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0HGLFR�/HJDO�8SGDWH� is�a�scienti¿c�journal�which�brings� latest�knowledge�
UHJDUGLQJ�FKDQJLQJ�PHGLFR�OHJDO�VFHQDULR�WR�LWV�UHDGHUV��7KH�MRXUQDO�FDWHUV�
to�specialties�of� Forensic�Medicine,� Forensic�Science,�DNA�¿ngerprinting,�
7R[LFRORJ\��(QYLURQPHQWDO� KD]DUGV��6H[XDO�0HGLFLQH� HWF��7KH� MRXUQDO�KDV�
EHHQ�DVVLJQHG�LQWHUQDWLRQDO�VWDQGDUG�VHULDO�QXPEHU��,661����������;��7KH�
MRXUQDO�LV�UHJLVWHUHG�ZLWK�5HJLVWUDU�RI�1HZVSDSHU�IRU�,QGLD�YLGH�UHJLVWUDWLRQ�
QXPEHUV����������XQGHU�3UHVV�DQG�5HJLVWUDWLRQ�RI�%RRNV�DFW��������7KH�
MRXUQDO� LV� DOVR� FRYHUHG� E\� (0%$6(� �([FHUSWD� 0HGLFD� 'DWDEDVH�� IURP�
����� DQG� E\� ,1'(;� &23(51,&86�� 32/$1'�� 0HGLFR� OHJDO� XSGDWH� LV�
D� KDOI� \HDUO\�SHHU� UHYLHZHG� MRXUQDO�� 7KH� MRXUQDO� KDV� DOVR� EHHQ� DVVLJQHG�
(�,661������������(OHFWURQLF�YHUVLRQ�.�The�¿rst�issue�of�the�journal�was�
SXEOLVKHG�LQ������

:HEVLWH��ZZZ�PHGLFROHJDOXSGDWH�RUJ
��$OO�5LJKWV�UHVHUYHG�7KH�YLHZV�DQG�RSLQLRQV�H[SUHVVHG�DUH�RI�WKH�DXWKRUV�
DQG� QRW� RI� WKH� 0HGLFR� /HJDO� 8SGDWH�� 7KH� 0HGLFR� /HJDO� 8SGDWH� GRHV�
not� guarantee� directly� or� indirectly� the� quality� or� eႈcacy� of� any� products�
RU� VHUYLFH� IHDWXUHG� LQ� WKH� DGYHUWLVHPHQW� LQ� WKH� MRXUQDO�� ZKLFK� DUH� SXUHO\�
FRPPHUFLDO�
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6HFWRU������1RLGD������������8WWDU�3UDGHVK��

3XEOLVKHG�DW
,QVWLWXWH�RI�0HGLFR�OHJDO�3XEOLFDWLRQV

Logix�Oႈce�Tower,�Unit�No.�1704,�Logix�City�Centre�Mall,��
6HFWRU������1RLGD������������8WWDU�3UDGHVK��
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$VKLVK�9DUPD��6QHK�.XPDU��5XSDOL�6DOYH��$QMDOL�.KHU��-D\DQW�9DJKD��6DFKLQ�'DPNH

��� $�3URVSHFWLYH�6WXG\�RI�(WLRORJ\�DQG�&OLQLFDO�3UHVHQWDWLRQ�RI�*DVWULF�$GHQRFDUFLQRPD������������������������������������������
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��� 6WXG\�RI�)XQFWLRQDO�2XWFRPH�RI�&DOFDQHDO�)UDFWXUHV�ZLWK�3HUFXWDQHRXV�&DQFHOORXV�6FUHZV�)L[DWLRQ�LQ�&HQWUDO�
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���� Cardiovascular�Risk�Assessment�and�Pro¿ling�among�Employees�of�Tertiary�Care�Rural�Hospital:�Central�India���
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���� 7R�'HWHUPLQH� WKH�5ROH�RI�&ORQLGLQH�DV� DQ�$GMXYDQW�WR� ,QWUDWKHFDO�%XSLYDFDLQH� LQ�3DWLHQWV�8QGHUJRLQJ�/RZHU�
$EGRPLQDO�6XUJHU\�����������������������������������������������������������������������������������������������������������������������������������������������������
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9DLVKDOL�'��7HQGRONDU��6KDLQL�6XUDM��+DUVKDOD�5DMXUNDU
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����� Epitopes�prediction�of�PfEMP1-DBL2β�recombinant�protein�from�Indonesian�Plasmodium�falciparum�Isolate�for�
PDODULD�YDFFLQH�GHYHORSPHQW�����������������������������������������������������������������������������������������������������������������������������������
6KHLOOD�5DFKPDQLD���(UPD�6XOLVW\DQLQJVLK�����$QDN�$JXQJ�,VWUL�5DWQDGHZL����5RVLWD�'HZL�

����� E൵ectiveness�of�Video�Assisted�Teaching�on�Testicular�Self�Examination������������������������������������������������������������
6KHQEDJDSUDED�1���6DWKX�5RVOLQ��7KLY\D�1���<DJD�-H\DQWKL�0���/��/DNVKPL

����� .QRZOHGJH��$ZDUHQHVV�DQG�$WWLWXGHV�$ERXW�5HVHDUFK�(WKLFV�DPRQJ�)DFXOW\�DQG�3RVW�*UDGXDWH�6WXGHQWV�RI�WKH�
0HGLFDO�	�'HQWDO�3URIHVVLRQDOV�LQ�3URIHVVLRQDO�,QVWLWXWLRQV�����������������������������������������������������������������������������������
6KLYDQDQGD�6���9LG\D�*��'RGGDZDG��5DYL�9DVZDQL

����� E൵ectiveness� of� Healthy� Emotional� Expression� among� Girls� and� Boys� Experiencing� Anxiety� and� Suicide�
,GHDWLRQ���������������������������������������������������������������������������������������������������������������������������������������������������������������������
6KZHWD�1HJL��5RRSDOL�6KDUPD

����� Breastfeeding�Bene¿ts����������������������������������������������������������������������������������������������������������������������������������������������
6KZHWD�6KDUPD��3DUXO�6KDUPD

����� A�Study�on�the�Socio-demographic�Pro¿le�of�the�Victims�of�Sexual�O൵ences:�A�Retrospective�Study����������������
6PLWKD�5DQL��&KLQPD\L�<���$UXQ�0�

����� Mother’s�Knowledge�of�Continuing�Immunization�in�the�Jagir�Public�Health�Center�Working�Area��������������������
So¿na�Setiawati,�Lut¿�Agus�Salim

����� 3HUIRUPDQFH�DQG�3HUFHSWLRQ�RI�)LUVW�0%%6�6WXGHQWV�7RZDUGV�6LPXOWDQHRXV�2QH�6LWWLQJ�:HE�%DVHG�$VVHVVPHQW�
IRU�,QWURGXFWRU\�7RSLFV�LQ�$QDWRP\��3K\VLRORJ\�DQG�%LRFKHPLVWU\�����������������������������������������������������������������������
6XGDNVKLQD�&KDNUDEDUWL

����� &KDQJLQJ�7UHQGV�LQ�7HDFKLQJ�0HWKRG�IRU�0HGLFDO�6WXGHQWV�3URVHFWLRQ�9HUVXV�'LVVHFWLRQ�RI�&DGDYHUV��������������
6XGDNVKLQD�&KDNUDEDUWL

����� &RPSDULVRQ�RI�4XDGULFHSV�0XVFOH�*LUWK�8VLQJ�8OWUDVRXQG�,PDJLQJ�,Q�6XSHUYLVHG�YV�8QVXSHUYLVHG�3RVW�2SHUDWLYH�
$&/�5HFRQVWUXFWLRQ�������������������������������������������������������������������������������������������������������������������������������������������������
6XPLW�6D[HQD��$SDUQD�6DUNDU��$�.��1DLN

����� ([FOXVLYH�%UHDVWIHHGLQJ��%ORRG�9ROXPH� DQG�%OHHGLQJ�'XUDWLRQ�RQ� 3RVWSDUWXP�3HULRG� DW�.DVVL�.DVVL�3ULPDU\�
+HDOWK�&HQWUH��3+&���0DNDVVDU��,QGRQHVLD��������������������������������������������������������������������������������������������������������������
6XQGDUL��6LWWL�3DWLPDK��$��5HVNL�$PHOLD��0��$NEDU�$OZL��/LQD�)LWULDQL��'DVZDWL��6XPLDW\

����� $QDO\VLV�RI�&RPPXQLW\�(PSRZHUPHQW�LQ�WKH�,PSOHPHQWDWLRQ�RI�+HDOWK\�/LYLQJ�0RYHPHQW�3URJUDPV��*(50$6��
LQ�WKH�5HJLRQDO�3RVW�'LVDVWHU�3DOX�&LW\�������������������������������������������������������������������������������������������������������������������
$UGLDQV\DK�$ULI��0XKDPPDG�6\DIDU��(UQLZDWL�,EUDKLP��6XULDK��$QZDU�0DOORQJL��0XKDPPDG�$OZ\

����� Design� and�Guidelines� for� Early� Stimulation� to�Optimize�Toddler�Development� in�Maritime�Communities� in�
.HOXUDKDQ�/DSXOX�$EHOL�3XVNHVPDV�:RUNLQJ�$UHD�LQ�.HQGDUL�&LW\�����������������������������������������������������������������������
1XUMDQQDK

����� Analysis�of�Factors�A൵ecting�the�Workload�of�Health�Workers�in�the�Namrole�Public�Health�Center�and�Wamsisi�
3XEOLF�+HDOWK�&HQWHU�LQ�6RXWK�%XUX�5HJHQF\����������������������������������������������������������������������������������������������������������
Harun�Pattah,�Muhammad�Alwy�Ari¿n,�Indar,�Darmawansyah,�Anwar�Daud,�Aminuddin�Syam,�Anwar�Mallongi
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Epitopes�prediction�of�PfEMP1-DBL2β�recombinant�protein�
IURP�,QGRQHVLDQ�3ODVPRGLXP�IDOFLSDUXP�,VRODWH�IRU�PDODULD�

YDFFLQH�GHYHORSPHQW

6KHLOOD�5DFKPDQLD�����(UPD�6XOLVW\DQLQJVLK��������$QDN�$JXQJ�,VWUL�5DWQDGHZL�������5RVLWD�'HZL���

�*UDGXDWH�6FKRRO�RI�%LRWHFKQRORJ\��8QLYHUVLW\�RI�-HPEHU���)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�-HPEHU���&HQWHU�IRU�
'HYHORSPHQW�RI�$GYDQFH�6FLHQFH�DQG�7HFKQRORJ\��&'$67���8QLYHUVLW\�RI�-HPEHU���)DFXOW\�RI�0DWKHPDWLFV�DQG�

1DWXUDO�6FLHQFHV��8QLYHUVLW\�RI�-HPEHU

$EVWUDFW
The�development�of�an�e൵ective�vaccine�against�malaria�is�essential.�Domain�Du൵y-binding-like�(DBL)2β�
LQ� 3ODVPRGLXP� IDOFLSDUXP� HU\WKURF\WH� PHPEUDQH� SURWHLQ� �� �3I(03��� SURWHLQ� LV� RQH� RI� WKH� YDFFLQH�
FDQGLGDWH�SURWHLQV�EHFDXVH�RI�LWV�ELQGLQJ�FDSDFLW\�WR�,&$0���UHFHSWRU��+RZHYHU�� WKH�KLJK�SRO\PRUSKLVP�
needs�epitope�identi¿cation�before�formulating�a�peptide-based�vaccine.�This�study�aimed�to�identify�the�
conserved� epitopes� in�PfEMP1-DBL2β�by� an� immunoinformatic�approach.�The� protein� sequences�were�
analyzed�to�predict�the�hydrophobicity�attributes,�T-cell�and�B-cell�epitopes.�T-cell�epitopes�were�identi¿ed�
using�the�NetCTL�and�Propred�server�and�analyzed�for�population�coverage�rate�using�the�IEDB�analysis�
WRRO��0RUHRYHU��WKH�%HSLSUHG�����DQG�.RODVNDU�7DQJDRQNDU�PHWKRG�FRPELQHG�ZLWK�WKH�.�PHDQV�FOXVWHULQJ�
were�used�to�predict�the�B-cell�epitopes.�This�study�found�that�the�hydrophobicity�value�of�PfEMP1-DBL2β�
recombinant�protein�is�32.62,�indicating�that�this�protein�is�soluble�and�potentially�¿t�into�HLA�alleles�active�
VLWH��7ZR�FRQVHUYHG�DQWLJHQLF�&7/�HSLWRSHV�ZLWK�QHDU�����SRSXODWLRQ�FRYHUDJH�UDWH�LQ�WKH�PDODULD�WDUJHW�
population�were� identi¿ed.� For�Th�cell� epitopes,� the�NN-align�algorithm� showed�no� overlapping� strong�
ELQGLQJ�HSLWRSH�SRVLWLRQV�IRU�WKUHH�FKRVHQ�,QGRQHVLDQ�DQG�$IULFDQ�DOOHOHV��7KUHH�%�FHOO�FRQVHUYHG�HSLWRSHV�
were�identi¿ed�at�the�position�of�77-89,�236-254�and�360-377�amino�acids�with�one�cluster�overlapping�with�
,&$0���GHWHUPLQDQW�ELQGLQJ�DUHD��7KH�SUHGLFWHG�FRQVHUYHG�HSLWRSHV�ZLWKLQ� WKH�SURWHLQ�LQ� WKLV�VWXG\�DUH�
YDOXDEOH�LQ�FRQVWUXFWLQJ�D�VXEXQLW�SHSWLGH�EDVHG�PDODULD�YDFFLQH�FDQGLGDWH��$�IXUWKHU�H[SHULPHQWDO�VWXG\�LV�
QHHGHG�WR�YDOLGDWH�WKLV�DSSURDFK�DV�WKH�QH[W�VWHS�LQ�YDFFLQH�GHYHORSPHQW�

.H\ZRUGV�� DBL2β,�epitope,�immunoinformatic,�malaria,�PfEMP1.

&RUUHVSRQGLQJ�$XWKRU��
'U��5HU��%LRO��+XP��'U��(UPD�6XOLVW\DQLQJVLK�
0�6L��'HSDUWPHQW�RI�3DUDVLWRORJ\��)DFXOW\�RI�0HGLFLQH��
8QLYHUVLW\�RI�-HPEHU��-HPEHU��(DVW�-DYD��,QGRQHVLD�
������
Phone:�+62331337877�
H�PDLO�VXOLVW\DQLQJVLK�IN#XQHM�DF�LG

,QWURGXFWLRQ
0DODULD� LV� RQH� RI� WKH� PRVW� LPSRUWDQW� LQIHFWLRXV�

GLVHDVHV�� LW� LV� UHVSRQVLEOH� IRU� �������� GHDWKV� HDFK�
\HDU�ZRUOGZLGH�� ,QGRQHVLD� LV� RQH�RI� WKH� FRXQWULHV� WKDW�

KDYH� PRUH� WKDQ� �������� LQFUHDVLQJ� FDVHV� LQ� ���������
:+2� KDV� VHYHUDO� VWUDWHJLHV� DQG� UHFRPPHQGDWLRQV� WR�
FRQWURO� PDODULD�� $� YDFFLQDWLRQ� LV� FRQVLGHUHG� D� JUHDW�
and� e൵ective� solution� as� a� prophylactic� treatment� for�
LQIHFWLRXV�GLVHDVH��HVSHFLDOO\�IRU�VHYHUH�PDODULD�FDXVLQJ�
KLJK�PRUELGLW\�DQG�PRUWDOLW\�����

3DWKRORJ\� RI� VHYHUH�PDODULD� LQYROYHV� DJJUHJDWLRQ�
DQG� DGKHVLRQ� LQ� PLFURYDVFXODU� RI� YLWDO� RUJDQV� FDOOHG�
F\WRDGKHUHQFH�� 7KLV� PHFKDQLVP� UHGXFHV� DQG� IXUWKHU�
obstructs�blood�Àow�resulting�in�organ�failure.�Besides,�
F\WRDGKHUHQFH� FDQ� FRQWULEXWH� WR� LPPXQH� HYDVLRQ�
PHFKDQLVPV�FDXVLQJ�WKH�VSOHHQ¶V�LQDELOLW\�WR�GHVWUXFW�WKH�
LQIHFWHG� HU\WKURF\WH�����7KH� F\WRDGKHUHQFH� LV�PHGLDWHG�
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E\� 3ODVPRGLXP� IDOFLSDUXP� HU\WKURF\WH� PHPEUDQH�
SURWHLQ����3I(03����D�SURWHLQ�H[SUHVVHG�E\�WKH�SDUDVLWH�
DQG� GHSRVLWHG� RQ� WKH� VXUIDFH� RI� LQIHFWHG� HU\WKURF\WH�
ZKLFK�FDQ�ELQG�WR�YDULRXV�KRVW�FHOO� UHFHSWRUV��3I(03��
LV� D� FRPSOH[� SURWHLQ� DQG� FRQVLVWV� RI� VHYHUDO� GRPDLQV��
one�of�them�is�the�Du൵y-binding-like�(DBL)2β�domain�
that� has� an� a൶nity� toward� Intercellular� Adhesion�
0ROHFXOH����,&$0����UHFHSWRU�IRXQG�LQ�HQGRWKHOLDO�FHOO�
RI�PLFURYDVFXODWXUH�LQFOXGLQJ�WKH�EUDLQ����

7KH� DGKHVLRQ� RI�3I(03��GRPDLQV� WR� VHYHUDO�KRVW�
UHFHSWRUV� SOD\V� DQ� HVVHQWLDO� UROH� LQ� PHGLDWLQJ� VHYHUH�
PDODULD�SDWKRJHQHVLV��WKXV�PDNHV�WKLV�SURWHLQ�DV�D�WDUJHW�
LQ�GHYHORSLQJ�WKH�SHSWLGH�EDVHG�YDFFLQH��+RZHYHU�� WKH�
FRPSOH[LW\� RI� WKH� SDUDVLWH¶V� OLIH� F\FOH�� KLJK� DQWLJHQLF�
VZLWFKLQJ� UDWH� DQG� LPPXQH� HYDVLRQ� DELOLW\� RI� WKH�
SDUDVLWHV�DUH�WKH�PDMRU�SUREOHPV����

7KH�GHYHORSPHQW�RI�WKH�FXUUHQW�YDFFLQH�LV�IRFXVLQJ�
RQ�WKH�GLVFRYHU\�RI�VXEXQLW�HSLWRSH�EDVHG�YDFFLQHV�WKDW�
incorporate�one�or�more�semi-puri¿ed�or�even�puri¿ed�
DQWLJHQV�� 7R� GHYHORS� D� VXEXQLW� YDFFLQH�� GHWHUPLQH�
WKH� LPPXQRORJLFDO� SURSHUWLHV� RI� WKH� WDUJHW� SURWHLQ� LQ�
JHQHUDWLQJ�SURWHFWLRQ�LV�FULWLFDO�VLQFH�VRPH�SHSWLGHV�PD\�
EH� LPPXQRVXSSUHVVLYH� RU� HYHQ� HQKDQFH� WKH� GLVHDVH��
3HSWLGHV�DVVRFLDWHG�ZLWK�SURWHFWLYH�HSLWRSHV�DUH�SUHIHUDEOH�
YDFFLQH�FDQGLGDWHV��EXW�WHVWLQJ�RXW�HYHU\�SHSWLGH�DV�DQ�
HSLWRSH� IRU� WKHLU� DELOLW\� WR�JHQHUDWH�SURWHFWLYH� LPPXQH�
UHVSRQVH� KDV� VHYHUDO� OLPLWDWLRQV��$VLGH� IURP� WLPH� DQG�
ODERU� FRQVXPLQJ�� PRVW� SHSWLGHV� H[SUHVVHG� GXULQJ� LQ�
YLYR�LQIHFWLRQ�LV�QRW�H[SUHVVHG�WKH�VDPH�GXULQJ�LQ�YLWUR�
cultivation.�Analyzing� every� individual� peptide� that� is�
abundant� in� cultivation� also� ine൵ective� and�di൶cult�����
'XH�WR�WKHVH�SUREOHPV��WKH�LPPXQRLQIRUPDWLFV�DSSURDFK�
has�been�utilized�to�identify�subunit�vaccine�candidates�
IURP� EDFWHULDO�� YLUDO� DQG� SDUDVLWH� JHQRPH� VHTXHQFHV��
7KLV� DSSURDFK� FDOOHG� UHYHUVH� YDFFLQRORJ\� ZRUNV� E\�
analyze� the�genome�sequence�in� silico� and�predict� the�
IHDVLEOH�SHSWLGH�ZLWK�WKH�DELOLW\�WR�DFW�DV�DQ�HSLWRSH�DQG�
WKXV�KDYH�WKH�SURWHFWLYH�FDSDFLW\����

The� ¿rst� step� of� developing� a� peptide-based�
YDFFLQH� DJDLQVW� 3I(03�� LV� WR� LGHQWLI\� HSLWRSHV� DQG�
predict� its� binding� a൶nities� to� HLA� alleles.� A� good�
YDFFLQH�FDQGLGDWH�VKRXOG�EH�DEOH�WR�LQGXFH�DQ�DGHTXDWH�
SURWHFWLYH� LPPXQH� UHVSRQVH� DJDLQVW� HSLWRSHV� WKDW�
are� recognized� by� wide� varieties� of� HLA� alleles� and�
JHQHUDWH�FURVV�UHDFWLRQ�ZLWK�RWKHU�LVRODWHV�����7KLV�VWXG\�
ZDV�FRQGXFWHG�WR�LGHQWLI\�7�FHOO�DQG�%�FHOO�HSLWRSHV�RI�
the� PfEMP1-DBL2β� domain� from� Indonesian� isolate�
XVLQJ� DQ� LPPXQRLQIRUPDWLF� DSSURDFK�� 7KH� SUHYLRXV�

study� reported� that� the� PfEMP1-DBL2β� recombinant�
protein�is�homolog�with�DBLβPF11_0521�protein�found�
in�the�cerebral�malaria�of�Tanzania�children.�This�protein�
is�known�to�have�an�a൶nity�with�ICAM-1�receptor�and�
HVWLPDWHG�WR�KDYH�FRQVHUYHG�HSLWRSHV��VR�LW�LV�FRQVLGHUHG�
DV� D� FDQGLGDWH� IRU� D� SHSWLGH�EDVHG� PDODULD� YDFFLQH�����
Identi¿catifying�of�T-cell�and�B-cell�epitopes�is�crucial�
LQ�GHVLJQLQJ�WKH�PDODULD�YDFFLQH�EHFDXVH�WKH�SURWHFWLYH�
LPPXQLW\�DJDLQVW�PDODULD�GHSHQGV�RQ�WKH�DELOLW\�RI�ERWK�
FHOOV�LQ�JHQHUDWLQJ�LPPXQH�UHVSRQVHV������'HWHUPLQDWLRQ�
RI� WKH� 7�FHOO� DQG� %�FHOO� HSLWRSHV� RI� WKH� UHFRPELQDQW�
SURWHLQ�ZLOO�EH�XVHIXO�IRU�IXUWKHU�VWXG\�LQ�GHYHORSLQJ�D�
SHSWLGH�EDVHG�YDFFLQH�

0HWKRG
$QDO\VLV� RI� SURWHLQ� K\GURSKRELFLW\��7KH� DPLQR�

acid� sequences� of� PfEMP1-DBL2β� protein� from�
,QGRQHVLDQ�LVRODWH�FORQHG�E\�6XOLVW\DQLQJVLK������ZKLFK�
ZDV� GHSRVLWHG�DW� WKH�1&%,� �KWWSV���ZZZ�QFEL�QOP�QLK�
JRY��� ZLWK� WKH� DFFHVVLRQ� QXPEHU� $*-�������� ZHUH�
UHWULHYHG� DQG� VXEMHFWHG� WR� FKHFN� LWV� K\GURSKRELFLW\�
DWWULEXWH�E\�XVLQJ�3HSWLGH�3URSHUW\�&DOFXODWRU�3URJUDP�
�KWWS���ZZZ�ELRV\Q�FRP�3HSWLGH3URSHUW\&DOFXODWRU�
3HSWLGH3URSHUW\&DOFXODWRU�DVS[��

7�&HOO�(SLWRSHV�3UHGLFWLRQ�IRU�0+&�,�DQG�0+&�
,,��7KH� ELQGLQJ�RI� DQWLJHQ� WR�PDMRU�KLVWRFRPSDWLELOLW\�
complex�(MHC)�molecules�possess�a�signi¿cant�role�in�
GHWHUPLQLQJ�ZKHWKHU�DQ�DQWLJHQ�LV�LPPXQRJHQLF�RU�QRW��
3UHGLFWLRQ�RI�WKH�7�FHOO�HSLWRSH�LQ�GHYHORSLQJ�D�VXEXQLW�
YDFFLQH� FDQ� GLPLQLVK� WKH�H[SHULPHQWDO� VWHS� WR� LGHQWLI\�
WKH� VXLWDEOH� HSLWRSHV� LQ� YDFFLQH� GHVLJQ�� ,Q� WKLV� VWXG\��
7�FHOO�HSLWRSH�SUHGLFWLRQ�IRU�0+&�,�ZDV�GRQH�E\�XVLQJ�
1HW&7/� �KWWS���ZZZ�FEV�GWX�GN�VHUYLFHV�1HW&7/���� DQ�
RQOLQH�VHUYHU�IRU�SUHGLFWLQJ�HSLWRSHV�RI�KXPDQ�F\WRWR[LF�
7� O\PSKRF\WH��&7/��EDVHG�RQ�SURWHLQ�VHTXHQFH� LQSXW��
7KH� HSLWRSH� SUHGLFWLRQ� ZDV� FRQGXFWHG� E\� FRPELQLQJ�
the� prediction�of�MHC�Class� I� a൶nity,�TAP� transport�
e൶ciency� and� proteasomal� cleavage� for� 12� MHC� I�
VXSHUW\SHV��7KLV�WRRO�KDV�EHWWHU�SUHGLFWLYH�SHUIRUPDQFH�
FRPSDUHG� WR� VHYHUDO�RWKHU� WRROV� LQ� ODUJH� VFDOH� GDWD������
7KH�WKUHVKROG�IRU�&�WHUPLQDO�FOHDYDJH�ZDV�SXW�RQ�������
0.05�for�TAP� transport� e൶ciency�and�0.75� for� epitope�
SUHGLFWLRQ�����

Identi¿ed� T-cell� epitopes� for�MHC-I�were� further�
HYDOXDWHG� IRU� LWV� DQWLJHQLFLW\� WR� SUHGLFW� WKH� FDSDFLW\�
LQ� JHQHUDWLQJ� DQ� LPPXQH� UHVSRQVH�� 7KH� DQWLJHQLFLW\�
SUHGLFWLRQ� WRRO� XVHG�LQ� WKLV� VWXG\�ZDV� WKH�9D[LMHQ� ����
RQOLQH� DQWLJHQ� SUHGLFWLRQ� �KWWS���ZZZ�GGJ�SKDUPIDF�
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QHW�YD[LMHQ�9D[L-HQ�9D[L-HQ�KWPO��� 7KLV� VHUYHU� ZDV�
GHYHORSHG� WR� SUHGLFW� SURWHFWLYH� DQWLJHQV� IURP� VHYHUDO�
KRVWV� DQG� FDSDEOH� RI� FODVVLI\LQJ� DQWLJHQ� EDVHG� RQ� LWV�
SK\VLFRFKHPLFDO� SURSHUWLHV�� UHVXOWLQJ� LQ� DQ� DQWLJHQ�
SUREDELOLW\� UHSRUW� IRU� HDFK�SURWHLQ��:LWK� WKH� WKUHVKROG�
VHW� RQ� ����� WKLV� SUHGLFWLRQ� VHUYHU� FDQ� SHUIRUP�ZLWK� DQ�
DFFXUDF\�RI����������7�FHOO�HSLWRSHV�IRU�0+&�,�DOOHOHV�
ZLWK� WKH� KLJKHVW� SUREDELOLW\� DV� D� SURWHFWLYH� DQWLJHQ�
ZHUH� VXEMHFWHG� WR� FRQVHUYDQF\� DQDO\VLV� ZLWK� ,('%�
WRROV� �KWWS���ZZZ�LHGE�RUJ��� ZLWK� D� ����� WKUHVKROG�
FRPSDUHG�ZLWK�3I��B�����VHTXHQFHV��DFFHVVLRQ�QXPEHU�
XP_001348176.1)�and�analyzed�for�its�coverage�within-
SRSXODWLRQ� E\� NHHSLQJ� WKH� SDUDPHWHUV� RQ� GHIDXOW��7KH�
SRSXODWLRQ� FRYHUDJH� DQDO\VLV� UHVRXUFH� WRRO� GHWHUPLQHV�
WKH�UDWLR�RI�LQGLYLGXDOV�SUHGLFWHG�WR�UHDFW�WRZDUG�D�JLYHQ�
VHW�RI�HSLWRSHV�

0DMRU�KLVWRFRPSDWLELOLW\�FODVV�,,��0+&�&ODVV�,,��LV�
DQRWKHU�PDMRU�SDUW�LQ�LQLWLDWLQJ�DQ�LPPXQH�UHVSRQVH��7KLV�
PROHFXOH� LV�QRUPDOO\�IRXQG�RQ�DQWLJHQ�SUHVHQWLQJ�FHOOV�
�$3&�� WR� SUHVHQW� DQWLJHQV� GHULYHG� IURP� H[WUDFHOOXODU�
SURWHLQ�� %HFDXVH� 0+&� &ODVV� ,,� LQWHUDFWV� ZLWK� RWKHU�
immune�cells�such�as�lymphocyte�T�helper�cell�(CD4+),�
identifying�peptide�that�have�an�a൶nity�with�this�molecule�
LV�LPSRUWDQW�LQ�YDFFLQH�GHVLJQ��3UHGLFWLRQ�RI�WKH�ELQGLQJ�
SHSWLGH� ZLWK� 0+&� &ODVV� ,,� ZDV� FRPSOHWHG� E\� XVLQJ�
3UR3UHG� �KWWSV���ZHEV�LLLWG�HGX�LQ�UDJKDYD�SURSUHG���� DQ�
RQOLQH�VHUYHU�WR�SUHGLFW�DQWLJHQLF�HSLWRSHV� IRU����+/$�
Class�II�alleles�based�on�the�amino�acid�coe൶cient�table.�
7KLV�VHUYHU� FDQ�ORFDWH� WKH�SURPLVFXRXV�ELQGLQJ� UHJLRQ�
IURP�WKH�LQSXW�SURWHLQ��7KH�GHIDXOW�WKUHVKROG�ZDV�SXW�RQ�
���WR�OLPLW�IDOVH�SRVLWLYH�UHVXOWV�����

The� a൶nity� values� for� the� predicted� promiscuous�
SHSWLGHV�ZHUH�HYDOXDWHG�XVLQJ�VHYHUDO�WRROV�DYDLODEOH�LQ�
WKH� ,('%� VHUYHU�� 7KH�11�DOLJQ� DOJRULWKP�ZDV� FKRVHQ�
GXH� WR� LWV� EHWWHU� SUHGLFWLYH� SHUIRUPDQFH� WKDQ� RWKHU�
PHWKRG� IRU�+/$�'5�SHSWLGH� ELQGLQJ� SUHGLFWLRQ�� VXFK�
DV� 600�DOLJQ� DQG� 1HW0+&,,SDQ������ 7KH� SUHGLFWHG�
peptides� were� analyzed� against� three�HLA-DR� alleles�
IURP� WKH� PDODULD� WDUJHW� SRSXODWLRQ� �,QGRQHVLDQ�� (DVW�
$IULFD�DQG�:HVW�$IULFD��FKRVHQ�IURP�$OOHOH�)UHTXHQF\�
1HW�'DWDEDVH��KWWS���ZZZ�DOOHOHIUHTXHQFLHV�QHW�GHIDXOW�
asp)�and�the�a൶nity�was�showed�as�IC50�values.

Identi¿cation� of� B� cell� epitope� clusters:� 7KH� %�
cell� epitopes� within� PfEMP1-DBL2β� were� identi¿ed�
XVLQJ� WZR� PHWKRG�� L�H��� %HSLSUHG� ���� DQG� .RODVNDU�
7DQJDRQNDU�PHWKRG� LQ� WKH� ,('%�VHUYHU��%RWK�PHWKRG�
ZHUH� FKRVHQ� EHFDXVH� RI� WKHLU� DFFXUDF\�� 7KH� %HSLSUHG�
����LV�WKH� ODWHVW�HSLWRSH�SUHGLFWRU� WKDW� LGHQWLI\�HSLWRSHV�

IURP�SHSWLGH�FU\VWDO�VWUXFWXUHV��,W�ZDV�SUHVXPHG�WR�JLYH�
KLJKHU� TXDOLW\� SUHGLFWLRQ� WKDQ�RWKHU� DYDLODEOH� WRROV������
0RUHRYHU�� WKH� .RODVNDU�7DQJDRQNDU� PHWKRG� XVHV� WKH�
SK\VLFRFKHPLFDO� SURSHUWLHV� RI� DPLQR� DFLG� DQG� WKHLU�
IUHTXHQFLHV� RI� RFFXUUHQFH� WR� SUHGLFW� SURWHLQ� DQWLJHQLF�
GHWHUPLQDWLRQ������:LWK�GHIDXOW�SDUDPHWHUV��ERWK�PHWKRG�
gave�antigenicity�scores�as�a�result,�which�is�categorized�
XVLQJ� WKH� .�PHDQV� FOXVWHULQJ�PHWKRG� DQG� GHSLFWHG� LQ�
D�KHDW�PDS�VKRZHG�HSLWRSH�GHQVLWLHV�RI�WKH�DPLQR�DFLG�
VHTXHQFH�

5HVHDUFK�)LQGLQJV�

+\GURSKRELFLW\� $WWULEXWH� $QDO\VLV�� 7KH�
PfEMP1-DBL2β�protein�was�subjected� to�measure� the�
K\GURSKRELFLW\�DWWULEXWH�E\�XVLQJ� WKH�3HSWLGH�3URSHUW\�
&DOFXODWRU�SURJUDP��3URWHLQ�ZLWK�K\GURSKRELFLW\������LV�
VROXEOH�LQ�DTXHRXV�VROXWLRQ��ZKLOH�K\GURSKRELFLW\�!����
LV� FRQVLGHUHG� SDUWLDOO\� VROXEOH� RU� LQVROXEOH�� 7KH�PRUH�
VROXEOH�LQ�WKH�DTXHRXV�SKDVH��WKH�ELJJHU�WKH�SUREDELOLW\�RI�
the�protein�to�¿t�into�MHC�molecules�active�site�cleft�����
%DVHG� RQ� WKH�3HSWLGH�SURSHUW\� FDOFXODWRU�SURJUDP�� WKH�
hydrophobicity� value� of� PfEMP1-DBL2β� protein� was�
������� LQGLFDWHG�WKDW�WKLV�SURWHLQ� LV�IXOO\� VROXEOH�LQ� WKH�
DTXHRXV�SKDVH�

7�&HOO� (SLWRSHV� 3UHGLFWLRQ�� 1HW&7/� SUHGLFWLRQ�
WRRO� VKRZHG� D� WRWDO�RI� ���� HSLWRSH� VHTXHQFHV� UHDFWLQJ�
ZLWK� ���0+&� ,� DOOHOHV� VXSHUW\SHV��ZLWK� ��� VHTXHQFHV�
UHDFWHG� ZLWK� PXOWLSOH� VXSHUW\SHV� �6XSSOHPHQWDU\�
Table�1).�Each�epitope� sequence�was�analyzed� for� the�
DQWLJHQLFLW\�XVLQJ�9D[L-HQ�����VHUYHU��VKRZLQJ�DQWLJHQ�
probability� classi¿cation.� IEDB� conservancy� analysis�
tool�further�analyzes�conserved�sequences�compared�with�
Pf11_0521,� a� PfEMP1� protein� isolated� from�Tanzania�
FKLOGUHQ�� 7ZR� FRQVHUYHG�7�FHOO� HSLWRSHV� IURP�0+&� ,�
ZHUH� JHQHUDWHG�� DV� OLVWHG� LQ� 7DEOH� ��� %RWK� FRQVHUYHG�
VHTXHQFHV�PHW�WKH�FULWHULD�RI�WKH�GHIDXOW�WKUHVKROG�OHYHO�
in�VaxiJen�2.0,�which�is�≥0.5.

7DEOH����&RQVHUYHG�VHTXHQFHV�IRU�7�FHOO�HSLWRSHV�

7�FHOO�(SLWRSH�
6HTXHQFHV $PLQR�$FLG�3RVLWLRQ $QWLJHQLFLW\�

6FRUH

<,345/5:0 ������� ������

:07(:$(:< ������� ������

([SODQDWLRQ�� $QWLJHQLFLW\� VFRUH�� DV� SUHGLFWHG� E\�
VaxiJen�2.0�server�≥0.5,�showed�that�the�peptides�were�
classi¿ed�as�an�antigen�and�able�to�induce�host�immune�
UHVSRQVH�
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3RSXODWLRQ� &RYHUDJH� $QDO\VLV� RI� 0+&� ,�
(SLWRSHV��+LJKO\�SRO\PRUSKLF�0+&�PROHFXOHV�UHPDLQV�
a� challenge� for� researchers� in� developing� an� e൵ective�
YDFFLQH�� 7KH� KLJK� QXPEHU� RI� +/$� DOOHOLF� VHTXHQFHV�
identi¿ed� were� showed� as� a� widely� varying� binding�
speci¿city�of�MHC�molecules�and�expressed�at�di൵erent�
frequencies� in� di൵erent� ethnicities.� Because� malaria�
LV� HQGHPLF� WR� RQO\� VHYHUDO� SRSXODWLRQV�� FKRRVLQJ� WKH�
VXLWDEOH�SHSWLGHV� WKDW�UHDFWLQJ�ZLWK� WKH�PRVW�H[SUHVVHG�

0+&� DOOHOHV� LQ� WDUJHW� SRSXODWLRQV� LV� QHFHVVDU\� IRU�
UDWLRQDO�YDFFLQH�GHVLJQ�

,('%�SRSXODWLRQ�FRYHUDJH�DQDO\VLV� WRRO�FDOFXODWHV�
WKH� SHUFHQWDJH�RI� LQGLYLGXDOV�SUHGLFWHG� WR� UHDFW�ZLWK�D�
JLYHQ�VHW�RI�HSLWRSHV��7ZR�FRQVHUYHG�HSLWRSHV�RI�0+&�
I�molecules�exhibited�di൵erent�coverage�rates�in�several�
di൵erent� populations� known� as� the� malaria-endemic�
DUHD��DV�GHSLFWHG�LQ�)LJXUH���

)LJXUH����3UHGLFWHG�3RSXODWLRQ�&RYHUDJH�5DWH�����RI�WZR�FRQVHUYHG�0+&�,�HSLWRSHV��<,345/5:0�
and�WMTEWAEWY)�of�DBL2β-PfEMP1�recombinant�protein�Indonesian�isolate�in�the�malaria�target�

SRSXODWLRQ�

For� epitope� prediction� based� on� its� a൶nity� with�
0+&� ,,� DOOHOHV�� WKH� 3URSUHG� SUHGLFWLRQ� JHQHUDWHG� ���
HSLWRSH� VHTXHQFHV� WKDW� DFW� DV� SURPLVFXRXV� SHSWLGHV�
�6XSSOHPHQWDU\� 7DEOH� ���� ,Q� WKH� VDPH� PDQQHU� ZLWK�
HSLWRSH�SUHGLFWLRQ�IRU�0+&�,�DOOHOH��9D[LMHQ�����VHUYHU�
was�used�to�analyze�the�antigenicity�score�and�classify�
HDFK�SHSWLGH�LQWR�DQ�DQWLJHQ�DQG�QRQ�DQWLJHQ��UHVXOWHG�LQ�
���HSLWRSH�VHTXHQFHV�SUHGLFWHG�DV�DQWLJHQ�

The� prediction� analysis� of� T� cell� epitopes� a൶nity�
WRZDUG�WKH�0+&�,,�DOOHOH�XVHG�WKH�11�DOLJQ�DOJRULWKP�
LQ�,('%������7KH�,&���YDOXHV�GLVWULEXWLRQ�EHWZHHQ�HDFK�
DPLQR�DFLG�SRVLWLRQ�ZDV�SUHVHQWHG�LQ�)LJXUH����(SLWRSHV�
ZLWK�VFRUHV�ORZHU�WKDQ����QP�ZHUH�FRQVLGHUHG�DV�VWURQJ�
ELQGHUV�� ������� Q0� DV� LQWHUPHGLDWH� ELQGHUV� DQG�!����
Q0� DV� ZHDN� ELQGHUV�� )LJXUH� �� DOVR� VKRZHG� WKDW� WKH�
strong�binding�amino�acid�positions�are�di൵erent�among�
WKH� WKUHH� WDUJHW� SRSXODWLRQ�+/$�'5� DOOHOHV� FKRVHQ� LQ�
WKLV�VWXG\�
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)LJXUH����,&���values�at�each�amino�acid�position�for�Th�cell�epitopes�in�DBL2β-PfEMP1�protein.�The�
SUHGLFWLRQV�ZHUH�GHULYHG�IURP�WKH�11�DOLJQ�DOJRULWKPV�IRU�WKUHH�DOOHOHV�IURP�,QGRQHVLD�DQG�$IULFD��/RZ�

,&���LQGLFDWHV�VWURQJ�ELQGLQJ�EHWZHHQ�HSLWRSHV�DQG�0+&�&ODVV�,,�PROHFXOHV�

B� cell� epitopes� prediction� in� PfEMP1-DBL2β�
SURWHLQ��7ZR�WHFKQLTXHV�SHUIRUPHG�GHWHUPLQDWLRQ�RI�WKH�
B�cell�epitopes�presence�in�PfEMP1-DBL2β�protein,�i.e.,�
WKH�%HSLSUHG�����DOJRULWKP�����DQG�.RODVNDU�7DQJDRQNDU�
PHWKRG������ 6XEVHTXHQWO\�� WKH� DQWLJHQLFLW\� VFRUHV� DQG�

HSLWRSH�GHQVLW\�UHJLRQV�RQ�HDFK�DPLQR�DFLGV�ZHUH�XVHG�DV�
D�YDULDEOH�LQ�WKH�.�PHDQV�FOXVWHULQJ�PHWKRG�WR�JHQHUDWH�
D�KHDW�PDS�VKRZHG�LQ�)LJ����7KLV�PHWKRG�KDV�EHHQ�XVHG�
to� di൵erentiate� regions� with� a� higher� concentration� of�
HSLWRSHV�����
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Figure�3:�A�heat�map�depicted�the�distribution�of�epitope�dense�regions�throughout�the�DBL2β-PfEMP1�
DPLQR�DFLG�VHTXHQFH��7KH�UHJLRQV�ZHUH�GHWHUPLQHG�EDVHG�RQ�%HSLSUHG�����DOJRULWKP�DQG�.RODVNDU�

7DQJDRQNDU�PHWKRG��FOXVWHUHG�E\�WKH�.�PHDQV�PHWKRG��(DFK�DPLQR�DFLG�FDWHJRUL]HG�LQWR�KLJK��PHGLXP��
ORZ�DQG�QRQ�HSLWRSH�EDVHG�RQ�LWV�DQWLJHQLFLW\�VFRUH��7KH�UHG�FRORU�UHSUHVHQWV�D�UHJLRQ�ZLWK�KLJK�DQWLJHQLFLW\�
VFRUH�HSLWRSH��RUDQJH�LQGLFDWHV�D�UHJLRQ�ZLWK�PHGLXP�DQWLJHQLFLW\�VFRUH�HSLWRSH��\HOORZ�GHSLFWV�UHJLRQ�ZLWK�
ORZ�DQWLJHQLFLW\�VFRUH�HSLWRSH�DQG�EODFN�GHQRWHV�UHJLRQV�ZLWK�QR�%�FHOO�HSLWRSH��3RWHQWLDO�%�FHOO�HSLWRSH�

FOXVWHUV�DUH�VSHFXODWHG�SRVLWLRQHG�LQ�WKH�DUHD�ZLWK�RYHUODSSLQJ�UHG�DQG�RUDQJH�FRORUV�EHWZHHQ�WZR�PHWKRG�
�EODFN�DUURZV��

The� Bepipred� 2.0� algorithm� predicted� di൵erent�
HSLWRSH� FOXVWHU� UHJLRQV� IURP� WKH�.RODVNDU�7RQJDRQNDU�
method.�We�hypothesized�that�the�overlapping�position�
EHWZHHQ�WZR�PHWKRG�DV�D�SRWHQWLDO�%�FHOO�HSLWRSH�FOXVWHUV�
ZLWK�PD[LPXP�DQWLJHQLFLW\�VFRUH�

:LWKLQ�WKH�����DPLQR�DFLG�VHTXHQFH�GHVLJQDWHG�LQ�
WKH�KHDW�PDS��WKH�.�FOXVWHULQJ�PHWKRG�SUHGLFWHG�VHYHUDO�
HSLWRSH�FOXVWHUV�ZLWK�WKH�KLJKHVW�DQWLJHQLFLW\��DV�VKRZQ�
LQ�7DEOH����2QH�RI�WKHVH�HSLWRSH�FOXVWHUV�FRLQFLGHQWDOO\�
aligned� with� the� Y� motif� area� of� PfEMP1-DBL2β�
SURWHLQ��������

Table�2.�B-cell�epitope�sequences�and�position�within�DBL2β-PfEMP1�protein

%�FHOO�HSLWRSH�6HTXHQFHV $PLQR�$FLG�3RVLWLRQ $UHD

'7+7//*(9$/6$ ����� 6HPL�FRQVHUYHG�DUHD

<464.<'(/..4&64&.6. ������� 6HPL�FRQVHUYHG�DUHD

17$$*<,+4(/449*&17 ������� <�PRWLI��FRQVHUYHG�DUHD
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([SODQDWLRQ�� %�FHOO� HSLWRSHV� SUHGLFWLRQ� LQ�
overlapping� area� and� their� position� within� DBL2β-
PfEMP1�protein.� The� ¿rst� two� epitopes� located� in� the�
VHPL�FRQVHUYHG�DUHD�DQG�RQH�DOLJQHG�ZLWK�WKH�<�PRWLI��
ZKLFK�LV�D�FRQVHUYHG�DUHD�DV�ZHOO�DV�D�ELQGLQJ�DUHD�ZLWK�
,&$0���UHFHSWRU�

'LVFXVVLRQ
7KH�GHYHORSPHQW�RI�D�PDODULD�YDFFLQH�LV�VWLOO�IDFLQJ�

PDQ\� REVWDFOHV�� +LJK� DQWLJHQLF� VZLWFKLQJ� UDWHV� DQG�
LPPXQH� HYDVLRQ� DELOLW\� RI� WKH� SDUDVLWHV� RIWHQ� FDXVH� D�
speci¿c�antigen-based�vaccine�not�able� to�generate� the�
H[SHFWHG� LPPXQH� UHVSRQVH�� 5HWULHYLQJ� LQIRUPDWLRQ�
DERXW� DQWLJHQ� LPPXQRJHQLFLW\� WKURXJK� LQ� YLWUR� RU�
LQ� YLYR� H[SHULPHQWV� QHHGV� FRQVLGHUDEOH� WLPH� DQG�
UHVRXUFHV��VFLHQWLVWV�FDOO�IRU�DQRWKHU�DSSURDFK�WR�REWDLQ�
WKH�LQIRUPDWLRQ�SULRU�WR�WKH�WUXH�H[SHULPHQWDO�SURFHGXUH��
L�H��� WKH�ELRLQIRUPDWLF�DSSURDFK��LW�LV�D�SRZHUIXO�WRRO�WR�
analyze� antigenic�protein�properties� in�order� to�design�
an� e൶cient� and� e൵ective� vaccine����� ,Q� WKLV� VWXG\�� DQ�
immunoinformatic� approach� towards� PfEMP1-DBL2β�
SURWHLQ� IURP� ,QGRQHVLDQ� LVRODWH� FORQHG� SUHYLRXVO\� E\�
6XOLVW\DQLQJVLK���� was� used� to� analyze� the� potency� of�
WKH� UHFRPELQDQW� SURWHLQ� WR� ELQG� WR� 7� FHOO� DQG� %� FHOO�
O\PSKRF\WH�

7KH� PDMRU� KLVWRFRPSDWLELOLW\� FRPSOH[� �0+&��
PROHFXOH� LV� D� JURXS� RI� UHFHSWRUV� RQ� WKH� FHOO� VXUIDFH�
DQG� KDV�D�PDMRU� UROH� LQ� WKH� LPPXQH�UHVSRQVH��3HSWLGH�
VHTXHQFHV�H[SUHVVHG�RQ�0+&V�DUH�FDOOHG�7�&HOO�HSLWRSHV��
Generally,�MHC�is� classi¿ed� into� two�classes;�MHC�I�
molecules� with� β2� microglobulin� subunit,� which� can�
be� recognized�by�CD8�co-receptors� (Cytotoxic�T�Cell/
CTL)� and�MHC� II�molecules�with� β1� and� β2� subunit�
which�can�be�recognized�by�CD4�co-receptors�(T�helper�
FHOO�7K�FHOO��

$� SDUW� RI� WKH� DQWLJHQLF� SURWHLQ� ELQG� WR� 0+&�
molecules� that� can� be� recognized� by� lymphocyte� T�
FHOO� DQG� FDSDEOH� RI� LQGXFLQJ� DQ� LPPXQH� UHDFWLRQ� LV�
FDOOHG�LPPXQH�HSLWRSHV���������7RWDO����0+&�,�HSLWRSHV�
SUHGLFWHG� LQ� WKLV� VWXG\� ZHUH� VXEMHFWHG� WR� SRSXODWLRQ�
FRYHUDJH� DQDO\VLV�� VKRZHG� WKDW� WZR� FRQVHUYHG� 0+&�
I� epitopes� from� PfEMP1-DBL2β� Indonesian� isolate�
SURWHLQ� �<,345/5:0� DQG� :07(:$(:<�� KDYH�
DOPRVW� ���� FRYHUDJH� UDWH� LQ� (DVW� $IULFD� DQG� :HVW�
$IULFD��7KH�FRYHUDJH�UDWH�LQGLFDWHV�WKDW�D�YDFFLQH�GHVLJQ�
EDVHG�RQ� WKHVH�SUHVXPHG�HSLWRSHV�PLJKW�EH�SHUIRUPHG�
e൶ciently�for�most�of�the�population�in�East�and�West�
$IULF��ZKHUH�WKH�LQFLGHQFH�RI�PDODULD�LV�WKH�KLJKHVW����

Using� di൵erent� algorithm� predictions� from� the�
0+&� ,� HSLWRSHV� IRU� &7/�� WKH� DQDO\VLV� IRU� 7K� FHOO�
HSLWRSHV� PHGLDWHG� E\� 0+&� ,,� PROHFXOHV�� VKRZHG� ���
SURPLVFXRXV� SHSWLGHV� SUHGLFWHG� WR� EH� DQWLJHQLF�� 7KH�
potency� of� PfEMP1-DBL2β� protein� from� Indonesian�
LVRODWH� DV� D� 7�FHOO� HSLWRSH�EDVHG� VXEXQLW� YDFFLQH� ZDV�
analyzed� by� the� NN-align� algorithm� to� identify� its�
immune� epitope.� The� study� used� three� di൵erent� HLA�
DOOHOHV�FRPPRQO\�IRXQG�LQ�WKH� ,QGRQHVLDQ�DQG�$IULFDQ�
SRSXODWLRQV� �+/$�'5%�
������� +/$�'5%�
������
DQG�+/$�'5%�
��������WKHUH�DUH�VHYHUDO�HSLWRSHV�IRXQG�
ZLWK�,&���YDOXHV�XQGHU�����(YHQ�WKRXJK�K\GURSKRELFLW\�
values�of�this�protein�showed�that�it�potentially�¿ts�into�
WKH� DFWLYH� VLWH� FOHIW� RI�+/$� DOOHOHV�� HSLWRSHV�PDSSLQJ�
GHSLFWHG�LQ�)LJ���VKRZHG�WKDW�WKHUH�DUH�QR�RYHUODSSLQJ�
HSLWRSH�SRVLWLRQV�IRU� WKH�WKUHH�DOOHOHV�ZLWK�,&���YDOXHV�
XQGHU� ���� ,W� LQGLFDWHG� WKDW� +/$� DOOHOHV� SRO\PRUSKLF�
variations�still�pose�as�a�factor�a൵ecting�PfEMP1-DBL2β�
protein� from� Indonesian� isolate� a൶nity� toward� MHC�
&ODVV�,,�PROHFXOHV��$GGLWLRQDO�DOOHOH�YDULDQWV�PD\�DOORZ�
EURDGHU�SRSXODWLRQ�FRYHUDJH�DQG�FDQ�EH�YHU\�XVHIXO�LQ�7�
O\PSKRF\WH�FHOO�HSLWRSH�EDVHG�YDFFLQH�GHYHORSPHQW�����

$VLGH�IURP�O\PSKRF\WH�7�FHOOV¶�LPPXQH�UHVSRQVH�
DELOLW\�� O\PSKRF\WH� %� FHOOV� DOVR� KDYH� VRPH� HVVHQWLDO�
functions�in�speci¿c�antibody�production.�Peptide�regions�
WKDW�ELQG�WR�O\PSKRF\WH�%�FHOO�UHFHSWRUV�DUH�FDOOHG�%�FHOO�
HSLWRSHV�� 7KH� HSLWRSHV� DQDO\VLV� RQ� O\PSKRF\WH� %� FHOO�
ZDV�GRQH�E\�XVLQJ�WZR�DOJRULWKPV��L�H���%HSLSUHG�����DQG�
.RODVNDU�7DQJDRQNDU�0HWKRG��%RWK�SUHGLFWLRQV�VKRZHG�
WKH�DQWLJHQLFLW\�VFRUHV�IRU�HYHU\�DPLQR�DFLG�FRPSRVLQJ�
PfEMP1-DBL2β�protein�from�Indonesian�isolate,�which�
was�subsequently�categorized�based�on�epitopes�density�
DUHD�LQ�WKH�VHTXHQFHV�DQG�GHSLFWHG�DV�D�KHDW�PDS��)LJ���
showed�di൵erent�epitope�clusters�position�between�two�
SUHGLFWLRQ�PHWKRG�LQ�WKH�KHDW�PDS��6HYHUDO�RYHUODSSLQJ�
FOXVWHUV�ZHUH�REVHUYHG�DW�WKH�SRVLWLRQ�RI����������������
DQG� ��������� LPSOLFDWHG� ORFDWLRQV� RI� %� FHOO� HSLWRSHV�
ZLWK�WKH�KLJKHVW�DQWLJHQLFLW\�DQG�GHQVLW\�

$Q� HSLWRSH� ORFDWHG� DW� WKH� SRVLWLRQ� RI� �������� LV�
FRLQFLGHQWDOO\� DOLJQHG�ZLWK� RQH� RI� WKH� IHZ� FRQVHUYHG�
areas� in� PfEMP1-DBL2β� protein,� called� Y� motif������
7KH�<�PRWLI� LV�NQRZQ�DV� FRQVHUYHG�UHVLGXHV� WKDW�KDYH�
IXQFWLRQHG� DV� D� ELQGLQJ� DUHD� ZLWK� ,&$0��� UHFHSWRU�
IRXQG�LQ�FHUHEUDO�YDVFXODWXUHV��%LQGLQJ�EHWZHHQ�,&$0�
1�and�PfEMP1-DBL2β�domain�via�Y�motif�is�essential�
LQ� WKH�SDWKRJHQHVLV�RI� FHUHEUDO�PDODULD���������$� VKDUHG�
FRQVHUYHG�HSLWRSH�FOXVWHU�LV�LPSRUWDQW�LQ�PDODULD�YDFFLQH�
GHYHORSPHQW�EHFDXVH��ZLWK�WKH�KLJK�DQWLJHQLF�VZLWFKLQJ�
rate� of�PfEMP1,� this� cluster� can� be� recognized�by� the�
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LPPXQH�V\VWHP�DQG�SRWHQWLDOO\�DEOH�WR�JHQHUDWH�D�FURVV�
UHDFWLRQ�EHWZHHQ�SDUDVLWH� LVRODWHV���������6HYHUDO�VWXGLHV�
VKRZHG�WKDW�FURVV�UHDFWLRQ�EHWZHHQ�3I(03��LVRODWHV�GR�
H[LVW��3��IDOFLSDUXP�LQIHFWLRQ�LQ�WRXULVWV�ZKR�MXVW�FRPH�
EDFN� IURP� DQ� HQGHPLF� DUHD� KDYH� DQWLERG\� ZLWK� ZLGH�
FURVV�UHDFWLRQ� DQG� SHUVLVWHQW� IRU� PRUH� WKDQ� ��� ZHHNV�
SRVW�LQIHFWLRQ��������� 7KLV� SKHQRPHQRQ�� DOVR� IRXQG�
LQ� SODFHQWDO� PDODULD�� PHGLDWHG� E\� YDU�&6$�� VKRZHG�
polymorphism�but�wide�cross-reaction�toward�di൵erent�
LVRODWHV������ 7KH�PROHFXODU� EDVH� IRU� WKLV� FURVV�UHDFWLRQ�
toward� speci¿c�antigen�has�not� been� fully�understood,�
EXW� SRO\PRUSKLF� VKDUHG� HSLWRSHV� EHWZHHQ� 3I(03��
LVRODWHV�DUH�H[SHFWHG�WR�KDYH�D�PDMRU�UROH�������

&RQFOXVLRQ
7KH� YDFFLQH� GHYHORSPHQW� WR� FRPEDW�PDODULD� DV� D�

JOREDO�KHDOWK�SUREOHP�LV�DQ�LPSRUWDQW�LVVXH��,Q�DGGLWLRQ�WR�
DGYDQFHPHQWV�LQ�WHFKQRORJ\��SHUIRUPLQJ�LQ�VLOLFR�VWXG\�
through� an� e൵ective� and� e൶cient� immunoinformatic�
approach� provides� ease� in� analyzing� protein�
LPPXQRJHQLFLW\�SULRU�WR�LQ�YLWUR�RU�LQ�YLYR�H[SHULPHQWDO�
WHVWV�IRU�YDFFLQH�GHYHORSPHQW��,Q�WKLV�FXUUHQW�VWXG\��WKH�
immunogenicity�value�of�PfEMP1-DBL2β�protein�from�
,QGRQHVLDQ�LVRODWH�ZDV�FRQGXFWHG�E\�7K�FHOO�DQG�%�FHOO�
epitope� predictions.� Homolog� with� DBLβPF11_0521�
protein� found� in�Tanzania� children,� the� PfEMP1� from�
,QGRQHVLDQ� LVRODWH� KDV� %� FHOO� HSLWRSHV� ORFDWHG� LQ� WKH�
FRQVHUYHG� <�PRWLI� DUHD��PDNLQJ� LW� D� SRWHQWLDO� VXEXQLW�
SHSWLGH�EDVHG�PDODULD� YDFFLQH��$� IXUWKHU� H[SHULPHQWDO�
VWXG\�FRQFHQWUDWHG�RQ�WKH�GHOLYHU\�PHFKDQLVPV�DQG�WKH�
LQ�YLWUR�RU� LQ�YLYR�H[SHULPHQWDO�RI� LQWHUDFWLRQ�ZLWK� WKH�
LPPXQH�V\VWHP�LV�QHHGHG�WR�YDOLGDWH�WKLV�DSSURDFK�DV�WKH�
QH[W�VWHS�LQ�VXEXQLW�SHSWLGH�EDVHG�YDFFLQH�GHYHORSPHQW�
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