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Abstract
Gm-ha1 is a protein of unknown function with the PDB ID: 4RNL. This 
protein is found in Streptomyces platensis, which is a bacteria species that 
produces two highly effective antibiotics. Despite the protein being of un-
known function, it is hypothesized that this protein functions as a galactose 
mutarotase. Galactose mutarotase, also known as an aldose-1-epimerase, 
LV�DQ�HQ]\PH�WKDW�FRPPLWV�WKH�¿UVW�VWHS�LQ�WKH�PHWDEROLVP�RI�JDODFWRVH��,Q�
order to investigate the function of gm-ha1, various bioinformatic methods 
were used. ProMOL revealed that gm-ha1 had a homologous active site 
to PDB: 1snz, which is a human galactose mutarotase enzyme. Moreover, 
Pfam showed that gm-ha1 had conserved residues with the aldose-1-epi-
merase family and likely had a similar sequence to other proteins in that 
family. Further, Dali showed gm-ha1 had a high level of global alignment 
with other aldose-1-epimerase enzymes. Besides, Autodock and PyMOL 
showed that NAD was most likely an important ligand in relation to gm-ha1 
HQ]\PH�FDWDO\VLV��/DVWO\��SXUL¿FDWLRQ�ZDV�SHUIRUPHG�RQ�D�GLIIHUHQW�SURWHLQ�
�F�RUI����DQG�FRQ¿UPHG�WKH�SUHVHQFH�RI�SXUL¿HG�SURWHLQ�LQ�WKH�JHO��+RZHY-
er, the kinetics experiment of the same protein proved that the data was in-
valid and could not be used in this study. The bioinformatic data obtained in 
this study do not reject the hypothesis that gm-ha1’s function as a galactose 
mutarotase enzyme. This was expected according to the data of the PDB 
SUR¿OH�RI�JP�KD���7DQ�HW�DO���������,I�WKH�IXQFWLRQ�RI�JP�KD��LV�FRQ¿UPHG��
it can give more knowledge of the Streptomyces platensis bacteria strain 
which can ultimately result in increased production of important antibiotics.
Introduction
The galactose mutarotase enzyme is a common protein found in both pro-
karyotes and eukaryotes. It is essential for the metabolism of galactose as 
LW�FRQYHUWV�EHWD�'�JDODFWRVH�WR�DOSKD�'�JDODFWRVH��ZKLFK�LV�WKH�¿UVW�VWHS�LQ�
normal galactose metabolism. This interchange can occur spontaneously 
in pure water in vitro, but organisms require the enzyme to perform this 
conversion in vivo because this reaction requires catalysis (Bouffard et al. 
1994). In Escherichia Coli, galactose mutarotase is coded in the gal operon. 
This operon is induced by D-galactose, which indicates that the galactose 
mutarotase has some importance when D-galactose is present (Lee et al. 
�������*DODFWRVH�PXWDURWDVH�LV�HVVHQWLDO�IRU�PDQ\�SURNDU\RWLF�FHOOV�DV�JD-
lactose is an abundant sugar and an excellent source of energy for bacteria.
The PDB ID: 4RNL protein is found in Streptomyces platensis and is pro-
SRVHG�WR�EH�D�JDODFWRVH�PXWDURWDVH��+RZHYHU��WKLV�KDV�QRW�EHHQ�FRQ¿UPHG�
DV�LWV�IXQFWLRQ�LV�XQNQRZQ��7DQ�HW�DO���������,W�PD\�SURYH�EHQH¿FLDO�WR�XQ-
derstand the function of the proteins in Streptomyces platensis as this spe-
cies has a very important use in society. Streptomyces platensis is respon-
sible for producing two key antibiotics, platensimycin and platencin. These 
two antibiotics have been shown to be effective against bacteria strains, 
such as MRSA and Streptococcus pneumoniae, that have developed resis-
WDQFH�WR�PDQ\�DQWLELRWLFV��)DO]RQH�HW�DO���������6RPH�UHVHDUFKHUV�H[SHUL-
mented and found a way for Streptomyces platensis to overproduce these 
WZR�DQWLELRWLFV�WHQIROG�WKH�QRUPDO�DPRXQW��6PDQVNL�HW�DO���������/HDUQLQJ�
KRZ�WR�RYHUSURGXFH�DQWLELRWLFV�LV�D�KXJH�EHQH¿W�WR�WKH�PHGLFDO�¿HOG�DV�DQ-
tibiotics are in high demand, especially potent ones such as platensimycin 
DQG�SODWHQFLQ��6PDQVNL�HW�DO���������$�VWXG\�WKDW�HQGHDYRUHG�WR�GHWHUPLQH�
the nutrients that increase Streptomyces platensis growth used a medium 
with high levels of glucose and lactose, which had growth of the bacteria on 
it. This indicates that Streptomyces platensis most likely utilizes galactose 
in its metabolism and growth. Therefore, determining the function of this 
SURWHLQ�PD\�SURYH�EHQH¿FLDO�IRU�SURYLGLQJ�PHGLD�IRU�FXOWXULQJ�Streptomyces 
platensis. The protein was not named, so in this manuscript, the protein 
ZLOO�EH�FDOOHG�JP�KD���+RZHYHU��WKLV�VWXG\�IRFXVHG�RQ�WKH��51/�$�FKDLQ�
for all sections of this report, so this name will be used when necessary.
The original gm-ha1 study used E. coli which is one of the most common 
bacteria used for biochemical studies. One experiment had cloned the 

mutarotase gene of Acinetobacter calcoaceticus, which is another type of 
bacteria. This was performed by a complicated process of purifying the 
proteins, creating probes for the gene, cloning the gene, inserting the gene 
into a plasmid, and inserting the plasmids into E. coli (Gatz et al. 1986). 
In theory, this same process should be able to be performed on Strepto-
myces platensis to produce the same resulting E. coli with the mutarotase 
gene present. Another study that examined the mechanisms of galactose 
PXWDURWDVH� KDG� LGHQWL¿HG� WKH� DPLQR� DFLGV� DQG� WKHLU� SRVLWLRQV� WKDW� DUH�
FUXFLDO� LQ�SHUIRUPLQJ� WKH�PXWDURWDVH� IXQFWLRQV��)RU�H[DPSOH�� LW� LGHQWL¿HG�
WKDW�*OX�����DQG�+LV�����DUH� WKH�NH\�SHSWLGHV� IRU� FDWDO\VLV� �7KRGHQ�HW�
DO�� �������7KH� VHTXHQFH� RI� WKH� �51/� VWUXFWXUH� LV� OLVWHG� LQ� WKH�3'%�� VR�
perhaps the sequence can be examined to see if the key peptides listed 
in this study are present in the same location in gm-ha1. We hypothe-
size that the gm-ha1 protein functions as a galactose mutarotase enzyme.

Methods and Materials
PyMOL/ProMOL
ProMOL was used for examining the active site homologs for protein gm-
ha1 as a plugin for PyMOL. 4RNL-A was examined by using the Motif 
Finder in ProMOL and searching”4RNL” in the query box. The template 
libraries selected were A set and P set. A list of structural homologs came 
up and the protein that had the lowest RMSD value was selected because 
this was the closest active site structural match. Important data were ob-
tained such as the Levenshtein distance, EC class, and the RMSD value. 
This allowed a closer look at the homology of the two proteins because a 
Levenshtein distance of zero means that all of the residues of the active 
site homolog are found in the 4RNL-A. A low RMSD value means that 
the distance between the alpha and beta carbons are very close between 
WKH�WZR�VWUXFWXUHV��7KHVH�YDOXHV�ZHUH�DOO�FRQVLGHUHG�LQ�¿QGLQJ�WKH�FORVHVW�
active site alignment for gm-ha1. The full protocol is located in the stu-
dent guide in the Labarchives notebook at mynotebook.labarchives.com.
BLAST and Pfam
BLAST and Pfam were used to compare proteins with similar sequences 
to gm-ha1 to further the examination of the function of these proteins. For 
BLAST, the graphic summary and alignment were looked at and for Pfam, 
WKH�+00�ORJR�DQG�WKH�DOLJQPHQWV�ZHUH�XVHG��)RU�%/$67��WKH�)$67$�VH-
TXHQFHV�RI�WKH�32,V�ZHUH�VHDUFKHG�LQ�3URWHLQ�3URWHLQ�%/$67�WR�¿QG�WKH�
top “hits” of the proteins, or the proteins that had the best alignment scores. 
The E-values and percent identities of the top three hits for each POI were 
recorded. These matches can provide insight into the function of the POIs as 
the three matches have the function of the protein in the name, so this allows 
easy comparisons. A SmartBLAST search was used to compare the POIs 
to proteins in other organisms and the E-values and percent identities were 
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also compared to determine whether the other proteins were good matches. 
For Pfam, the sequence search option was used. This was performed by 
pasting in the FASTA sequence for the POIs. This search gave the super-
family the POIs most likely belonged to, which was selected to examine the 
+00��+LGGHQ�0DUNRY�0RGHO��ORJR�JUDSK��7KH�+00�ORJR�ZDV�XVHG�WR�GHWHU-
mine highly conserved amino acids, as it is a statistical algorithm that pre-
dicts the sequence based on previous data, which can be compared to the 
alignment of the sequences of the POIs. Peptides that appear large on the 
+00�ORJR�ZRXOG�EH�KLJKO\�FRQVHUYHG��VR�D�VPDOO�VHFWLRQ�ZRXOG�EH�FKRVHQ�LQ�
WKH�+00�ORJR�WR�FRPSDUH�DPLQR�DFLGV�UHVLGXHV��,Q�WKH�VHDUFK�UHVXOWV�SDJH�
of Pfam, there is an option to hide/show alignment, so this would be select-
HG�WR�VKRZ�WKH�DOLJQPHQW��DQG�WKH�DUHD�VHOHFWHG�IURP�WKH�+00�ORJR�ZRXOG�
be searched to determine whether the POI sequence showed these highly 
conserved amino acids. This is supporting evidence that the POIs belong 
to the families that they were listed in. The full protocol is located in the stu-
dent guide in the Labarchives notebook at mynotebook.labarchives.com.
DALI
Since protein structure is key to function, Dali was used to visualize and 
quantify the global alignments of the POIs and backbone structural homo-
logs to give insight into the function of the POIs. The PDB search was used 
by entering the PDB ID and chain letter of the POIs. This search was per-
IRUPHG�IRU�³�51/�$´��:KHQ�WKH�VHDUFK�ZDV�¿QLVKHG��WKH�³PDWFKHV�DJDLQVW�
full PDB” option was selected to observe the alignments against the entire 
POI structure. This option was selected because it compares the structure 
of the entire backbone of the protein minus the side chains. To view the 
structure comparisons, the “3D superimposition” was selected and the car-
toon image option was used for the screenshots in the table (Table 1). The 
active site residues were found on PDB and a few peptides in sequence 
were used to compile a search of the POI sequence active site against the 
structural homologs in order to determine whether the active sites were 
conserved among the homologs. These results, alongside  the z-score, 
RMSD, the length of the alignment (Lali), Nres, and % ID were all used to 
GHWHUPLQH�ZKHWKHU�WKH�KRPRORJV�ZHUH�DFWXDOO\�JRRG�¿WV�FRPSDUHG�WR�WKH�
32,��$OLJQPHQW�DQG�¿WQHVV�FDQ�EH�GHWHUPLQHG�WKURXJK�DQDO\]LQJ�]�VFRUHV�
DQG� /DOL� YDOXHV�� ZKHUH� JUHDWHU� YDOXHV� RI� HLWKHU�PHDVXUH� UHÀHFW� JUHDWHU�
DOLJQPHQW��([DPLQLQJ�WKH�IXQFWLRQV�RI�WKH�JRRG�¿W�KRPRORJV�JLYHV�LQVLJKW�
into the function of the POIs despite the fact that the side chains were not 
included in this search. The three proteins that were compared to gm-ha1 
ZHUH��61=�%���166�$��DQG��62��$��7KH�IXOO�SURWRFRO�LV�ORFDWHG�LQ�WKH�VWX-
dent guide in the Labarchives notebook at mynotebook.labarchives.com.
Autodock
7KLV�ODE�ZDV�VWDUWHG�E\�¿UVW�GRZQORDGLQJ�D��SGE�¿OH�RI�WKH�32,V�DQG�ORDG-
ing the molecules in PyRX. These molecules were made to be macro-
PROHFXOHV��ZKLFK�FRQYHUWV�WKH�¿OH�LQWR�D��SGETW��ZKLFK�LV�UHTXLUHG�IRU�$XW-
odock. The ligands were found by searching the EC class of the POIs 
����������LQ�3'%�DQG�VHOHFWLQJ�WKH�XQLTXH�OLJDQGV�WKDW�ZHUH�ODUJHU�LQ�VL]H�
WKDQ�VLQJOH�PROHFXOHV�RU� YHU\� VPDOO� VWUXFWXUHV��7KH�¿YH�VSHFL¿F� OLJDQGV�
chosen for this lab were 4QQ, MID, NAD, MIT, and MKY. These ligands 
ZHUH�GRZQORDGHG�DV�RQH�³LGHDO�6')´�¿OH�DV�WKLV�LV�FRPSDWLEOH�ZLWK�3\5;��
7KLV�¿OH�ZDV� LPSRUWHG� WR�3\5;��DQG� WKH� OLJDQGV�ZHUH�DOO�PLQLPL]HG�DQG�
ZHUH�FRQYHUWHG�WR��SGETW�¿OHV�WR�FRUUHFWO\�DXWRGRFN�WKH�OLJDQGV�WR�WKH�SUR-
WHLQ��7KH�OLJDQGV�ZHUH�GRFNHG�XVLQJ�9LQD�:L]DUG�LQ�3\5;�E\�¿UVW�FOLFNLQJ�
start under Vina Wizard. The ligands were selected, and the forward op-
tion was selected. Then, “analyze results” was selected to provide a list 
RI� WKH� OLJDQGV�DQG�WKHLU�506'�YDOXHV�WR�GHWHUPLQH�WKH�EHVW�¿W�PRGH�IRU�
HDFK� OLJDQG��ZKLFK�ZDV�PRGH��� IRU� DOO� OLJDQGV��7KH� OLJDQG�1$'B$B����
ZDV�VHOHFWHG�IRU�YLVXDOL]DWLRQ�EHFDXVH� LW�KDG�D�KLJK�ELQGLQJ�DI¿QLW\��7KH�
SURWHLQ�ZLWK� WKH�GRFNHG� OLJDQG�ZDV�VDYHG�DV�D� �SGE�¿OH� WR� LPSRUW� LW� LQWR�
PyMOL to compare the location of the ligand binding site to the active 
sites of the POIs. In PyMOL, the visualization settings were set to lines 
for the 4RNL-A structure and sticks for the ligand. The surface setting for 
4RNL-A did not work because the ligand could not be seen. To compare 
the active site and ligand binding site, the 4RNL-A had everything hidden 
except for the two active site residues and the ligand, which were both as 
sticks. This visualization allowed for easy comparison of ligand binding site 
and the active sites to determine if the ligands may play a role in catalysis 
of the reaction or is a substrate. The full protocol is located in the stu-
dent guide in the Labarchives notebook at mynotebook.labarchives.com.
3URWHLQ�3XUL¿FDWLRQ
&ROXPQ�SXUL¿FDWLRQ�LV�XVHG�WR�LVRODWH�D�SXUL¿HG�SURWHLQ�RI�LQWHUHVW��ZKLFK�
DOORZV�WKH�SURWHLQ�WR�EH�PDQLSXODWHG�IRU�IXWXUH�H[SHULPHQWV��7KH�SXUL¿FD-
WLRQ� XVHG� LQ� WKLV� H[SHULPHQW� IROORZHG� WKH�+RRNTm G-Biosciences protein 

SXUL¿FDWLRQ� VSLQ� FROXPQ� SURWRFRO�� 7KH� EDFWHULD� ZHUH� O\VHG�ZLWK� %DFWHUL-
al PE LB™ and PE LB��/\VR]\PH�VR� WKDW� WKH��;�+LV� WDJJHG�SURWHLQV�
ZHUH� DFFHVVLEOH�� 7KH� WDJJHG� SURWHLQV� ZHUH� SXUL¿HG� XVLQJ� LPPRELOL]HG�
PHWDO� DI¿QLW\� FKURPDWRJUDSK\� �,0$&��� ���� P/� RI� LPPRELOL]HG� PHWDO� DI-
¿QLW\� UHVLQ� LV� DGGHG� WR� WKH� SURWHLQ� O\VDWH��7KHQ�� WKH� UHVLQ� LV� WUDQVIHUUHG�
WR�D�VSLQ�FROXPQ��ZKHUH�WKH�+LV�WDJJHG�SURWHLQV�ZHUH�ZDVKHG�WZLFH�ZLWK�
Tris-NaCl and eluted three times with the imidazole buffer. The bacteria 
EHIRUH� O\VLV�� WKH� SURWHLQ� O\VDWH�� WKH� ÀRZ� WKURXJK�� WKH� WZR� ZDVKHV�� DQG�
the three elutions were all run through a gel to determine if the protein 
RI� LQWHUHVW�ZDV� FRUUHFWO\� LVRODWHG� DQG�SXUL¿HG��7KH� IXOO� SURWRFRO� LV� ORFDW-
ed in the student guide in the Labarchives notebook at mynotebook.la-
barchives.com, and these methods were performed by Dr. Will Conrad.
Protein Kinetics
)LUVW��WKH�32,�HOXWLRQ�VDPSOHV�ZHUH�GLDO\]HG�LQWR�D����P0�VRGLXP�SKRV-
SKDWH�EXIIHU� RI� QHXWUDO� S+� ������ XVLQJ� WKH�3LHUFH��N'D�0:&2�FHQWULIX-
JDO� ¿OWHU� FRQFHQWUDWRU�� ,W� ZDV� VSLQ�FRQFHQWUDWHG� WKUHH� WLPHV� XVLQJ� D� ���
mL buffer per 1 mL elution. Protein abundance was measured using ab-
VRUEDQFH� DW� ���� QP� DQG� �� FP� SDWK� OHQJWK�� 7KLV�ZDV� FRQYHUWHG� LQ�PJ�
P/�XVLQJ�%HHU¶V�/DZ��(DFK�ZHOO�ZDV�¿OOHG�ZLWK�����X/�RI����P0�VRGLXP�
SKRVSKDWH�EXIIHU��;�X/��������RI����P0�SDUD�QLWURSKHQRO�DFHWDWH��313$��
DQG�<�X/�RI�DFHWRQLWULOH�VR� WKDW�;�DQG�<�HTXDO����X/� WRWDO��%DVHOLQH�DE-
VRUEDQFH�ZDV� UHDG�DW� ����QP� WR� GHWHUPLQH�SURGXFW� FRQFHQWUDWLRQ�ZLWK-
RXW� HQ]\PDWLF� DFWLYLW\��7KHQ�� ��� X/� RI� HQ]\PH�ZDV� DGGHG� WR� HDFK�ZHOO�
DQG�DEVRUEDQFH�ZDV�UHDG�HYHU\����VHFRQGV�DW�����QP��7KH�IXOO�SURWRFRO�
is located in the student guide in the Labarchives notebook at mynote-
book.labarchives.com and these methods were performed by Dr. Conrad.

Results 
ProMOL search indicates active site homolog
Active site homologs give key insights into protein function since protein ac-
tivity takes place in the active site. The active site of gm-ha1 was searched 
LQ�3UR02/�WR�¿QG�DQG�FRPSDUH�DFWLYH�VLWH�KRPRORJV�RI�JP�KD���)LJXUH���
shows the closest active site alignment where there is almost complete over-
lap between gm-ha1 and 1SNZ. It had a very low RMSD value in ProMOL 
RI������IRU�WKH�DOSKD�DQG�EHWD�FDUERQV�LQ�WKH�VWUXFWXUH�DQG�LW�KDG�WKH�VDPH�
EC as gm-ha1. The 1SNZ active site is homologous in structure to the ac-
tive site of gm-ha1. 1SNZ is a human galactose mutarotase enzyme, which 
indicates that gm-ha1 is homologous to a human galactose mutarotase.
Pfam sequence comparison shows conserved residues in aldose 
epimerase protein family
While local active site alignment is key to protein function, examining the 
protein sequence is also an important aspect of determining protein func-
tion. Comparing a protein sequence to a family of proteins can indicate 
the function of said protein may be similar to the protein family. The se-
TXHQFH�RI�JP�KD��ZDV�VHDUFKHG� LQ�3IDP�DQG�WKH�+00�ORJR�JUDSK�ZDV�
used to compare the gm-ha1 sequence with the predicted sequence of 
WKH�+00� ORJR� JUDSK�� 6LQFH� WKH� VXJJHVWHG� IXQFWLRQ� RI� JP�KD�� LV� D� JD-
lactose mutarotase enzyme, it would be expected that gm-ha1 would 
be a part of the aldose 1-epimerase family, as the galactose mutarotase 
enzyme is a type of aldose 1-epimerase. In Figure 2, the sequences in 
WKH�ERWWRP� LPDJH�VKRZ� WKDW� WKH�+*� UHVLGXHV�DUH���SHSWLGHV�EHIRUH� WKH�
uncertainty line and the W residue is 3 Peptides after the uncertainty, 
so the highly probably amino acids in the aldose 1-epimerase family are 
conserved in the correct placements. This indicates that the sequence 
of gm-ha1 is homologous to proteins in the aldose 1-epimerase family.
DALI data shows good global alignment with Aldose 1-Epimerase 
enzymes
While sequence comparisons are important in investigating protein func-
tion, global structure is arguably the most important aspect of protein func-
tion. DALI shows global alignment of proteins both visually and statistically, 
which is a powerful tool in the investigation of proteins of unknown function. 
The data from Pfam gives the indication that gm-ha1 will most likely match 
closest to aldose 1-epimerase and galactose mutarotase enzymes. The 
GDWD�IURP�'$/,�FRQ¿UPV�WKLV�DV�WKH�WKUHH�FORVHVW�PDWFKHV�ZHUH�DOO�DOGRVH�
1-epimerase and galactose mutarotase enzymes. The image capture from 
Table 1 shows very close 3D alignment between the gm-ha1 among the 
WKUHH�SURWHLQV�DQG�WKLV�LV�FRQ¿UPHG�ZLWK��61=�%�DQG��6R��$�ERWK�VKRZLQJ�
WKH�KLJKHVW�]�VFRUH�RI������DQG�D�YHU\�ORZ�506'�RI������%RWK�DFWLYH�VLWH�
residues were also conserved in all three homologs, so gm-ha1 shows 
very close global structural alignment for aldose 1-epimerase enzymes.
Autodock and PyMOL shows NAD ligand binding near the active site
/LJDQGV� ZLWK� KLJK� ELQGLQJ� DI¿QLWLHV� QHDU� WKH� DFWLYH� VLWH� LQGLFDWH� PRO-
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ecules that are most likely essential for enzyme catalysis. PyRX was 
XVHG� WR� GHWHUPLQH� WKH� ELQGLQJ� DI¿QLW\� RI� WKH� OLJDQGV� WR� ¿QG� WLJKWO\� ELQG-
ing ligands as these typically play an important role in the function of 
an enzyme. PyRX gave numerical and visual data when searching the 
ligands and docking them to the POIs. Autodock revealed that the NA-
'B$B���� OLJDQG� ZDV� ERXQG� LQ� WKH� �51/�$� VWUXFWXUH� ZLWK� D� KLJK� ELQG-
LQJ� DI¿QLW\�� 7KLV� KLJK� ELQGLQJ� DI¿QLW\� LQGLFDWHV� WKDW� WKLV� OLJDQG�PD\� SOD\�
an important role with gm-ha1, such as a substrate or a cofactor. 
PyMOL was used to visualize the binding site of the ligand with the pro-
tein structure and compare the location of the ligand binding site with the 
active site residues. The protein and the ligand were imported to PyMOL, 
and the active site residues were highlighted. Since the ligand has a high 
ELQGLQJ� DI¿QLW\�� LW� LV� H[SHFWHG� WKDW� WKH� OLJDQG�PRVW� OLNHO\� SOD\V� D� UROH� LQ�
the enzyme (gm-ha1) catalysis. Therefore, it is expected that the ligand 
should be bound near the active site. Figure 3 shows that the ligand is 
bound very closely to the active residues which further indicates that 
the ligand plays a role in the enzyme function. Therefore, the ligand is 
most likely a substrate or cofactor that supports the enzymatic reaction.
1LFNHO�+LV�SXUL¿FDWLRQ�\LHOGHG�SXUL¿HG�F�RUI���SURWHLQ
0RYLQJ� DZD\� IURP� ELRLQIRUPDWLFV�� SURWHLQV� RI� LQWHUHVW� ZHUH� SXUL¿HG� WR�
REWDLQ� WKH� SXUH� SURWHLQ�� ,Q� RUGHU� WR� GHWHUPLQH� WKH� IXQFWLRQ� RI� D� VSHFL¿F�
SURWHLQ�� LW�PXVW�EH�SXUL¿HG�DQG� LVRODWHG��7KH�32,�ZDV�SXUL¿HG�XVLQJ� WKH�
+22.��;�+LV�3URWHLQ�6SLQ�3XUL¿FDWLRQ�.LW��7KH�PROHFXODU�ZHLJKW�RI� WKH�
F�RUI��� SURWHLQ� ZLWK� WKH� 0DOWRVH� %LQGLQJ� 3URWHLQ� WDJ� ZDV� ������� N'D��
The black circle in Fig 4 shows the protein of interest in the gel. These 
lanes were the three elutions, which is where the protein is expected to 
EH�SUHVHQW��7KH�SURWHLQ�EDQGV�DUH�DOVR�EHWZHHQ�WKH����N'D�DQG����N'D�
PDUNHUV�� ZKLFK� LV� H[SHFWHG� EHFDXVH� WKH� ZHLJKW� ZDV� ������N'D�� 7KH�
elutions contain the protein of interest with some other bands that are 
PRVW� OLNHO\� LPSXULWLHV�� 7KHUH� DUH� DOVR� VRPH� LPSXULWLHV� SUHVHQW� LQ� WKH� ¿-
nal wash, so there were most likely still some impurities still present in 
the column. In ideal condition, there should have been one band of pure 
SURWHLQ�SUHVHQW��7KHUHIRUH�� WKH�F�RUI���SURWHLQ�ZDV�SUHVHQW�DQG�SXUL¿HG�
in the elution, however, there were some impurities present in the gel.
3URWHLQ�NLQHWLFV�GDWD�LQGLFDWHV�LQYDOLG�HOXWLRQ�VDPSOH�RI�F�RUI��
&RQWLQXLQJ�RQ�DIWHU�SXUL¿FDWLRQ��HOXWHG�SURWHLQ�VDPSOHV�ZHUH�WHVWHG�WR�GH-
termine if the protein is present. Protein kinetics data is used to determine if 
DQ�HOXWHG�VDPSOH�KDV�D�VSHFL¿F�SURWHLQ�RI�LQWHUHVW�E\�PRQLWRULQJ�ZKHWKHU�LW�
catalyzes a reaction and shows product formation. This was performed us-
ing absorbance vs time, then plotting the data with Michaelis-Menten and 
/LQHZHDYHU�%XUN�SORWV��7KH�0LFKDHOLV�0HQWHQ�JUDSK��)LJ����IDLOHG�WR�VKRZ�
D�EXUVW�SKDVH�DV�WKH�GDWD�ZDV�OLQHDU�IURP������RQ�WKH�[�D[LV��7KH�GDWD�WKHQ�
showed a peculiar curve and a possible plateau, but not likely valid data. 
7KH� /LQHZHDYHU�%XUN� SORW� �)LJ� ��� VKRZHG� D� QHJDWLYH� \�LQWHUFHSW�� ZKLFK�
means that the data is invalid. It is invalid because a negative y-intercept of 
��������ZKLFK�ZRXOG�\LHOG�D�QHJDWLYH�9PD[��7KLV�ZRXOG�OHDG�WR�RWKHU�YDUL-
ables, such as Km and Kcat being negative, which is not possible. There-
fore, this enzyme data is not valid and cannot be used for protein c8orf32.

Discussion and Conclusion
This study coincided with the expected results for each bioinformat-
ic section that examined gm-ha1. ProMOL revealed that the A chain of 
gm-ha1 had a homologous active site to 1snz, which is a human ga-
lactose mutarotase. This supports the hypothesis that gm-ha1 is a 
galactose mutarotase. The active site is where the enzyme catalysis 
takes place, so having a homologous active site indicates a very sim-
LODU�� LI� QRW� WKH� VDPH� UHDFWLRQ� WDNLQJ� SODFH��+RZHYHU�� RQO\� KDYLQJ� D� VLP-
LODU� DFWLYH� VLWH� GRHV� QRW� FRQ¿UP� D� UHODWLRQ� EHWZHHQ� WKH� KRPRORJLHV��
)RU�WKH�VHTXHQFH�RI�JP�KD���WKH�+00�ORJR�JUDSK�IURP�3IDP�KLJKOLJKWHG�WKDW�
the gm-ha1 protein sequence had conserved some common residues in the 
same location as proteins of the aldose-1-epimerase family. This also coin-
cides with the hypothesis of gm-ha1’s function as a galactose mutarotase 
EHFDXVH�VRPH�FRPPRQ�UHVLGXHV�LQ�WKH�VHTXHQFH�DUH�WKH�VDPH��+RZHYHU��
this section only examined three residues among an entire polypeptide se-
quence, so this is very little data in comparison to the entire sequence. Dali 
had compared the global alignment of gm-ha1 and showed that the closest 
matches were all aldose-1-epimerase enzymes. This also supports that 
gm-ha1 is a galactose mutarotase enzyme because its overall structure is 
most similar to aldose-1-epimerase enzymes. Since structure determines 
protein function, this is sound support for gm-ha1’s hypothesized function. 
$XWRGRFN� ZDV� XVHG� WR� ¿QG� OLJDQGV� WKDW� ERXQG� WR� WKH� $� FKDLQ� RI� JP�
KD�� DQG� 1$'� ZDV� IRXQG� WR� EH� D� KLJK� DI¿QLW\� OLJDQG�� ,W� ZDV� FRQ-

¿UPHG� LQ� 3\02/� WKDW� 1$'� DOVR� ELQGV� YHU\� FORVH� WR� WKH� DFWLYH�
sites, so NAD is most likely a key ligand in the catalysis of gm-ha1. 
7KH�SXUL¿FDWLRQ�DQG�NLQHWLFV�H[SHULPHQWV�ZHUH�QRW�RI�JP�KD���EXW�RI�GLI-
IHUHQW� SURWHLQV�� +RZHYHU�� WKH� SURWHLQV� XVHG� LQ� WKLV� VWXG\� FRXOG� EH� VXE-
stituted with gm-ha1 to obtain the corresponding data for this POI. The 
SXUL¿FDWLRQ� H[SHULPHQW� FRQ¿UPHG� WKH� SUHVHQFH� RI� SXUL¿HG� F�RUI��� SUR-
tein in the gel, but the kinetics experiment data was invalid and could 
not be used in this study. This may have been due to impurities pres-
ent in the protein elution, which could have hindered the protein activity. 
6LQFH� WKH�SXUL¿FDWLRQ�DQG�NLQHWLFV�H[SHULPHQWV�ZHUH�QRW�DEOH� WR�EH�SHU-
formed for gm-ha1, this would be a reasonable future path to take in 
determining the function of gm-ha1. With purifying the protein, one ex-
periment that could be performed is to put an eluted sample of the pro-
tein in a solution of gel that contains beta-D-galactose. I hypothesize 
that gm-ha1 is a galactose mutarotase enzyme, so there should be 
alpha-D-galactose product forming if my hypothesis is correct. I be-
lieve that this would be a conclusive study on the function of gm-ha1 
when combined with the bioinformatic data provided by this study. 
For the bioinformatics, only the A chain was used for searches in this study, 
so repeating the same bioinformatics for the other three chains would help 
FRQ¿UP�WKH�UHVXOWV�RI�WKLV�VWXG\��7KLV�VWXG\�ZDV�SHUIRUPHG�UHPRWHO\�GXH�WR�
COVID-19, so the gm-ha1 protein was never physically experimented on. 
All of the experiments were bioinformatic, or a different protein was experi-
mented on by Dr. Conrad. This limits the scope of this study as the protein 
ZDV�QHYHU�SK\VLFDOO\�ZRUNHG�ZLWK��+RZHYHU�� WKLV�VWXG\�SURYLGHV�PXOWLSOH�
bioinformatic sources that support the hypothesis of gm-ha1’s function. 
This study was aiming to better understand a protein in the Streptomy-
ces platensis bacteria species, as this is an important bacteria strain in 
producing antibiotics. It is still inconclusive whether the gm-ha1 protein is 
a galactose mutarotase, but the data from this study gives both structural 
and sequential indications that gm-ha1 is a galactose mutarotase enzyme.

Figures

ProMOL depicts good active site alignment with 1SNZ motif

Figure 1. This image is a screenshot from ProMOL that shows the 
active site structural alignment of 4RNL-A (red) and the active site 
homolog motif, 1SNZ (white). The image on the right shows the 
(&� RI� �61=� ���������� DV� ZHOO� DV� WKH� /HYHQVKWHLQ� GLVWDQFH� ������

Pfam shows conserved amino acid residues of gm-ha1 among the 
aldose epimerase protein family
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)LJXUH����7KH�WRS�LPDJH�LV�RI�WKH�+00�ORJR�IURP�3IDP�IRU�WKH�DOGRVH�
HSLPHUDVH�IDPLO\��3)�������ZKHUH�WKH�ODUJHU�WKH�OHWWHU��WKH�KLJKHU�
probability that the amino acid residue is present at that location. The red 
line indicates uncertainty in the sequence. The bottom image compares 
WKH�VHTXHQFHV�RI�WKH�+00�DQG�WKH�VHTXHQFH�RI�JP�KD���7KH�KLJKOLJKWHG�
VHFWLRQ�ZDV�WKH�UHVXOW�RI�VHDUFKLQJ�IRU�WKH�FRQVHFXWLYH�+*�SHSWLGHV�DV�
VHHQ�LQ�WKH�+00�ORJR�

Dali shows good global alignment and conserved active residues 
among Aldose 1-Epimerase proteins

PyMOL shows NAD ligand in 4RNL-A near active residues
)LJXUH� �� These images were screenshots from PyMOL after import-
ing the ligand from Autodock. The left image shows where the NAD 
ligand is bound in the 4RNL-A structure where the 4RNL is shown 
in red and blue lines and the NAD ligand is shown in white sticks. The 
image on the right shows the same ligand, but the 4RNL-A structure 
is hidden, except for the two active sites residues of gm-ha1, shown 
in green. The top residue is glutamate, and the bottom is histidine.

1LFNHO� +LV� FROXPQ� SXUL¿FDWLRQ� VKRZV� SUHVHQFH� RI� SXUL¿HG� 32,

Figure 4.�7KH�SURWHLQV�LQ�WKLV�JHO�ZHUH�SXUL¿HG�XVLQJ�WKH�+22.��;�+LV�
3URWHLQ�6SLQ�3XUL¿FDWLRQ�.LW��7KH�¿UVW�ODQH�LV�WKH�PDUNHU�ZLWK�UHOHYDQW�
weights labeled. The second lane was the bacteria before lysis. Lane 3 
ZDV�WKH�SURWHLQ�O\VDWH�DQG�ODQH���ZDV�WKH�ÀRZ�WKURXJK��/DQHV���DQG���
ZHUH�WKH�WZR�ZDVKHV��/DQHV�������DQG���ZHUH�WKH�HOXWLRQV��DQG�WKH�GDUN�
bands in the circle are c8orf32.

3URWHLQ�NLQHWLFV�SORWV�IRU�F�RUI���SURWHLQ�VKRZ�LQYDOLG�GDWD�IRU�
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Figure 5. The top plot is the Michaelis-Menten graph for the c8orf32 data, 
generated using Excel. It depicts the velocity vs substrate concentration 
IURP������X/�RI�VXEVWUDWH��7KH�ERWWRP�SORW�LV�WKH�/LQHZHDYHU�%XUN�SORW�IRU�
the same c8orf92 data from the Michaelis-Menten graph. The equation of 
WKH�EHVW�¿W�OLQH�RI�WKH�GDWD�LV�VKRZQ�LQ�WKH�JUDSK�DERYH�WKH�WUHQGOLQH��,QYHUVH�
velocity vs inverse substrate concentrations were the axes in this graph.


