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 Abstract
Troxidoreductase, a protein of unknown function found in Archaeglobus 
fulgidus, is commonly found in and believed to be responsible for the sour-
LQJ�RI�RLO�¿HOGV�YLD�VXOIXU�SURGXFWLRQ��:LWK�D�K\SRWKHVL]HG�(&��� IXQFWLRQ�
we tested structure and function by using structural comparison (Pymol/
Promol) and ligand binding analysis (Autodock) to examine similarities 
with proteins of known function and BLASTP and Pfam to search for fam-
LOLHV� DQG� JHQHWLF� VHTXHQFH� VLPLODULWLHV� LQ� WKH�'1$��5HVXOWV� VKRZHG� DF-
WLYH�VLWH�VLPLODULWLHV�EHWZHHQ�7UR[LGRUHGXFWDVH�DQG�VRPH�(&���SURWHLQV��
EXW� FORVHV� VWUXFWXUDO� DQG� OLJDQG� ELQGLQJ� VLPLODULWLHV� ZLWK� (&� �� SURWHLQV��
leading to the hypothesis that Troxidoreductase is an Oxidoreductase 
that also has function of a Hydrolase, which could explain the souring 
RI� RLO� ¿HOGV� WKURXJK� WKH�SURGXFWLRQ�RI� VXOIXU� JDV�ZKHQ�ZDWHU� LV� SUHVHQW�

Introduction
Oil production is currently a vital industry, as many of the machines used 
HYHU\� GD\� DURXQG� WKH� ZRUOG� DUH� SRZHUHG� E\� RLO�EDVHG� IXHO�� 7KXV�� WKH�
HI¿FLHQW� XVDJH�� EXW� DOVR�HI¿FLHQW� SURGXFWLRQ�� RI� RLO� FDQQRW� EH�XQGHUVWDW-
HG�� DV�DQ�RLO� ¿HOG� WXUQLQJ� VRXU� FDQ� FRVW� WKH�SURGXFHUV�DQG� WKH� FXVWRP-
er money, as well endangering workers through the production of sulfur 
JDV��2LO� ¿HOGV�DUH�DQ�H[WUHPH�HQYLURQPHQW� LQ�ZKLFK� IHZ�RUJDQLVPV�FDQ�
EH� IRXQG�� 7KRVH� VXUYLYLQJ� WKHUH� DUH� RIWHQ� FRQVLGHUHG� H[WUHPRSKLOHV� DV�
they are also found exclusively in extreme conditions, such as on the 
RFHDQ�ÀRRU�DURXQG�K\GURWKHUPDO�YHQWV��2QH�VXFK�RUJDQLVP�DEOH� WR�VXU-
vive in these conditions is Archaeoglobus fulgidus, a sulfur-loving ex-
WUHPRSKLOH��7KLV�DUFKDHEDFWHULD�KDV�EHHQ�IRXQG�LQ�WKH�GHSWKV�RI�WKH�ELR-
VSKHUH��EXW�DOVR� LQ�KRW�GHHS�RLO� UHVHUYHV��DQG� LV�K\SRWKHVL]HG� WR�FDXVH�
WKH�PLVVLQJ�¿UVW�VWHS�RI�K\GURFDUERQ�R[LGL]DWLRQ�LQ�RLO�¿HOGV��ZKLFK�WKHQ�LQ�
WXUQ�OHDGV�WR�WKH�VRXULQJ�RI�VDLG�RLO�¿HOG�RU�UHVHUYRLU��.KHOL¿�HW�DO��������
Archaeglobus fulgidus�KDV�EHHQ�IRXQG�WR�FUHDWH�D�ELR¿OP�LQ�UHVSRQVH�WR�
stressors in the environment which may help it attach to metal in order to 
VWLPXODWH�JURZWK�LQ�D�PHWDO�GH¿FLHQW�HQYLURQPHQW��WKXV�DLGLQJ�LQ�JURZWK�DV�
LW� LV�D�PHWDO�UHGXFLQJ�RUJDQLVP��/DSDJOLD�DQG�+DUW]HOO��������$V�D�K\SHU�
thermophilic sulfur reducing organism, there is reason to believe that A. 
fulgidus�PD\�EH�WKH�¿UVW�VWHS�RI�K\GURFDUERQ�R[LGL]DWLRQ�LQ�RLO�¿HOGV��ZKLFK�LQ�
WXUQ�OHDGV�WR�WKH�VRXULQJ�RI�RLO�¿HOGV�DQG�UHVHUYRLUV��.KHOL¿�HW�DO���������7KH�
VRXULQJ�RI�RLO�¿HOGV�OHDGV�WR�LQFUHDVHG�RLO�SULFHV�WR�WKH�DYHUDJH�FRQVXPHU��DV�
D�KLJK�VXO¿GH�FRQFHQWUDWLRQ�FDQ�OHDG�WR�UHMHFWLRQ�E\�WKH�RLO�UH¿QHUV��ORZHU-
LQJ�WKH�VXSSO\�RI�RLO�LQ�WKH�PDUNHW��,W�DOVR�SURGXFHV�K\GURVXO¿GH�JDV��DQ�H[-
tremely toxic gas that lowers air quality and must be monitored during the oil 
PLQLQJ�SURFHVV��)XUWKHUPRUH��LW�FDQ�FRUURGH�WKH�LQIUDVWUXFWXUH�RI�DQ�RLO�PLQ-
LQJ�PDFKLQH�DQG�SOXJ�WKH�UHVHUYRLU�WKURXJK�WKH�SUHFLSLWDWLRQ�RI�LURQ�VXO¿GH��
DOO�LQFUHDVLQJ�WKH�FRVW�RI�WKH�SURGXFWLRQ�RI�RLO��*LHJ���-DFN��	�)RJKW�������
,Q�DQ�HIIRUW� WR�H[DPLQH�WKLV�SRVVLEOH�UHDFWLRQ��ZH�KDYH�FKRVHQ�WR�H[DP-
ine hypothetical binding site Troxidoreductase on hypothetical protein 
$)B������ $)B����� LV� SDUW� RI� WKH� +'� VXSHUIDPLO\� RI� PHWDO� GHSHQGHQW�
phosphorylases and a hypothetical protein believed to be found in Ar-
chaeglobus fulgidus��$UDYLQG�DQG�.RRQLQ��������+'�GRPDLQV�KDYH�EHHQ�
IRXQG� WR� SOD\� D� UROH� LQ� DQWLYLUDO� GHIHQVH� LQ� WKH� KXPDQ�SURWHLQ�6$0+'��
�%HORJOD]RYD�HW�DO���������7KH�6$0+'��SURWHLQ�ZDV�IRXQG�WR� OLPLW� UHSOL-
FDWLRQ�RI� WKH�+,9���JHQRPH��EXW�QRW�+,9����DQG� WKH�SXUL¿HG�+'�GRPDLQ�
from humans and mice contained dGTP-stimulated tryptophohydralayse 
DFWLYLW\� �%HORJOD]RYD� HW� DO�� ������� 7UR[LGRUHGXFWDVH¶V� HQ]\PH� FRQVRU-
WLXP� QXPEHU� LV� ���������ZKHUH� HDFK� QXPEHU� VHSDUDWHG� E\� SHULRGV� VLJ-
QL¿HV�VRPHWKLQJ�DERXW� WKH�SURWHLQ��7KH����6LJQL¿HV� WKH�HQ]\PH� LV�D�K\-
GURODVH��DQG� WKH���VLJQL¿HV� LW� LV�DQ�HVWHUDVH�� VR� LW� DFWV�RQ�HVWHU�ERQGV��
������VLJQL¿HV�SKRVSKRULF�PRQRHVWHU�K\GURODVHV��DQG� WKH����������VSHF-
L¿HV� WKDW� 7UR[LGRUHGXFWDVH� VKRZV� VSHFL¿FLW\� WRZDUGV� GHR[\ULERQXFOHR-
VLGH� �¶�PRQRSKRVSKDWHV� �³(1=<0(� �� ��������� �¶�'HR[\QXFOHRWLGDVH�´�
)URP� WKLV� LQIRUPDWLRQ�� WKHUH� LV� UHDVRQ� WR� EHOLHYH� WKH� Archaeglobus 
fulgidus� PD\� FDXVH� WKH� YLWDO� PLVVLQJ� VWHS� RI� WKH� VRXULQJ� RI� RLO� ¿HOGV��

'XH� WR� WKH� RUJDQLVP� RI� RULJLQ�� DV� ZHOO� DV� WKH� (&� QXPEHU�� ZH� K\-
SRWKHVL]H� WKDW� 7UR[LGRUHGXFWDVH� ZLOO� KDYH� FKDUDFWHULVWLFV� RI� D� PHW-
al dependent phosphorylase due to its origin in A. fulgidus but per-
IRUP� VRPH� VRUW� RI� UROH� RI� D� K\GURODVH� GXH� WR� LWV� (&� �� FODVVL¿FDWLRQ�
Methods:
Pymol/Promol Search
,Q�WKLV�ODE�ZH�XVHG�D�931�WR�DFFHVV�/DNH�)RUHVW�&ROOHJH¶V�SURJUDPV�UH-
PRWHO\�YLD�D�UHPRWH�GHVNWRS��7KLV�ZDV�QHFHVVDU\� LQ�RUGHU� WR�XVH�3\PRO�
and Promol, as both of these programs have strict licenses and can only 
EH�UXQ�RQ�/DNH�)RUHVW¶V�QHWZRUN��2QFH�3\PRO�DQG�3URPRO�ZHUH�RSHQHG��
PRWLI�¿QGHU�LQ�3URPRO�ZDV�VHOHFWHG�DQG�RXU�WZR�SURWHLQV���2���DQG�WKH�XQ-
NQRZQ��ZHUH�VHDUFKHG�VHSDUDWHO\��7KH�VHDUFK�FDQ�EH�QDUURZHG�E\�VHOHFW-
ing different libraries to search your protein in, as well as limiting the search 
E\�(&�QXPEHU�LI�\RXU�(&�QXPEHU�LV�NQRZQ���2���KDV�DQ�(&�QXPEHU�RI����
VR��2��¶V�VHDUFK�ZDV�OLPLWHG�LQ�WHUPV�RI�(&���IRU�WLPH¶V�VDNH��6HDUFKHV�
W\SLFDOO\�WDNH������PLQXWHV��3\PRO�WKHQ�VKRZV�D�VHDUFK�UHVXOW�ER[��DV�ZHOO�
as an image of your searched protein, which can be compared against 
RWKHU�SURWHLQV� WKDW�KDYH�FRPH�XS� LQ� \RXU� VHDUFK��:H� WKHQ�FKHFNHG� WKH�
VKRZ�DOLJQPHQW�ER[�DQG�FDOFXODWH�506'�ER[�DQG�FRPSDUHG�RXU�VHDUFKHG�
SURWHLQ�ZLWK�HYHU\�SURWHLQ�UHVXOW�WKDW�KDG�D�/HYHQVKWHLQ�VFRUH�RI����)URP�
WKHUH� ��506'� YDOXHV�ZHUH� FDOFXODWHG� LQ� WKH�3\PRO�PROHFXODU� JUDSKLFV�
V\VWHP�ER[��WKH�¿UVW�EHLQJ�WKH�506'�RI�DOO�DWRPV��WKH�VHFRQG�EHLQJ�MXVW�
DOSKD�FDUERQV��DQG�WKH�WKLUG�EHLQJ�DOSKD�DQG�EHWD�FDUERQV��7KH�506'�RI�
DOSKD�DQG�EHWD�FDUERQV�ZLOO�EH�RI�SDUWLFXODU�QRWH�WR�XV�WKLV�ODE��)LQDOO\��DIWHU�
FKRRVLQJ�WKH�WKUHH�PDWFKHV�ZLWK�WKH�ORZHVW�506'�YDOXH��DOSKD�DQG�EHWD�
FDUERQ��ZHUH�VHOHFWHG�WR�FRPSDUH�UHVLGXH�DOLJQPHQWV��7KLV�ZDV�SHUIRUPHG�
by clicking on the structures that lined up together, and the amino acid res-
LGXHV�WKDW�PDWFKHG�ZRXOG�VKRZ�XS�LQ�WKH�S\PRO�JUDSKLF�ER[��$OWHUQDWLYHO\��
by clicking the small s in the pymol viewer window, and then clicking the 
VWUXFWXUHV�WKDW�RYHUODS�DJDLQ��7KH�$$�VHTXHQFHV�ZLOO�EH�GLVSOD\HG�DW�WKH�
WRS�RI�WKH�YLHZHU��ZLWK�WKH�RYHUODS�RI�WKH�VWUXFWXUH�EHLQJ�KLJKOLJKWHG�LQ�UHG�
BLASTP Search
)LUVW��WKH�DPLQR�DFLG�VHTXHQFHV�IRU�RXU�XQNQRZQ�SURWHLQ�DQG��2���IURP�
UFVE�RUJ���7KH�VHTXHQFHV�ZHUH�UXQ�WKURXJK�WKH�%/$673�VHDUFK�DQG�WKH�
DPLQR�DFLGV�ZHUH�EURNHQ�LQWR���DPLQR�DFLG�µZRUGV¶�FRPSDUHG�WR�RWKHU�SUR-
WHLQ�VHTXHQFHV�RI�NQRZQ�IXQFWLRQV��2WKHU�SURWHLQV�ZHUH�VRUWHG�E\�QXPEHU�
and percentage of alignments, and thus the proteins most similar to our 
proteins could be seen and their functions could be examined in hopes of 
XQGHUVWDQGLQJ�RXU�SURWHLQV�IXQFWLRQV��$�60$57%/$67�ZDV�DOVR�SHUIRUPHG�
WR�VHH�WKH�RUJDQLVPV�LQ�ZKLFK�RXU�SURWHLQV�DUH�IRXQG��)LQDOO\��D�3IDP�VHDUFK�
was performed on our proteins amino acid sequences to determine the su-
SHUIDPLOLHV�DQG�GRPDLQV�IRXQG�ZLWKLQ�RXU�DPLQR�DFLG�VHTXHQFH��7KH�3IDP�
VHDUFK�ZDV� ODUJHO\�VXSSOHPHQWDO� WR� WKH�%/$673�VHDUFK� LQ�RXU�¿QGLQJV�
Dali Search
,Q�RUGHU�WR�FRPSDUH�RXU�SURWHLQV�RQ�'DOL��ZH�VHDUFKHG�SURWHLQV�E\�QDPH�
��R��� DQG� 7UR[LGRUHGXFWDVH�� RQ� 'DOL�� ZKLFK� IRXQG� VLPLODU� VWUXFWXUHV�
ZLWKRXW�WDNLQJ�LQWR�DFFRXQW�WKHLU�VLGH�FKDLQV�LQ�RUGHU�WR�VDYH�VSDFH��7KH�
search took a few hours, and we then examined one protein from each 
molecule to amount to a total of three similar proteins and examined their 
DPLQR� DFLG� VWUXFWXUHV� DQG� WKHLU� �'� FDUWRRQ� VWUXFWXUH� FRPSDULVRQV��:H�
then used the active sites found in the previous lab, found their location 
LQ�WKH�DPLQR�DFLG�VHTXHQFH��DQG�FUHDWHG�D�¿YH�OHWWHU�DPLQR�DFLG�FRGH�E\�
FKRRVLQJ�WKH�¿YH�DPLQR�DFLGV�EHIRUH�RXU�DFWLYH�VLWH��7KLV�ZDV�QHFHVVDU\�
DV�'DOL�DQG�5&6%�DPLQR�DFLG�QXPEHU�GRHV�QRW�OLQH�XS�H[DFWO\��:H�WKHQ�
VHDUFKHG�WKLV�DPLQR�DFLG�VHTXHQFH�LQ�RUGHU�WR�¿QG�RXU�DFWLYH�VLWHV�ORFD-
tion in the Dali search and checked to see if the similar proteins had the 
VDPH�DFWLYH�VLWHV��7KLV�PD\�JLYH� LQVLJKW� LQWR� WKH� IXQFWLRQ�RI�RXU�SURWHLQ�
Autodock search
7R�EHJLQ�ZLWK��3\5[�ZDV� ORDGHG� LQ�RUGHU� WR�UXQ�DQ�DXWRGRFN�WHVW�RQ�RXU�
SURWHLQV�RI�FKRLFH��:H�WKHQ�ZHQW�WR�5&6%��GRZQORDGHG�WKH�3'%�¿OH�RI�RXU�
SURWHLQ��DQG�XSORDGHG�LW� LQWR�3\5[��7KLV�PROHFXOH�ZDV�WKHQ�FRQYHUWHG�WR�
D�PDFURPROHFXOH��$IWHU�WKDW��ZH�ZHQW�EDFN�WR�5&6%�WR�VHDUFK�IRU�OLJDQGV�
RI�LQWHUHVW�LQ�WKH�VDPH�(&�FODVV��7KHVH�OLJDQGV�LGHDO�6')�GDWD�¿OHV�ZHUH�
GRZQORDGHG�DQG�PDQ\�KDG�WR�EH�HGLWHG�IURP�D�W[W�WR�6')�¿OH��2QFH�����
OLJDQGV�ZHUH�GRZQORDGHG�DQG�WUDQVODWHG�WR�6')�¿OHV��WKH\�ZHUH�LQVHUWHG�
LQWR�3\5;�YLD�WKH�LPSRUW�FKHPLFDO�WDEOH�¿OH�±�VGI�IXQFWLRQ��$IWHU�WKH\�ZHUH�
DOO�LPSRUWHG��WKH\�ZHUH�ULJKW�FOLFNHG�WR�PLQLPL]H�WKHP�DOO��DQG�ULJKW�FOLFNHG�
DJDLQ�WR�FRQYHUW�DOO�WR�DXWRGRFN�OLJDQG��:H�WKHQ�XVHG�9LQD�:L]DUG�WR�UXQ�WKH�
docking function, whereas we clicked all the ligands and our one protein of 
LQWHUHVW��PDFURPROHFXOH����7KH�SURFHVVLQJ�WLPH�WRRN�D�IHZ�PLQXWHV��DQG�ZH�
WKHQ�VRUWHG�E\�DI¿QLW\�WR�¿QG�RXU�EHVW�ELQGLQJ�VLWH�PDWFK��VKRZLQJ�ERWK�WKH�
OLJDQG�DQG�WKH�VSHFL¿F�FRQIRUPDWLRQ�RI�WKH�OLJDQG��:H�GRZQORDGHG�WKH�OLVW�

Troxidoreductase, a protein of unknown 
function found in Archaeoglobus fulgidus 
VKRZV�(&���DQG�(&���FKDUDFWHULVWLFV
7DWH�5RVHQKDJHQ�DQG�'U��:LOOLDP�&RQUDG
/DNH�)RUHVW�&ROOHJH
/DNH�)RUHVW��,OOLQRLV������
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E\�VDYLQJ�D�&69�¿OH�ZKLFK�FDQ�EH�XVHG�LQ�([FHO�ODWHU��DQG�WKHQ�VDYHG�WKH�
ZKROH�ZRUNVSDFH�DV�D�WDU�J]�¿OH��)LQDOO\��ZH�GRZQORDGHG�RXU�EHVW�PDWFK��
macromolecule and ligand, again as a PDB and our best match ligand as 
D�3'%�¿OH��:H� WKHQ�XSORDGHG� WKHVH�¿OHV� LQWR�3\PRO� IRU�D�EHWWHU�YLVXDO-
L]DWLRQ�RI�WKH�ELQGLQJ�VLWH�RI�RXU� OLJDQG�DQG�PDFURPROHFXOH��%\�VHOHFWLQJ�
the show surface of the macromolecule and highlighting the binding sites 
IRXQG� LQ� WKH�SUHYLRXV�3\PRO� ODE��ZH�FDQ�FKDQJH� WKHP�D�GLIIHUHQW� FRORU��
$Q\� HUURUV� DQG� LVVXHV� ZHUH� UHVROYHG� ZLWK� DVVLVWDQFH� IURP� 'U�� &RQUDG�
3URWHLQ�3XUL¿FDWLRQ
)LUVW��ZH�ERXQG�RXU�SURWHLQ�RI�LQWHUHVW�ZLWK�WKH�ELQGLQJ�VROXWLRQ��ZKLFK�ERXQG�
VSHFL¿FDOO\�WR�RXU�32,��7KH�ELQGLQJ�EXIIHU�ZDV����P0�1D���+32������P0�
1D&O��DQG�S+������VXSSOHPHQWHG�ZLWK���P0�LPLGD]ROH��7KLV�ELQGLQJ�EXIIHU�
ZDV�FKRVHQ�WR�UHGXFH�QRQ�VSHFL¿F�LQWHUDFWLRQV�EHWZHHQ�RXU�SURWHLQ�RI�LQWHU-
est and other proteins, thus ensuring our binding solution only binds to our 
32,��7KHQ�ZH�XVHG�D�ZDVK�VROXWLRQ�WR�HOXWH�DQ\�SURWHLQV�QRW�ERXQG�WR�RXU�
binding solutions, thus leaving us with hopefully pure protein bound in our 
FROXPQ��)LQDOO\��ZH�XVHG�DQ�HOXWLRQ�VROXWLRQ�WR�HOXWH�RXU�ERXQG�32,��ZKLFK�
FRQWDLQHG�DQ�H[FHVV�RI�LPLGD]ROH�WR�IRUFH�RXU�SURWHLQ�RXW�RI�WKH�ELQGLQJ�FRO-
XPQ��:H�H[SHFWHG�WR�VHH�RXU�SURWHLQ�LQ�WKH�IUDFWLRQV�DIWHU�WKH�O\VDWH��DQG�LQ�
the elution fractions with the last elution fraction having no protein, meaning 
ZH�JRW�LW�DOO�RXW��:H�FROOHFWHG�HYHU\�IUDFWLRQ�WR�HQVXUH�ZH�GLG�QRW�KDYH�RXU�
SURWHLQ�HOXWH�WRR�HDUO\�RU�KDYH�RWKHU�SURWHLQV�SUHVHQW�LQ�RXU�ZDVK�VROXWLRQ�
Protein Kinetics (2o14 and YfkN)
�*9(��<IN1��HOXWLRQ���ZDV�GLDO\]HG�LQWR����P0�VRGLXP�SKRVSKDWH�EXIIHU�
�S+�������7KLV�ZDV�GRQH�E\�XVLQJ�WKH�3LHUFH���N'D�0:&2�FHQWULIXJDO�¿OWHU�
FRQFHQWUDWRU�DQG�VSLQ�FRQFHQWUDWHG�WKH�VDPSOHV��[�XVLQJ����PO�RI�EXIIHU�
SHU���PO�RI�HOXWLRQ��7KH�SURWHLQ�DEXQGDQFH�ZDV�PHDVXUHG�XVLQJ�DEVRUEDQFH�
DW�����QP�ZLWK�D�SDWK�OHQJWK�RI���FP��7KH�EHHU¶V�ODZ�HTXDWLRQ�ZDV�XVHG�WR�
calculate the concentration of the sample in molarity, and then converted to 
PJ���PO��8VLQJ�D����ZHOO�SODWH��WKH�IROORZLQJ�UHDJHQWV�ZHUH�DGGHG�ZLWK�YDU\-
LQJ�YROXPH������XO�RI����P0�VRGLXP�SKRVSKDWH�EXIIHU��S+������DQG�;�X/�RI�
���P0�SDUD�QLWURSKHQRO�DFHWDWH�LQ�DFHWRQLWULOH��7KH�EDVHOLQH�DEVRUEDQFH�DW�
����QP�ZDYHOHQJWK�IRU�HDFK�ZHOO�ZDV�PHDVXUHG�����XO�RI�HQ]\PH�ZDV�DGG-
HG�WR�HDFK�ZHOO��DQG�WKHQ�SURFHHGHG�WR�UHDG�$����DFURVV�WKH�HQWLUH����ZHOO�
SODWH��7KH�SODWH�ZDV�UHDG�HYHU\����VHFRQGV�LQ�RUGHU�WR�REVHUYH�WKH�FKDQJH�
LQ�DEVRUEDQFH�RYHU�WLPH�LQ�HDFK�ZHOO��7KLV�ZDV�UHSHDWHG�IRU��R���DV�ZHOO�
Figures:
Pymol and Promol shows EC 1 and EC 3 structural characteristics
Table 1. Table containing three best alignments from a Pymol/Promol 
search with RMSD values for alpha and beta carbons. Troxidoreduc-
tase and 2O14 are shown in red, protein being compared shown in grey.

'DOL�VHDUFK�¿QGV�EHVW�PDWFK�DV�DQRWKHU�K\SRWKHWLFDO�SURWHLQ�LQ�WKH�
same archaebacteria
Troxidoreductase
Table 2. Table of Dali search results and comparisons of Troxidore-
ductase (green) with known proteins (other colors). 3 best match-
es, each from a different organism, was chosen for comparison.

Figure 1. Dali structural comparison of Troxidoreductase (green) and 4L1J 
(orange). Structure is in cartoon format.

%/$673�VHDUFK�UHVXOWV�SRLQW�WR�+'�GRPDLQ�SUHVHQFH
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Figure 2. Phylogenic tree and family description from BLASTP search re-
sults of Troxidoreductase.

Figure 3. Phylogenetic tree for YXIM based on known protein sequences 
in organisms of origin. Here we see a large grouping of Bacillus species, 
suggesting a highly conserved function within Bacillus.

Figure 4. Family descriptions of Troxidoreductase from BLASTP search 
when compared with domains and families of known function.

$XWRGRFN�UHVXOWV�VKRZ�ODFN�RI�ELQGLQJ�DW�K\SRWKHVL]HG�(&���ELQGLQJ�
VLWHV��OHDGLQJ�WR�(&���IXQFWLRQ�K\SRWKHVLV

Figure 5. Pymol visualization of the Troxidoreductase and a ligand (NBD). 
AF protein Troxidoreductase is seen in green, previous binding sites seen in 
red, and NDB ligand shown in blue. The ligand does not bind to the hypoth-
esized active site, suggesting another possible binding site and function.

3URWHLQ�NLQHWLFV�VKRZV�ODFN�RI�HQ]\PDWLF�DFWLYLW\�LQ�XQNQRZQ�SURWHLQ�
and unusable data with 2o14.

Figure 6. Line-Weaver Burke plot shows unusable data for 2014 elu-
WLRQ� ��� /LQH� RI� EHVW� ¿W� KDV� D� \�LQWHUFHSW� RI� ��������� VKRZLQJ� WKDW� ZH�
cannot use this data to draw conclusions of our protein’s functionality.

Results:
Pymol/Promol search shows structural alignment with both EC 1 
DQG�(&���SURWHLQV�
$IWHU� WKH� LQLWLDO� UHVHDUFK� RQ�5&6%��ZH�H[DPLQHG�7UR[LGRUHGXFWDVH� LQ� D�
Pymol/Promol search to compare structural similarities with proteins of 
NQRZQ� IXQFWLRQ��:H�GLG� WKLV� DV�D� ¿UVW� VWHS� WR� FRQ¿UP� WKDW� RXU� K\SRWKH-
VL]HG�IXQFWLRQ�RI�D�K\GURODVH��GXH�WR�LWV�(&���FODVVL¿FDWLRQ��ZDV�FRUUHFW��
+RZHYHU�� FRQWUDGLFWRU\� WR� RXU� LQLWLDO� (&� �� FODVVL¿FDWLRQ�� WKH� WKUHH� EHVW�
PDWFKHV�ZHUH�DOO�SURWHLQV�ZLWK�DQ�(&���FODVVL¿FDWLRQ��,QLWLDOO\��ZH�EHOLHYHG�
we may have run this test incorrectly, but after running it with our posi-
WLYH�FRQWURO�<;,0��ZH�FRQ¿UPHG�ZH�ZHUH� UXQQLQJ�RXU� WHVW� FRUUHFWO\�DQG�
KDG�IDLUO\�JRRG�506'�YDOXHV�DV�VHH�LQ�7DEOH����$IWHU�FRQ¿UPLQJ�WKH�WHVW�
ZDV�UXQ�FRUUHFWO\��ZH�GLG�PRUH�UHVHDUFK�RQ�WKH�EHVW�¿W�IRU�$)B����¶V�3UR-
PRO� VHDUFK� DQG� IRXQG� WKDW� �6�,��ZKLOH� FODVVL¿HG� DV� DQ�(&��� KDG� FKDU-
DFWHULVWLFV�RI� DQ�(&���DV�ZHOO�� DV� LW� KDV� IXQFWLRQV�RI� DQ�R[LGRUHGXFWDVH�
DQG� D� K\GURODVH��:LWK� WKLV� FRQWH[W�� LW� GRHV�PDNH� VHQVH� WKDW� 7UR[LGRUH-
GXFWDVH� FRXOG� VKRZ� FKDUDFWHULVWLFV� RI� DQ� (&�� DQG� (&�� W\SH� HQ]\PH�
%/$673�VHDUFK�VKRZV�SUHVHQFH�RI�FRQVHUYHG�+'�GRPDLQ�DQG� IHZ�
VLPLODULWLHV�ZLWK�SURWHLQV�RI�NQRZQ�IXQFWLRQ�LQ�VDPSOH�RUJDQLVPV�
,Q�DQ�HIIRUW� WR�DGG�IXUWKHU�GHWDLOV�WR�H[SODLQ�WKH�IXQFWLRQ�RI�RXU�SURWHLQ��D�
%/$6733�VHDUFK�ZDV�SHUIRUPHG�RQ�RXU�SURWHLQ�RI�LQWHUHVW�DQG�<;,0��DV�D�
SRVLWLYH�FRQWURO��:H�K\SRWKHVL]HG�WKDW�RXU�XQNQRZQ�SURWHLQ�ZRXOG�KDYH�GR-
PDLQV�RI�D�K\GURODVH�IDPLO\�DQG�SRVVLEO\�DQ�R[LGRUHGXFWDVH�GXH�WR�WKH�(&�
��FODVVL¿FDWLRQ�LQ�WKH�3\PRO�3URPRO�ODE��,Q�)LJXUH���ZH�IRXQG�WKDW�WKH�SK\-
logenetic tree did not produce good results, as can be seen with the high-
HVW�LGHQWLW\�VFRUH�EHLQJ�D�SURWHLQ�LQ�=HEUD�¿VK�ZLWK�����PDWFK��IROORZHG�
E\�PDWFKHV�LQ�6R\EHDQ�DQG�7KDOH�&UHVV�DPRQJ�RWKHU�RUJDQLVPV��:KLOH�
a wide variety of organisms who point to a highly conserved mechanisms, 
WKH�LGHQWLW\�SHUFHQWDJH�RI�����DW�LWV�KLJKHVW�LQVWHDG�SRLQWV�WR�D�KLJKO\�VSH-
FL¿F�PHFKDQLVP��DV�QR�RWKHU�RUJDQLVPV�LQ�WKLV�GDWDEDQN�KDG�WKLV�PHFKD-
QLVP��7R�HQVXUH�WKLV�ZDV�QRW�VLPSO\�DQ�HUURU�UXQ�LQ�WKH�WHVW��ZH�UDQ�WKH�WHVW�
ZLWK�<;,0�DV�ZHOO��DQG�IRXQG�D������PDWFK�ZLWK������LQ�Bacillus subtillis, 
VKRZLQJ�WKH�WHVW�ZDV�UXQ�FRUUHFWO\��)LJXUH�����+RZHYHU��WKH�PRVW�LPSRUWDQW�
UHVXOW�RI�WKLV�WHVW�ZDV�LQ�)LJXUH����ZKHUH�WKH�+'�GRPDLQ�ZDV�IRXQG�WR�EH�
SUHVHQW� LQ�7UR[LGRUHGXFWDVH��7KH�+'�GRPDLQ� LV�D�NQRZQ�SKRVSKRK\GUR-
ODVH��ZKLFK�DJDLQ�KHOSV�XV�LQ�K\SRWKHVL]LQJ�WKDW�LW�LV�DQ�(&���FODVVL¿FDWLRQ�
'DOL�VHDUFK�UHVXOWV�DUH�LQFRQFOXVLYH�DV�WKH�RQO\�SURWHLQ�RI�JRRG�
match was itself.
:KLOH�WKH�SUHYLRXV�WHVWV�SURYLGH�FRQWH[W�DV�WR�WKH�IXQFWLRQ�RI�7UR[LGRUHGXF-
WDVH��¿QGLQJ�WKH�OLVWHG�GRPDLQV�DQG�VWUXFWXUDO�VLPLODULWLHV��ZH�DOVR�GHFLGHG�
WR�XVH�D�'DOL�VHDUFK�WR�ORRN�IRU�RWKHU�PDWFKHV�IRXQG�WKURXJK�'DOL¶V�JOREDO�
DOLJQPHQW�DQG� LJQRUDQFH�RI� VLGH� FKDLQV��:H�K\SRWKHVL]HG� WKDW� WKH�EHVW�
PDWFK�ZRXOG�DJDLQ�EH�D�SKRVSKRK\GURODVH�DQG��XQIRUWXQDWHO\��WKH�EHVW�¿W�
for our unknown protein was another hypothetical of protein of unknown 
IXQFWLRQ���[[���EXW�WKH�K\SRWKHVL]HG�IXQFWLRQ�ZDV�D�PHWDO�GHSHQGHQW�SKRV-
SKRU\ODVH��ZKLFK�LV�ZKDW�ZH�EHOLHYH�RXU�XQNQRZQ�SURWHLQ�WR�EH��7DEOH�����7KH�
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QH[W�PDWFK�ZLWK�D�SURWHLQ�RI�NQRZQ�IXQFWLRQ��ZKLFK�ZDV�D�SRRU�PDWFK�WR��O�M��
does provide some more context as it is a hydrolase found in homo sapiens, 
EXW�LW�RQO\�KDG���RXW�RI���DFWLYH�VLWH�PDWFKHV�DQG�D�SRRU�SHUFHQW�,'��7KXV��
we can continue with our hypothesis that our unknown protein is a metal de-
SHQGHQW�SKRVSKRU\ODVH�WKDW�PD\�DOVR�VRPH�IHDWXUHV�RI�DQ�R[LGRUHGXFWDVH�
Autodock lab shows best binding ligands are ligands of 1xx7, an EC 
��SURWHLQ�WKDW�ZDV�PRVW�VLPLODU�WR�7UR[LGRUHGXFWDVH�LQ�WKH�3\PRO�3UR-
mol lab.
Proceeding with our experiments, we performed an autodock test to exam-
LQH�OLJDQG�ELQGLQJ�DQG�FRPSDUH�WKHQ�WR�WKH�OLJDQG�ELQGLQJ�VLWHV�K\SRWKHVL]HG�
LQ�WKH�3\PRO�3URPRO�ODE��,Q�)LJXUH���ZH�VHH�RXU�SURWHLQ�7UR[LGRUHGXFWDVH�LQ�
JUHHQ��WKH�SURSRVHG�(&���ELQGLQJ�VLWH�LQ�UHG��DQG�WKH�OLJDQG�ELQGLQJ�LQ�EOXH��
1%'��WKH�OLJDQG�RI�EHVW�PDWFK��ZDV�IRXQG�WR�EH�WKH�EHVW�¿W�LQ�RXU�SURWHLQ��
DQG�FRLQFLGHQWDOO\�LV�QRW�DQ�(&���OLJDQG��EXW�DQ�(&���OLJDQG�IURP�WKH�SURWHLQ�
RI�FORVHVW�UHVHPEODQFH�WR�7UR[LGRUHGXFWDVH���[[���DQ�(&���SURWHLQ��7KLV�
result lends itself to believing that Troxidoreductase has some features and 
DQ�DFWLYH�VLWH�VLPLODU�WR�D�K\GURODVH��EXW�WKH�PDLQ�DFWLYH�VLWH��RU�WKH�RQH�ZKR¶V�
OLJDQGV�PDWFKHG�EHWWHU�LQ�WKLV�VHDUFK��ZDV�DQ�R[LGRUHGXFWDVH�DFWLYH�VLWH��
6LPLODU�WR�LWV�(&���FRXQWHUSDUW���[[���7UR[LGRUHGXFWDVH�PD\�KHOS�RU�SHUIRUP�
WZR�GLIIHUHQW�UHDFWLRQV��EXW�ZH�FDQ�FRQ¿GHQWO\�VD\�WKDW�D�OLJDQG�RI�DQ�(&�
��SURWHLQ�ELQGV�EHVW�WR�7UR[LGRUHGXFWDVH��WKXV�VXJJHVWLQJ�(&���IXQFWLRQ�
2YHUDOO� H[SHULPHQW� LV� LQFRQFOXVLYH�� VKRZV� FKDUDFWHULVWLFV� RI� (&� ��
DQG����OHDGLQJ�WR�K\SRWKHVLV�WKDW�7UR[LGRUHGXFWDVH�LV�D�ZDWHU�GHSHQ-
dent oxidoreductase.
:KLOH� ZH� FDQQRW� PDNH� FRQFUHWH� FRQFOXVLRQV� IURP� RXU� GDWD�� ZH� KDYH�
been able to make some progress in understanding the function(s) of 
7UR[LGRUHGXFWDVH� LQ� WKHVH� H[SHULPHQWV�� :KLOH� QRW� ¿WWLQJ� VLPSO\� LQWR�
RQH� (&� FODVV�� 7UR[LGRUHGXFWDVH� DSSHDUV� WR� KDYH� DFWLYH� VLWHV� RI� DQ�
(&� �� SURWHLQ� DV�ZHOO� DV� OLJDQG� ELQGLQJ� DI¿QLW\� IRU� (&� �� OLJDQGV� �'0%��
3URWHLQ�NLQHWLFV� ODE�VKRZV�D� UHDFWLYH�FRQWURO�HQ]\PH�EXW�XQXVDEOH�
data.
:KLOH�ZH�ZHUH�XQDEOH��GXH�WR�FRYLG�UHVWULFWLRQV��WR�FRPSOHWH�WKH�SXUL¿FD-
tion and kinetics of our given protein, we were, as a class, able to complete 
WKH�SXUL¿FDWLRQV�DQG�NLQHWLF�WHVWV�ZLWK��R����RXU�FODVV�FRQWURO��)RU�RXU��R���
VDPSOH��ZH�VDZ�HQ]\PDWLF�LQFUHDVH�RYHU�WLPH�DQG�DQ�LQFUHDVH�RI�HQ]\PDW-
LF�DFWLYLW\�ZLWK�DQ�LQFUHDVH�LQ�FRQFHQWUDWLRQ�RI�WKH�SURWHLQ��+RZHYHU��DV�VHHQ�
LQ�)LJXUH����WKH�OLQH�ZHDYHU�EXUNH�SORW�KDG�D�SRVLWLYH�<�LQWHUFHSW��PHDQLQJ�
WKDW�WKH�GDWD�FDQQRW�EH�XVHG��,Q�UHJDUG�WR�RXU�GDWD��ZH�ZRXOG�H[SHFW�D�YHU\�
similar line weaver plot for our data to be successful, except for a negative 
<�LQWHUFHSW��)URP�WKHUH�ZH�ZRXOG�EH�DEOH�WR�LQWHUSUHW�WKHLU�.P�DQG�9PD[�

Discussion:
:KLOH�ZH�FDQQRW�PDNH�FRQFUHWH�FRQFOXVLRQV�RI�RXU�SURWHLQ¶V�IXQFWLRQV�
based on our experiments, we can make a hypothesis based on the sum 
RI�RXU�H[SHULPHQWV��$V�SUHYLRXVO\�VWDWHG��7UR[LGRUHGXFWDVH�VKRZHG�FKDU-
DFWHULVWLFV�RI�(&���DQG�(&���IXQFWLRQV��ZLWK�DQ�+'�GRPDLQ�VLPLODU�WR�D�
K\GURODVH�EXW�VWUXFWXUDO�VLPLODULWLHV�ZLWK�DQ�R[LGRUHGXFWDVH��8SRQ�IXUWKHU�
UHVHDUFK��WKH�(&���SURWHLQ�RI�EHVW�¿W���6�,��ZKLFK�KDV�D�3'%�FODVVL¿FD-
tion of a hydrolase and oxidoreductase performs a catalytic reaction end-
LQJ�ZLWK�WKH�FUHDWLRQ�RI�FDUERQ�GLR[LGH���%DQN��Q�G�����:LWK�WKLV�LQIRUPDWLRQ�
and the data from our experiments, several assumptions can be made 
DERXW�WKH�PHFKDQLVP�DQG�UROH�RI�7UR[LGRUHGXFWDVH��)URP�RXU�ELQGLQJ�VLWH�
comparison and our Dali search, we believe that the binding site seen in 
)LJXUH���LV�XVHG�IRU�D�SKRVSKRK\GURODVH�PHFKDQLVP�DV�WKH�ELQGLQJ�VLWH�
IDOOV�ZLWKLQ�WKH�+'�GRPDLQ��+RZHYHU��WKH�OLJDQG�ELQGLQJ�WR�WKH�SURWHLQ�
LQ�)LJXUH���LV�QRW�ELQGLQJ�WR�WKH�DFWLYH�VLWH�KLJKOLJKWHG��DV�WKLV�OLJDQG�RI�
EHVW�¿W�LV�IURP�DQ�(&��SURWHLQ��7KLV�VHHPLQJO\�QXOOL¿HG�RXU�K\SRWKHWLFDO�
SKRVSKRK\GURODVH�PHFKDQLVP��ZKLFK�ZDV�EDVHG�RQ�WKH�(&��K\GURODVH�
FODVVL¿FDWLRQ��DQG�SRLQWHG�WRZDUGV�D�GLIIHUHQW�PHFKDQLVP�DOO�WRJHWKHU��
:LWK�7UR[LGRUHGXFWDVHV�VLPLODULWLHV�WR��6�,��DQG�WKH�OLJDQG��[[��ELQGLQJ�
on a different region to our proposed active site, we also believe that our 
protein performs an oxidation reduction reaction along with its hydrolase 
IXQFWLRQ��7KLV�FRPELQDWLRQ�RI�UHDFWLRQV�ZRXOG�PDNH�VHQVH�DV�RXU�SURWHLQ�
LV�EHOLHYHG�WR�FDXVH�WKH�VRXULQJ�RI�RLO�¿HOGV�E\�SURGXFLQJ�VXOIXU�JDV��
most likely by an oxidation reduction reaction as Archaeglobus bacteria 
DUH�NQRZQ�WR�EH�VXOIDWH�UHGXFLQJ�EDFWHULD��DQG�WKHVH�RLO¿HOGV�WHQG�WR�EH�
soured with the addition of water, suggesting the hydrolase reaction may 
SOD\�VRPH�SDUW�LQ�WKLV�UHDFWLRQ��+RZHYHU��ZH�FDQQRW�PDNH�WKHVH�VWDWH-
PHQWV�ZLWK�PXFK�FRQ¿GHQFH�GXH�WR�WKH�IDFW�WKDW�PDQ\�RI�RXU�ODE�UHVXOWV�
were not in agreement with each other and we were unable to take this 
VSHFL¿F�SURWHLQ��7UR[LGRUHGXFWDVH��WR�WKH�FRPSOHWLRQ�RI�WKH�ODE��DQG�WKXV�
DUH�XQDEOH�WR�SURSRVH�D�SODXVLEOH�PHFKDQLVP�DW�WKLV�WLPH�

Figure 7. Hypothesized EC 3 mechanism for Troxidoreductase involv-
ing the Histidine 76 and Aspartic Acid 124 residues. This mechanism 
was not found in our experimental trials; thus, we cannot say that this 
mechanism is present. The mechanism found seems to be of EC 1 na-
WXUH� DQG�PRUH� WHVWV� DUH� UHTXLUHG� WR� ¿QG� WKH� FRUUHFW�PHFKDQLVWLF� VWHSV��
Authors Note: Mechanism drawn by hand as Chemdraw failed to work.

,I�ZH�ZHUH�DEOH�WR�FRQWLQXH�WKLV�ODE��RU�VWXG\�7UR[LGRUHGXFWDVH�LQ�WKH�IXWXUH��
one possible experiment would be to test varying concentrations of our pro-
teins in oil, both with and without water, and monitor each solution over time 
IRU�SURGXFWLRQ�RI�VXOIXU��VLPLODU�WR�RXU�WHPSHUDWXUHV�����GHJUHHV�&HOFLXV��WR�
PLPLF�WKH�FRQGLWLRQV�ZLWKLQ�DQ�RLO�¿HOG��DV�WKH\�DUH�XVXDOO\�DW�KLJK�WHPSHUD-
WXUH�DQG�SUHVVXUH��%HHGHU�HW�DO���������,I�QR�ZHOOV�KDG�DQ\�SURGXFWLRQ�RI�VXO-
fur, Troxidoreductase would not be the missing link in the oil souring chain 
RI�EDFWHULD��,I�VXOIXU�ZDV�SURGXFHG�LQ�ERWK�WKH�RLO�DQG�RLO���ZDWHU�ZHOOV��7UR[-
LGRUHGXFWDVH¶V�R[LGDWLRQ�UHGXFWLRQ�UHDFWLRQ�ZRXOG�QRW�EH�ZDWHU�GHSHQGHQW��
DQG�LI�VXOIXU�ZDV�SURGXFHG�LQ�RQO\�WKH�RLO���ZDWHU�ZHOOV��WKHQ�ZH�ZRXOG�NQRZ�
WKH�K\GURODVH�UHDFWLRQ�LV�QHFHVVDU\��,W�LV�RXU�K\SRWKHVLV�WKDW�RQO\�WKH�ZHOOV�
FRQWDLQLQJ�RLO�DQG�ZDWHU�ZLOO�SURGXFH�VXOIXU��DV�LQ�SUHYLRXV�UHVHDUFK�RLO�¿HOGV�
ZHUH�IRXQG�WR�RQO\�VRXU�ZLWK�WKH�DGGLWLRQ�RI�ZDWHU��DQG�WKDW��6�,�UHTXLUHV�
WKH� K\GURODVH� UHDFWLRQ� WR� SURGXFH� FDUERQ� GLR[LGH� DV� SUHYLRXVO\� VWDWHG�
The next continuation of our future experiment would be to determine if 
LQKLELWLRQ�RI�WKH�+'�GRPDLQ�IRXQG�LQ�WKH�(&���DFWLYH�VLWH�ZRXOG�LQKLELW�VXOIXU�
SURGXFWLRQ� IURP�7UR[LGRUHGXFWDVH¶V� UHDFWLRQ��7KLV�ZRXOG�KDYH�JUHDW� VLJ-
QL¿FDQFH� RQ� WKH� RLO� LQGXVWU\�� DV� WKH� LQKLELWLRQ� RI� VXOIXU� SURGXFWLRQ� LQ� DQ�
RLO�¿HOG�ZRXOG�SURWHFW�RLO�ZRUNHUV�DQG� ORZHU� WKH�SULFH�RI�RLO�GXH� WR�D�GH-
FUHDVH�LQ�XQXVDEOH�RLO��RU�RLO� WKDW�QHHGV�WR�EH�UH¿QHG�HYHQ�IXUWKHU��PDN-
LQJ� LW�PRUH� FRVWO\��7R�GR� WKLV��ZH�ZRXOG� XVH� WKH� VDPH�H[SHULPHQWDO� VHW�
up as in the previous experiment, but only with oil and water, and with 
WKH� DGGLWLRQ� RI� YDU\LQJ� DPRXQWV� RI� VL[� VHOHFW� 6$0+'�� LQKLELWLQJ� FRP-
pounds from the research paper ,GHQWL¿FDWLRQ� RI� ,QKLELWRUV� RI� WKH� G173�
Triphosphohydrolase SAMHD1 Using a Novel and Direct High-Throughput 
Assay��0DXQH\�HW�DO���������7KH�ZHOOV�ZRXOG�FRQWDLQ�LQFUHDVLQJ�FRQFHQ-
WUDWLRQV�RI�HDFK�FRPSRXQG�DQG�PRQLWRUHG�IRU�SURGXFWLRQ�RI�VXOIXU�JDVHV��
:H�H[SHFW� LI�D�FRPSRXQG�VXFFHVVIXOO\� LQKLELWV�WKH�+'�GRPDLQ�LQ�WKH�DF-
WLYH� VLWH�� QR� VXOIXU�ZRXOG� EH�SURGXFHG� LQ� WKRVH�ZHOOV�� ,I� D� FRPSRXQG�RU�
compounds were successful in inhibiting the production of sulfur, we could 
then move on to studying the compounds effects on crude oil and seeing 
if the compound is a viable product for the oil industry to treat or prevent 
VRXULQJ�RI�RLO�¿HOGV��,I�QRQH�RI�WKH�ZHOOV�VKRZ�LQKLELWLRQ�RI�VXOIXU�SURGXF-
tion, either the compounds did not successfully block the HD domain of 
Troxidoreductase, or the HD domain is not needed for the production 
RI� VXOIXU�� ,Q� HLWKHU� FDVH��PRUH� VWXGLHV� RQ�7UR[LGRUHGXFWDVH� DUH� QHHGHG�
to determine what needs to be inhibited to limit the production of sulfur 
DQG�LI� WKLV�RUJDQLVP�LV� LQ�IDFW� WKH�PLVVLQJ� OLQN� LQ�WKH�VRXULQJ�RI�RLO�¿HOGV�


