e�d� �o�n� �t�h�e� �p�a�p�e�r� 

�t�o�w�e�l� �s�t�a�c�k�,� �f�o�l�l�o�w�e�d� �b�y� �n�y�l�o�n� �m�e�m�b�r�a�n�e� �(�p�r�e�s�o�a�k�e�d� �i�n� 

�d�i�s�t�i�l�l�e�d� �w�a�t�e�r�)� �o�n� �t�h�e� �t�o�p� �o�f� �t�h�e� �w�e�t� �p�a�p�e�r�.� �T�h�e� �g�e�l� 
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�c�o�n�t�a�i�n�i�n�g� �D�N�A� �f�r�a�g�m�e�n�t�s� �w�a�s� �p�l�a�c�e�d� �o�v�e�r� �t�h�e� �m�e�m�b�r�a�n�e�,� �a�n�d� �t�h�e� 

�a�i�r� �b�u�b�b�l�e�s� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �b�e�t�w�e�e�n� �t�w�o� �l�a�y�e�r�s�.� �T�h�e� �g�e�l� �w�a�s� 

�c�o�v�e�r�e�d� �w�i�t�h� �t�w�o� �p�i�e�c�e�s� �o�f� �W�h�a�t�m�a�n� �p�a�p�e�r� �p�r�e�s�o�a�k�e�d� �i�n� �t�r�a�n�s�f�e�r� 

�b�u�f�f�e�r�.� �T�h�e� �a�s�s�e�m�b�l�e�d� �m�a�t�e�r�i�a�l�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �a� �t�r�a�y� �w�h�i�c�h� 

�w�a�s� �f�i�l�l�e�d� �a�t� �l�e�a�s�t� �1�5�0� �m�l� �o�f� �2�0�X� �S�S�C�.� �U�s�u�a�l�l�y�,� �t�h�e� �t�i�m�e� �f�o�r� 

�c�o�m�p�l�e�t�i�n�g� �a� �t�r�a�n�s�f�e�r� �w�a�s� �a�b�o�u�t� �3� �h�o�u�r�s� �t�o� �o�v�e�r�n�i�g�h�t� �d�e�p�e�n�d�i�n�g� 

�o�n� �t�h�e� �s�i�z�e� �o�f� �D�N�A�.� �A�f�t�e�r� �c�o�m�p�l�e�t�i�n�g� �t�h�e� �t�r�a�n�s�f�e�r�,� �t�h�e� 

�m�e�m�b�r�a�n�e� �w�a�s� �a�l�l�o�w� �t�o� �a�i�r� �d�r�y� �a�n�d� �t�h�e�n� �c�r�o�s�s�l�i�n�k�e�d� �a�t� �1�2�0�,�0�0�0� 

�m�i�c�r�o�j�o�u�l�e�s� �f�o�r� �3�0� �s�e�c�o�n�d�s� �i�n� �a� �U�V� �S�t�r�a�t�a�l�i�n�k�e�r!"� �(�S�t�r�a�t�a�g�e�n�e� 

�C�l�o�n�i�n�g� �S�y�s�t�e�m�,� �L�a�j�o�l�l�a�,� �C�A�)�.� 

�T�h�e� �G�e�n�i�u�s� �K�i�t� �(�B�o�e�h�r�i�n�g�e�r� �M�a�n�n�h�e�i�m�,� �I�n�d�i�a�n�a�p�o�l�i�s�,� �I�N�)�,� 

�a� �n�o�n�-�r�a�d�i�o�a�c�t�i�v�e� �D�N�A� �l�a�b�e�l�i�n�g� �a�n�d� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�,� �w�a�s� �u�s�e�d� 

�f�o�r� �p�r�o�b�e� �c�o�n�s�t�r�u�c�t�i�o�n� �a�n�d� �v�i�s�u�a�l�i�z�a�t�i�o�n�.� 

�G�r�o�w�t�h� �c�u�r�v�e� �o�f� �B�.� �a�b�o�r�t�u�s� �2�3�0�8�:� 

�A� �s�i�n�g�l�e� �c�o�l�o�n�y� �o�f� �B�.� �a�b�o�r�t�u�s� �2�3�0�8� �g�r�o�w�n� �o�n� �a� �T�S�B� �a�g�a�r� 

�w�a�s� �i�n�o�c�u�l�a�t�e�d� �i�n�t�o� �2�5� �m�l� �T�S�B� �m�e�d�i�a�,� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�°�C� �a�t� �1�5�0� 

�r�p�m�.� �1�0�0� �w�l� �o�f� �c�u�l�t�u�r�e� �(�3�5�0�-�4�5�0� �K�l�e�t�t� �u�n�i�t�s�)� �w�a�s� �i�n�o�c�u�l�a�t�e�d� 

�i�n�t�o� �3�0� �m�l� �o�f� �T�S�B�.� �1�0�0� �u�l� �o�f� �c�u�l�t�u�r�e� �w�a�s� �r�e�m�o�v�e�d� �a�t� �d�i�f�f�e�r�e�n�t� 

�t�i�m�e� �p�o�i�n�t�s� �a�n�d� �s�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �i�n� �T�S�B�;� �f�i�v�e� �1�0� �p�l� �a�l�i�q�u�o�t�s� 

�o�f� �t�h�e�s�e� �d�i�l�u�t�i�o�n�s� �w�e�r�e� �d�o�t�t�e�d� �o�n� �a� �T�S�B� �p�l�a�t�e�.� �A�f�t�e�r� �t�h�r�e�e� 

�d�a�y�s� �o�f� �i�n�c�u�b�a�t�i�o�n� �a�t� �3�7�°�C�,� �t�h�e� �c�e�l�l�s� �w�e�r�e� �c�o�u�n�t�e�d� �a�n�d� 

�a�v�e�r�a�g�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �C�o�l�o�n�y� �F�o�r�m�i�n�g� �U�n�i�t�s� �(�C�F�U�/�m�1�)� �.� 

�T�r�a�n�s�f�o�r�m�a�t�i�o�n� �b�y� �e�l�e�c�t�r�o�p�o�r�a�t�i�o�n�:� 

�B�.� �a�b�o�r�t�u�s� �2�3�0�8� �c�e�l�l�s� �w�e�r�e� �m�a�d�e� �c�o�m�p�e�t�e�n�t� �b�y� �f�o�l�l�o�w�i�n�g� 

�p�r�o�c�e�d�u�r�e�:� �A� �6�6�0� �u�l� �a�l�i�q�u�o�t� �o�f� �a� �c�u�l�t�u�r�e� �(�4�0�0� �K�l�e�t�t� �u�n�i�t�s�)� �w�a�s� 

�2�0



�i�n�o�c�u�l�a�t�e�d� �i�n�t�o� �2�0�0� �m�l� �T�S�B� �a�n�d� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�°�C� �a�n�d� �1�5�0� �r�p�m�.� 

�A�t� �t�h�e� �d�e�s�i�r�e�d� �g�r�o�w�t�h� �s�t�a�t�u�s�,� �2�0�0� �m�l� �o�f� �c�u�l�t�u�r�e� �w�a�s� 

�t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �e�i�g�h�t� �c�h�i�l�l�e�d� �5�0� �m�l� �C�o�r�n�i�n�g� �c�e�n�t�r�i�f�u�g�e� �t�u�b�e�s� 

�(�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �N�o�r�c�r�o�s�s�,� �G�A�.�)� �a�n�d� �i�n�c�u�b�a�t�e�d� �o�n� �i�c�e� �f�o�r� 

�3�0� �m�i�n�.� �T�h�e� �c�e�l�l�s� �w�e�r�e� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �2�1�9�0�x� �g� �f�o�r� �2�5� �m�i�n�u�t�e�s� 

�a�n�d� �w�e�r�e� �r�e�s�u�s�p�e�n�d�e�d� �i�n� �5�0� �m�l� �s�t�e�r�i�l�e� �i�c�e� �c�o�l�d� �w�a�t�e�r�.� �T�h�e� 

�w�a�t�e�r� �w�a�s�h� �w�a�s� �r�e�p�e�a�t�e�d� �f�o�u�r� �t�i�m�e�s�.� �T�h�e� �c�e�l�l�s� �w�e�r�e� 

�r�e�s�u�s�p�e�n�d�e�d� �i�n� �d�H�,�O� �i�n� �a� �f�i�n�a�l� �v�o�l�u�m�e� �o�f� �5�0�0� �u�l�,� �a�l�i�q�u�o�t�e�d� 

�i�n�t�o� �0�.�5� �m�l� �m�i�c�r�o�c�e�n�t�r�i�f�u�g�e� �t�u�b�e�,� �a�n�d� �i�n�c�u�b�a�t�e�d� �o�n� �i�c�e� �u�n�t�i�l� 

�r�e�a�d�y� �t�o� �u�s�e�.� 

�T�h�e� �B�T�X� �e�l�e�c�t�r�o�p�o�r�a�t�i�o�n� �s�y�s�t�e�m� �6�0�0� �(�B�T�X� �I�n�c�.�,� �S�a�n� �D�i�e�g�o�,� 

�C�A�)� �w�a�s� �u�s�e�d� �t�o� �t�r�a�n�s�f�o�r�m� �8�B�.� �a�b�o�r�t�u�s� �2�3�0�8� �w�i�t�h� �p�N�W�-�2� �o�r� �p�N�W�-�3� 

�p�l�a�s�m�i�d�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �s�e�t�t�i�n�g�s� �w�e�r�e� �u�s�e�d�:� �t�h�e� �r�e�s�u�l�t�a�n�t� 

�p�u�l�s�e� �l�e�n�g�t�h� �i�s� �6� �m�s�,� �1�1�m�s� �a�n�d� �1�7� �m�s� �a�n�d� �t�h�e� �r�e�s�u�l�t�a�n�t� �f�i�e�l�d� 

�s�t�r�e�n�g�t�h� �w�a�s� �1�0�-�1�5� �K�V�/�c�m�.� �D�i�s�p�o�s�a�b�l�e� �e�l�e�c�t�r�o�d�e� �c�u�v�e�t�t�e�s� �(�B�T�X�)� 

�w�i�t�h� �a� �1�m�m� �g�a�p� �w�e�r�e� �u�s�e�d�.� �T�o� �i�n�i�t�i�a�t�e� �e�l�e�c�t�r�o�p�o�r�a�t�i�o�n�,� �3� �y�g� 

�o�f� �D�N�A� �w�a�s� �a�d�d�e�d� �i�n�t�o� �t�h�e� �0�.�5� �m�l� �m�i�c�r�o�c�e�n�t�r�i�f�u�g�e� �t�u�b�e� 

�c�o�n�t�a�i�n�i�n�g� �5�5� �u�l� �o�f� �c�e�l�l�s� �a�n�d� �m�i�x�e�d� �w�e�l�l� �b�y� �s�w�i�r�l�i�n�g� �a�n�d� 

�i�n�c�u�b�a�t�i�n�g� �o�n� �i�c�e� �f�o�r� �2�0� �m�i�n�.� �T�h�i�s� �m�i�x�t�u�r�e� �w�a�s� �l�o�a�d�e�d� �i�n�t�o� 

�t�h�e� �c�u�v�e�t�t�e� �a�n�d� �t�h�e� �e�l�e�c�t�r�o�p�o�r�a�t�o�r� �w�a�s� �d�i�s�c�h�a�r�g�e�d�;� 

�i�m�m�e�d�i�a�t�e�l�y�,� �1� �m�l� �o�f� �S�O�B�-�C� �w�a�s� �a�d�d�e�d� �i�n�t�o� �t�h�e� �c�u�v�e�t�t�e�,� �a�n�d� 

�t�h�e�n� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �a� �1�5� �m�l� �C�o�r�n�i�n�g� �c�e�n�t�r�i�f�u�g�e� �t�u�b�e�.� �T�h�e� 

�c�e�l�l�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�°�C� �w�i�t�h� �1�5�0� �r�p�m� �f�o�r� �1�6� �h�o�u�r�s�.� �A�f�t�e�r� 

�r�e�c�o�v�e�r�y� �i�n� �S�O�C�-�B� �m�e�d�i�u�m� �(�2�5�)�,� �1�0�0� �p�l� �o�f� �e�a�c�h� �r�e�c�o�v�e�r�y� �m�i�x�t�u�r�e� 

�w�a�s� �s�p�r�e�a�d� �o�n� �a� �T�S�B� �p�l�a�t�e�,� �a�n�d� �t�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�e� �m�i�x�t�u�r�e� 
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�w�a�s� �s�p�r�e�a�d� �o�n� �a� �T�S�B�/�K�a�n�(�1�0�0� �p�g�/�m�l�)� �p�l�a�t�e�.� �T�h�e�s�e� �p�l�a�t�e�s� �w�e�r�e� 

�i�n�c�u�b�a�t�e�d� �a�t� �3�7�°�C� �a�n�d� �o�b�s�e�r�v�e�d� �f�o�r� �u�p� �t�o� �1�4� �d�a�y�s� �f�o�r� �c�o�l�o�n�y� 

�g�r�o�w�t�h�.� �T�h�e� �k�a�n�a�m�y�c�i�n� �r�e�s�i�s�t�a�n�t� �c�o�l�o�n�i�e�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� 

�f�u�r�t�h�e�r� �s�t�u�d�y�.� 

�P�r�o�b�e� �l�a�b�e�l�i�n�g�:� 

�A� �7�0�0� �b�p� �c�h�r�o�m�o�s�o�m�a�l� �f�l�a�n�k�i�n�g� �p�r�o�b�e� �w�a�s� �g�e�n�e�r�a�t�e�d� �b�y� �E�c�o�R� 

�I� �a�n�d� �X�h�o� �I� �d�o�u�b�l�e� �d�i�g�e�s�t�i�o�n� �o�f� �p�N�W�-�2�.� �F�o�l�l�o�w�i�n�g� 

�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �t�h�e� �f�r�a�g�m�e�n�t� �w�a�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �t�h�e� �g�e�l� �b�y� 

�W�i�z�a�r�d� �P�C�R� �P�r�e�p� �(�P�r�o�m�e�g�a� �C�o�r�p�o�r�a�t�i�o�n�,� �M�a�d�i�s�o�n�,� �W�I�)�,� �a�n�d� 

�l�a�b�e�l�e�d� �u�s�i�n�g� �t�h�e� �G�e�n�i�u�s� �K�i�t� �p�r�o�t�o�c�o�l�.� �1� �k�b� �l�a�d�d�e�r�,� �T�n�5� �a�n�d� 

�B�.� �a�b�o�r�t�u�s� �2�3�0�8� �w�h�o�l�e� �c�h�r�o�m�o�s�o�m�a�l� �p�r�o�b�e�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �u�s�i�n�g� 

�a� �P�o�l�y�m�e�r�a�s�e� �C�h�a�i�n� �R�e�a�c�t�i�o�n� �(�P�C�R�)�.� �A� �t�y�p�i�c�a�l� �P�C�R� �r�e�a�c�t�i�o�n� 

�m�i�x�t�u�r�e� �c�o�n�t�a�i�n�e�d� �1� �y�l� �o�f� �1�0�X� �c�o�n�c�e�n�t�r�a�t�e�d� �d�N�T�P� �(�B�o�e�h�r�i�n�g�e�r� 

�M�a�n�n�h�e�i�m�)�,� �0�.�5� �p�l� �o�f� �1�0�X� �c�o�n�c�e�n�t�r�a�t�e�d� �r�a�n�d�o�m� �p�r�i�m�e�r� 

�(�B�o�e�h�r�i�n�g�e�r� �M�a�n�n�h�e�i�m�)�,� �0�.�5� �p�l� �(�2�.�5� �U�)� �o�f� �T�a�q!"� �D�N�A� �p�o�l�y�m�e�r�a�s�e�,� 

�4� �p�l� �o�f� �1�0�X� �p�o�l�y�m�e�r�a�s�e� �b�u�f�f�e�r�,� �2�5�-�1�0�0�0� �n�g� �o�f� �t�e�m�p�l�a�t�e� �D�N�A�,� 

�1�.�0�-�2�.�5� �m�M� �o�f� �M�g�C�l�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �S�t�e�r�i�l�e� �d�H�,�O� �w�a�s� �a�d�d�e�d� �t�o� 

�b�r�i�n�g� �t�h�e� �f�i�n�a�l� �v�o�l�u�m�e� �t�o� �4�0� �p�l�.� �T�h�e� �P�C�R� �c�y�c�l�e� �w�a�s� �s�e�t� �a�t� �1�.�3� 

�M�i�n�u�t�e�s� �a�t� �9�5�°�C� �f�o�r� �d�e�n�a�t�u�r�a�t�i�o�n�,� �1�.�3� �m�i�n�u�t�e�s� �a�t� �4�2�°�C� �f�o�r� 

�a�n�n�e�a�l�i�n�g�,� �2� �m�i�n�u�t�e�s� �a�t� �7�2�°�C� �f�o�r� �e�x�t�e�n�s�i�o�n� �f�o�r� �3�0� �s�u�c�h� �c�y�c�l�e�s�.� 

�C�o�l�o�n�y� �i�m�m�u�n�o�b�l�o�t� �b�y� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �B�r�u�3�8�:� 

�A�f�t�e�r� �g�r�o�w�i�n�g� �c�e�l�l�s� �o�n� �a� �T�S�B� �a�g�a�r�,� �a� �p�i�e�c�e� �o�f� �M�a�g�n�a�G�r�a�p�h� 

�n�y�l�o�n� �t�r�a�n�s�f�e�r� �m�e�m�b�r�a�n�e� �(�M�i�c�r�o�n� �S�e�p�a�r�a�t�i�o�n�s� �I�n�c�,� �W�e�s�t�b�o�r�o�,� �M�A�)� 

�w�a�s� �p�l�a�c�e�d� �o�n� �t�h�e� �p�l�a�t�e� �f�o�r� �5� �m�i�n�.� �T�h�e� �m�e�m�b�r�a�n�e� �w�a�s� �r�e�m�o�v�e�d� 

�a�n�d� �s�o�a�k�e�d� �i�n� �2�5� �m�l� �o�f� �c�h�l�o�r�o�f�o�r�m� �f�o�r� �1�5� �m�i�n�u�t�e�s�.� �T�h�e� 
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�m�e�m�b�r�a�n�e� �w�a�s� �a�i�r� �d�r�i�e�d�,� �a�n�d� �i�n�c�u�b�a�t�e�d� �i�n� �a� �2�5� �m�l� �m�i�x�t�u�r�e� 

�c�o�n�t�a�i�n�i�n�g� �2� �p�g�/�m�l� �D�N�a�s�e�,� �8�0� �y�w�g�/�m�l� �l�y�s�o�z�y�m�e� �a�n�d� �3�%� �o�f� �b�o�v�i�n�e� 

�s�e�r�u�m� �a�l�b�u�m�i�n� �(�F�i�s�h�e�r�)� �i�n� �b�l�o�c�k�i�n�g�-�d�i�g�e�s�t�i�o�n� �b�u�f�f�e�r� �(�0�.�1�5� �M� 

�N�a�C�l�,� �0�.�0�2� �M� �T�r�i�s�,� �0�.�0�0�5� �M� �M�g�C�l�,�,� �p�H� �7�.�5�)� �f�o�r� �1� �h�o�u�r� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �m�e�m�b�r�a�n�e� �w�a�s� �w�a�s�h�e�d� �5� �t�i�m�e�s� �w�i�t�h� �2�5� �m�l� �o�f� 

�T�B�S�T� �(�0�.�0�5�%� �T�w�e�e�n�-�2�0� �i�n� �T�B�S� �w�h�i�c�h� �i�s� �m�a�d�e� �o�f� �0�.�5� �M� �N�a�C�l�,� �0�.�0�2� 

�M� �T�r�i�s�,� �p�H� �7�.�5�)�.� �T�h�e� �m�e�m�b�r�a�n�e� �w�a�s� �i�n�c�u�b�a�t�e�d� �i�n� �1�5� �m�l� �o�f� 

�B�r�u�3�8�,� �a� �r�a�t� �I�g�G� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �(�4�4�)� �d�i�l�u�t�e�d� �1�:�1�0� �i�n� 

�T�B�S�T�,� �f�o�r� �1� �h�o�u�r� �w�i�t�h� �a�g�i�t�a�t�i�n�g� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� 

�m�e�m�b�r�a�n�e� �w�a�s� �w�a�s�h�e�d� �5� �t�i�m�e�s� �w�i�t�h� �2�5� �m�l� �o�f� �T�B�S�T� �a�n�d� �i�n�c�u�b�a�t�e�d� 

�i�n� �g�o�a�t� �a�n�t�i�-�r�a�t� �I�g�G� �c�o�n�j�u�g�a�t�e�d� �w�i�t�h� �h�o�r�s�e�r�a�d�i�s�h� 

�p�e�r�o�x�i�d�a�s�e�(�1�:�5�0�0� �d�i�l�u�t�i�o�n� �i�n� �T�S�B�)� �w�i�t�h� �a�g�i�t�a�t�i�n�g� �f�o�r� �1� �h�o�u�r�.� 

�A�f�t�e�r� �w�a�s�h�i�n�g� �5� �t�i�m�e�s� �i�n� �T�B�S�T�,� �t�h�e� �m�e�m�b�r�a�n�e� �w�a�s� �i�n�c�u�b�a�t�e�d� �w�i�t�h� 

�f�r�e�s�h�l�y� �m�a�d�e� �d�e�v�e�l�o�p�i�n�g� �m�i�x�t�u�r�e� �(�c�o�m�b�i�n�a�t�i�o�n� �o�f� �6�0� �m�g� �4�-� 

�c�h�l�o�r�o�-�1�i�-�n�a�p�h�t�h�o�l� �i�n� �1�0� �m�l� �m�e�t�h�a�n�o�l� �a�n�d� �0�.�6� �m�l� �3�%� �H�,�0�O�,� �i�n� �1�0�0� 

�m�l� �o�f� �T�B�S�)� �u�n�t�i�l� �t�h�e� �p�o�s�i�t�i�v�e� �c�o�n�t�r�o�l� �e�x�h�i�b�i�t�e�d� �a� �p�u�r�p�l�e� 

�S�i�g�n�a�l�.� �T�h�e� �v�i�s�u�a�l�i�z�a�t�i�o�n� �r�e�a�c�t�i�o�n� �w�a�s� �s�t�o�p�p�e�d� �b�y� �s�o�a�k�i�n�g� �t�h�e� 

�m�e�m�b�r�a�n�e� �i�n� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� �d�H�,�O�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �L�P�S�:� 

�T�h�e� �p�r�o�c�e�d�u�r�e� �u�s�e�d� �w�a�s� �t�h�a�t� �d�e�v�e�l�o�p�e�d� �b�y� �H�i�t�c�h�c�o�c�k� �a�n�d� 

�B�r�o�w�n� �(�1�9�)�.� �B�r�i�e�f�l�y�,� �1�.�5� �m�l� �o�f� �b�a�c�t�e�r�i�a�l� �c�u�l�t�u�r�e� �w�a�s� 

�h�a�r�v�e�s�t�e�d� �a�t� �t�h�e� �d�e�n�s�i�t�y� �o�f� �5�0�-�6�0� �K�l�e�t�t� �u�n�i�t�s� �b�y� 

�c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�t� �1�0�0�0�0�x� �g� �f�o�r� �5� �m�i�n�u�t�e�s�.� �1�.�5� �m�l� �o�f� �a�c�e�t�o�n�e� 

�w�a�s� �a�d�d�e�d� �t�o� �p�e�l�l�e�t�e�d� �c�e�l�l�s� �f�o�r� �1� �h�o�u�r� �t�o� �1�8� �h�o�u�r�s� �t�o� �k�i�l�l� 

�B�r�u�c�e�l�l�a�.� �C�e�l�l�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�t� �1�0�,�0�0�0�x� 
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�g� �f�o�r� �5� �m�i�n�u�t�e�s�,� �a�c�e�t�o�n�e� �r�e�m�o�v�e�d� �a�n�d� �t�h�e� �p�e�l�l�e�t�e�d� �c�e�l�l�s� �a�i�r� 

�d�r�i�e�d�.� �A�f�t�e�r� �w�a�s�h�i�n�g� �o�n�e� �t�i�m�e� �i�n� �p�h�o�s�p�h�a�t�e�-�b�u�f�f�e�r�e�d� �s�a�l�i�n�e�,� 

�t�h�e� �p�e�l�l�e�t� �w�a�s� �r�e�s�u�s�p�e�n�d�e�d� �i�n� �0�.�0�5� �m�l� �o�f� �S�D�S�-�P�A�G�E� �s�a�m�p�l�e� 

�b�u�f�f�e�r� �(�2�%� �S�D�S�,� �4�%� �2�-�m�e�r�c�a�p�t�o�e�t�h�a�n�o�l�,� �1�0�%� �g�l�y�c�e�r�o�l�,� �0�.�0�0�2�%� 

�b�r�o�m�o�p�h�e�n�o�l� �b�l�u�e� �i�n� �1�M� �T�r�i�s�-�H�C�l� �b�u�f�f�e�r�,� �p�H� �6�.�8�)�.� �T�h�e� �s�a�m�p�l�e� 

�w�a�s� �h�e�a�t�e�d� �a�t� �1�0�0�°�C� �f�o�r� �1�0� �m�i�n�u�t�e�s�,� �a�n�d� �i�n�c�u�b�a�t�e�d� �a�t� �6�0�°�C� �f�o�r� 

�1� �h�o�u�r�.� �2�.�5� �m�g�/�m�l� �p�r�o�t�e�i�n�a�s�e� �K� �w�a�s� �a�d�d�e�d� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� 

�i�n�c�u�b�a�t�e�d� �a�t� �6�0�°�C� �f�o�r� �a�t� �l�e�a�s�t� �1� �h�o�u�r�.� �0�.�0�1� �m�l� �o�f� �t�h�i�s� 

�t�r�e�a�t�e�d� �s�a�m�p�l�e� �w�a�s� �r�e�s�o�l�v�e�d� �o�n� �a� �1�4�%� �a�c�r�y�l�a�m�i�d�e� �g�e�l� �(�2�4�)�.� 

�S�D�S�-�P�A�G�E� �o�f� �L�P�S�:� 

�T�h�e� �p�r�o�c�e�d�u�r�e� �i�s� �d�e�s�c�r�i�b�e�d� �b�y� �L�a�e�m�m�l�i� �(�2�4�)� �w�i�t�h� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �m�o�d�i�f�i�c�a�t�i�o�n�s�.� �A� �s�e�p�a�r�a�t�e� �r�u�n�n�i�n�g� �g�e�l�:� �1�4�%� 

�a�c�r�y�l�a�m�i�d�e� �(�P�i�e�r�c�e�,� �R�o�c�k�f�o�r�d�,� �I�L�)�,� �0�.�3�7�%� �N�,�N �� �-� 

�M�e�t�h�y�l�e�n�e�b�i�s�a�c�r�y�l�a�m�i�d�e� �(�b�i�s�)�,� �2�.�8�3� �M� �u�r�e�a� �(�P�i�e�r�c�e�,� �R�o�c�k�f�o�r�d�,� 

�I�L�)�,� �0�.�1�%� �S�D�S�(�B�D�H�,� �B�i�o�c�h�e�m�i�c�a�l�s� �L�t�d�,� �P�o�o�l�e�,� �E�n�g�l�a�n�d�)�,� �0�.�5� �M� 

�T�r�i�s�-�H�C�l�,� �p�H�8�.�8�,� �0�.�0�3�%� �T�E�M�E�D�,� �a�n�d� �0�.�0�7�%� �a�m�m�o�n�i�u�m� �p�e�r�s�u�l�f�a�t�e�.� 

�A� �s�t�a�c�k�i�n�g� �g�e�l�:� �4�.�0�5�%� �a�c�r�y�l�a�m�i�d�e�,� �0�.�1�%� �B�i�s�,� �0�.�1�2�5� �M� �T�r�i�s�-�H�C�L�,� 

�p�h� �6�.�8�,� �0�.�1�%� �S�D�S�,� �0�.�0�5�%� �T�E�M�E�D�,� �a�n�d� �0�.�0�5�%� �a�m�m�o�n�i�u�m� �p�e�r�s�u�l�f�a�t�e�.� 

�H�P�L�C� �H�,�O� �w�a�s� �u�s�e�d� �t�o� �m�a�k�e� �b�o�t�h� �s�t�a�c�k�i�n�g� �g�e�l� �a�n�d� �s�e�p�a�r�a�t�i�n�g� 

�g�e�l�.� 

�S�i�l�v�e�r� �s�t�a�i�n� �o�f� �L�P�S�:� 

�T�h�i�s� �p�r�o�c�e�d�u�r�e� �i�s� �b�a�s�e�d� �o�n� �T�s�a�i� �&� �F�r�a�s�c�h� �(�5�0�)� �a�n�d� 

�m�o�d�i�f�i�e�d� �a�s� �f�o�l�l�o�w�i�n�g�:� �(�1�)� �T�h�e� �g�e�l� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �L�P�S� �w�a�s� 

�f�i�x�e�d� �o�v�e�r�n�i�g�h�t� �i�n� �2�0�0� �m�l� �o�f� �4�0�%� �e�t�h�a�n�o�l�,� �5�%� �g�l�a�c�i�a�l� �a�c�e�t�i�c� 

�a�c�i�d�,� �a�n�d� �5�5�%� �d�H�,�O�.� �(�2�)� �T�h�e� �g�e�l� �w�a�s� �r�e�m�o�v�e�d� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� 
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�5� �m�i�n�u�t�e�s� �i�n� �2�0�0� �m�l� �o�f� �0�.�7�%� �p�e�r�i�o�d�i�c� �a�c�i�d� �s�o�l�u�t�i�o�n� �c�o�n�t�a�i�n�i�n�g� 

�1�.�4� �m�g� �o�f� �p�e�r�i�o�d�i�c� �a�c�i�d�,� �8�0� �m�l� �o�f� �9�5�%� �o�f� �E�T�O�H�,� �1�0� �m�l� �o�f� 

�g�l�a�c�i�a�l� �a�c�e�t�i�c� �a�c�i�d� �a�n�d� �1�1�0� �o�f� �m�l� �d�H�2�0� �w�i�t�h� �m�i�l�d� �a�g�i�t�a�t�i�o�n�.� 

�(�3�)� �T�h�e� �g�e�l� �w�a�s� �w�a�s�h�e�d� �t�h�r�e�e� �t�i�m�e�s� �i�n� �1� �l�i�t�e�r� �o�f� �d�H�,�O� �f�o�r� �1�5� 

�m�i�n� �w�i�t�h� �m�i�l�d� �a�g�i�t�a�t�i�o�n� �o�n� �a� �r�o�t�a�r�y� �s�h�a�k�e�r�.� �(�4�)� �T�h�e� �g�e�l� �w�a�s� 

�s�o�a�k�e�d� �i�n� �1�5�0� �m�l� �o�f� �a�m�m�o�n�i�a�c�a�l� �s�i�l�v�e�r� �s�o�l�u�t�i�o�n�:� �2�0�%� �s�i�l�v�e�r� 

�n�i�t�r�a�t�e�,� �2�8� �m�l� �o�f� �0�.�1�M� �N�a�O�H�,� �2� �m�l� �o�f� �c�o�n�c�e�n�t�r�a�t�e�d� �a�m�m�o�n�i�u�m� 

�h�y�d�r�o�x�i�d�e�.� �(�5�)� �S�t�e�p� �(�3�)� �w�a�s� �r�e�p�e�a�t�e�d� �.� �(�6�)� �L�P�S� �w�a�s� 

�v�i�s�u�a�l�i�z�e�d� �b�y� �a�d�d�i�n�g� �6� �m�M� �f�o�r�m�a�l�d�e�h�y�d�e�-�0�.�2�5� �m�M� �c�i�t�r�i�c� �a�c�i�d� 

�s�o�l�u�t�i�o�n� �t�o� �t�h�e� �t�r�e�a�t�e�d� �g�e�l� �u�n�t�i�l� �a� �b�r�o�w�n� �s�i�g�n�a�l� �d�e�v�e�l�o�p�s�.� 

�(�7�)� �C�o�l�o�r�i�z�a�t�i�o�n� �w�a�s� �s�t�o�p�p�e�d� �b�y� �w�a�s�h�i�n�g� �t�h�e� �g�e�l� �i�n� �a� �l�a�r�g�e� 

�a�m�o�u�n�t� �o�f� �c�o�l�d� �w�a�t�e�r�.� 
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�R�e�s�u�l�t� 

�O�v�e�r�a�l�l� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�r�o�a�c�h�:� 

�T�h�e� �o�v�e�r�a�l�l� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�r�o�a�c�h� �f�o�r� �t�h�i�s� �t�h�e�s�i�s� �w�o�r�k� �i�s� 

�d�e�s�c�r�i�b�e�d� �i�n� �F�i�g�u�r�e� �3�.� 

�P�r�o�p�e�r�t�i�e�s� �o�f� �B�.� �a�b�o�r�t�u�s� �R�A�2�:� 

�T�h�e� �b�a�c�t�e�r�i�o�p�h�a�g�e� �P�l� �w�a�s� �u�s�e�d� �t�o� �i�n�t�r�o�d�u�c�e� �t�h�e� �t�r�a�n�s�p�o�s�o�n� 

�T�n�5� �(�K�a�n�R�)� �i�n�t�o� �B�.� �a�b�o�r�t�u�s� �(�F�.� �L�a�i�,� �V�P�I�&�S�U�,� �u�n�p�u�b�l�i�s�h�e�d� �d�a�t�a�)�.� 

�A�l�l� �K�a�n�a�m�y�c�i�n� �r�e�s�i�s�t�a�n�t� �(�K�a�n�R�)� �B�.� �a�b�o�r�t�u�s� �c�l�o�n�e�s� �w�e�r�e� 

�s�e�l�e�c�t�e�d� �f�o�r� �f�u�r�t�h�e�r� �p�h�e�n�o�t�y�p�i�c� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e�i�r� �L�P�S�.� 

�S�t�r�a�i�n� �R�A�2� �i�s� �o�n�e� �o�f� �t�h�e� �T�n�5� �m�u�t�a�n�t�s� �d�e�f�i�c�i�e�n�t� �i�n� �L�P�S�;� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �T�n�5� �w�a�s� �c�o�n�f�i�r�m�e�d� �b�y� �a� �S�o�u�t�h�e�r�n� �b�l�o�t� �o�f� �R�A�2� 

�c�h�r�o�m�o�s�o�m�a�l� �D�N�A� �u�s�i�n�g� �a� �T�n�5� �p�r�o�b�e� �(�F�i�g�u�r�e� �4�)�.� �T�h�e� �f�a�c�t� �t�h�a�t� 

�S�t�r�a�i�n� �R�A�2� �c�a�n� �b�e� �s�t�a�i�n�e�d� �b�y� �c�r�y�s�t�a�l� �v�i�o�l�e�t� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)� 

�i�n�d�i�c�a�t�e�s� �a� �r�o�u�g�h� �p�h�e�n�o�t�y�p�e�;� �s�m�o�o�t�h� �s�t�r�a�i�n�s� �r�e�p�e�l� �t�h�e� �d�y�e� 

�(�5�1�)�.� �M�a�c�r�o�s�c�o�p�i�c�a�l�l�y�,� �i�t� �i�s� �v�e�r�y� �h�a�r�d� �t�o� �d�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� 

�s�m�o�o�t�h� �s�t�r�a�i�n� �2�3�0�8� �a�n�d� �r�o�u�g�h� �s�t�r�a�i�n� �R�A�2�.� �H�o�w�e�v�e�r�,� �s�t�r�a�i�n� �R�A�2� 

�h�a�s� �t�h�e� �t�e�n�d�e�n�c�y� �a�u�t�o�a�g�g�l�u�t�i�n�a�t�e�.� �I�t� �w�a�s� �r�e�p�o�r�t�e�d� �t�h�a�t� �s�t�r�a�i�n� 

�R�A�2� �i�s� �n�o�t� �a�s� �r�o�u�g�h� �a�s� �s�t�r�a�i�n� �R�B�5�1� �b�e�c�a�u�s�e� �i�t� �s�t�i�l�l� �e�x�p�r�e�s�s�e�s� 

�s�o�m�e� �m�i�n�o�r� �a�m�o�u�n�t� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �O�-�s�i�d�e� �c�h�a�i�n� �(�J�o�h�n� 

�M�c�Q�u�i�s�t�o�n�,� �u�n�p�u�b�l�i�s�h�e�d� �d�a�t�a�,� �V�P�I�&�S�U�)�.� �A�n� �i�m�m�u�n�o�b�l�o�t� �o�f� �s�t�r�a�i�n� 

�R�A�2� �L�P�S� �r�e�v�e�a�l�s� �t�h�a�t� �s�t�r�a�i�n� �R�A�2� �L�P�S� �c�a�n� �b�i�n�d� �B�r�u�-�3�8�,� �a� �r�a�t� 

�m�o�n�o�c�l�o�n�a�l� �I�g�G� �a�n�t�i�b�o�d�y� �s�p�e�c�i�f�i�c� �t�o� �O�-�s�i�d�e� �c�h�a�i�n�,� �a�l�t�h�o�u�g�h� 

�v�e�r�y� �w�e�a�k�l�y� �c�o�m�p�a�r�e� �t�o� �B�.� �a�b�o�r�t�u�s� �2�3�0�8�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� 

�h�o�w�e�v�e�r�,� �t�h�e� �s�i�l�v�e�r� �s�t�a�i�n� �o�f� �L�P�S� �r�e�v�e�a�l�e�d� �n�o� �a�n�y� �h�i�g�h� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �O�-�s�i�d�e� �c�h�a�i�n� �w�a�s� �d�e�t�e�c�t�a�b�l�e� �i�n� �s�t�r�a�i�n� �R�A�2� 
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�S�o�s�y� �S�m�o�o�t�h� 
�T�n�5� �n�S� �m�u�t�a�g�e�n�g�s�i�s� 

�=�:� �p�o�o�t�t� �p�a�s�t�a�s�  ��T�n� 
�B�.� �a�b�o�r�t�u�s� �2�3�0�8� �R�o�u�g�h� 

�S�c�r�e�e�n� �f�o�r� �r�o�u�g�h� 

�I�s�o�l�a�t�e� �G�e�n�o�m�i�c� �D�N�A� �~�<�@ �� 

�y� �@� 

�C�l�o�n�e� �T�n�5�+�F�l�a�n�k�i�n�g� �r�e�g�i�o�n� �B�.� �a�b�o�r�t�u�s� �R�A�2� 
�(�p�N�W�-�1�,� �p�N�W�-�2�,� �p�N�W�-�3�)� 

�a�e� 
�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �S�e�q�u�e�n�c�e� �P�h�e�n�o�t�y�p�e� �c�o�n�v�e�r�s�i�o�n� 

�(�S�m�o�o�t�h� �t�o� �r�o�u�g�h�)� 

�H�o�m�o�l�o�g�o�u�s� 
�[�>� �r�e�c�o�m�b�i�n�a�t�i�o�n� �j�a�y� �S�m�o�o�t�h� 

�|� �p�N�W�-�2�,� �p�N�W�-�3� �|� 

�S�m�o�o�t�h� 
�B�.� �a�b�o�r�t�u�s� �2�3�0�8� 

�R�o�u�g�h� 

�W�e�s�t�e�r�n� �I�m�m�u�n�o�b�l�o�t� 
�C�r�y�s�t�a�l� �v�i�o�l�e�t� 
�L�P�S� �a�n�a�l�y�s�i�s� 
�S�o�u�t�h�e�r�n� �b�l�o�t� �~�~� 

�F�i�g�u�r�e� �3�.� �O�v�e�r�a�l�l� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�r�o�a�c�h�.� 

�2�7� 

� � 

�A�v�a�i�l�a�b�l�e� 

�a�t� 

�C�M�M�I�D� 

�T�h�e�s�i�s� 

�R�e�s�e�a�r�c�h



� � 

�F�i�g�u�r�e� �4�.� �S�o�u�t�h�e�r�n� �b�l�o�t� �o�f� �g�e�n�o�m�i�c� �D�N�A� �d�i�g�e�s�t�e�d� �b�y� �E�c�o�R� �I�.� 
�L�a�n�e� �1�:� �1� �k�b� �l�a�d�d�e�r�;� �l�a�n�e� �2�:� �B�.� �a�b�o�r�t�u�s� �2�3�0�8�;� �l�a�n�e� �3�:� �s�t�r�a�i�n� 
�R�A�2�;� �l�a�n�e� �4�:� �s�t�r�a�i�n� �R�A�1�.� 
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�(�F�i�g�u�r�e� �5�)�.� �B�o�t�h� �L�P�S� �f�r�o�m� �s�t�r�a�i�n� �R�A�2� �a�n�d� �s�t�r�a�i�n� �R�B�5�1� �d�i�d� �n�o�t� 

�s�h�o�w� �a�n�y� �B�r�u�-�3�8� �b�i�n�d�i�n�g� �a�c�t�i�v�i�t�y� �(�F�i�g�u�r�e� �6�)�.� �T�h�e� �i�m�m�u�n�o�b�l�o�t� 

�o�f� �L�P�S� �b�y� �s�p�e�c�i�f�i�c� �B�r�u�4�8� �a�n�t�i� �c�o�r�e� �r�e�v�e�a�l�s� �t�h�a�t� �R�A�2� �h�a�d� �s�t�r�o�n�g� 

�b�i�n�d�i�n�g� �a�c�t�i�v�i�t�y� �a�s� �d�i�d� �s�t�r�a�i�n�s� �R�B�5�1� �a�n�d� �2�3�0�8� �(�F�i�g�u�r�e� �7�)�.� 

�C�l�o�n�i�n�g� �o�f� �t�h�e� �T�n�5� �e�l�e�m�e�n�t� �a�n�d� �f�l�a�n�k�i�n�g� �r�e�g�i�o�n� �o�f� �B�.� �a�b�o�r�t�u�s� 

�R�A�2�:� 

�B�e�c�a�u�s�e� �E�c�o�R� �I� �d�o�e�s� �n�o�t� �h�a�v�e� �a�n�y� �r�e�c�o�g�n�i�t�i�o�n� �s�i�t�e�s� �i�n� �T�n�5� 

�(�2�3�)�,� �t�h�i�s� �e�n�z�y�m�e� �w�a�s� �u�s�e�d� �t�o� �d�i�g�e�s�t� �s�t�r�a�i�n� �R�A�2� �g�e�n�o�m�i�c� �D�N�A�.� 

�T�h�e� �i�n�t�a�c�t� �E�c�o�R� �I� �f�r�a�g�m�e�n�t�s�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �o�n�e� �c�o�n�t�a�i�n�i�n�g� �t�h�e� 

�T�n�5� �e�l�e�m�e�n�t� �w�i�t�h� �c�h�r�o�m�o�s�o�m�a�l� �f�l�a�n�k�i�n�g� �r�e�g�i�o�n�,� �w�e�r�e� �l�i�g�a�t�e�d� 

�i�n�t�o� �t�h�e� �v�e�c�t�o�r� �p�G�E�M�-�3�Z� �t�o� �c�r�e�a�t�e� �a�n� �E�c�o�R� �I� �b�a�n�k�.� �B�e�c�a�u�s�e� �t�h�e� 

�v�e�c�t�o�r� �c�o�n�t�a�i�n�s� �t�h�e� �A�m�p�R� �g�e�n�e� �a�n�d� �T�n�5� �e�l�e�m�e�n�t� �c�a�r�r�i�e�s� �t�h�e� �K�a�n�R� 

�g�e�n�e�,� �c�l�o�n�e�s� �w�e�r�e� �s�c�r�e�e�n�e�d� �f�o�r� �k�a�n�a�m�y�c�i�n� �a�n�d� �a�m�p�i�c�i�l�l�i�n� 

�r�e�s�i�s�t�a�n�t�;� �p�l�a�s�m�i�d�s� �f�r�o�m� �s�e�v�e�r�a�l� �A�m�p�R� �a�n�d� �K�a�n�R� �c�l�o�n�e�s� �o�f� �E�.� 

�c�o�l�i� �D�H�5�a�@� �w�e�r�e� �e�x�t�r�a�c�t�e�d� �a�n�d� �d�i�g�e�s�t�e�d� �b�y� �E�c�o�R� �I�.� �I�n� �o�n�e� 

�c�l�o�n�e�,� �t�h�e� �r�e�s�t�r�i�c�t�i�o�n� �p�a�t�t�e�r�n� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e�r�e� �w�e�r�e� �t�w�o� 

�E�c�o�R� �I� �f�r�a�g�m�e�n�t�s� �l�i�g�a�t�e�d� �i�n�t�o� �p�G�E�M�-�3�Z�;� �t�h�i�s� �p�l�a�s�m�i�d� �w�a�s� 

�d�e�s�i�g�n�a�t�e�d� �p�N�W�-�1�.� �T�h�e�s�e� �t�w�o� �E�c�o�R� �I� �f�r�a�g�m�e�n�t�s� �w�e�r�e� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �7�.�0� �k�b� �a�n�d� �3�0�0� �b�p� �(�F�i�g�u�r�e� �8�)� �a�n�d� �h�y�b�r�i�d�i�z�e�d� �w�i�t�h� 

�B�.� �a�b�o�r�t�u�s� �2�3�0�8� �c�h�r�o�m�o�s�o�m�a�l� �D�N�A� �(�F�i�g�u�r�e� �9�)�.� �T�h�e�s�e� 

�h�y�b�r�i�d�i�z�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �c�l�o�n�e�d� �g�e�n�o�m�i�c� �D�N�A� 

�o�r�i�g�i�n�a�t�e�d� �f�r�o�m� �B�.� �a�b�o�r�t�u�s�.� �T�o� �c�o�n�f�i�r�m� �t�h�a�t� �t�h�e� �k�a�n�a�m�y�c�i�n� 

�r�e�s�i�s�t�a�n�t� �p�r�o�p�e�r�t�y� �i�s� �d�u�e� �t�o� �K�a�n� �r�e�s�i�s�t�a�n�t� �g�e�n�e� �o�n� �t�h�e� �T�n�5� 

�e�l�e�m�e�n�t� �i�n� �p�N�W�-�1� �a�s� �o�p�p�o�s�e�d� �t�o� �s�p�o�n�t�a�n�e�o�u�s� �m�u�t�a�t�i�o�n�,� �a� 

�r�e�s�t�r�i�c�t�i�o�n� �a�n�a�l�y�s�i�s� �w�a�s� �p�e�r�f�o�r�m�e�d�.� �T�h�e� �r�e�s�t�r�i�c�t�i�o�n� �f�r�a�g�m�e�n�t�s� 
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� � 
�F�i�g�u�r�e� �5�.� �S�i�l�v�e�r� �s�t�a�i�n� �o�f� �c�r�u�d�e� �L�P�S� �f�r�o�m� �B�.� �a�b�o�r�t�u�s�.� �L�a�n�e�s� �1�,� 
�4� �a�r�e� �B�.� �a�b�o�r�t�u�s� �2�3�0�8� �w�i�t�h� �0�.�5�X�,� �1�X� �L�P�S� �r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e�s� �2�,� 
�5� �a�r�e� �s�t�r�a�i�n� �R�B�5�1� �w�i�t�h� �0�.�5�X�,� �1�X� �L�P�S� �r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e�s� �3�,� �6� 
�a�r�e� �s�t�r�a�i�n� �R�A�2� �w�i�t�h� �0�.�5�X�,� �1�X� �L�P�S� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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� � 
�F�i�g�u�r�e� �6�.� �W�e�s�t�e�r�n� �i�m�m�u�n�o�b�l�o�t� �o�f� �B�r�u�c�e�l�l�a� �L�P�S� �b�y� �m�o�n�o�c�l�o�n�a�l� 
�a�n�t�i�b�o�d�y� �B�r�u�3�8�.� �L�a�n�e�s� �1�,� �5� �a�r�e� �B�r�u�c�e�l�l�a� �a�b�o�r�t�u�s� �2�3�0�8� �w�i�t�h� 
�0�.�5�X�,� �1�X� �L�P�S� �r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e�s� �2�,� �6� �a�r�e� �s�t�r�a�i�n� �R�B�5�1� �w�i�t�h� 
�0�.�5�X�,� �1�X� �L�P�S� �r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e�s� �3�,� �7� �a�r�e� �s�t�r�a�i�n� �R�A�2� �w�i�t�h� 
�0�.�5�X�,� �1�X� �L�P�S� �r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e�s� �4�,� �8� �a�r�e� �r�e�c�o�m�b�i�n�a�n�t� �#�2�5� �w�i�t�h� 
�0�.�5�X�,� �1�X� �L�P�S� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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� � 
�F�i�g�u�r�e� �7�.� �W�e�s�t�e�r�n� �i�m�m�u�n�o�b�l�o�t� �o�f� �B�r�u�c�e�l�l�a� �L�P�S� �b�y� �m�o�n�o�c�l�o�n�a�l� 
�a�n�t�i�b�o�d�y� �B�r�u�4�8�.� �l�a�n�e�s� �1�.� �5� �a�r�e� �r�e�c�o�m�b�i�n�a�n�t� �#�2�5� �w�i�t�h� �0�.�5�X�,� �1�x� 
�L�P�S� �r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e�s� �2�,� �6� �a�r�e� �s�t�r�a�i�n� �R�A�2� �w�i�t�h� �0�.�5�X�,� �1�X� �L�P�S� 
�r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e�s� �3�,� �7� �a�r�e� �s�t�r�a�i�n� �R�B�5�1� �w�i�t�h� �0�.�5�X�,� �1�X� �L�P�S� 
�r�e�s�p�e�c�t�i�v�e�l�y�;� �L�a�n�e�s� �4�,� �8� �a�r�e� �B�r�u�c�e�l�l�a� �a�b�o�r�t�u�s� �2�3�0�8� �w�i�t�h� �0�.�5�X�,� 
�1�X� �L�P�S� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�1�2�3� �4� �5� �6� �7�8� �9� �1�0� �1�1� �1�2� �1�3� �1�4� �1�5� �1�6� 

�7� �k�b� 

�2� �k�b� 

�1�.�0� �k�b� 

�0�.�5� �k�b� � � 
�F�i�g�u�r�e� �8�.� �R�e�s�t�r�i�c�t�i�o�n� �d�i�g�e�s�t�i�o�n� �p�a�t�t�e�r�n� �o�f� �p�N�W� �p�l�a�s�m�i�d�s�.� 
�L�a�n�e�s� �1� �a�n�d� �1�6�:� �1� �k�b� �l�a�d�d�e�r�;� �l�a�n�e�s� �2� �a�n�d� �1�5�:� �B�.� �a�b�o�r�t�u�s� �2�3�0�8� 
�E�c�o�R� �I� �d�i�g�e�s�t�i�o�n�;� �L�a�n�e�s� �3� �a�n�d� �1�4�:� �s�t�r�a�i�n� �R�A�2� �E�c�o�R� �I� �d�i�g�e�s�t�i�o�n�;� 
�l�a�n�e�s� �4� �a�n�d� �5�:� �p�G�E�M�-�3�Z� �E�c�o�R� �I� �a�n�d� �X�h�o� �I� �d�i�g�e�s�t�i�o�n� 
�r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e�s� �6� �a�n�d� �7�:� �p�N�W�-�1� �E�c�o�R� �I� �a�n�d� �X�h�o� �I� �d�i�g�e�s�t�i�o�n� 
�r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e�s� �8� �a�n�d� �9�:� �p�N�W�-�2� �E�c�o�R� �I� �a�n�d� �X�h�o� �I� �d�i�g�e�s�t�i�o�n� 
�r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e� �1�0�:� �p�S�U�P�-�2�0�2�1� �X�h�o� �I� �d�i�g�e�s�t�i�o�n�;� �l�a�n�e�s� �1�1� �a�n�d� 
�1�2�:� �p�N�W�-�3� �E�c�o�R� �I� �a�n�d� �X�h�o� �I� �d�i�g�e�s�t�i�o�n� �r�e�s�p�e�c�t�i�v�e�l�y�;� �l�a�n�e� �1�3�:� 
�p�u�C�4�-�K�I�X�X� �X�h�o� �I� �d�i�g�e�s�t�i�o�n�.� 
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