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Abstract

Of the components of the respiratory system, one of the most crucial is the
pulmonary surfactant. This mixture of phospholipids, cholesterol, and proteins act to
reduce surface tension inside the lungs as well as fight infection. The surfactant
associated proteins vary in their structure and function but the most important is
surfactant protein B (SP-B) which is essential to life. Despite its importance, it has not
yet been structurally characterized and as a result, its function still remains a mystery.
Part of the problem is the difficulty in acquiring enough of the protein to work with. To
attempt to solve this problem, a method has been developed to recombinantly express
a variant of human SP-B in Escherichia coliin relative abundance. Also, a series of
functional tests on the recombinant SP-B were completed to determine if it is a viable
alternative to native SP-B for use in the laboratory and possible clinical applications.
The functional tests included membrane leakage and lipid mixing assays, as well as
captive bubble surfactometer studies. These experiments revealed that the recombinant

SP-B displayed normal SP-B activity albeit not as effective as native SP-B.
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1. Introduction

1.1 Respiratory System / Gas Exchange

Oxygen (O2) is an essential component of many cellular processes. Most
organisms including humans have to take in oxygen from the environment to meet this
requirement. There also has to be a way of expelling carbon dioxide (CO2), which is a
common byproduct of metabolism. Both of these essential tasks take place in the
respiratory system. Humans as well as other mammals have a respiratory system that
centers on the lungs.

The lungs are very important organs in the mammalian respiratory system. They
are so important, two out of the four chambers of the heart are dedicated to pumping
blood to and from the lungs. As the deoxygenated blood moves into the lungs, it passes
through progressively smaller blood vessels. Eventually they reach capillaries that are
so thin that only one red blood cell can pass through at a time. The walls of these
capillaries consist of an endothelium which is only one cell thick. These features provide
a very efficient way for the gases to be exchanged between the blood and the
environment.

Once in the lungs, inhaled air passes through increasingly smaller passages
culminating in small sac-like structures known as alveoli (Figure 1). This inhalation is
brought about by the expansion of the chest cavity by several muscles but mostly the
diaphragm and muscles surrounding the ribcage. The obverse of this is exhalation and
involves similar muscle groups contracting the chest cavity. This creates a positive

internal pressure in the lungs which forces the air out.



surfactant film

/

air space

Figure 1: Schematic showing the inside of an alveolus and the position of lung

surfactant inside.



During this process, gas exchange occurs in the alveoli. This is where the
capillaries of the pulmonary circulation come into close contact with the inhaled air. The
alveolar surface is coated with a 0.2 um thick layer of water through which the
respiratory gasses can diffuse 1. While this water layer is a great system for preventing
the dehydration of alveolar tissue, it does create the inherent problem of surface
tension. Surface tension is a phenomena brought about when the molecules on the
surface of a fluid are more attracted to each other than the external environment. Water
has an especially high surface tension due to water molecules being exceptionally polar.
The normal surface tension of water is approximately 70 mN/m. This creates a particular
problem for the lungs. If left unchecked, the surface tension of the fluid layer in the
alveoli would cause them to collapse 2. This effect would be even more pronounced
during the increased pressure of exhalation. Collapsed alveoli require a lot of work to be
forced back open. Surface tension can be reduced if amphipathic molecules known as
surfactant are arranged along the air-water interface (Figure 1). Being amphipathic,
these molecules can interact with both the polar water and non-polar air space, which
reduces the effect of surface tension. The lungs create their own surfactant called

pulmonary surfactant.



1.2 Pulmonary Surfactant

Pulmonary surfactant is produced by the alveolar type |l epithelial cells 3. Its
composition is comprised of mostly phospholipids, cholesterol and proteins (See Table
1). The phospholipids comprise 80% of the total mass of the pulmonary surfactant and
make up the bulk of the amphipathic molecules that sit along the air-water interface in
alveoli. These phospholipids are most responsible for lowering surface tension. A
significant portion of the phospholipid fraction are phosphatidylglycerol (PG) species
making up 10% the total mass of the surfactant 4. These have negatively charged head
groups and are responsible for giving pulmonary surfactant an overall negative charge
which is probably important for the interaction between surfactant and positively
charged surfactant proteins (see below). By far the most common phospholipid found in
surfactant, however, is phosphatidylcholine (PC) species, which takes up approximately
70% of the total surfactant mass 5. About half of this is dipalmitoylphosphatidylcholine
(DPPC) 4. DPPC is a phospholipid that contains choline, a zwitterionic head group and
therefore has an overall neutral charge. The hydrophobic part consists of two palmitoyl
chains, which are saturated fatty acids. These fatty acids allow for the tight packing of
pulmonary surfactant, important during the compression of alveoli 6. The problem with
DPPC in biological membranes is that they have a relatively high melting point (~41°C).
At the physiological temperature of 37°C, this would lead to tight packing of lipids which
is important for the surfactant to reduce surface tension 7. However, the tight packing
results in reduced mobility which creates a problem when the surfactant must spread
across the air-water interface. The mobility of lipids in surfactant is increased by the

presence of unsaturated phospholipids and cholesterol, which comprises approximately



10% of the surfactant mass. However, the movement of surfactant to the interface is
mostly dependent on the hydrophobic surfactant proteins, which make up about 3% 8 °.

The remaining 7% is occupied by the hydrophilic surfactant proteins 1°.



Table 1: Composition of Adult Human Lung Surfactant 4 58 9 10

Category Component Percentage
(by weight)
Phosphatidylcholine (PC) ~70%
Phosphatidylglycerol (PG) ~15%
Phosphatidylinositol (P1)
Phospholipids (~85%) (acidic phospholipids)
Phosphatidylethanolamine (PE)
Phosphatidylserine (PS) Minor
Sphingomyelin (SM)
Cholesterol ~5%
Neutral Lipids (~5%)
Glycerides Minor
Free Fatty Acids
Surfactant Protein A (SP-A) ~6%
Surfactant Protein B (SP-B) ~1.5%
Proteins (~10%) )
Surfactant Protein C (SP-C) ~1.5%
Surfactant Protein D (SP-D) ~1%




A current model for pulmonary surfactant synthesis has the surfactant excreted
from the Type Il cells as lamellar bodies (LB) into the external water layer of alveoli
(Figure 2) 8 11, Once outside the cells, these lamellar bodies become hydrated and
unravel into an ordered crosshatched structure of tubules known as tubular myelin (TM)
2, Pulmonary surfactant in tubular myelin structures could spread directly onto the air-
water interface as a surface active film 13 4. However, it is more probable that they form
a multi-layered, three dimensional structure of lipids 3 8. This multi-layered structure is
associated with the surface active film and can act as a form of lipid reservoir 15. These

structures are stabilized by the hydrophobic surfactant proteins.
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Figure 2: Models for the secretion and absorption of pulmonary surfactant. Adapted

from Figure 2, Perez-Gil and Weaver, 2010 with permission from the publisher 6.



During breathing, the surface area of the air-water interface changes. During
exhalation when the surface area is smallest, the pulmonary surfactant will be forced
away from the interface (Figure 3). During inhalation, the surface area increases again
and must be once again coated with pulmonary surfactant. These multi-layered, surface
associated structures would fulfill these requirements in that they can provide a way for
the surfactant to be stored during exhalation. They also allow for efficient re-spreading
of the surfactant during inhalation. The formation and stability of these structures are

thus of great physiological importance 8 17.



COMPRESSION

EXPANSION

Adsorption
from subphase

Figure 3: The hydrophobic surfactant proteins and their interactions with surfactant
layers during compression and expansion. Adapted from Figure 3, Perez-Gil and

Weaver, 2010 with permission from the publisher 16.
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1.3 Surfactant Proteins

There are four surfactant proteins: surfactant protein A, B, C, and D (SP-A, SP-B,
SP-C, SP-D). They were named chronologically with A being the first discovered and D
being the last 8. SP-A and SP-D are hydrophilic and mostly function as part of the
innate immune defence system. SP-B and SP-C are small hydrophobic proteins that
directly interact with the surface active films.

Along with reducing surface tension, pulmonary surfactant can help defend
against inhaled pathogens. The lungs have a large surface area that is regularly
exposed to the environment. To help combat this, the surfactant has evolved an immune
function along with the surface active function. Its position along the air-water interface
establishes a barrier that pathogens have difficulty getting past to reach the epithelial
cells. Also, surfactant proteins A and D have been shown to have innate immune
properties 19 20 21,

SP-Ais the most abundant pulmonary surfactant protein. It consists of a
carbohydrate-recognition domain and a collagen domain that forms a trimer 22. Six of
these trimers come together to form an octadecamer in agueous solution, a structure
that is consistent with the collectin family of proteins 23 24 22, However, it has also been
found to form smaller conformations when interacting with lipid or detergent micelles 25.
SP-A has the ability to bind to many possible ligands including Ca2+, phospholipids, and
carbohydrates allowing the protein to bind to a wide variety of pathogens including
bacteria, viruses, and fungi 24 26. It can also attract alveolar macrophages to the
pathogens in order to remove them 27. Knockout of the SP-A gene causes increased

vulnerability to infection 26. Despite its relative abundance, the lack of a working SP-A
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gene does not result in impaired breathing 28. This suggests it is not essential to the
surface activity of pulmonary surfactant. However, experiments show that SP-A assists
in the formation of surface active films together with SP-B and SP-C. Also, these films
perform better during compression-expansion dynamics when SP-A is present which
suggests a cooperative function of SP-A by interacting with the hydrophobic surfactant
proteins 29 30,

SP-D is another member of the collectin family 22. Its structure consists of a
collection of trimers similar to SP-A. The quaternary structure of SP-D however, only
consists of four trimers as opposed to the six in SP-A 19, Both the structures of SP-A and
SP-D were studied using X-ray crystallography for the CRD domains. Electron
microscopy was used to complete the structure 31 32, Knockout of the SP-D gene also
leads to a marked increase in the vulnerability to infection. However, this knockout has
no observable effect on surface activity indicating that the presence SP-D is not
important to surfactant function 33. SP-D has been shown in vivo to help regulate the
lipid homeostasis of surfactant 22.

Along with the immune function associated with SP-A and SP-D, surface tension
reduction by pulmonary surfactant is also essential. Surface tension relies on the
hydrophobic surfactant proteins SP-B and SP-C 8.

SP-C is a small, 35 residue alpha-helical peptide. As well as having many
hydrophobic amino acids, it also has two sites of palmitoylation near the carboxy-
terminus 34. They combine to make SP-C one of the most hydrophobic proteins known.
These features allow SP-C to interact directly with the lipid portion of the pulmonary

surfactant. Through this interaction, SP-C could be helping to stabilize the multi-layered

12



surfactant reservoir and also aid in the spreading of surface active films 835, Despite this
important function, the presence of a working SP-C gene is not necessary to start air-
breathing life. Mice with a knockout of the SP-C gene display normal gas exchange and
surfactant function 36 37, The presence of SP-B could be sufficient for surfactant to
function normally. In humans however, SP-C deficiency has been found to lead to
chronic lung impairment 38, The full structure of SP-C in an organic solvent (chloroform/
methanol), was determined through nuclear magnetic resonance (NMR) spectroscopy
39, NMR was used instead of X-ray crystallography due to the inherent difficulty in
getting hydrophobic proteins to crystallize. This difficulty is also seen with the other

hydrophobic surfactant protein: SP-B.

1.4 Surfactant Protein B

SP-B is the most important surfactant protein. It is the only surfactant protein
whose deficiency is absolutely fatal 40 41. SP-B is first synthesized as a soluble
propeptide. It is processed to its mature form in the alveolar type Il epithelial cells. This
processing involves the action of multiple enzymes including pepsinogen C, cathepsin
H, napsin A, and possibly others 42 43 44 45, The mature SP-B is a 79 residue, 8.7 kDa
hydrophobic protein (Table 2). Like SP-C, it is one of the most hydrophobic proteins
known. It is more hydrophobic than many integral membrane proteins. It also contains
many cationic residues which give SP-B an overall +7 charge at neutral pH. Being
positively charged could help SP-B interact with the large proportion of negatively

charged lipids that form part of the pulmonary surfactant 46.
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Most of what is currently known about SP-B function has arisen from biophysical
experiments with SP-B isolated from lung lavages from porcine or bovine sources. It
has been shown to promote membrane binding, fusion, and leakage 47 48 49, SP-B can
also be observed assisting the absorption spreading of lipid films to an air-water
interface %0 51, Any or all of these activities could be the mechanism of SP-Bs
contribution to the surface activity of pulmonary surfactant. Many current models have
SP-B assisting the formation and stabilization of the multi-layered films that form
underneath the air-water interface during exhalation 2. It also facilitates the re-
spreading of the surface active film during inhalation 33 54, Unfortunately, the mechanism
of SP-B is incompletely understood due mostly to the lack of a three-dimensional
structure.

SP-B is a member of the saposin superfamily of small lipid-binding proteins 55 36,
SP-B has either four or five alpha helices. These are held together by three disulfide
bonds between cysteine residues. This is a structure that is similar to proteins of the
saposin family 57. SP-B isolated from lung lavages has an observed size of about 17
kDa leading to the suggestion that it can form a dimer that is held together with an
intermolecular disulfide bond 55. While this much about SP-B structure is known, the full
tertiary structure still remains a mystery. The difficulty with finding the structure of SP-B

will be discussed below.
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Table 2: Amino acid sequence of mature human surfactant protein B (SP-B)

1-10 Phe - Pro - lle - Pro - Leu - Pro - Tyr - Cys - Trp - Leu

11-20 Cys - Arg - Ala - Leu - lle - Lys - Arg - lle - GIn - Ala

21-30 Met - lle - Pro - Lys - Gly - Ala - Leu - Ala - Val - Ala

31-40 Val - Ala - GIn - Val - Cys - Arg - Val - Val - Pro - Leu

41-50 Val - Ala - Gly - Gly - lle - Cys - GIn - Cys - Leu - Ala

51-60 Glu - Arg - Tyr - Ser - Val - lle - Leu - Leu - Asp - Thr

61-70 Leu - Leu - Gly - Arg - Met - Leu - Pro - GIn - Leu - Val

71-79 Cys - Arg - Leu - Val - Leu - Arg - Cys - Ser - Met

15



1.5 Pulmonary Surfactant Disorders

Being of such vital importance, impairment of pulmonary surfactant can lead to a
detrimental effect on gas exchange and lung function in general. There are several
disorders that involve pulmonary surfactant but the most common are respiratory
distress syndrome (RDS), and acute respiratory distress syndrome (ARDS).

RDS is also commonly known as neonatal respiratory distress syndrome due to it
affecting babies who have had a premature birth. If born without enough time to
properly develop a functional pulmonary surfactant, breathing can be extremely
impaired 58. RDS can currently be treated with a combination of mechanical ventilation
and the application of exogenous surfactant. This treatment only has to last long
enough for the infants to produce their own surfactant normally. Treatment with
exogenous surfactant has decreased the mortality rate of premature birth by half.
However, RDS remains the leading cause of death of premature infants 59,

The exogenous surfactant used in treatment for RDS usually comes from natural
sources. These sources are commonly bovine and include the most common
exogenous treatment in Canada: bovine lipid extracted surfactant (BLES) €°. The
composition of surfactant from this source is similar to normal human surfactant with the
exception of the hydrophilic proteins (SP-A and SP-D) and neutral lipids (glycerides,
cholesterol). The BLES does contain the hydrophilic proteins SP-B and SP-C which are
crucial to surface activity. The sequence of the surfactant proteins are highly conserved
amongst species. The relative expense of BLES is not an obstacle here, at least in

developed countries, because of the very small amount needed to saturate premature
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lungs. This is not the case for the surfactant disorders afflicting adults including ALI and
ARDS.

ALl and the more severe ARDS are acute disorders which lead to the inactivation
of pulmonary surfactant. There can be many different causes for this. These include
inflammation, mechanical stress, oxidative stress, or the leakage of blood serum
proteins into the alveolar space 6'. ARDS is much more complicated to treat than RDS.

Mechanical ventilation leads to problems in that the stress can exacerbate the
condition. In fact, people who are hooked up to mechanical ventilators for a significant
amount of time can develop ARDS ©2. Treatment with exogenous surfactant is very
difficult. Unlike neonatal lungs, adult lungs are much larger and require much more
surfactant to be effective. Also, people with ARDS likely already have collapsed alveoli
which need more surfactant to force them open. Both of these reasons cause sufferers
of ARDS to require a lot of exogenous surfactant for it to have a chance to be effective.
Natural sources of surfactant are much too expensive to provide a viable treatment 63,
An artificial source of a surfactant treatment has long been a goal of surfactant
researchers. To date, no artificial surfactant treatments have shown any improvement
for ARDS patients 84. This is partly due to the conditions already present in the lungs
during ARDS also inactivating the exogenous surfactant 65. Furthermore, the inability to
artificially produce SP-B, which is critical to proper surfactant function, reduces the
efficacy of any artificial surfactant treatment. For these reasons, with current treatments,
the mortality rate from ARDS is 50% ¢6. The development of an artificial source for SP-B
could lead to artificial surfactant that could act as a successful treatment for ARDS.

Also, it would support solving the three-dimensional structure of SP-B which could lead
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to a better understanding of its mechanism and result in the development of new ARDS

treatments.

1.6 Structural Studies of Proteins

As mentioned before, the most common method for the structural determination
of proteins is X-ray crystallography. This is a powerful tool that can determine protein
structure down to the atomic level. Unfortunately, this method requires proteins to be
crystallized in an ordered fashion. With the right conditions, this can be done relatively
easily with soluble proteins. Hydrophobic proteins, however, are resistant to crystal
formation, partly because the detergents that are commonly used to isolate hydrophobic
proteins prevent crystal lattice formation 67 68, For this reason, only 1% of protein
structures in the Protein Data Bank (PDB) are hydrophobic or membrane proteins ©8.
SP-B is an extremely hydrophobic peptide. As a result of this, all attempts to produce an
SP-B crystal have failed.

The other method most commonly used to determine protein structure is solution
NMR. Specifically, this is done using techniques such as three dimensional total
correlation spectroscopy (TOCSY) and nuclear Overhauser effect spectroscopy
(NOESY). Application of these techniques to all but the smallest proteins requires the
replacement of the carbon and nitrogen atoms of a protein with 13C and >N isotopes.
These isotopes have half-spin nuclei and can produce a signal with NMR. These spins
can interact with each other through-bond (TOCSY) and through-space (NOESY). The
frequencies of the pairs of nuclei involved in these interactions are then determined, a

process called "assignment". Then, the NOESY spectra are used to generate a long list
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of pairs of hydrogen nuclei that are close in space. With enough of these distance
restraints, a computer program can calculate possible structures of the protein 62 70, The
advantage of this technique over X-ray crystallography is that there is no crystallization
requirement and hydrophobic proteins can be analyzed in the presence of lipid or
detergent micelles. Interaction with these micelles would provide a more physiologically
relevant structure as many hydrophobic proteins like SP-B interact with lipids. The main
disadvantage is the need for 13C and >N labelled protein. These can be obtained

through the recombinant expression of the protein in E.coli.

1.7 Recombinant Expression of Proteins

The recombinant expression of proteins is a common artificial source for
proteins. If the genetic sequence of the protein is known, that gene can then be inserted
into a bacterial expression vector which can then be transfected into an E.coli culture.
These plasmids vary depending on the protein being expressed but they usually contain
some common features including resistance to a certain antibiotic (such as ampicillin or
kanamycin) and a promoter than can act as a genetic “switch”. The antibiotic resistance
is to reduce competition and contamination from other bacteria. When grown in the
presence of the antibiotic, only the bacteria that contain the plasmid should grow 71.
The promoter is used to achieve some control over the expression of the gene of
interest. In many cases, this promoter is the lac operon. This is a promoter already
found in some bacterial species. In the presence of lactose, the promoter is activated,
leading to the expression of genes involved with lactose metabolism. In recombinant

systems, the lac operon is placed in front of the gene of interest. Instead of lactose, an

19



analog known as isopropyl-3-D-1-thiogalactopyranoside (IPTG) is used. Like lactose,
IPTG can activate the lac operon and thus induce expression of the gene. Unlike
lactose, it will not degrade, resulting in a constant concentration of IPTG over the course
of protein expression 72. This system of continuous activation of the gene is known as
over-expression and produces much more protein than the E.coli would normally
produce. This induction also inhibits bacterial growth as all available resources are used
to produce the protein.

Several variables have to be optimized in order to maximize protein yield, such
as the timing of induction, which is usually done during the log phase of bacterial
growth. Next, the concentration of IPTG to use for induction must be determined and
finally, the expression time must also be optimized. While there is usually some idea of
the appropriate ranges for each variable, the optimization requires a lot of trial and error
78,

Recombinant expression in E.coli is very efficient in producing soluble proteins.
However, problems arise when trying to over-express hydrophobic proteins.
Recombinant hydrophobic proteins can be toxic to the E.coli through possible
competition with native membrane proteins and disruption of the membrane as a whole
68 73, Because of this, it is difficult to get large yields of recombinant hydrophobic
proteins. There are, however, techniques to overcome these difficulties. First, several
bacteria strains have been developed to resist the toxicity of hydrophobic proteins. One
of these strains, C43, directs the expressed proteins into inclusion bodies making them
incapable of membrane disruption 74. Also, the protein can be expressed as a fusion

with a large hydrophilic protein which would increase the solubility of the protein being
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over-expressed and prevent it from disrupting the bacterial membrane. Common fusion
partners include maltose binding protein (MBP), glutathione S-transferase (GST) and

staphyloccal nuclease (SN) 73 75 76,

1.8 Purification of Recombinant Proteins

The next step in producing recombinant protein is to purify it from native E.coli
proteins as well as other biomolecules such as lipids and DNA. The cells can be lysed
through various methods including the use of a French press and sonication. Different
cellular components can be separated through the use of different solvents and
centrifugation. It is possible to enrich the sample from the soluble, membrane, and
insoluble inclusion bodies fractions. Depending on the nature of the expressed protein,
it can be located in one or more of these fractions and should be located before further
work.

The recombinant protein can be further purified using affinity chromatography.
Some hydrophilic fusion proteins also have a binding function. Taking advantage of this
fact, chromatography resin loaded with a ligand specific for the fusion protein can be
used to isolate the fusion complex. These fusions include MBP and GST which bind to
maltose and glutathione respectively 73 75, Alternatively, recombinant proteins can be
isolated through the use of a histidine tag. A sequence of at least six histidine (6xHis)
residues can bind to a nickel charged resin in a technique known as immobilized metal
affinity chromatography (IMAC) 77. The 6xHis tag can be expressed as a part of the
protein. Using these chromatography methods, the recombinant protein (as a fusion or

otherwise) can be sufficiently enriched.
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If the recombinant protein was expressed without any fusions then this would be
the final step. However, if the protein was expressed with a fusion protein then this must
be removed before most structural studies can be done. To facilitate this, a cleavage
site located between the fusion and the protein of interest is usually included in the
design of the gene. This site is a particular sequence that can be targeted for cleavage
by either enzymatic or chemical means. Enzymatic cleavage makes use of protease to
cleave the fusion. Common proteases used in this way are trypsin, thrombin, and
tobacco etch virus (TEV) protease 76 78 79, These reactions have to take place under
gentle buffer conditions so the enzyme remains folded and functional. However, under
these conditions, hydrophobic proteins tend to aggregate which can block enzymatic
action. One way around this is to switch to chemical cleavage which takes place under
much more severe conditions. The most commonly used method of chemical cleavage
uses cyanogen bromide (cleaves after methionine residues), which reacts in a solution
of 70% formic acid 7. Under these conditions, the fusion protein should be entirely
unfolded and the cleavage sites sufficiently exposed. Another chemical that is routinely
used for chemical cleavage is hydroxylamine 80. While generally more efficient, the
conditions for chemical cleavage renders proteins completely denatured and they must
be carefully refolded to properly function.

The fusion construct has to be designed so that the specific cleavage site is not
found anywhere in the protein of interest. If this were the case, the protein would get
cleaved into pieces. For example, because cyanogen bromide cleaves after methionine

residues, the protein cannot have any internal methionines. In this case, another
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proteolytic agent would be used or the internal methionines could be mutated to another
similar amino acid 7.

After proteolysis has taken place, the protein must be separated from the
hydrophilic fusion protein. There might also be some undigested fusions present that
must be removed if the reaction wasn’t 100% efficient which is often the case. The
separation may require many different techniques including organic extraction and
chromatography. The production of a recombinant fusion protein and its subsequent

purification is discussed in detail in this thesis.

1.9 Recombinant Expression of SP-B

Recombinant expression would be an excellent artificial source for SP-B for both
research and clinical applications. It is a relatively cheap and quick way to produce
proteins. Manipulation of the gene would permit the introduction of mutations allowing
certain residues to be changed. Through observing the impact of these changes on SP-
B function, we can gain some insight into which residues are critically important. Gene
manipulation will also have applications in the clinical sense as certain genes can be
designed to produce an SP-B derivative that is more resistant to inactivation in ARDS
which can lead to possible treatment options. Furthermore, the E.coli can be grown in a
media 