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Abstract 
Urinary tract infections (UTI) are commonly caused by extraintestinal pathogenic 
Escherichia coli. Billions of dollars are spent each year for the detection and treatment of 
UTI, which can lead to loss of productivity and even death if left untreated. In the initial 
steps of infection, bacteria attaches to the host cell surface by bacterial adhesion organelles, 
proteinaceous structures assembled on the bacterial surface. Uropathogenic E. coli (UPEC) 
have several of these structures that are involved in the invasion process, such as the Type 
1 fimbriae, P fimbriae, curli fibres, S fimbriae or the sialic acid-specific fimbriae, F1C 
fimbriae and Dr fimbriae. Although some adhesins, like Type 1 fimbriae, are well-studied 
there are still many questions remaining concerning the other fimbriaes, such as the 
structure and function of S fimbriae. The S fimbriae are usually responsible for infections 
in the upper urinary tract and kidneys, but also can cause meningitis in newborns. 
Bacterial resistance to antibiotics is a substantial problem for prevention and treatment of 
UTI. It is therefore important to find other mechanism of preventing the infection and host 
colonization by inhibition of pathogen-cell interaction. This could be an alternative strategy 
for the development of novel antibacterial agents. Determination of structures of S fimbrial 
protein subunits can help to understand the assembly mechanism and function of these 
proteins in the process of bacterial-host interaction. Specifically structural knowledge of 
the adhesin will be helpful in the discovery of suitable inhibitors, preventing bacterial 
attachment to the host cells. The aim of this research project was structural and functional 
characterization of the SfaH protein - one of the minor and putative lectin subunits of the S 
fimbriae. For the single crystal x-ray diffraction studies a truncated variant of SfaH was 
overexpressed in E. coli, purified and crystallized. Unfortunately brittle crystals with poor 
diffraction qualities were obtained from our first construct. Therefore two new constructs 
were designed, but were only test-expressed within the scope of this thesis. Crystallization 
with proteases (limited proteolysis), putative ligands for the SfaH protein and the new 
constructs should improve the chances of obtaining new and more robust crystal forms 
with better diffraction quality. 
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Introduction 
 
Extraintestinal pathogenic Escherichia coli (ExPEC) is one of the most frequent reasons for 
urinary tract infections (UTI). This may cause significant morbidity, loss of productivity, and 
high health-care expenses (1). In 2000, 8.27 million clinical cases were registered with UTI, 
being the primary diagnoses in USA, more than $3.5 billion ($1 billion for men; $2.5 billion for 
women) is spent on the assessment and treatment of the disease (2). Most uropathogens that 
cause infections in the urinary tract emerge from the periurethral flora and shift within the lumen 
of the urinary tract, through the urethra into the bladder, where they cause cystitis (figure 1).  
While moving from the bladder through the ureters and to the kidneys the pathogen may gives 
rise to pyelonephritis (3). Some potentially uropathogenic E. coli strains, characterized by the K1 
capsule, can initiate meningitis in newborn babies (4). This pathogen is often transmitted to the 
fetus through the urinary tract of the mother (3). 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. E. coli infects the urinary tract by the ascending route; migrating up the urethra, colonization of 
the bladder (causing cystitis), and continuing through the ureters to the kidneys (causing pyelonephrites). 
Picture adapted from (3). 
 
Pathogenic E. coli including ExPEC express different combinations of virulence factors, i.e 
elements of the organism that affect its capacity to cause disease (5). Important virulence factors 
of ExPEC are capsule antigens, siderophores (iron acquisition factors), adhesins, invasins and 
cytotoxins (6). In the first phase of a microbial infection, the pathogen attaches itself to the cell 
surface of the host. Some microorganisms multiply and remain there. Other organisms use the 
attachment as the primary step for further invasion of deeper tissues. Uropathogenic Esherichia 
coli (UPEC) can invade bladder epithelial cells by bacterial adhesins, protein structures on the 
bacterial cell surface that mediate interactions with eukaryotic cell receptors (7, 8). Adhesins that 
play a major role for UPEC are Type 1 fimbriae coded by fim gene cluster, P fimbriae or the 
pilus associated with pyelonephritis (pap), curli fibres (csg), S fimbriae or the sialic acid-specific 
fimbriae (sfa), F1C fimbriae (foc), Dr fimbriae (dra), and afimbrial adhesins (afa) (9). 

“Pili (Latin for “hairs”) and fimbriae are surface appendages build of thousands protein subunits.  
They are commonly found on Gram-negative bacteria (10). Pili take part in bacterial 
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conjugation, or the exchange of genetic material between bacteria, while fimbriae mediate the 
attachment of bacteria to various surfaces of epithelial cells, red blood cells (causing 
hemagglutination), yeast and fungal cells (10). In some organisms (Shigella species and E. coli) 
pili are spread abundantly over the cell surface (10). Pili consist of thousands of repeating protein 
subunits that form right handed, rigid, helical rods that often end with a flexible tip receptor – a 
binding adhesin (11). Pili are assembled by different pathways, such as the chaperone-usher 
(CU) pathway or the type IV secretion pathway. The CU pathway is involved in the assembly of 
over 25 adhesive organelles in Gram-negative bacteria (12), among others, the Type 1 fimbriae 
and the S pili (13). In this pathway, the protein subunits that are secreted into the periplasmatic 
space, interact with their specific chaperone by forming chaperone-subunit complexes (figure 2). 
Formation of these complexes stabilizes the pili subunits and prevents their premature interaction 
and aggregation (14).  
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Figure 2. Pilus biogenesis. Pilus subunits enter the periplasm through the secretory pathway. The 
chaperone (purple) binds to nascent subunits (blue, yellow and red). Chaperone donates its G1 strand to 
complete Ig-like folds of the subunits. This results in stabilization of the subunits. The soluble chaperone–
subunit complex is then directed to the outer membrane usher.  

 
There are many studies done on Type 1 pili, however much less is known about S pili. 
Nevertheless, both types use similar mechanism for biogenesis. It has been shown that in the 
case of Type 1 pili, chaperones and subunits interact through a donor strand complementation 
mechanism (15).  The periplasmic chaperones, as well as, the final assembled fimbrial subunits 
have one or two domains with an immunoglobulin-like fold. Subunits enter the periplasmic space 
in a molten globular state and fold with the help of their specific chaperone. The chaperone 
interacts with the subunit by “lending” one if its β-strands to the subunit, which at the same time 
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lacks one strand. A strand from the NH2-terminal domain of the chaperone is used to 
complement the subunit and allows it to fold (figure 2 and 3). The subunits that not enter this 
pathway will aggregate and be degraded (15). The FimH adhesin is folded into two domains: the 
NH2-terminal mannose-binding lectin domain and the carboxylic acid-terminal pilin domain. The 
pilin domain of FimH has the same immunoglobulin-like topology as the NH2-terminal domain 
of the periplasmic chaperone, except that the seventh G1 strand of the fold is missing.  
 

 
Figure 3. β-sheet topology diagrams of the pilin domain of FimH with G1(dark blue) strand donated from 
chaperone. Picture modified from (15, 16). 
 
The seventh strand from the NH2-terminal domain of the chaperone is used to complement the 
pilin domain of Fim H, shielding its hydrophobic core (15). Chaperone–subunit complexes find 
the outer membrane usher protein. In the fim and pap systems, the chaperone–adhesin complex 
binds swiftly to the usher protein, initiating pilus assembly (17). During pilus assembly in the 
case of type 1 pili (figure 4), alternating hydrophobic side chains in the NH2-terminal extension 
of pilin domain from one subunit exchange the hydrophobic side chains donated from G1 strand 
of the chaperone to the following subunit. This replacement is known as donor strand exchange 
mechanism. In this way each subunit can complete the immunoglobulin-like fold of the closest 
subunit (15). 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Donor strand complementation. The NH2-terminal extension participates in donor strand 
complementation between subunits. NH2-terminal extension is colored red. Picture adapted from (15). 
 
The S-fimbrial adhesins (Sfa) were most often found among meningitis- and sepsis-associated E. 
coli strains (18). S fimbriae bind specifically to human epithelial cells. It is speculated that in 
vivo binding of S-fimbriated bacteria to glomerulus during urinary tract infection can damage 
renal filtration function. Furthermore, it is suggested that the S fimbriae provide bacterial 
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adhesion to human epithelial in pre-invasive stage of the infection. It is expected also that these 
pili can bind to the vascular endothelium ensuring bacterial expansion and invasion to secondary 
tissue, such as the meninges (19). S fimbriae recognize sialic acid epitopes by their receptor 
specificity (19). Sfa is composed of a major subunit protein SfaA of 16 kDa (20) and three minor 
subunit proteins of 15 kDa (SfaS), 17 kDa (SfaG), and 29 kDa (SfaH) in size (20). SfaS, is 
identified as the sialic acid-binding adhesin (19). Expression of the sfa determinant is dependent 
on different environmental conditions, such as temperature, osmolarity, and the glucose 
concentration (21). 

Bacteria have developed resistance to every antibiotic currently on the market (22). Untreatable 
bacterial infections can lead even to patient’s death. Prevention of host colonization by inhibition 
of adhesins (23) or pili biogenesis might lead to the development of novel antibacterial agents. 
To be able to prevent bacteria-host cell interaction one has to know what epitopes the S fimbriae 
binds. Structural information of the receptor-binding adhesins, can be of great assistance when 
suitable inhibitors are going to be designed and most important for a further understanding of the 
mechanism and route of infection. The aim of this project was therefore; structural and 
functional characterization of the SfaH protein - one of the minor and putative lectin subunits of 
the S fimbriae. 

 

Introduction to methods 

X-ray crystallography is used to determine the relative position of atoms in a molecule (atomic 
coordinates) and the method of our choice in our attempts to obtain the 3D structure of SfaH.  In 
case of X-rays crystallography, protein crystals are subjected to X-rays. Interpretation of this 
pattern indicates regions in the crystal where the electrons in the molecules can be found and the 
atomic model of the molecule can be determined. Producing crystal with good diffraction 
properties can be a hard task and usually high concentration of the protein is needed for 
crystallization. Thus the target protein has to be over-expressed and the extracted material 
purified thoroughly. The final homogenous protein sample is subjected to appropriate conditions 
for protein crystallization  
 
Cloning and expression in E. coli 
E. coli is one of the most broadly applied expression system for high-level production of 
recombinant proteins. The main advantages of an E. coli system are its rapid growth and cost-
efficiency, given that inexpensive substrates are used. This organism is well-characterized and 
there are many expression vectors commercially available. An effective expression vector should 
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have a strong promoter that could be regulated. In this project pBAD/Myc-His (Invitrogen, 
United States) vector with a L-arabinose regulated promoter, araB, with a dose-dependent 
regulation was used. Other genetic elements that control protein’s transcription and translation 
are also included in the vector. An expression vector that enclose antibiotic-resistant gene 
(ampicillin resistance in this project) will ensure that, in presence of that antibiotic, cultures will 
contain only cells with the expression vector (24). The cDNA of the protein of interest is cloned 
into the expression vector and transformed into competent cells. These cells are further plated on 
selective agar that allows only successfully transformed cells to grow. 
 
Chromatography  
Liquid chromatography is a common step in protein purification. There are several 
chromatography methods that can be used, considering physical and chemical properties of a 
protein. Affinity chromatography is based on a protein’s ability to bind specifically and 
reversibly to different compounds. The compounds (sometimes also called ligands) are 
covalently attached to the immobilized column matrix. The protein sample is loaded to the 
column with an appropriate buffer, which provides a condition for the target protein to bind the 
matrix, while all other proteins are washed out of the column. Desorption of the bound protein 
can be done with a different buffer that either provides a condition where the target protein does 
no longer interact with the bed or by introducing a competitive ligand that shows a higher 
affinity for the protein. Affinity chromatography has various types of approach, such as 
biospecific affinity chromatography with specific (antibodies, enzymes, lectins) or general 
ligands (NAD+ for binding of NAD+ - dependent dehydrogenases). Other types of methods are 
dye pseudo-affinity chromatography, tandem affinity purification (TAP) and immobilized metal 
affinity chromatography (IMAC).  
 
IMAC is based on the affinity of metal ion for basic amino acid residues. If a recombinant 
protein contains a tag of multiple histidines, Immobilized Metal Ion Affinity Chromatography 
(IMAC) can be used for purification of the protein. A poly-histidine tag binds the immobilized 
Ni2+ matrix and can be recovered by protonation of the Histidines or by the competitive use of 
free imidazole (a Histidine analogue) in the mobile phase (25).  IMAC is known to be 
considerably sensitive to the presence of metal chelators like ethylenediamine tetraacetic acid 
(EDTA) (26). E. coli lysate contains many unspecific weak chelators, for example, dicarboxylic 
acids from the citric acid cycle. Under stress conditions, E. coli can generate highly specific 
metal chelators, also known as metallophores (27). It has been speculated that such 
metallophores can be found in the periplasmic space of E. coli, but not in the cytosol (28). This 
can result in low yield of the protein that is over-expressed and directed to the periplasmic space. 
 
There are several charged amino acids in proteins. These, as well as the protein fold and structure 
determine a proteins net charge and therefore the isoelectric point (pI) of the protein. In ion 
exchange chromatography proteins are separated based on their specific pI, by using charged bed 
matrices and buffers in different pH ranges. If the chosen buffer has a pH value above the pI of 
the target protein, it will be negatively charged, whereas at pH values below the pI the protein 
will be positively charged. In ion exchange chromatography, beads side groups that have a 
charge opposite to the one of the protein of interest. Thus, there are two types of ion exchange 
chromatography: anion exchange chromatography for negatively charged proteins and cation 
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exchange chromatography for those with positive charges. Elution of the protein is achieved 
through a change of pH of the buffer or increasing salt concentration. 
 
Size exclusion chromatography is based on differences in protein size. There are several type of 
column matrices that contain many channels and pores of different sizes. These trap the proteins 
and based on the protein size and shape and how much they interact with the column material, 
the proteins will migrate at different speeds and be eluted separately. Thus, during a gel filtration 
run, proteins of a larger size are eluted first, followed by smaller protein. Size exclusion 
chromatography is often the last step in a purification protocol, because small sample volumes 
must be applied (2-5% of the column volume). Furthermore if the target protein’s has more than 
one oligomeric population, this chromatography method is the most to separate them apart. In an 
ideal case these chromatography steps will result in a protein sample that only consist of one 
homogenic population of the target protein, which will be a suitable batch for protein 
crystallization. 
 
Single crystal x-ray diffraction and protein crystallography 
Homogeneity and purity of the protein sample that result in a uniform population is usually the 
millstone for a successful crystallization. Sample purity can be checked with SDS-PAGE, size 
exclusion chromatography, isoelectric focusing gel, dynamic light scattering, or mass 
spectrometry. It is suggested that protein concentration should be higher than 10 mg/ml (29). 
Mother liquor or crystallization medium also needs to be pure as well as the crystallization plates 
and cover slips. Small dust particles could act as nucleants which might give many, but small and 
low quality crystals. This could be removed by filtration of the protein solution through 0.22 μm 
filter before setting up crystallization trials. Solubility of the protein and its stability are some of 
the main factors making crystallization possible. This depends of the properties of the solution 
such as pH and temperature at which the crystallization setting is done. Net charge (difference 
between positive and negative charges), Zp, of the macromolecule and the isoelectric point (pI) 
are important for protein solubility. The higher the net charge, the more soluble is the protein. 
The best crystallization conditions are found at high solubility rather than low (close to the pI) 
(29). Temperature also affects protein solubility and most often crystallization is done at 4 °C or 
room temperature (22 °C). A temperature of 4 °C is recommended when screening with organic 
solvents or nonvolatile organic compounds, such as polyethylene glycol (PEG) (29). This will 
delay protein denaturation and prevent a decrease in protein solubility. Parallel experiments at 4 
°C and 22 °C/18 °C can be performed to investigate protein solubility at different temperatures. 
A number of factors can affect crystallization such as protein glycosylation, proteolytic 
degradation, aggregation, conformational heterogeneities, interference from the His-tag, or 
floppy segments in the protein (loops or N- or C –terminal ends). Counter ions that maintain 
electroneutrality of the solution if the protein is charged should also be taken into account. 
 
Crystallization methods 
The main goal when setting up crystallization trials is to achieve supersaturation. Superaturation 
is a non-equilibrium state characterized by a tendency to form a solid phase, and to increase the 
proportion of material in that phase until equilibrium is reached (29). There are several solid 
states: crystals, precipitates, oils and gels. A phase diagram (figure 5) is needed for better 
understanding of protein characteristics and future optimizations. The solubility curve defines the 
border between the under- and supersaturation states of the protein.  The degree of 
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supersaturation is defined as Cp/Cs, where Cp is the concentration of the biological 
macromolecule over the solubility value. In the metastable zone (figure 5), the critical saturation 
where nucleation would occur is not yet achieved. In this zone spontaneous nucleation does not 
occur; it can be induced by vibration or introduction of particles that can lead to heterogeneous 
nucleation. Here, seeding can be preformed, so crystals will grow fed by the protein in the 
supersaturated solution. Spontaneous nucleation appears in the nucleation zone (figure 5).  
   
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Phase diagram 
 
The most common crystallization method is the vapor diffusion technique (29). Here, a small 
droplet (1-10 μl) of the protein is merged with equal or similar volume of the crystallization 
agent and placed over a reservoir with the crystallization solution (29). The concentration 
difference between the protein droplet and solution in the reservoir will lead to equilibrium of the 
system by diffusion through the vapor phase. In reverse diffusion, the droplet has a higher 
concentration than the reservoir liquid, as well as higher protein concentration to avoid protein 
dilution. The amount of nucleation and crystal size is influenced by the drop size and shape 
(usually spherical). When the protein is less soluble at low ionic strength reverse vapor diffusion 
can be done. The crystallization condition screening could be done in two steps: initial screening 
and optimization. Several strategies are used for screening: random screen, grid screen and 
footprint. Random screen gives usually more hits at minimum trials (29). Spare matrix screens 
named Crystal screen sold by Hampton Research are example for a random screen. 
Crystallization conditions in this screen are from known or published successful crystallizations. 
 
Precipitants in the crystallization condition enable the protein molecules to precipitate out of the 
solution, preferably as ordered crystals and not as disordered aggregates. The Biological 
Macromolecule Crystallization Database (BMCD) gives some of the most used precipitants like 
PEG and ammonium sulfate. These are examples of different types of precipitants, organic and 
salts, respectively. All this could be used separately or in combination to find optimal 
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crystallization conditions. The choice of precipitant and its concentration is usually done by an 
empirical approach but the pI of the protein should also be considered. pH affects protein 
solubility and the buffers that were used here for solvation of the protein at the outset of 
crystallization trials are 10 mM HEPES, pH 7.0, or tris (hydroxymethyl) aminomethane (Tris), 
pH 8.0; whereas the buffer concentration of the reservoir solution is usually 0.1 M of the same or 
a different buffer, to ensure complete buffering and change of pH (29). If precipitation or 
aggregation is observed, the precipitant concentration could be decreased. Increase of salt 
concentration of the solution leads to a change in protein hydration, decrease in repulsive 
electrostatic protein–protein interactions, and formation of protein salt with amino acid residues 
on the surface of the protein. Salts ability to precipitate proteins can be followed in the 
Hofmeister series. For negative charged proteins: sulphate > phosphate > acetate > citrate > 
tartrate > bicarbonate  > chromate > chloride > nitrate > chlorate and such for proteins with 
positive nZ: thiocyanate > para-toluene sulfonate > nitrate > acetate > phosphate > citrate.  
Seeding methods can give faster crystallization results and is more controlled than spontaneous 
nucleation that takes place at higher degrees of supersaturation. This method can be used as a 
diagnostic in initial screen but also in optimization. A Seed-stock can be prepared by crushing 
crystals and diluting the seeds by the addition of mother liquor. Preferably, seeding is done in a 
sitting drop since in this case there is less disturbance of the crystallization environment. Streak 
seeding preformed with for instance a cat whisker provides opportunities for seed titration. 
During this process local increase of precipitant concentration is observed along the streak line. 
Optimization of seeding includes changing of precipitant and/or protein concentration, changing 
the drop size, or macroseeding. In this method one or more chosen crystals are washed properly 
and introduced into a new protein-precipitant setup. The fresh surface of the introduced crystals 
can provide a base for new crystal growth.  
 
Materials and methods 
 
SfaH has a two-domain architecture; a pilin domain and a receptor-binding domain that 
determines the carbohydrate specificity. The later was previously cloned in pBAD/Myc-His 
vector (Invitrogen, United States) with a C-terminal 6 histidine tag (His6-tag), which was 
denoted construct I. Two more constructs were designed and denoted construct II and construct 
III and transformed to BL21 cells. 
 
Flexible fragments of the protein might affect the protein molecular packing in the crystal. For 
this reason tow fragments (C-terminal His6-tag and the nonsense fragment) from construct I 
were truncated in order to improve the crystal formation. Construct II, lacking C-terminal His6-
tag and the nonsense fragment, is expected to express SfaH, 19.05kD. Construct III, containing 
C-terminal His6-tag, but without nonsense fragment, should produce SfaH, 19.88kD. While for 
SfaH, expressed from construct III, IMAC purification can be still applied, ion exchange 
chromatography should be used for purification of SfaH-construct II.  
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The new constructs were cloned into pBAD/Myc-His vector. Clones were checked for having 
correct sequence. Constructs II and III were transformed in DH5a cells. Test expression for both 
constructs II and III in DH5a cells in mini-cultures with 5 ml Luria-Bertani media, induced with 
0.2% L-arabinose for 2 hours, was done. The same protocol as for SfaH (construct I) was used 
for periplasmic fraction extraction. The new constructs were transformed to BL21 cells and 
tested for SfaH expression. 
 
The protein contains a signal peptide and is targeted to the periplasmic space. In short; 50 ml of 
the inoculate was added to 950 ml fresh Luria-Bertani (LB) medium with 100 mg/l Ampicillin. 
The cultures were grown at 37 °C with continuous stirring in incubators.  The bacteria were 
induced at an optical density of (at 600 nm) 0.6-0.8 units, with 0.2% L-arabinose for 3h. Cells 
were harvested by centrifugation at 4500 rpm for 30 min and 4 °C). For the periplasmic 
extraction, cells were resuspended in a solution of 20% sucrose, 50 mM Tris-HCl pH 8.0, 0.5 
mM EDTA and incubated on ice for 10 min. The cells were centrifuged at 7500 xg for 30 min 
and 4 °C. The supernatant, denoted sucrose fraction was dialyzed under continuous stirring 
overnight against IMAC loading buffer. The pellet was resuspended and subjected to osmotic 
shock in 5 mM MgSO4 and protease inhibitor, incubated for 10 min on ice and centrifuged at 
8000 xg for 30 min and 4 °C. The supernatant, denoted periplasmic fraction was also dialyzed 
against IMAC loading buffer overnight. 
 
For the protein purification either an ÄKTA Explorer or a Purifier (HPLC - high pressure liquid 
chromatography) was used in two steps: a first capture or IMAC step (HisTrap 5 ml, column, GE 
Healthcare, Sweden) and a second size exclusion chromatography step (Superdex 75 16/60 Prep 
Grade column, GE Healthcare, Sweden). Before loading the samples on to the columns, both 
were filtered with 0.22 μm filters. Unspecificly bound proteins were washed out with 15% 
IMAC elution buffer (table 1) followed by a gradient up to 100% imidazole to elute the target 
protein. Samples from IMAC purification were concentrated in Vivaspin 6 and 20 centrifugal 
concentrators, (Sartorius Stedim Biotech, France) and then loaded to the Superdex 75 column 
(table 1). 
 
IMAC - loading buffer 1 50 mM Na2PO4, 10 mM Imidazole, 300 mM NaCl pH 8.0 
IMAC - elution buffer 1 250 mM Imidazole, 50 mM Na2PO4, 300 mM NaCl pH 8.0 
IMAC - loading buffer 2 50 mM NaH2PO4 pH 8.0 
IMAC - elution buffer 2 250 mM Imidazole, 50 mM NaH2PO4 pH 8.0 
Size exclusion buffer 20 mM Tris – HCl pH 8.0 

Table 1. Buffers used in SfaH purification. 
 
Fraction from the expression and purification where analyzed on a 15% SDS polyacrylamide gel and 
compared with a standard low molecular weight marker (LMW-SDS Marker Kit, GE Healthcare, 
Sweden). 
 
Crystallization was done according to the vapor diffusion technique in both sitting and hanging 
drop setups. Sparse matrix screens JCSG+ core and Hampton Index screen, (Hampton Research, 
United States), were used for initial screening and the conditions in the optimization were based 
on PEG 6000 and PEG 3350, (Hampton Research, United States). 
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Results 
 
Sfa H expression 
The periplasmic fraction of construct I gave approximately 0.5 mg/l protein after the final 
purification step; however a large amount of SfaH could be found in both the sucrose fraction 
and pellet (figure 6). Therefore, also the sucrose fraction was purified after the overnight 
dialysis. Purification of the sucrose fraction gave up to half of the amount of SfaH compared to 
the periplasmic fraction. 

  
Figure 6. SfaH, (21.29 kDa) expression from construct I in E. coli BL21 cells. SfaH could be found in 
both sucrose and periplasmic fraction together with the cell pellet left after SfaH extraction. 
 
Test expression of construct II in DH5α cells confirmed SfaH expression (figure 7). Test 
expression of construct II and construct III in BL21 cells show only SfaH (construct II) 
expression (figure 8).  
 

 
Figure7. Test expression of SfaH (Construct III) in E. coli DH5a competent cells. There are clear bands 
from two induced clones of construct III. The bands are slightly below marker 20.1 kDa that corresponds 
to SfaH (construct III) 19.88 kDa MW. 
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Figure 8. Test expression of SfaH Construct II and III in E. coli BL21 competent cells induced for 2 
hours. SfaH expression was observed only from construct III. 
 
 
Sfa H purification  
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Figure 9.  Chromatogram from IMAC purification of SfaH construct I. At the first peak elution of poorly 
bounded to Ni+ proteins with 15% IMAC elution buffer, followed by gradient elution where SfaH is 
eluted. Protein concentration is measured at 280nm. 
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Figure 10. Chromatogram from size exclusion chromatography of SfaH (construct I). Protein 
concentration is measured at 280nm. 
 
Sfa H crystallization 
Initial screening was done with purified SfaH with JCSG + core and Hampton Index screen at 
room temperature (22 ºC). A sitting drop vapour diffusion set up was used (drop with 1 μl 
protein and 1 μl crystallization agent, 80 μl crystallization solution in the reservoir). At some 
conditions (table 2) crystals with needle shape were observed (figure 11). 
 

 
Figure 11. Sitting drop setup with SfaH needle crystals. 
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 Conditions from JCSG + core screen precipitants 
0.1 M N-Cyclohexyl-2-aminoethanesulfonic 
acid (CHES) 

pH9.5 20% (w/v) PEG 8k 

Conditions from Hampton index screen 
0.1 M Sodium acetate trihydrate pH 4.7 3.0 M Sodium chloride 
0.1 M Bis-(2-hydroxy-ethyl)- amino-
tris(hydroxymethyl)-methane (BIS-TRIS) 

pH 5.5 25% (w/v) PEG 3350 

0.1 M BIS-TRIS pH 6.5 28% (w/v) PEG MME 2k 
0.2 M Sodium chloride, 0.1 M TRIS pH 8.5 25% (w/v) PEG 3350 
0.2 M Potassium chloride, 0.05 M 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid 
(HEPES) 

pH 7.5 35% (w/v) pentaerythritol propoxylate (5/4 
PO/OH) 

0.2 M Ammonium sulfate, 0.1 M  BIS –TRIS pH 6.5 25% (w/v) PEG 3350 
0.2 M Ammonium sulfate, 0.1 M  HEPES pH 7.5 25% (w/v) PEG 3350 
0.2 M Sodium malonate pH 7.0 20% (w/v) PEG 3350 
0.1 M Potassium thiocyanate - 20% (w/v) PEG MME 2k 
1 M Ammonium sulfate, 0.1 M BIS-TRIS pH 5.5 1% (w/v) PEG 3350 
0.8 M Succinic acid pH 7.0 - 
1.1 M Ammonium tartrate dibasic pH 7.0 - 
Conditions from JCSG + core screen (Sfah:chymotrypsin-100:1)  
0.2 M Potasium formate pH 7.3 20% (w/v) PEG 3350.   
Table 2. Conditions from JCSG + core and Hampton Index screen found to give crystals. SfaH 
concentration was 0.15 mM, in 20 mM Tris-HCl, pH 8.0. Sfah with the protease Chymotrypsin. 
 
SfaH were set at the best conditions found from JCSG + core and Hampton Index screen at 4 ºC. 
No improvement in crystal formation was observed. A Grid screen was done with 12 to 25% 
(w/v) PEG 6000 and 0.1 M N,N-Bis(2-hydroxyethyl) glycine (BICINE), TRIS, HEPES buffers 
pH range 7.0 – 9.0. This screen was based on previously set initial screens where 0.1 M BICINE, 
pH 9.0, 20% (w/v) PEG 6000 set up lead to relatively big needles formation. This grid screen 
was done as a hanging drop vapor diffusion setup with drops: 1μl protein and 1 μl crystallization 
agent; 1 μl protein and 0.5 μl crystallization agent, 800 μl crystallization solution in the reservoir 
(table 3).  
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Optimization screen  SfaH 

concentration 
Precipitants 

Grid screen with 12 to 
25% (w/v) PEG 6000 
and 0.1 M BICINE, 
TRIS, HEPES buffers 
pH range 7.0 – 9.0 

SfaH 
concentration 
0.21 mM,   

0.1 M HEPES pH 7.5 12% and 14% (w/v) 
PEG 6000 

Screen with 12%, 
14%, 18% (w/v) PEG 
6000, and 0.1 M 
BICINE, TRIS, 
HEPES with pH 7.0, 
8.0 and 8.5 with ALS 
oil  

concentration 
0.21 mM 

0.1 M BICINE pH 8.0 14% (w/v) PEG 
6000 

1.2 M Succunic acid pH 7.0 
1.0 M Succunic acid pH 6.0 

Grid screens of 
conditions without or 
with very small 
amounts of organic 
precipitants 

0.17 mM 

1.2 M Ammonium 
tartrate dibasic 

pH 7.0 

0.8 M Succunic acid pH 6.0 6% (v/v) glycerol 
0.8 M Ammonium 
tartrate dibasic 

pH 7.0 6% (v/v) glycerol 
Grid screen of non 
organic precipitants 
with addition of 
glycerol 

0.18 mM 

1.0 M Ammonium 
tartrate dibasic 

pH 7.0 6% (v/v) glycerol 

Grid screen with 0.4-
0.8 M Succnic acid, 
12%-25% (w/v) PEG 
6000, 6% (v/v) 
glycerol 

0.18 mM 0.4 M Succnic acid pH 6.0 12 % (w/v) PEG 
6000, 6% (v/v) 
glycerol 

Optimizing screen 
with 0.1 M BICINE, 
pH 7.0 and 8.0, PEG 
6000 12 and 14% 
(v/v) glycerol 

0.18mM 0.1 M BICINE pH 7.0 6% PEG (w/v) 
6000, 6% (v/v) 
glycerol 

Table 3. Results from optimization screens of SfaH (SfaH in Tris-HCl, pH 8.0). 
 
An additional screen was done (protein concentration 0.21 mM, in 20 mM Tris-HCl, pH 8.0 ) 
with 12%, 14%, 18% (w/v) PEG 6000, and 0.1 M BICINE, TRIS, HEPES with pH 7.0, 8.0 and 
8.5. In this screen, hanging drops were set up with size 1 μl protein and 1 μl crystallization agent, 
with 100 μl ALS oil, Hampton Research, above 800 μl crystallization solution in the reservoir 
(table 3). These conditions where repeated without ALS oil, but with drops size of 5 μl protein 
and 5 μl crystallization agent. The best conditions was setup again (SfaH concentrate on 0.20 
mM, in 20 mM Tris-HCl, pH 8.0), but did not give the same big single needles. 
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Conditions without or with very small amounts of organic precipitants were subjected to 
optimization (SfaH concentration 0.17 mM, in 20 mM Tris-HCl, pH 8.0) with grid screen, sitting 
drop setup (table 3). SfaH was diluted with dH2O (1:2). Streak seeding was done with seeding 
stock prepared from needles formed at 1.0 M Ammonium sulfate, 0.1 M bis-TRIS pH 5.5, 1% 
(w/v) PEG 3350. Conditions that gave best single crystals were screened with addition of 
glycerol. Grid screen with 0.4-0.8 M Succnic acid, 12%-25% (w/v) PEG 6000, 6% (v/v) glycerol 
resulted in needles at lower concentrations and phase dissociation at higher precipitant 
concentrations. Grid screen with Amonium tartarate instead of Succinic acid showed the same 
results with more and smaller needles. Optimizing screen (SfaH concentration 0.18 mM, in 20 
mM Tris-HCl, pH 8.0) with 0.1 M BICINE, pH 7.0 and 8.0, PEG 6000 12 and 14% (v/v) 
glycerol was done as well. Crystallization solution of 0.1 M Sodium acetate trihydrate, pH 4.7, 
3.0 M Sodium chloride, that have give needles  before, were subjected to further optimization to 
test pH influence on SfaH crystal formation (SfaH concentration 0.18 mM, in 20 mM Tris-HCl, 
pH 8.0). Grid screen with NaCl (3.0, 2.5, 2, 1.5 and 1 M), 0.1 M Sodium acetate, pH 4.0 resulted 
in the formation of thick single needles with a lot of precipitation.  
SfaH was mixed with chymotrypsin, (SfaH:Chymotrypsin - 100:1) and screened with JCSG + 
core (table 2) and Hampton Index screen (SfaH concentration 0.15 mM). Hampton index gave 
small needles and a lot of precipitation. 
 
Additive screens were done with some of the best conditions found (table 4). 
Conditions set up with Additive screen Additives 
0.1 M BICINE pH 8.0 14% (w/v) PEG 6000 0.1M L-Proline 
0.1 M BICINE pH 8.0 14% (w/v) PEG 6000 0.1M Taurine 
0.1 M TRIS pH 8.5 12 % (w/v) PEG 6000 0.1M L-Proline 
0.1 M TRIS pH 8.5 12 % (w/v) PEG 6000 0.1M Taurine 
0.1 M TRIS pH 8.5 12 % (w/v) PEG 6000 0.1 M Trimethylamine HCl 
0.1 M TRIS pH 8.5 12 % (w/v) PEG 6000 30% (w/v) Dextransulfate 
0.2 M Succinic acid pH 6.0 4 % (w/v) PEG, 6 % (v/v) 

glycerol 
0.1 M Lithium chloride 

0.2 M Succinic acid pH 6.0 4 % (w/v) PEG, 6 % (v/v) 
glycerol 

0.1 M Sodium citrate tribasic 
dehydrate 

0.2 M Succinic acid pH 6.0 4 % (w/v) PEG, 6 % (v/v) 
glycerol 

0.1 M Potassium sodium 
tartrate tetrahydrate 

0.2 M Succinic acid pH 6.0 4 % (w/v) PEG, 6 % (v/v) 
glycerol 

5% (w/v) n-Dodecyl-β-D-
maltoside 

0.2 M Succinic acid pH 6.0 4 % (w/v) PEG, 6 % (v/v) 
glycerol 

30% (v/v) 2-Propanol 

0.2 M Succinic acid pH 6.0 4 % (w/v) PEG, 6 % (v/v) 
glycerol 

30% (v/v) Methanol 

0.2 M Succinic acid pH 6.0 4 % (w/v) PEG, 6 % (v/v) 
glycerol 

5% (v/v)  Ethyl acetate 

0.2 M Succinic acid pH 6.0 4 % (w/v) PEG, 6 % (v/v) 
glycerol 

30% (v/v) 1,4-Dioxane 

Table 4. Additive screens (SfaH concentration 0.17 mM, in 20 mM Tris-HCl, pH 8.0). Conditions and 
additives that give best crystals are marked in red. 
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Discussion 
 
In order to meet the necessary protein yields that are needed in protein crystallography the 
commonly used pBAD expression vector was used. The longer SfaH construct, which 
crystallized was designed according to the FimH construction that was available in the lab (30). 
Despite the optimized periplasmic extraction protocol, the amount of obtained protein was not 
very high and much of the protein was trapped in the pellet.  
 
Some of the setups of crystallization trails were done several days after purification of SfaH, 
meanwhile protein was stored at 4 °C. This can be reason for poor results with precipitatation in 
many drops from crystallization trails. Results from the first screens showed very fast nucleation. 
This can be due to small impurities in the buffer or in the protein solution. For this reason, 
solution of protein and crystallizing agent was filtered before setting drops through filter with 2 
μm cut-off for removal of possible impurities. Another reason for the fast nucleation can be fast 
evaporation of water in the protein drop. ALS oil was added to slow down diffusion of the 
precipitant. As expected, nucleation formation was decreased. Formation of fewer nuclei, 
growing into bigger crystals was observed. An alternative approach for slowing down the 
diffusion rate is an increase in drop surface. Drops with 5 μl protein and 5 μl crystallization agent 
were set up. Yet, no difference in needle formation was found based on different drop sizes. It 
was shown that difference in the temperature (22 °C and 4 °C) does not affect significantly SfaH 
crystal formation. Buffers with different pH were applied to investigate pH influence over SfaH 
crystallization (table 5). Addition of chymotrypsin in small amounts (SfaH:chymotrypsin, 100:1) 
is expected to lead to removal of outer flexible parts of SfaH. This can lead to formation of 
crystals with better quality. 
  
pH range 6.0 – 8.0 
Temperature Room temperature (22º C) 
Precipitants 6-14% w/v PEG 6000, 6 % v/v Glycerol 
Protein concentration 0.17mM 
Table 5.Conditions found to lead to best crystal formation. 
 
Conclusion 
 
Bacterial resistance to different antibiotics is an important healthcare problem in more or less all 
regions of the world. This issue has a large impact and effect on the world economy. Therefore 
the discovery of novel mechanisms for prevention of infectious diseases is a main target for 
many research groups and companies. S fimbriae are known to be involved in meningitis and 
pyelonephritis. Thought S fimbriae are similar to Type 1 fimbriae, last are involve in the bladder 
infections, while S fimbria are observed in upper urinary tract (kidneys). Determination of 
structures of S fimbrial adhesins can help to understand assembly mechanism of these adhesins 
and the process of bacterial-host interaction, via adhesive internalization.  
 
Protein yield could perhaps be improved by separating the soluble fraction from the preparation 
from the remaining in the pellet. The pellets could then be subjected to a slightly harsher 
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extraction protocol where the cells are fully disrupted. Further analyses of both new constructs II 
and III are required, as well as, defining of purification protocol.  
 
Better handling of SfaH is expected to overcome precipitation of the protein. Crystallization 
setups have to be straight after protein purification and final concentration or protein should be 
frozen at – 80 °C. Further investigation of protease influence over crystal formation should be 
done. Perhaps an alternative to improve the crystal qualities is to introduce a ligand in the 
crystallization setup. This remains to be seen as no ligand is yet identified for the SfaH protein 
and earlier cocrystallization experiments with galactose and glucose did not give any improved 
results. 
 
Additionally SfaH role in cell adhesion and, if there is such, cell invasion could be studied. 
Purified SfaH could be covalently attached to plystyrene latex beads. Thus cell attachment and 
possible further internalization can be followed, as it was done in case of Type 1 pili (7). 
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	“Pili (Latin for “hairs”) and fimbriae are surface appendages build of thousands protein subunits.  They are commonly found on Gram-negative bacteria (10). Pili take part in bacterial conjugation, or the exchange of genetic material between bacteria, while fimbriae mediate the attachment of bacteria to various surfaces of epithelial cells, red blood cells (causing hemagglutination), yeast and fungal cells (10). In some organisms (Shigella species and E. coli) pili are spread abundantly over the cell surface (10). Pili consist of thousands of repeating protein subunits that form right handed, rigid, helical rods that often end with a flexible tip receptor – a binding adhesin (11). Pili are assembled by different pathways, such as the chaperone-usher (CU) pathway or the type IV secretion pathway. The CU pathway is involved in the assembly of over 25 adhesive organelles in Gram-negative bacteria (12), among others, the Type 1 fimbriae and the S pili (13). In this pathway, the protein subunits that are secreted into the periplasmatic space, interact with their specific chaperone by forming chaperone-subunit complexes (figure 2). Formation of these complexes stabilizes the pili subunits and prevents their premature interaction and aggregation (14). 
	Figure 2. Pilus biogenesis. Pilus subunits enter the periplasm through the secretory pathway. The chaperone (purple) binds to nascent subunits (blue, yellow and red). Chaperone donates its G1 strand to complete Ig-like folds of the subunits. This results in stabilization of the subunits. The soluble chaperone–subunit complex is then directed to the outer membrane usher. 
	Bacteria have developed resistance to every antibiotic currently on the market (22). Untreatable bacterial infections can lead even to patient’s death. Prevention of host colonization by inhibition of adhesins (23) or pili biogenesis might lead to the development of novel antibacterial agents. To be able to prevent bacteria-host cell interaction one has to know what epitopes the S fimbriae binds. Structural information of the receptor-binding adhesins, can be of great assistance when suitable inhibitors are going to be designed and most important for a further understanding of the mechanism and route of infection. The aim of this project was therefore; structural and functional characterization of the SfaH protein - one of the minor and putative lectin subunits of the S fimbriae.
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