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Abstract
The present experiment investigates the function of protein PA5198 found 
in Pseudomonas Aeruginosa, known as Yestervin, using a series of dif-
ferent bioinformatic methods. Preliminary research from the protein data 
EDQN�SURYLGHV�DQ�HQ]\PH�FRQVRUWLXP�QXPEHU�RI������������7KHVH�¿QGLQJV�
led to the hypothesis that Yestervin acts as an LD-Carboxypeptidase in 
ELRORJLFDO�V\VWHPV��%LRLQIRUPDWLF�WRROV�XVHG�WR�FRQ¿UP�WKH�IXQFWLRQ�RI�<HV-
WHUYLQ�DUH�DV�IROORZHG��3\0RO�LGHQWL¿FDWLRQ�RI�DFWLYH�VLWHV�ZLWKLQ�<HVWHUYLQ�
using motif comparison, BLAST/SMART BLAST sequence comparisons 
between Yestervin and proteins of known function, Dali global alignment 
comparing carbon backbone structures of known proteins and Yestervin, 
Pyrx autodocking identifying ligand binding to a Yestervin-like protein’s 
DFWLYH�VLWH�DPLQR�DFLG�UHVLGXHV��SURWHLQ�SXUL¿FDWLRQ�DQG�NLQHWLF�HYDOXDWLRQ�
through PNPA enzymatic assay. Results from these bioinformatic tools 
indicate that Yestervin is indeed a LD-Carboxypeptidase used to cleave 
amide bonds between L and D amino acids occurring naturally in bacterial 
SHSWLGRJO\FDQ��7KHVH� ¿QGLQJV� FRXOG� SOD\� DQ� LPSRUWDQW� UROH� LQ� WUHDWPHQW�
development of Pseudomonas Aeruginosa infections, as well as provide 
PHFKDQLVPV� IRU�¿JKWLQJ�DQWLELRWLF�UHVLVWDQW�EDFWHULD� LQ�D�KRVSLWDO�VHWWLQJ�

Introduction
The vast gap of knowledge surrounding discovered proteins and their 
IXQFWLRQ� VHUYHV� DV� D� VHWEDFN� IRU� DGYDQFLQJ� NQRZOHGJH� LQ� PDQ\� ¿HOGV�
of Biology. To date, around 20% of protein in even the most well-stud-
ied organisms have no descriptions on their roles in biological sys-
tems (Wood et al. 2019). These proteins could serve to explain a mul-
titude of mechanisms that have been previously misunderstood and 
FRXOG� RSHQ� GRRUV� WR� PDQ\� QHZ� GLVFRYHULHV� LQ� WKH� ¿HOG� RI� %LRORJ\�

The hypothetical protein PA5198, also known as Yestervin, found in 
Pseudomonas Aeruginosa, is a protein of unknown function requiring 
further inquiry. The unknown protein has an R-free value of 0.125 with 
0.2% Ramachandran outliers, a total of six unique ligands (L(+)-Tartaric 
Acid, Di(Hydroxyethyl)ether, Glycerol, 1,2-Ethanediol, Potassium and 
Sodium ions), and PDB ID labeling it protein 1ZL0. Little is known about 
the protein of unknown function, however, it is suggested that the protein 
is possibly an LD-Carboxypeptidase. The enzyme consortium number 
(EC 3.4.17.13), which matches that of the unknown protein, suggests 
that the unknown protein is a LD-Carboxypeptidase known for the abil-
ity to cleave amide bonds between L and D amino acids occurring nat-
urally in bacterial peptidoglycan. This severing of L and D amino acids 
takes tetrapeptides, truncates them into tripeptides, and then to pepti-
doglycan building blocks for the bacteria. LD-Carboxypeptidases have 
been the target of antibiotics due to their importance. The sensitivity to 
lactam antibiotics varies widely between antibiotics of the same class 
but correlates with the chirality of the amino acids of the antibiotic used.

The catalytic class of LD-Carboxypeptidases is unknown, being named 
the U61 family. In Pseudomonas aeruginosa this U61 enzyme was 
found to have LD-Carboxypeptidase activity. A study by Korza & Bocht-
ler (2005) found that the Pseudomonas aeruginosa recombinant con-
verted tetrapeptides to tripeptides and had a structure of a serine pep-
tidase with a Ser-His-Glu catalytic triad. The Ser115 and His285 of 
Pseudomonas aeruginosa were ruled out as part of the enzyme as the 
activity was not homologous to LD-Carboxypeptidase, further narrowing 
down the structure of the unknown protein in question. This carboxypep-
tidase in question was further investigated by Xu et al. (2020) focusing 
on the Carbapenem Resistance in Pseudomonas aeruginosa infections.

Carbapenem is used to treat Pseudomonas aeruginosa infections in a 
clinical setting, but recent resistance to Carbapenem has led to further in-
vestigation into the mechanism behind the resistance. It was found that 
the IdcA (PA5198) gene encoding for murein tetrapeptide carboxypepti-
GDVH� QHJDWLYHO\� LQÀXHQFHV� ampC expression in Pseudomonas aerugi-
nosa. The ampC expression is an important mechanism in bacteria that 
helps them develop resistance to many anti-bacterial drugs. With murein 
tetrapeptide carboxypeptidase expression leading to decreased expres-
sion of ampC, a mechanism using carboxypeptidases to combat drug 
resistance in bacteria could arise (Xu et al. 2020). The resistance to Car-
bapenem is due to a multitude of overexpressed and under-expressed 
genes that produce varying amounts of proteins. One of these overex-
pressions that allows Carbapenem resistance is the overexpression on 
the chromosomal gene ampC encoding for intrinsic cephalosporinase in 
Pseudomonas aeruginosa. This overexpression links carboxypeptidase 
to Carbapenem resistance, allowing for further research into therapeutic 
treatments regarding the carboxypeptidase in Pseudomonas aeruginosa.

Understanding the unknown protein Yestervin in Pseudomonas aerugino-
sa is important because of the possible clinical implications it could have. 
Pseudomonas aeruginosa is the most common-gram negative bacterium 
found in nosocomial infections. The bacteria is responsible for 16% of 
nosocomial pneumonia cases, 12% hospital-acquired urinary tract infec-
tions, 8% of surgical wound infections, 10% of bloodstream infections, and 
38% of ventilator-associated pneumonia deaths (Bodey et al. 1983). The 
bacterium is most problematic in immunocompromised patients, as it is 
an opportunistic infection because of the bacteria’s presence throughout 
the natural environment. Once in the body, the infection is fast at caus-
ing problems throughout the body, from endocarditis in the heart, to eye 
problems, to urinary tract infections. The bacteria produces several ex-
tracellular products responsible for the extensive bodily damage and has 
been resistance or poorly treated with a number of different antibiotics 
throughout history (Van Delden & Iglewski 1998). The Yestervin protein 
could be the missing link in effective therapeutic treatments for Pseudomo-
nas aeruginosa, which is why further investigation is a necessary process.

In this experiment, the Yestervin protein (1ZL0) was investigat-
ed using a series of different structural and sequential bioinformat-
ic databases. These databases compared the hypothetical pro-
tein’s structure and amino acid sequence to proteins of known 
function. From these results, it is hypothesized the Yestervin pro-
tein is acting as a LD-Carboxypeptidase within biological systems.

Methods
PyMol/ProMol Methods:
To identify proteins with similar structural active sites,  PyMol/ProMol 
structural alignment was performed. The Pymol program was accessed 
through Microsoft Remote Desktop app. Once opened, the Promol appli-
cation was accessed through the Plugin tab. Under the Promol interface, 
the Motif Finder tab was accessed, and the PDB name (1ZL0) was en-
tered in the query box. Once a PDB name was entered, a set including 
all motifs is selected and RMSD values were calculated. The Motif Finder 
search parameters were unaltered, and a full protein structure was gen-
HUDWHG� IRU�<HVWHUYLQ�� 7KH� UHVXOW� SDQH� XQGHU� WKH�PRWLI� ¿QGHU� OLVWV� DOO� WKH�
active sites found on the protein entered. The results list Levenshtein dis-
tance, identity of the motif template, RMSD values, and an EC class for 
WKH�PRWLI�VHOHFWHG��8VLQJ�WKH�506'�YDOXHV�IRXQG�XQGHU�HDFK�PRWLI��¿QG�
the motifs with the lowest RMSD values. A motif with a low RMSD val-
ue is selected, and motif alignment is visualized through Promol. A visu-
alization of active site alignment between the motif and the protein was 
JHQHUDWHG� DQG� DQDO\]HG�� 7KH� PROHFXOHV� JHQHUDWHG� DUH� WKHQ� LGHQWL¿HG�
for their residues. Clicking on each residue of the alignment shows the 
amino acid linked in the motif and how many atoms are in the respec-
tive alignment in the Pymol GUI interface. All values and visual represen-
tations of motifs were recorded, and values were analyzed to see if the 
XQNQRZQ� SURWHLQ� EHLQJ� VWXGLHG� EHVW� ¿W� WKH�PRWLI� RI� FHUWDLQ� (&� FODVVHV�

BLAST/Pfam Methods:
To identify proteins with similar sequences and domains compared to Ye-
servin, we performed a BLASTP and Pfam sequence search. The FATSA 
sequence for the Yestervin protein was obtained from https://www.rcsb.https://www.rcsb.
org/org/. This FASTA sequence was put into the BLAST query box and submit-

Hypothetical Protein PA5198 (Yestervin) 
indicated to be an LD-Carboxypeptidase 
within Pseudomonas Aeruginosa
Mathieu Norcross, Co: William Conrad, Makenzie Kamm, Tate Ro-
senhagen, Allyson Richards, Kayenath Khan, Leslie Gonzales, Han-
nah Kobienia, Sergio Sosa, Anthony Sullivan, George Vladimirov. 
Bomby Ahuja-Kittiphanh
Lake Forest College
Lake Forest, Illinois 60045



Eukaryon, Vol. 18, March 2022, Lake Forest College Primary Article

ted with no changes to the original BLASTP search criteria and the protein 
sequence was analyzed. Once the sequence was analyzed, a graphical 
summary is presented showing the top 100 sequences in the BLAST data-
bank that overlap with the sequence of the query protein. The graphic sum-
mary was captured and analyzed. The top three alignments of each protein 
were looked at in detail and examined for their E-values and percent over-
lap. Once a general BLAST was run, a SMART BLAST was run Yestervin. 
The SMART BLAST provided a phylogenetic tree that showed how each 
protein relates to proteins found in other organisms, and where common 
DQFHVWRUV�DURVH�EHWZHHQ�<HVWHUYLQ�DQG�NQRZQ�SURWHLQV�LQ�VSHFL¿F�RUJDQ-
isms. Once all information is collected, the data is analyzed, and a conclu-
sion regarding the possible function of the unknown protein was reached. 
The FASTA sequence for Yestervin was then put into the sequence query 
box (https://pfam.xfam.org/search#tabview=tab0) and run based on default 
search parameters. Once the protein’s sequence was analyzed, all the pro-
tein superfamilies that match up with query protein sequence were dis-
played. Clicking on each protein superfamily gives a summary of the family 
with an example structure, and literature where the protein superfamily is dis-
cussed. Under the “domain organization” tab, common sequence architec-
ture found within the protein superfamily is detailed. Under the “HMM logo” 
tab, the conserved amino acid residues are detailed on each sequence po-
sition. Once all Pfam data is collected, the data is analyzed. From this data, 
the possible function of the unknown protein is deduced and compared to 
data and conclusions from the BLAST and ProMol data collected earlier.

Dali Global Alignment Methods:
To identify proteins with similar 3D carbon backbones, we performed a 
Dali 3D Global alignment. The Dali search query was accessed at http://
HNKLGQD��ELRFHQWHU�KHOVLQNL�¿�GDOL�. From there, the PDB search tab was 
selected and the PDB ID for each respective protein was added into the 
search bar. After Dali search was completed, the matches against full PDB 
were selected. These results were downloaded and put into raw data stor-
age for further analysis following this lab. A summary of all matching pro-
teins is presented with RMSD, Z-score, LALI, NRES, and %ID values. A 
description of each protein is provided at the end of each matching chain. 
From this summary page, three proteins of differing function were selected 
for further analysis. These proteins with different functions were analyzed 
using a 3D image with cartoon view and structural conservation. Each pro-
tein and its overlap with the query protein were captured and added to 
their respective tables for further data analysis. Following the analysis of 
3D image superposition, the three proteins of differing functions were com-
pared to the active sites of Yeservin found in the previous ProMol lab. Each 
protein of known function was selected, and the “structural alignment” tab 
was selected. Using the previously determined active sites for Yestervin, 
each protein of known function was analyzed to see if the active sites of 
our unknown proteins were conserved in the proteins of known functions. 
7KLV�ZDV�GRQH�E\�GHWHUPLQLQJ�WKH�¿UVW�WKUHH�DPLQR�DFLGV�EHIRUH�WKH�FRQ-
served active site amino acid from the PDB ID of our unknown sequence. 
Using this four-letter amino acid sequence, a search was performed on 
the “structural alignment” tab. The four-letter amino acid sequence was 
found for the query protein and was compared with the protein of known 
function in the “structural alignment” tab. The four-letter amino acid se-
quence for the known protein that matched up with the query protein was 
recorded to see if the active site amino acid was conserved. Using all this 
GDWD��WKH�SURWHLQV�RI�NQRZQ�IXQFWLRQ�ZHUH�GHWHUPLQHG�WR�EH�JRRG�¿WV�RU�QRW��
and a hypothesis on both protein 2O14 and 1ZL0’s function was created.

Autodock Pyrx Methods:
A hypothetical reaction for the Yestervin protein has been hypothesized 
using previous experiments. The AutoDock program was used to look at 
what ligands are used in the hypothesized reaction. The protein used in 
the AutoDock experiment is protein 5Z01 which is Murein Tetrapeptide 
Carboxypeptidase. This protein was used because Yestervin could not be 
loaded into the AutoDock program, so the protein 5Z01 was used because 
it has a similar carbon backbone and similar hypothetical function to the 
<HVWHUYLQ�SURWHLQ��7KH�3'%�¿OH�IRU�SURWHLQ��=���ZDV�GRZQORDGHG�IURP�WKH�
protein data bank, and was uploaded to the AutoDock program. The E.C. 
Class 3.4.17.13 was put into the protein data bank search bar and the li-
gands that are commonly found for that EC class were observed. A total of 
¿YH�GLIIHUHQW�OLJDQGV�WKDW�ZHUH�IRXQG�LQ�WKDW�(&�FODVV�ZHUH�VHOHFWHG��7/$��
3(*��'08��'(8��DQG�$%8���(DFK�OLJDQG�ZDV�VDYHG�DV�D��VGI�¿OH�RQWR�WKH�
computer and added into the AutoDock program. Once the protein and the 

ligands were loaded into the AutoDock program, Vina Wizard was run with 
all the ligands and protein 5Z01 selected. Once the program was run, the 
analysis for each ligand compared to protein 5Z01 was displayed. The list 
of all the ligands and the statistical analysis for each ligand were saved and 
stored in raw data storage. Once data was saved, the free energies of bind-
ing for each conformation of each ligand were observed. The ligand confor-
mation with the most negative binding energy was visually observed in the 
$XWR'RFN�SURJUDP�DQG�VDYHG�DV�D�3'%�¿OH��2QFH�WKH�3'%�¿OH�LV�VDYHG��
3\0RO�LV�RSHQHG�DQG�ERWK�WKH�OLJDQG�DQG�SURWHLQ�3'%�¿OHV�DUH�DGGHG�LQWR�
the program. The PyMol visualizes the ligand inside the protein and the sur-
IDFH�IXQFWLRQ�VKRZV�WKH�OLJDQG�¿WWLQJ�LQWR�ELQGLQJ�VLWHV�RQ�WKH�SURWHLQ��7KH�
amino acid residues that bind to the ligand at the binding site are visualized 
within PyMol and recorded in the results section. Pictures of the ligand 
within the protein binding site and the amino acid residues that help bind 
WKH�OLJDQG�WR�WKH�SURWHLQ�ZHUH�UHFRUGHG�DV�¿JXUHV�ZLWKLQ�WKH�UHVXOWV�VHFWLRQ�

1LFNHO�+LV�SXUL¿FDWLRQ�RI�<HVWHUYLQ�
7KH�SXUSRVH�RI�WKH�1LFNHO�+LV�SXUL¿FDWLRQ�LV�WR�VHSDUDWH�WKH�<HVWHUYLQ�SUR-
WHLQ�IURP�RWKHU�QRQ�VSHFL¿F�SURWHLQV�LQ�RUGHU�WR�IXUWKHU�VWXG\�WKH�SURSHUWLHV�
of Yestervin. A column with nickel ions present is used to separate Yester-
vin from other proteins. A binding buffer composed of 50mM Na2HPO4, 
300mM NaCl pH 8.0 supplemented with 10mM imidazole is added to the 
Nickel-His column along with the protein solution. This buffer solution re-
GXFHV�WKH�QRQ�VSHFL¿F�LQWHUDFWLRQV�EHWZHHQ�RWKHU�SURWHLQV�DQG�WKH�FROXPQ��
DOORZLQJ�RXU�SURWHLQ�RI�LQWHUHVW�WR�ELQG�WR�WKH�FROXPQ�VSHFL¿FDOO\�ZKLOH�DOVR�
allowing Yestervin to remain in its native state. The pH of the buffer allows 
for Nickel-His binding to occur within the column, while also not denaturing 
the protein because of its neutral pH level. A wash buffer composed of 
50mM Na2HPO4, 300mM NaCl pH 8.0 supplemented with 20mM imidaz-
ole is then added to the column in three successive additions. This wash 
EXIIHU�VSHFL¿FDOO\�HOXWHV�DOO�SURWHLQV�WKDW�DUH�QRW�RI�LQWHUHVW��OHDYLQJ�WKH�32,�
attached to the nickel ions within the column. Finally, an elution buffer com-
posed of 50mM Na2HPO4, 300mM NaCl, and 250mM imidazole at pH 8.0.A 
is added to the column. The excess amount of imidazole binds to the nickel 
ions, forcing the POI off the column, causing it to elute into fractions. A total 
of 3 elution additions are added to the column until there is no POI being 
eluted from the column anymore. The different fractions are run through a 
Gel Electrophoresis to see the contents of each of the fractions. The lysate 
shows all proteins present within the protein solution, including the Yes-
WHUYLQ�SURWHLQ��7KH�ÀRZ�WKURXJK�VKRZV�SURWHLQV�WKDW�DUH�HOXWHG�GXULQJ�WKH�
addition of binding buffer. The three different wash additions elute the pro-
teins that remain in the column that are not the Yestervin protein. The elu-
WLRQ�IUDFWLRQV�FRQWDLQ�DOO�RI�WKH�SXUL¿HG�<HVWHUYLQ�SURWHLQV�VHSDUDWHG�IURP�
all other proteins. These separated Yestervin proteins are set aside for 
further research in order to determine their function in biological systems.
3URWHLQ�\INQ�DQG��2���SXUL¿FDWLRQ�WKURXJK��;�+LV�SURWHLQ�VSLQ�FROXPQ�
7KH�SXUSRVH�RI�WKH��;�+LV�SURWHLQ�FROXPQ�SXUL¿FDWLRQ�ZDV�WR�SXULI\�WKH�SUR-
tein of interest, yfkn, along with protein 2O14 for positive control. The pro-
cedure for this experiment was performed by Dr. William Conrad at Lake 
)RUHVW�&ROOHJH��3URIHVVRU�&RQUDG�IROORZHG�WKH�+22.�SURWHLQ�SXUL¿FDWLRQ�
spin protocol to purify protein yfkn and 2O14. The BL21 (DE3) E. Coli with 
six different plasmids were transformed and the bacteria was grown over-
night in LB broth containing 100 ug/ml ampicillin at 37 C shaking at 240 
rpm. Once grown, a total of 1 ml of bacteria was transferred into autoin-
duction media which contained lactose that induced bacterial expression. 
The HOOK bioscience protocol was then followed by Professor Conrad as 
directed, except no protease inhibitor was added into the samples. Once 
samples were created following the HOOK bioscience protocol, protein 
expression was observed in bacterial strains by placing 15 ul of bacteria 
in 5 ul 4X SDS PAGE loading buffer, which breaks the bacterial cells and 
linearizes the protein. The buffer also contains 1 ul TCEP which breaks 
DQ\�GLVXO¿GH�ERQGV��7KH�VDPSOHV�ZHUH�WKHQ�GHQDWXUHG�DW����GHJUHHV�&�
and 10 ul of both protein samples were added to a 15-lane 16% tricine 
gel. A 10 ul bio-rad precision protein was run through the gel to ensure 
LGHQWL¿FDWLRQ�RI�PROHFXODU�ZHLJKWV�RI�WKH�SURWHLQV��7KH�SURWHLQV�ZHUH�WKHQ�
O\VHG�DFFRUGLQJ�WR�WKH�+22.�SXUL¿FDWLRQ�NLW�DQG�DOO�IUDFWLRQV�ZHUH�VDYHG�
and loaded into the gels. The bacterial cells were harvested from a 50 ml 
bacterial culture by centrifugation at 5,000xg for 10 minutes. The bacterial 
pellets were then resuspended in 2mL bacterial PE LB until the suspension 
was deemed homogenous. The sample was vortexed and 5-50 ul PEL-
B™-Lysozyme was added before the sample was incubated at 37 degrees 
C for 30-60 minutes. The sample was vortexed again for 30 minutes after 
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incubation. This vortex occurred before soluble proteins were separated 
DQG�ZDV�FHQWULIXJHG�DW�������[J�IRU����PLQXWHV��7KH�QRZ�FODUL¿HG�O\VDWH�
was transferred to a 15 ml centrifuge tube and was swirled until a homoge-
nous slurry formed. A 0.8 ml 50% resin slurry solution was then transferred 
to the lysate before being incubated for 15 minutes at room temperature. 
The tube was then centrifuged at 1,500xg for 5 minutes to pellet the resin. 
The supernatant was discarded, and the resin was suspended in a 250 
ul wash buffer. The 6X-His spin column was then added to a collection 
WXEH�DQG�WKHQ�FHQWULIXJHG�IRU���PLQXWHV�DW������[J��7KH�ÀRZ�WKURXJK�ZDV�
collected and the spin column was returned to the collection tube where 
����XO�RI�ZDVK�EXIIHU�ZDV�DGGHG�WR�ZDVK�DZD\�DQ\�XQERXQG�RU�QRQVSHFL¿F�
proteins. Once the wash buffer was added a second time, the column was 
eluted. The elution of the 6X His tagged proteins occurred through the ad-
dition of 0.5 ml elution buffer to the resin and the incubation of the column 
for 5 minutes at room temperature. The spin column was then centrifuged 
IRU� ��PLQXWHV� DW� �����[J��7KH� ÀRZ� WKURXJK�ZDV� WUDQVIHUUHG� WR� D� ����PO�
centrifuge tube and the spin column was then returned to the collection 
tube. This process was repeated three times to create three total elution 
trials. All of the proteins from the collection tubes were then added to a 
���ODQH�����WULFLQH�JHO�ZKHUH�WKH�UHVXOWV�RI�WKH�SXUL¿FDWLRQ�ZHUH�DQDO\]HG�
WR� GHWHUPLQH� LI� SURWHLQ� \INQ� DQG� �2��� ZHUH� SURSHUO\� SXUL¿HG� �PHWKRGV�
were obtained from Professor Conrad’s description on lab archives and 
WKURXJK� WKH� +22.� �;�+LV� 3URWHLQ� 6SLQ� 3XUL¿FDWLRQ� 3URWRFRO� SURYLGHG��
Protein Kinetics analysis:
The purpose of this experiment is to determine enzyme kinetics such as 
Vmax and Km values for both protein 2O14 and yfkn 3GVE. This was done 
using an assay measuring absorbance of the conversion of substrate to 
product of the hydrolysis of PNPA. This hydrolysis occurs in the presence 
of hydrolase enzymes, therefore high absorbance and Vmax values indi-
cate an enzyme is a hydrolase. A 2O14 elution 1 and 3GVE (yfkn) elution 1 
sample was created after being dialyzed into 50mM sodium phosphate buf-
fer. The samples were spun in a Pierce ��N'D�0:&2�FHQWUL¿XJDO�¿OWHU�FRQ-
centrator three times using 20 mL of buffer and 1 mL of elution. The sam-
ples’ protein abundance was measured using absorbance at 280nm with 
D�SDWK�OHQJWK�RI���FP��ZKLOH�WKH�H[WLQFWLRQ�FRHI¿FLHQW�IRU�HDFK�SURWHLQ�ZDV�
found through https://web.expasy.org/protparam/. Using a 96 well plate, 
HDFK�ZHOO�ZDV�¿OOHG�ZLWK�����XO�RI���P0�VRGLXP�SKRVSKDWH�EXIIHU��7KHQ�LQ�
each column, 10mM PNPA was added in the wells with a volume of 0-20 ul. 
A total of 20 ul of 2O14 and 3GVE were added to Rows A and C respectively 
and observed for changes in absorbance over time. The data was record-
ed into an Excel document and Michaelis-Menten plots, Lineweaver-Burke 
plots, and other protein kinetic values were calculated using the absor-
bance data. Substrate concentration and initial velocity values (calculated 
from absorbance) were calculated and used to create the Michaelis-Ment-
en graph. The substrate concentration and initial velocity values were then 
XVHG�WR�¿QG�WKH���9��DQG���>6@�YDOXHV�XVHG�WR�FUHDWH�WKH�/LQHZHDYHU�%XUNH�
plot. The lineweaver-burke plot was used to calculate the Km and Vmax 
values for each protein, which then was used to calculate other protein 
kinetic values that quantitively showed the protein’s enzymatic activity.

Results
PyMol/ProMol active site structural analysis suggest EC range for 
<HVWHUYLQ�SURWHLQ�
The Yestervin protein is a protein of unknown function from Pseudomonas 
aeruginosa. The protein is a hypothetical protein with a sequence length of 
311 and an EC= 3.4.17.13 (Source: https://www.rcsb.org/structure/1ZL0). 
Research into the EC class 3.4.17.13 suggests the protein is a LD-Car-
boxypeptidase known for the ability to cleave amide bonds between L 
and D amino acids occurring in bacterial peptidoglycan (Korza & Bocht-
ler 2005). The EC class suggested in the PDB was tested through Pro-
mol analysis, which is a local structure-based program comparing active 
VLWH�UHVLGXHV�EHWZHHQ�NQRZQ�SURWHLQV�DQG�<HVWHUYLQ��7KH�EHVW�¿W�FULWHULD�
used in this experiment were motifs with a Levenshtein value of 0 and 
a RMSD value below 2. The Yestervin protein was expected to have ac-
WLYH�VLWH�DOLJQPHQW�ZLWK�PRWLIV�DURXQG�(&� ������7KH�EHVW�¿W�DFWLYH�VLWH�IRU�
Yestervin protein was suggested to be motif 2ace. The 2ace motif has a 
Levenshtein value in the range of 0-4, RMSD All: 1.5116, RMSD alpha: 
1.5092, and RMSD alpha and beta: 1.3696. The 2ace motif showed 3 
alignments with similar residues in those alignments (His 285 Yestervin- 
His 440 2ace, Glu 217 Yestervin- Glu 327 2ace, and Ser 115 Yestervin- Ser 
200 2ace) (Figure 1). The alignment visualization shown in Figure 1 shows 
differences between the motif and Yestervin structures. The motif 2ace has 

an EC class of 3.1.1.7, which is not in the range of the expected EC of 
3.4 for the protein Yestervin. The second-best active site was determined 
to be 1o2u. The 1o2u active site has a Levenshtein value of 0, RMSD 
All: 1.4783, RMSD alpha: 0.058, and RMSD alpha and beta: 0.6694. The 
overall motif alignment with the Yestervin protein is shown in Figure 1. The 
1o2u motif was chosen as the second-best active site because it had less 
residue-matches compared to 2ace, but still had a Levenshtein value of 0 
and a RMSD value below 1.5. The residue alignment between the 1o2u 
motif and the protein were found to be similar (His 51 Yestervin- His 57 
1o2u, and Asp 69 Yestervin- Asp 102 1o2u) (Figure 1). The motif 1o2u 
has an EC class of 3.4.21.4, which falls in the predicted range of the Yes-
WHUYLQ�SURWHLQ��7KH� WZR�EHVW�¿W�DFWLYH�VLWHV� IRXQG�ZHUH� IURP�GLIIHULQJ�(&�
FODVVHV��7KH�EHVW�¿W�DFWLYH�VLWH�EHORQJHG�WR�WKH�(&�FODVV�RI������ZKLOH�WKH�
second active site belonged to the predicted EC class of 3.4. Research 
into the difference between EC classes 3.1 and 3.4 shows the differing 
IXQFWLRQV�WKH�WZR�PRWLIV�WKDW�KDYH�VLJQL¿FDQW�DFWLYH�VLWH�RYHUODS�ZLWK�<HV-
tervin have. While both EC classes are hydrolases, EC class 3.1 are es-
terases acting on ester bonds, while EC class 3.4 are peptidases that act 
RQ�SHSWLGH�ERQGV��7KH�WZR�EHVW�¿W�DFWLYH�VLWHV�VXJJHVW�WKDW�WKH�<HVWHUYLQ�
protein is either an esterase acting on ester bonds or a peptidase acting 
RQ�SHSWLGH�ERQGV��0RUH�DQDO\VLV�LV�QHHGHG�WR�FRQ¿UP�<HVWHUYLQ¶V�(&�FODVV�
and its function in biological systems. In conclusion, the protein Yestervin 
needs further analysis in order to properly determine its function, as the 
DFWLYH�VLWHV�VKRZ�FRQÀLFWLQJ�(&�YDOXHV�DQG�IXQFWLRQV�LQ�ELRORJLFDO�V\VWHPV�

Figure 1: ProMol active site alignment between Yestervin (red, 1ZL0) and 
the 2ace and 1o2u motifs (white). The 2ace-Yestervin amino acid residue 
overlap occurred between three residues (a His, Glu, and Ser). Yestervin and 
WKH��DFH�PRWLI�VKRZHG�VLJQL¿FDQW�RYHUODS�ZLWK�DQ�506'�YDOXH�RI���������
meaning the motif and protein are closely aligned and thus may share sim-
ilar functions. The 1o2u-Yestervin amino acid overlap occurred between 
two residues (a His, and Asp). Yestervin and the 1o2u motif showed signif-
icant overlap with an RMSD value of 1.5855 between the two amino acid 
residues suggesting the motif and Yestervin may share similar functions.

BLAST/SMART BLAST sequence alignment results indicate LD-Car-
ER[\SHSWLGDVH�DV�D�VLJQL¿FDQW�PDWFK�WR�SURWHLQ�<HVWHUYLQ�
From PyMol/ProMol analysis, protein Yestervin could not be conclusively 
GHWHUPLQHG�WR�EHORQJ�WR�D�VSHFL¿F�(&�FODVV��7R�KHOS�QDUURZ�GRZQ�WKH�SRV-
sible functions, sequence alignment through BLAST programs were run to 
determine possible proteins with similar sequences. The protein Yestervin 
KDG�VLJQL¿FDQW�%/$67�¿QGLQJV�WKDW�KHOSHG�QDUURZ�GRZQ�WKH�IXQFWLRQ��7KH�
expected results for both the BLAST experiment were that the Yestervin 
SURWHLQ�ZRXOG�KDYH�VLJQL¿FDQW�VHTXHQFH�DOLJQPHQW�ZLWK�/'�&DUER[\SHSWL-
dases and any close relatives to the LD-Carboxypeptidases. The BLAST 
VHTXHQFH�DOLJQPHQW�WRRO�IRXQG�VLJQL¿FDQW�RYHUODS�ZLWK�/'�&DUER[\SHSWL-
dases. Both the BLAST and SMART BLAST showed that protein Yestervin 
KDG�VLJQL¿FDQW�VHTXHQFH�RYHUODS�ZLWK�/'�&DUER[\SHSWLGDVHV� IRXQG� LQ�D�
multitude of different bacteria, which is consistent as LD-Carboxypepti-
dases belong to prokaryotic bacteria and not in eukaryotic or archaic or-
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ganisms (Figure 2). The BLAST experiment also indicated the superfamily 
Peptidase_S66 as the potential protein family that the protein Yestervin may 
belong to. The BLAST superfamily analysis showed a conserved catalytic 
triad (Ser-Glu-His) between the Yestervin protein, and multiple LD-Carboxy-
peptidases were found within different organisms in the Peptidase_S66 
Family (Figure 3���7KHVH�¿QGLQJV�VXJJHVW�WKDW�WKH�SURWHLQ�<HVWHUYLQ�PDWFK-
es sequentially with LD-Carboxypeptidases. These LD-Carboxypeptidases 
have a function of hydrolyzing the amide bond that links dibasic amino 
acids to C-terminal D-amino acids. These LD-Carboxypeptidases have an 
EC: 3.4.17.13, which is the same EC value as Yestervin. From this data, 
we can hypothesize that the protein Yestervin shares the same function as 
LD-Carboxypeptidase and indeed does belong to the EC class 3.4.17.13 .

Figure 2: A SMART BLAST sequence search showing a phylogenetic tree 
of closely related evolutionary relatives between Yestervin and proteins from 
a multitude of proteins from different bacteria. This phylogenetic tree com-
pares Yestervin to proteins of known function in a series of different model 
organisms. Yellow band shows the Yestervin sequence, while the green 
EDQGV�VKRZ�VHTXHQFH�KLWV�IURP�GLIIHUHQW�EDFWHULD�VSHFLHV��$OO�VLJQL¿FDQW�KLWV�
for Yestervin show LD-Carboxypeptidases from different bacteria species.

Figure 3: Conserved domain alignment from BLAST search between 
different bacteria species showing conserved catalytic triad between the 
Yestervin and LD-Carboxypeptidases from a multitude of different spe-
cies. The Ser-His-Glu Triad was found in previous research by Korza & 
Bochler (2005). Highlighted amino acids indicate the conserved Ser-His-
Glu triad. Red amino acids indicate conserved amino acids throughout all 
the different bacteria species, while the blue amino acids indicate amino 
acids that are not conserved throughout all observable bacteria species.

'DOL�*OREDO�6WUXFWXUDO�DOLJQPHQW�VKRZV�WKH�SURWHLQ�<HVWHUYLQ¶V�VLJQLI-
icant overlap with the Murein Tetrapeptide Carboxypeptidase protein 
5Z01.
%\�%/$67�VHTXHQFH�DOLJQPHQW��<HVWHUYLQ�ZDV�REVHUYHG� WR�KDYH�VLJQL¿-
cant sequential overlap with known LD-Carboxypeptidases. These results 
were followed by searching for homologous structures rather than prima-
ry sequences using Global 3D alignment through the Dali search engine. 
This Dali search compared proteins of known function with similar alpha 
carbon backbone structure to Yestervin. These results allowed for both 

carbon backbone and active site structural site alignments to be examined 
between proteins of known function and Yestervin. The 3D superposition 
alignment between Yestervin and three proteins of known function pro-
vided more insight into Yestervin’s function. The gap in knowledge sur-
rounds Yestervin’s function. The expected results are that Yestervin lines 
best with LD-Carboxypeptidases as indicated in previous BLAST exper-
LPHQWV��7KH�EHVW�¿W�FDUERQ�EDFNERQH�DOLJQPHQW�ZLWK�<HVWHUYLQ� LV�SURWHLQ�
5Z01-A. The protein has a Z-score of 33.6, RMSD value of 2.1, and a 
���� ,'��7KH�RYHUODS�EHWZHHQ� WKH� WZR�SURWHLQV� LV� VLJQL¿FDQW��ZLWK�PXOWL-
ple coils and middle carbon backbone chains being conserved between 
5Z01-A and Yestervin. However, there is no overlap with the Yestervin li-
gand groups and some of the outer carbon backbone chain of the 5Z01-A 
(Figure 4���7KH�VLJQL¿FDQW�RYHUODS�LV�XQGHUVFRUHG�E\�WKH�KLJK�=�VFRUH��ORZ�
506'��DQG�VLJQL¿FDQW�/$/,�YDOXH�RI������)URP�WKHVH�YDOXHV�DQG�WKH�YL-
VXDO�� LW�FDQ�EH�FRQFOXGHG�WKDW�<HVWHUYLQ�KDV�VLJQL¿FDQW�RYHUODS�ZLWK�SUR-
tein 5ZO1-A which is found to be a Murein Tetrapeptide carboxypeptidase 
(Figure 4���$QRWKHU�VLJQL¿FDQW�DOLJQPHQW�FDPH�IURP�SURWHLQ��7<;�%��7KLV�
protein had a Z-score of 33.3, an RMSD of 2.3, and percent ID of 20%. 
7KH��'�VXSHUSRVLWLRQ� LPDJH�VKRZV�VLJQL¿FDQW�RYHUODS�EHWZHHQ� WKH�SUR-
tein’s carbon backbone, but no overlap in the middle ligands of Yester-
vin. There also is lacking overlap with some of the outer carbon backbone 
of protein 3TYX-B. Besides the missing overlap on these structures, the 
DOLJQPHQW� ORRNV� VLJQL¿FDQW� DQG� LV� XQGHUVFRUHG� E\� WKH� KLJK� ]�VFRUH�� ORZ�
RMSD, and high LALI of 332. The protein 3TYX-B is a Microcin immunity 
protein MCCF, which goes against the expected results (Figure 4). The 
WKLUG�SURWHLQ�ZLWK�VLJQL¿FDQW�RYHUODS�ZDV�SURWHLQ��,1-�$��7KLV�SURWHLQ�KDG�
a Z-score of 33.2, an RMSD of 2.1, and a percent ID of 26%. The carbon 
EDFNERQH�VKRZQ�RQ�WKH��'�VXSHUSRVLWLRQ�LPDJH�VKRZV�VLJQL¿FDQW�RYHUODS�
between the middle of the carbon backbone for both proteins. However, 
the proteins don’t match at the Yestervin middle ligands (green ball-like 
structures in Figure 4 images), and at the top part of the Yestervin carbon 
backbone. The proteins also do not overlap at middle ligands of protein 
�,1-�$�DQG�DW�WKH�RXWHU�FDUERQ�EDFNERQH�RI�SURWHLQ��,1-�$��'HVSLWH�WKHVH�
GLVFUHSDQFLHV�LQ�RYHUODS��WKH�VLJQL¿FDQW�RYHUODS�EHWZHHQ�WKH�PLGGOH�EDFN-
bones is underscored by the high z-score, high percent ID, low RMSD, 
DQG�KLJK�/$/,�YDOXH�RI������3URWHLQ��,1-�$� LV�GHVFULEHG�DV�D�/02�����
Protein which is described as a hydrolase (Figure 4). This goes against 
the expected results of the matching protein being a carboxypeptidase.
The active sites of the proposed catalytic triad within Yestervin were then 
FRPSDUHG�WR�WKH�'DOL�¿W�SURWHLQV�WR�VHH�LI�WKHUH�ZDV�FRQVHUYHG�DFWLYH�VLWH�
alignment. The goal of this was to determine if the Dali proteins were good 
¿WV�ZKHQ� LW�FDPH� WR�<HVWHUYLQ¶V�DFWLYH�VLWH��7R�GHWHUPLQH� WKLV�� WKH�DFWLYH�
VLWH� UHVLGXHV� IRU�<HVWHUYLQ�ZHUH�FRPSDUHG� WR�HDFK�RI� WKH�'DOL�¿W�SURWHLQ�
sequences to see if the active site residues were conserved. In protein 
5Z01-A, 2 of 3 active sites found in Yestervin (His 285, Ser 115) were con-
served. The Glu residue in Yestervin was replaced with an Asn in protein 
�=���$��7KHVH� ¿QGLQJV�� DORQJ�ZLWK� �'� VXSHUSRVLWLRQ� GDWD�� VXJJHVW� WKDW�
Yestervin and 5Z01-A have similar structures and thus similar functions 
(Figure 4). The protein 5Z01-A is a Murein Tetrapeptide carboxypepti-
dase, which suggests that Yestervin acts as a carboxypeptidase in bio-
logical systems. Protein 3TYX-B had 2 of 3 conserved amino acids when 
compared to protein 1ZL0. The active site residue Glu 217 in Yestervin is 
replaced with a phenylalanine in protein 3TYX-B. Despite this discrepan-
F\��DOO�RWKHU�GDWD�VXJJHVWV�WKDW�SURWHLQ��7<;�%�LV�D�JRRG�¿W� WR�<HVWHUYLQ�
(Figure 4). However, the protein 3TYX-B does not match as well as pro-
tein 5Z01-A does, meaning the function of Yestervin is more likely to be 
a carboxypeptidase rather than a microcin immunity protein MCCF. The 
SURWHLQ��,1-�$�VKRZHG�OLWWOH�DFWLYH�VLWH�RYHUODS�ZKHQ�FRPSDUHG�ZLWK�<HVWHU-
vin, having only the His 285 active site conserved. Using this data, protein 
�,1-�$�ZDV�GHWHUPLQHG� WR�QRW�EH�D�JRRG�¿W� IRU�<HVWHUYLQ��DQG� WKHUHIRUH�
does not share the same function as Yestervin. From all of this data, we 
FDQ�K\SRWKHVL]H� WKDW�<HVWHUYLQ� LV�D�FDUER[\SHSWLGDVH��<HVWHUYLQ�¿WV�EHVW�
with protein 5Z01-A, which is a Murein Tetrapeptide carboxypeptidase. 
This data, along with data collected in BLAST and ProMol sequencing, 
suggest that Yestervin is a carboxypeptidase. Therefore, it is hypothe-
sized that Yestervin acts as a carboxypeptidase within biological systems.
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tions (Figure 5). This binding site shared by both ligands was also shared 
by the other two analyzed ligands ABU and PEG. The ABU and PEG li-
JDQGV�ZHUH�QRW�DQDO\]HG�LQ�GHWDLO�EHFDXVH�WKHLU�ELQGLQJ�DI¿QLW\�RI�DERYH����
VXJJHVWHG�WKH\�ZHUH�QRW�WKH�VWURQJHVW�¿W�IRU�WKH�DFWLYH�VLWH��$QRWKHU�OLJDQG�
DEU was analyzed as well but did not interact with the expected active sit 
DQG�ZDV�WKXV�QRW�DQDO\]HG��7KH�OLJDQG�7/$�KDV�D�ELQGLQJ�DI¿QLW\�RI������
with interactions with 2 expected amino acid residues. The TLA ligand has 
two amino acid residue interactions with Ser 106 and Asn 176, which is 
consistent with the proposed active sites. The visualization of these amnio 
acid residues interacting with TLA are found in Figure 5. Both the Ser and 
Asn were involved in the binding of the TLA ligand, suggesting that the li-
gand is involved in the hypothetical reaction for Yestervin. The DMU ligand 
KDV�VLPLODU�UHVXOWV�WR�WKDW�RI�WKH�7/$�OLJDQG��:LWK�D�ELQGLQJ�DI¿QLW\�RI�������
the DMU ligand binds a little stronger to the active site compared to TLA. 
The DMU ligand also has active site amino acid residue interactions, hav-
ing close interactions Asn 176, Ser 106, and His 270. DMU differs from TLA 
LQ�WKH�IDFW�WKDW�LW�VKDUHV�D�FORVH�LQWHUDFWLRQ�ZLWK�+LV������ZKLFK�LV�WKH�¿QDO�
expected amino acid residue involved in the active site. The visualization 
of amino acid residues interacting with ligand DMU are found in Figure 5. 
These results indicate that the ligand DMU is involved in the hypothetical 
reaction of the Yestervin protein as it has interactions with the catalytic 
triad of amino acids typical of the Yestervin protein. The DMU ligand is only 
SUHVHQW�LQ���FXUUHQWO\�NQRZQ�K\GURODVHV��EXW�WKH�VLJQL¿FDQW�DOLJQPHQW�ZLWK�
the expected amino acid residues at the active site suggests that the ligand 
is involved in this hypothetical hydrolase reaction. In conclusion, both TLA 
DQG�'08�KDYH�VLJQL¿FDQW�ELQGLQJ�DI¿QLWLHV�XQGHU����DQG�KDYH�VLJQL¿FDQW�
overlap with the expected amino acid residues, showing that they bind to 
WKH�H[SHFWHG�DFWLYH�VLWH��7/$�KDV�D�OHVV�VLJQL¿FDQW�ELQGLQJ�DI¿QLW\�DQG�RQO\�
binds to 2 of 3 expected amino acid residues, but is a prevalent ligand 
in hydrolases, which is the expected reaction for the Yestervin protein as 
<HVWHUYLQ�LV�D�K\GURODVH��7KH�OLJDQG�'08�KDV�D�PRUH�VLJQL¿FDQW�ELQGLQJ�
DI¿QLW\�DQG�ELQGV�WR�DOO���RI�WKH�H[SHFWHG�DPLQR�DFLG�UHVLGXHV��:KLOH�LW�LV�
QRW�RIWHQ�IRXQG�LQ�K\GURODVHV��WKH�ELQGLQJ�DI¿QLW\�DQG�DPLQR�DFLG�UHVLGXH�
interactions suggest that it is an important ligand for the Yestervin reaction.

Figure 5:�3\U[�$XWRGRFNLQJ�RI�WZR�OLJDQGV�WKDW�KDG�VLJQL¿FDQW�ELQGLQJ�ZLWK�
protein 5Z01. Ligands DMU, and TLA structures from the PDB were provid-
HG�DQG�WKHLU�ELQGLQJ�DI¿QLWLHV�LQGLFDWHG�WKH\�ELQG�VLJQL¿FDQWO\�WR��=���DV�WKH\�
KDYH�D�ELQGLQJ�DI¿QLW\�XQGHU�����%RWK�'08�DQG�7/$�VKDUH�WKH�VDPH�DFWLYH�
site. Both DMU and TLA are found within the same active site and interact 
with expected amino acids within that active site. The ligand DMU (left side in 
blue) interacts with all three amino acid residues (Ser 106, His 270, Asn 176 
in pink) attached to the green carbon backbone, while TLA (right side in blue) 
only interacts with two of the active site residues (Ser 106, Asn 176 in pink).

3URWHLQ�SXUL¿FDWLRQ�VXFFHVVIXOO\�SXUL¿HG�WDUJHW�SURWHLQ�\INQ
Following Autodocking experiments, where the protein active site and 
DPLQR�DFLG�UHVLGXHV�ZHUH�LGHQWL¿HG�DQG�REVHUYHG��WKH�SURWHLQ�\INQ�ZDV�
SXUL¿HG�LQ�VROXWLRQ�IRU�IXUWKHU�LQYHVWLJDWLRQ�LQWR�<HVWHUYLQ¶V�XQNQRZQ�IXQF-
tion. The protein yfkn replaces Yestervin for this experiment as yfkn was 
WKH�FORVHVW�DYDLODEOH�SURWHLQ�WR�<HVWHUYLQ�WKDW�ZDV�SXUL¿HG�E\�'U��:LOOLDP�
&RQUDG��7KH�JRDO�RI�WKH�SURWHLQ�SXUL¿FDWLRQ�H[SHULPHQW�LV�WR�WUDQVIRUP�
E. Coli with plasmid expressing yfkn, then purify the protein from the 

Figure 4:�'DOL�*OREDO�$OLJQPHQW�UHVXOWV�VKRZLQJ�VLJQL¿FDQW�FDUERQ�EDFN-
bone and active site matching between Yestervin and proteins 5Z01-A and 
�7<;�%��$OO� WKUHH�SURWHLQV� ��=���$���7<;�%���,1-�$��ZHUH�FRPSDUHG� WR�
Yestervin through protein superposition. The blue ribbons represent over-
lap between the protein in question and Yestervin. The orange ribbons rep-
resent the protein in the database that doesn’t overlap with Yestervin, while 
the green ribbons represent Yestervin structures that don’t overlap with the 
proteins in the database. The green balls within image represent Yestervin 
ligands not found on query proteins. After sequential comparisons, Protein 
5Z01-A and 3TYX-B were found to be good matches with 2 out of 3 active 
VLWH�DPLQR�DFLGV�EHLQJ�FRQVHUYHG��3URWHLQ��,1-�$�ZDV�GHWHUPLQHG�QRW�WR�EH�
D�JRRG�¿W�EHFDXVH�RI�WKH�ODFN�RI�RYHUODS�EHWZHHQ�<HVWHUYLQ�DQG��,1-�$�DFWLYH�
site amino acids. Red letters show amino acids conserved between Yester-
vin and query protein while black letters show amino acids that are not con-
served. The highlighted amino acids are the active site residues in Yestervin.

Pyrx Autodocking show ligands DEU and TLA binding to expected 
active site in protein 5Z01
Following Dali Global alignment matches, the ligands involved in the po-
tential Yestervin reaction were found. The goal of this Autodock experiment 
ZDV� WR� GHWHUPLQH� VSHFL¿F� OLJDQGV�VXEVWUDWHV� WKDW� ELQG� WR� <HVWHUYLQ� DQG�
possibly play a role in the enzymatic reaction. The ligand binding of the 
Murein Tetrapeptide Carboxypeptidase 5Z01 was used to provide conclu-
sive results into what the ligands are involved in the hypothetical reaction 
of the protein of interest Yestervin. The protein Yestervin was unable to be 
used for this experiment, as the AutoDock program was unable to load the 
protein into the program. As a result, protein 5Z01 was used, as it was the 
EHVW�¿W�SURWHLQ�IRXQG�LQ�WKH�'DOL�VHTXHQFH�ZKLFK�FRPSDUHG�FDUERQ�EDFN-
bones of the proteins. This switching of the protein being observed led to 
changes in the expected amino acid residues involved in the ligand bind-
ing. The Yestervin protein had an active site composed of His 285, Glu 217, 
and Ser 115. However, in protein 5Z01, the Glu 217 was not conserved and 
instead had an Asn at that site. Therefore, we would expect ligands to bind 
with or near a His, Asn, and Ser amino acid (Figure 5).  Protein 5Z01 had 
WKH�JUHDWHVW�DI¿QLW\�IRU�OLJDQGV�'08�DQG�7/$��ZLWK�ELQGLQJ�DI¿QLW\�RI������
and -4.9, respectively (Figure 5). The ligands DMU, TLA shared the same 
binding site on protein 5Z01 and share similar amino acid residue interac-
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E. Coli using the HOOK 6X His Protein Spin protocol which performs 
UDSLG�SXUL¿FDWLRQ�RI��;�+LV�WDJJHG�SURWHLQV�IURP�EDFWHULDO�FXOWXUHV��7R�
accomplish this goal, a His protein Spin protocol was implemented in 
ZKLFK�D�¿JXUH�VKRZLQJ�WKH�H[SHFWHG�N'D�IRU�HDFK�SURWHLQ�ZDV�FUHDWHG�
DQG�WKHQ�WKH�SURWHLQ�RI�LQWHUHVW�ZDV�SXUL¿HG�ZLWK�QLFNHO�FKHODWLQJ�UHVLQ�WR�
HOXWH�DQG�SXULI\�WKH�SURWHLQ��3URWHLQ�\INQ�ZDV�SXUL¿HG�LQ�D����ODQH�����
gel and took up lanes 9-15. The expected results would show protein 
\INQ�DW�DSSUR[LPDWHO\����N'D�DQG�ZRXOG�VKRZ�SXUH�SXUL¿FDWLRQ�LQ�WKH�ODVW�
elution fraction. The protein yfkn shows a band in between 75-100 kDa, 
which is the expected result as protein yfkn has a molecular weight of 
80 kDa. Figure 6 shows protein yfkn solution running through a 15 lane 
16% tricine gel. The protein lysate lane shows an abundant presence of 
\INQ��7KLV�DEXQGDQFH�RI�\INQ�FDXVHV�EDQGV�WR�DSSHDU�LQ�WKH�ÀRZ�WKURXJK�
and wash lanes (Figure 6). These results occur because there is such 
an abundance of protein that there is not enough nickel to bind to within 
the column, and thus some of the protein cannot bind to the column and 
is washed out. The elution trials show a strong band at 80 kDa, which 
VKRZV�WKH�DSSHDUDQFH�RI�\INQ�EXW�WKH�¿UVW�WZR�HOXWLRQV�VKRZ�D�SURWHLQ�DW�
10-15 kDa. Elution 3 shows the protein yfkn pure within its fraction, which 
is the expected result (Figure 6). In conclusion, the protein yfkn was puri-
¿HG�LQ�WKH�¿QDO�HOXWLRQ�WULDO�DV�WKH�EDQG�DW����N'D�LQ�WKH�HOXWLRQ���IUDFWLRQ�
indicates that the only protein present within that fraction is the protein 
\INQ��7KLV�PHDQV�WKDW�WKH�SURWHLQ�ZDV�VXFFHVVIXOO\�SXUL¿HG�DQG�WKXV�FDQ�
be examined further in future experiments.

)LJXUH� ��� 3URWHLQ� 3XUL¿FDWLRQ� JHO� IRU� SURWHLQ� \INQ� XVLQJ� WKH� +22.� �;�
+LV� 3URWHLQ� 6SLQ� SURWRFRO� ZKLFK� SHUIRUPV� UDSLG� SXUL¿FDWLRQ� RI� �;� +LV�
tagged proteins from bacterial cultures. Lanes 2-8 show the successful 
SXUL¿FDWLRQ�RI��2��� WKDW�ZDV�XVHG�DV� WKH�SRVLWLYH�FRQWURO� IRU�SURWHLQ�NL-
QHWLFV�H[SHULPHQWV��/DQHV������VKRZ�VLJQL¿FDQW�SRUWLRQV�RI�SXUL¿HG�SUR-
WHLQ�\INQ�ZLWK�VLJQL¿FDQW�EDQGV�ZLWKLQ�WKH�SURWHLQ�O\VDWH�ODQH�HDFK�HOXWLRQ�
WULDO� DW� WKH�H[SHFWHG����N'D��6R�PXFK�\INQ�ZDV�SXUL¿HG� WKDW� WKHUH�ZDV�
QRW� HQRXJK� URRP� IRU�DOO� SXUL¿HG�SURWHLQ� WR�ELQG�� H[SODLQLQJ� WKH�EDQG�RQ�
WKH�ÀRZ�WKURXJK��7KH�UHG�ER[HV�VKRZ�WKH�ODQHV�ZKHUH�\INQ�ZDV�SXUL¿HG�

Protein yfkn demonstrated no activity in enzymatic assay when com-
pared to positive control 2O14
$IWHU�VXFFHVVIXO�SXUL¿FDWLRQ�RI�ERWK�SURWHLQ��2���DQG�\INQ��ERWK�SURWHLQV�
were added to an enzyme activity assay in order to determine protein kinet-
ic values such as Vmax, Km, and Kcat among other values. The goal of this 
experiment was to quantify both proteins’ enzymatic activity with the values 
RI�9PD[��.P��.FDW��7KH�WHFKQLTXH�LQYROYHG�LQFOXGHG�DGGLQJ�ERWK�SXUL¿HG�
proteins into a 10mM PNPA solution and watching for changes in color of 
the solution. The color changes were measured in absorbance, which in-
GLFDWHG�HQ]\PDWLF�DFWLYLW\�DQG�ZDV�XVHG�WR�FDOFXODWH�DOO�¿JXUHV�DQG�YDOXHV�
for both proteins. The expected results for each protein were that a Vmax, 
Km, and Kcat value would be calculated, and that the proteins would have 
TXDQWL¿HG�HQ]\PDWLF�DFWLYLW\�YDOXHV��)RU�WKLV�H[SHULPHQW��WKH�GLVFXVVLRQ�RI�
protein 2O14 will be used as a positive control to indicate that enzymatic 
assay errors or other variables are not what caused the results for protein 
yfkn. For protein 2O14, enzymatic activity was determined through the as-
say’s absorbance calculations and initial velocity, Michaelis-Menten, and 
Lineweaver-Burke plots were used to quantify this enzymatic activity. The 
initial velocity plot for protein 2O14 demonstrates that as substrate concen-
tration increased, the product concentration also increased (Figure 7). This 
increase in product as substrate increases demonstrates that enzymatic 
activity is present in the reaction. This initial velocity plot was followed by 
a Michaelis-Menten plot for protein 2O14. The Michaelis-Menten plot was 
calculated and further demonstrated enzymatic activity. The plot showed 
that as substrate concentration increased, so did the initial velocity of the 
reaction. The reaction did not meet a Vmax as the peak did not level off 
within the given substrate concentration range (Figure 7). This inability to 
distinguish Vmax and Km from the Michaelis Menten led to the produc-

tion of a Lineweaver-Burke plot. The Lineweaver-Burke plot demonstrated 
quantitative values that allowed for the calculations of Vmax and Km. The 
lineweaver-burke plot demonstrated a y-intercept of 0.0415, which was 
used to calculate a Vmax value of 24.1 (Figure 7). This high Vmax ex-
plains why the Vmax was not seen on the Michaelis-Menten graph as the 
graph did not go as high as 24 for the initial slope. The slope of the plot 
was found to be .1238, which was used to calculate a Km value of 2.98 
since slope=Km/Vmax. The Vmax and Km values demonstrate that there 
is indeed enzymatic activity for protein 2O14. From these two values, the 
Kcat which is the turnover number, or the number of substrate molecules 
each enzyme site converts to product per unit of time, was found to be 
4075361, demonstrating that the 2O14 protein is a catalytic enzyme within 
WKH�DVVD\��(Q]\PH�HI¿FLHQF\�ZDV�GHWHUPLQHG�WR�EH����������GHPRQVWUDW-
LQJ� WKDW��2��� LV�DQ�HI¿FLHQW�HQ]\PH��7KH�XQLWV�RI�PLFUROLWHU�SHU�HQ]\PH�
and activity of enzyme were found to be 0.00241 and .120 respectively, fur-
ther quantifying the enzymatic activity of 2O14. The assay was effective in 
determining protein kinetic values for protein 2O14, and thus showed that 
protein 2O14 is indeed able to catalyze the hydrolysis reaction of PNPA. 
The Vmax, Km, and Kcat values give a quantitative measure of the protein 
2O14’s enzymatic function, which were used as a positive control for the 
experimental protein yfkn.
For the protein yfkn, the results showed that the protein had no enzymatic 
activity within the assay. The protein yfkn was used instead of the Yestervin 
protein because of restraints in time and the availability of protein yfkn as a 
SXUL¿HG�SURWHLQ��3URWHLQ�\INQ�ZDV�WKH�FORVHVW�SURWHLQ�DYDLODEOH�WR�<HVWHUYLQ�
and was thus used as a substitute for Yestervin. The protein yfkn showed 
no enzymatic activity within a PNPA assay as shown in Figure 7. The initial 
velocity plot shows that there is no enzymatic activity as there is no product 
formation no matter how much substrate is present in the system (Figure 7). 
This lack of increases in product as the substrate increases demonstrates 
that there is no enzymatic activity for protein 3GVE in the PNPA assay. The 
0LFKDHOLV�0HQWHQ�JUDSK�IRU�SURWHLQ��*9(�IXUWKHU�FRQ¿UPV�WKHVH�¿QGLQJV�
(Figure 7). The Michaelis-Menten graph shows no consistent increase in 
initial velocity with substrate. This inconsistent trend further demonstrates 
that there is no enzymatic activity for 3GVE in the current assay. The line-
ZHDYHU�EXUNH�SORW�ZDV�XQDEOH�WR�¿QG�D�GLVWLQJXLVKDEOH�9PD[��.P��RU�DQ\�
protein kinetic values (Figure 7). The lineweaver-burke had a negative 
slope and no distinguishable y-intercept meaning that protein kinetic val-
ues like Vmax, Km, and Kcat were not distinguishable. These inconclusive 
graphs lead to the conclusion that protein 3GVE is not involved in hydroly-
sis and may be a catalyst for other reactions. The current hydrolysis assay 
shows no function for protein 3GVE, and thus we can conclude that protein 
3GVE is not a catalyst for the PNPA hydrolysis reaction and may be a 
catalyst for other types of reactions. Different assays with differing reac-
tions should be performed in order to determine protein 3GVE’s function 
and its protein kinetic quantitative measures such as Vmax, Km, and Kcat.

Figure 7:
Comparison of protein kinetic measures between positive control protein 
2O14 and protein yfkn. The enzymatic assay where hydrolysis of PNPA 
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occurred was used for both proteins, and absorbance values were used to 
determine protein kinetic values. Protein 2O14 provides a positive control, 
showing the expected initial velocity, Michaelis-Menten, and Lineweav-
er-Burke plot from which kinetic values like Vmax and Km were derived. 
The initial velocity plot looked at product concentration in mM over a given 
time within the reaction system. This allowed for initial velocities measures 
to be calculated which were used to create the Michaelis-Menten and 
Lineweaver-Burke plots. Protein yfkn showed no activity as evident from 
its initial velocity plot and thus kinetic values were unable to be derived.

Discussion
Using all the data from the different bioinformatic tools, the hypothesis that 
Yestervin is an LD- Carboxypeptidase can be supported. The PyMol active 
site analysis implicated Yestervin as either belonging to EC class 3.1 or 
3.4, while also suggesting the possibility of a Ser-His-Glu catalytic triad 
through the amino acid residue comparison between Yestervin and 2ace. 
The sequential comparison through BLAST/SMART BLAST indicated Yes-
tervin was likely a LD Carboxypeptidase belonging to the Peptidase_S66 
superfamily while further supported the presence of a Ser-His-Glu cata-
lytic triad through catalytic triad conservation among different bacteria 
species with similar sequences as Yestervin. Running Yestervin through a 
'DOL�*OREDO�DOLJQPHQW�IRXQG�D�VLJQL¿FDQW�FDUERQ�EDFNERQH�PDWFK�ZLWK�WKH�
Murein Tetrapeptide Carboxypeptidase protein 5Z01, which further sup-
ports the hypothesis that Yestervin is a LD carboxypeptidase. The protein 
�=���DOVR�KDG�VLJQL¿FDQW�RYHUODS�ZLWK�WKH�DFWLYH�VLWH�DPLQR�DFLG�UHVLGXHV�
in Yestervin. The protein 5Z01 was used in Pyrx autodocking and showed 
that ligands DMU and TLA bind within the expected active site and inter-
act with the expected Ser-His-Glu catalytic triad (in the case of 5Z01, the 
Glu was replaced with an Asn meaning the catalytic triad observed was 
a Ser-His-Asn triad). The ligand TLA is a very common ligand among hy-
drolases, with involvement in 110 known hydrolase proteins. With the TLA 
ligand being so common in hydrolases along with the interaction with the 
expected active site, it can be concluded that TLA is an important ligand 
involved in the hypothetical reaction of the Yestervin protein. A possible 
function for the ligand TLA in Yestervin is the function of inhibitor. The TLA 
molecule shown in Figure 5 shows that the TLA has two carboxy groups 
but no amine group. This presence of no amine group means the cleav-
ing of L and D amino acids by Yestervin would not be possible as there 
is no amine group that connects to a carboxy group that would thus be 
cleaved by Yestervin. The Yestervin protein was then replaced by simi-
ODU�SURWHLQ�\INQ�GXH� WR� WKH�XQDYDLODELOLW\�RI�<HVWHUYLQ��ZKLFK�ZDV�SXUL¿HG�
through the HOOK 6X His Protein Spin protocol as it showed up at the 
H[SHFWHG����N'D�ZLWKLQ�WKH����ODQH�����WULFLQH�JHO���7KH�SXUL¿HG�SURWHLQ�
yfkn was unable to be accurately assessed for protein kinetic measures 
due to inactivity within the assay used. The positive control of 2O14 did 
show activity, meaning the lack of activity of yfkn was not due to a sys-
tematic error, but rather that yfkn did not react with PNPA in the assay. All 
RI�WKHVH�NH\�¿QGLQJV�VXSSRUW�WKH�K\SRWKHVLV�WKDW�<HVHWHUYLQ�LV�LQGHHG�DQ�
LD-Carboxypeptidase within biological systems. The Ser-His-Glu catalytic 
triad within Yestervin acts to cleave L and D amino acids through the follow-
ing reaction mechanism (mechanism derived from Wieczorek et al. 2017):

The results showing the Ser-His-Glu catalytic triad within Yestervin sup-

port the hypothesis that Yestervin is an LD-Carboxypeptidase as well. 
A review of different serine proteases showed that a Ser-His-Glu triad 
has been found in the LD-Carboxypeptidase (PDB: 1ZRS) within the 
organism Pseudomonas Aeruginosa, which is the same organism Yes-
tervin has been found in (Korza & Bochtler 2005) (Ekici et al. 2008). 
With the protein 1ZRS being an LD-Carboxypeptidase within the same 
organism as Yestervin and containing the same Ser-His-Glu catalyt-
ic triad as Yestervin, the hypothesis that Yestervin is a LD-Carboxypep-
tidase just like 1ZRS can be concluded from the research performed in 
this study along with the research from other studies previously cited.
The Yestervin protein has the potential to be an alternative protein than 
the suggested LD-Carboxypeptidase. The PyMol active site alignment 
suggested the possibility that Yestervin belongs to EC class 3.1. The LD 
Carboxypeptidases belong to EC class 3.4, while EC class 3.1 are es-
terases that cleave ester bonds. The PyMol bioinformatic program sug-
gests the possibility of Yestervin belonging to the class of esterases, as 
��RI� WKH���EHVW�¿W�DFWLYH�VLWV�EHORQJ� WR�SURWHLQV� WKDW�DUH�NQRZQ�HVWHUDV-
es. These results can be explained by the similarities between esteras-
es and peptidases. Both enzymes use hydrolysis to break bonds within 
proteins. Both of them belong to the same EC class, meaning both are 
hydrolases in nature. Therefore, it is possible that there is some overlap 
between the amino acid residues between esterases and peptidases as 
they both cleave bonds because they are both hydrolases. The Dali glob-
al alignment also suggests the possibility that Yestervin could be a Mi-
crocin immunity protein MCCF. This immunity protein that matched with 
<HVWHUYLQ�VKRZHG�VLPLODU�=�VFRUH�YDOXHV�ZLWK�WKH�'DOL�EHVW�¿W�0XUHLQ�FDU-
boxypeptidase (33.3 vs 33.6 respectively) and higher RMSD values than 
the matched carboxypeptidase (2.3 vs 2.1 respectively). Both Dali protein 
matches also have two matching active site residues, with the Glu active 
VLWH�DPLQR�DFLG�QRW�EHLQJ�FRQVHUYHG�LQ�ERWK�FDVHV��)URP�WKHVH�¿QGLQJV��
it is plausible to consider an alternate function of Yestervin as an immuni-
W\�SURWHLQ� LQ�ELRORJLFDO�V\VWHPV��7KH�UHDVRQ� IRU� WKHVH�¿QGLQJV�KDV� WR�GR�
with the similar functions between Microcin immunity proteins and Car-
boxypeptidases. Uniprot analysis of the Microcin immunity protein indicat-
ed it had molecular functions indicative of hydrolase activity, which is the 
same molecular function as a carboxypeptidase. The biological process of 
these Microcin immunity proteins is to support bacteriocin immunity. Bac-
teriocin immunity is the resistance to bacteriocins, which are polypeptide 
antibiotics that could harm bacteria. This bacteriocin immunity is similar 
to carboxypeptidases’ role in the ampC mechanism, which is a mecha-
nism for antibiotic resistance in bacteria. The role of carboxypeptidases in 
antibiotic resistance is further discussed in future studies. Both the Micro-
cin immunity protein and carboxypeptidases have similar hydrolase mo-
lecular functions, and both play a role in antibiotic resistance in bacteria. 
These similarities between the two proteins can explain why Yestervin had 
results that suggested the protein may be a Microcin immunity protein.
7KH�GDWD� IURP�WKHVH�H[SHULPHQWV�FRXOG�EH�UH¿QHG�RQ�D�PXOWLWXGH�RI�GLI-
ferent fronts. The data obtained from the Pyrx Autodocking lab used the 
protein 5Z01 which was a known protein with the function of a Murein Tet-
rapeptide carboxypeptidase. This caused the amino acid residues within 
the active site to change when looking at ligand binding through Autodock 
�*OX� UHVLGXH�FKDQJHG� WR�$VQ���$�EHWWHU� UH¿QHPHQW�RI� WKH�GDWD�ZRXOG�EH�
using Yestervin within the Pyrx program to show how the ligands interact 
with the Ser-His-Glu catalytic triad instead of looking at how the ligands
using Yestervin within the Pyrx program to show how the ligands inter-
act with the Ser-His-Glu catalytic triad instead of looking at how the li-
JDQGV� LQWHUDFW� ZLWK� D� VLPLODU� 6HU�+LV�$VQ� FDWDO\WLF� WULDG��$QRWKHU� UH¿QH-
PHQW� RI� WKH� GDWD� ZRXOG� EH� XVLQJ� <HVWHUYLQ� ZLWKLQ� WKH� SXUL¿FDWLRQ� DQG�
protein kinetic studies. A limitation of this study was the unavailability of 
<HVWHUYLQ�ZLWKLQ�VROXWLRQ� WKDW� FRXOG�EH�SXUL¿HG�� ,QVWHDG�� WKH�SURWHLQ�\INQ�
was used, which is a different EC class compared to Yestervin and has 
a completely different structure when compared to Yestervin. The protein 
yfkn has an EC class of 3.1, which means it is an esterase, while Yes-
tervin has an EC class of 3.4, which is the class of peptidases. The use 
of yfkn was out of availability and thus the results were different than if 
<HVWHUYLQ� ZDV� SXUL¿HG�� <HVWHUYLQ� FRQWDLQV� D� GLIIHUHQW� N'D� DQG� S,� YDOXH�
than yfkn and may have reacted differently than yfkn acted within the 
protein kinetic assay. The lacking availability of Yestervin and the use of 
WKH�GLIIHUHQW�SURWHLQV��=���DQG�\INQ� LQ� WKH�$XWRGRFNLQJ��SURWHLQ�SXUL¿FD-
tion, and protein kinetics experiments is a glaring limitation of this study. 
In future studies, the Pyrx program will be run using Yestervin and Yester-
YLQ�ZLOO�EH�SXUL¿HG��DQG�WKH�NLQHWLFV�RI�WKH�SURWHLQ�ZLOO�EH�DQDO\]HG�WR�SUR-
vide further evidence that supports or refutes the hypothesis that Yestervin 
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is an LD-Carboxypeptidase. This future study would be performed using 
all the same methods as previously described within this report, but the 
protein Yestervin would be used in all experiments instead of substitute 
proteins like 5Z01 and yfkn. The expected results would be that the pro-
tein Yestervin is indeed a LD-Carboxypeptidase in all experiments. Another 
future study revolves around the ligand TLA, which was implicated to act 
as an inhibitor to Yestervin’s active site. TLA will be further studied and 
its function within the active site will be determined. This study would be 
performed using an assay with TLA present in the assay. The TLA would 
bind to the Yestervin protein and the activity of Yestervin would be ana-
lyzed in a similar fashion seen in the protein kinetics experiment. A pos-
itive control would be used to ensure that the system was not the issue. 
The expected results would be that TLA is indeed an inhibitor because its 
structure with two carboxyl groups indicate it cannot partake in the LD-Car-
boxypeptidase proposed mechanism. If TLA was found to be an inhibitor 
from these experiments, more studies would need to be performed look-
ing into the application of TLA during Pseudomonas aeruginosa infections. 
The LD-Carboxypeptidases within Pseudomonas aeruginosa act to recycle 
peptidoglycan. If TLA is implicated to be an inhibitor of Yestervin, future 
VWXGLHV�FRXOG�EH�FHQWHUHG�DURXQG�7/$¶V�UROH�LQ�PHGLFDO�LQWHUYHQWLRQ�¿JKWLQJ�
Pseudomonas aeruginosa infections by stopping peptidoglycan recycling 
leaving the bacteria vulnerable and weakened. The ligand DMU should 
also be investigated in future studies to see if it acts as a substrate for the 
Yestervin active site. This would be performed in a similar fashion to the 
future study regarding the ligand TLA. There are no current expected re-
sults, as DMU is a rare ligand within hydrolases and its function within the 
active site is currently unknown. This unknown interaction between DMU 
and Yestervin active site amino acid residues is the reason that this future 
study should be performed, as there is a gap in knowledge that needs to 
EH�¿OOHG��$QRWKHU�IXWXUH�VWXG\�VKRXOG�IRFXV�RQ�WKH�SRWHQWLDO�RI�SKDUPDFHX-
tical manipulation of Yestervin activity. The importance of understanding 
KRZ�WR�PDQLSXODWH�<HVWHUYLQ�LV�ODUJH�DV�LW�KDV�LPSOLFDWLRQV�IRU�¿JKWLQJ�DQ-
tibiotic resistant bacteria. Carboxypeptidases within bacteria play a role in 
antibiotic resistance, as their presence leads to decreased expression of 
ampC. The expression of ampC  is an important mechanism involved in 
developing antibiotic resistance in bacteria. Therefore, the presence of a 
carboxypeptidase could lead to a mechanism of using carboxypeptidases 
to combat drug resistance in bacteria (Xu et al. 2020). The hypothesis that 
Yestervin is an LD-Carboxypeptidase has been supported by multiple bio-
informatic tools and previous studies, meaning that Yestervin can be fur-
ther studied and possibly targeted for medical interventions that could save 
thousands of lives from in hospital antibiotic resistant infections that often 
end fatally. Antibiotic resistance bacteria are an impending global health 
crisis that could cause major problems in the future. Studying Yestervin, 
its role within antibiotic resistance bacteria, and how it can be manipulated 
to weaken antibiotic resistant bacteria is necessary research that could 
be the beginning of solving the major issue of antibiotic resistant bacteria.


