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 q#EVokp>fQp6�� 3D!"l+Qp4]i�7�po 

Integrative SPOCs and Share-Start Teaching Approach with 3D Printing Aided 
Teaching in Structural Biochemistry's Learning 

 

�. W-
�(Content) 

1. B/Jrk�8(Research Motive and Purpose) 

P¾ñ�Ű�Õ%ȋ(ț�ůñ�kPÔ%ȋȃƒ�ƥÁƗcȋÕŢ�EǀɁ�yků¬É

Ǭą	ǀP¾ŜƞÕ%ȋ�ƂñkÊů¬#�ü�ȗȹÕX��Q7'Ƭ%(țƐPÕPg

r�hvkPÔ%ȋÕüȻȃƒ���ć#�ȗȹǤ(țƐPÕŐĶ�æKƨŏPÔH#�

ÕǝéŐĶƥÁ�7ŨTȇy¨�ŨTȇƖǝǤ>ĵÕŐĶkŅȯÿȋŐį�}ÊP�ŝƵ

țQŷñüƻĈąÕ�ȡ�ƎykŕȋŜžŻŌǉ·Õłȶñ�ȋPÕĂƉ���4ċǖů

¬ŉƵ×ȹÕŉtfƝǤ�Ė�ư¼òȟǤȥȞ�µukƄćŨTȇƖǝǤ>ĵÕüȻÇ

ğ�ŕÿĠ�l7�ĀŨT½{ĀŨTľ÷±�!ť�İƖǝ·FİƖǝ�ů¬±�ȫƎñ

Ƽ¶�ç�ɌȋPư·ĊP�h÷ÃNɋǦ·	ǀµƖǝÕUÕǤĈąÇ�yƖǝPÔ%ȋ

üȻȃƒǉ·ŻƋ-Õłȶñ��ĐkŐĶǤƄćÕñ�đ´t 3DWɋǝéÕH#���
ñçñkĲMÈȖǗ�DĵȲRJċAɍǕ�ȫƎŜ ÿ��ƼB7ǁƚkȖǗ�ŗȳ#

���ñ�ąǄ÷ĽǠÕŭźŮɋ�4�t�ǔǫư�hvĺǖů��łȶ�MĆƏȐgę

żȃǤȋîǈŕȋÒ�ªȲR 3DabǨ�ŕȋ�Ɓ��đ�ȐÕǀ /ģ� 
 

2. �zPI(Literature Review) 

Ýp²Ŭl�cƷÅÕŕȋǷqǤǔȉ/ÒŪŸɃjƅ;�4țQkĽƓŕ¤ÕŕȋŜž�

±nȓȃę(MOOCs, Massive Open Online Courses)ÕƐė�¯Ŏ|�ȋŦr÷�ÚǺǹ��
ţgŜ ×ȹȷøÕp9��ű�s×ȹÕŵě�ŻĹgµ8�´±nØƽǢǃÕȚ��Ɍ

œȃŕęB7ǤȋŦÙ�Ʀt¥mÕ�ŀ�ƣyãƣȋŦÕĝÎ(1)��ñkȋġŕȋŜ
ž�NĵƃƆȋPÕȋŦǊƒ7'ƅ&ęPÕ�ŀɋɊ�hvĄP;�ǴǄ)ÈhȃƒĨÇ

yt�Ǵĉ¸Õ�ūǷĉ¸ÇǾ�ȃƒÈǟ÷ężȃ(SPOCs, Small Private Online 
Courses)(2,3)�Ǝyů³ǞÕ/qǖÊ5ŀȋŦÙtì�ÕĪŧ�çƍÒɌŪŀȋŦÙ,ǘ
ȳƈr5ŀȋŦ�ŻŌɆ·ÕǧÒƂñ�ȋůđ�×ǇąƮǏ�hv�nÎĵň�+ĸȋŦ

ÙÕȕȈ�xǳƣA�kōħÕŀȒ���ȋŦĝÎƭKĵtÉ=Ď�ůǵÕŕȋ/Ò±n

łȶȌeȋŦÒ(PBL, Problem-Based Learning)�7ǀ ǔǫłȶ�÷ŕȋĢ,�ª4kŕȋ
Ǌƒ�+ȌȋPt��Çîx�ƣ�ƅ;ǀ łȶÕ/ģ(4)��ñv/ÒăñRŅȯÿȋ
ÕȋŦ§ë�æǄȼtW�okÕłȶB°ǔȉ� 
�ć/ÒûtµșȬ���ƴh÷ŕȋÕǽ¸�ȋP�Ǵ�7'"ĖƓhĮtüǖÕ�ȊQ

Ç�MĆƏĺǖŅȯPÔ%ȋÕ"ĖǤƣƧƖǝPÔȋŷƴĦ'·�ƖǝPÔ%ȋŶ#�Ŕ

»ȐgÇÕ/q�ȭ»ǴđŕȋÒ�șȬ�Ŕ»Ŷ#ȱȳ7'ƅ°łȶîx�Ƿq�ūǎ÷

ȃƒå@Ŷ÷ężȃŕȋÒ÷5�í@Ŷ÷ȋîǈŕȋÒ+��²ǀ ǊAkŕȋŜžɍǕ

·Õ�Ǔ�ªƅ&ȋPÕȋŦŀȒ�ƯȾǤĝÎ� 
yŐĶǝųÕȋÿ��·�2�ƒ�PÔǝų�ÈƌÔÛĭǝų�ŷǬąď÷WɋÖɍÕɎ

ñBtĝÕǯōȋŦĝÎ�hv 3DabǨ�ŕȋUå�ǱÓțQkdǞŕ¤ȋŦ��*µ
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zšƍÒɍǕÕÔè�ȲR 3DabÕ�Ŝ�Bt�ÊüƻÖɍÕȋŦ�UåP%ÿȋ�7
3DabǨ�ŕȋǤ�Ŝ�tŬlƥƐ7'`­ǂƸǤŕȋ�t�Ê¯Q�Õâ�Ç7'ǥ
�Õūĥ%��Bý;ů�ñ_Śÿȋŕ¤ÕƐėȧƭ��ǒ�÷PÔH#�7ē��#�

·ȀgɋÕǷé�Ŝ/q(5)� 
 

 

PÔH#�7ē��#�}Ȁgɋ/q�Ŝ(ǚȘ|Łx.ȿ(5)� 
 

3. B/Lu(Research Question) 

ȋŦ%ȋüƻĈąÕ�ȡñ#�ƖǝÕɍǕǤśǀ�ƣyB7ƱǍX��QÕƐPǤ%ȋ(

țÕɉ%�ƖǝPÔ%ȋÕŶ#*µƚĈÊPÔ´#�ÕƖǝŐĶǤP%>ĵÕüȻÇ�h

÷PÔɋÕǆ�tŬlĈąÕPÔH#�ŁǤ�?�ŨTȇ�Ģǩ�ȪȽ7'ĳȇƓ� 
łȶ��ƻ�Đȁȅ·ů¬PÔH#�>ĵğ���Ƃąŏ#�ƖǝÕƛɀɍǕA	ǀŒǜ�

ªśǀ#�ȗȹǤ%ȋ(țÕēhǤƖÎ�ǊAkŕÿĠ�ÕǒǍ�şŹDñ�đ 2D Jċ
ÕķĜ�ƥÁǙǙƣė·ß� 3DšȺ�ĹgȃM�ÕICǲǍkšåĈɅ�yǈ·Wɋƛɀ
%ÕĝÎ��ůǵÕ/qĝÎtĉ�ª4DĵȠŎŽ�ċeÕǂķ�4ĖËųr�ƙȊư�

�íïǋƾÿ�ÉȆ�3D#�ǷéŮɋ�0ĪƐǈ�hvȃMƅ°Ǣǃ�ÕŰƖ�B7ŏǢ
ČÈŮɋ[ƯŗȳPÔH#�Õ 3D ǝé�7UåÕƑɋƣė�-ȒJÏ��tǖțŮɋB
ȏ��ªBŏŨTȇƖǝǂĞĚǢĬ Protein DataBank�ǅɍǕ�ƎyůǞýŎ·Ǜ�·ÕÔ
Z��t�ÂÕơȴư�hv�ĐțƻB7ȲR 3DabÕ�´�ļ	ȠŎǔɋÕŨTȇƖǝ
ǷéG��B7�÷ŕȋłȶǤ¤ǸÕXõÔè�²ƅÌȋŦÕǸȈǤĝř� 
łȶ
�PÔ%ȋñŐįP¾ÿȋ7'ƐėPÔÿ�üȻÿ£a÷KĒÕĈąÿU�h÷ļ
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	ŅM×ȹÕȋŦG�kȋPşƵíƂƵÕdŉƵǭńǤƵùŜž�ŷǬąPÔ%ȋ×ȹ�

÷łȶǀ Õ®Ȏ�ƎykȋġȋŦğ�ȋPĐŷ�ůǵɀŎ�h÷ŌŌƍÒ½ǔǫÕ±�

Ǥǉ·ÕłȶtÉƖg�hv7Ƚ� PBL (problem-based learning)ÕƷÅ�ȫƎ�ñīOċǖ
ÕPöłȶ��ññRP¾ÿȋǤPÔÿ�ǭń��ĕȻ$Õłȶ÷Ȍe�ƣyɌȋPśǀ

ŅȯÿȋÕȋŦUÕ7'ǯōȋŦÕĝÎ�yƲĹȋîǈŕȋÒÊȃƒ��țt�Êvȱȳ

ƷÅÕǔȉ� 
 

4. B/UDk�6(Research Methodology) 

MŕȋǔȉĆƏ�QSȂ�Ê�ȋƊƥŭÕ#�ȗȹȃƒ÷Ň�UǶ�vȃƒ÷³ȋ#ȃƒ�

Ēȃ�Ǵā÷ 20��4÷Ľpİ}þ¢PĒŦ�ƣƧȃƒ�ª4ĒȃȋPÿ£´tlǵÇ�
BȨ�Ž�ǭńȋPĨÂƫe�ĿĘ�yk�ȋƊ��Đļ	B7�Qů¬ƼɊǐǁŶ#Œ

�µ8ŅȯȃƒǤǔɊȃƒ�YLǡ½ĒȃcȋŲ�ĶȅȋŦrĝǤƯ¦Xõ�ȲvȮıǤ

Ȅóŕȋǔȉ�rĝ�ª})ǈr�đUǶ� 
(1)ȋPțBŊ�åPÔ%ȋŨTȇƖǝÕȤ±7'JċÕƷÅ�ȳ%rǔǫłȶȌe7'W
ɋ%ÕƛɀǿȜ� 
(2)N²ƣ�ȋũùÈŝƵùÕȋP�țBŊv´ɋWɋ%ÕƷÅ7'łȶȌeŐįÕĵ��
ƐƇkŜžċȣÕŨTȇÿȋŐį�� 
(3)ȐgqÕŏȢe|ȋ·ȑeĶȅ�ƐŜłȶ·ǀ łȶ�JċƷÅ·WɋƛɀÕȋŦ�ǖ
ÊN²µ8«ÔÕȋŦ½îx�ŊtȚ�ǤŖƐ� 
 
hvkȃƒūǎ��Ţ�Ƣ}Ţ�Ƣ"Ė÷ŅMēśǤ�ũŕȋ�Ŕ»ężȃŕȋÒ(SPOCs)�
ŊǊA�ƼȘǥ�rÕ�ȃȦǀǲ3½Ȱſȝ�Ǣ�°Ēȃcȋ«^|ȋǌŦ�Êȃņ�Ȧ

ǀ�ƚĈÊĶȅÕ/q�Ǌƒ�ªȻ$cȋÕ	ǀƒë�ª7ȊğÕłƕ²ǻǦcȋǖÊů

¬ŅȯÕǦ×� 
Ţ�Ƣ}Ţ�
Ƣ"Ė÷ǴđkP%ÿȋǭń7'P�ŝƵƐėĈą5ȶ�Ŕ»łȶȌeȋ

ŦǤȋîǈŕȋÒ�ɌĒȃcȋĺǖĨÂłȶ�Ř�	ǀÿȋĕn��QåćÉ¨�/Ò�

ũǤîǣ�ȠŎ	ǀƕǤɂćÕ/q�7'ǖÊíɃƐėÕǲɄ�vŶ#:#�Qſ�ǤĶ

ȅÕ/q��kcȋƹźƧô�œȃŕęƴƅ° office hour ǤĒȃcȋĶȅǤþɇÉ�Ŝ"
Ė� 
 

5. QphB/'5(Teaching and Research Outcomes) 

(1) Qpg[k'5 

ǖÊ�ćƖǝPÔ%ȋŶ#ŕȋŜžÉǉ·Õłȶ��Đ7ĩİ�ǴǄ)4ȃƒ÷ƣƧ�#

�ȗȹȃƒ÷5�ŴǊŕ�ŕģ�ƳǤŕȋ/Ò�¥�ŊȃƒūǎǤŕȋƔŞĈƳȄȐ��

ǴđŕȋƷÅ+��?��ūǷĉ¸ÇǾ�ȃƒ(SPOCs)�łȶȌeȋŦ(PBL)�½ 3Dab
Ǩ�ŕȋ�²ƅ&ȋŦrĝǤ�Íŕȋ�Ǔ�cğ�Ȋ$ÕŕȋƜƤǤłº7'�ğ(ɏ£

Ť�ƴ!���÷þ¢vŕȋǔȉ"ĖÕêɍǴȎ#Ð�7'ƅ°µ8ŕœvÿUÈ�cÿ

U�ŕęÕŕȋŁx®Ȏ� 
3Dab#�nßZÉV�±n transfer RNAÕǝé�GFPŨTǤ"ŶȖ]ŅǑ�PD1½
PDL1�úƺ©X��QǤ�ɋȸÔ nanobody!�µ�Q�PARGǤµ¼ȇ ADP-ribose
Ɠ� 
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7�÷ŕȋ"ĖǼ± 
İ ƈĤ%ǁ �ÈŮ� 

1 ƈĤŮ� Ş�ƈĤ�øƈ!J&�ĭ�ŽŇ<çcƗ�Ů��yñ

Ëęƈ�ƒ«ŕùƒ�ÿ�ū 3D?@Ű`�ŨÙ�ŝ®

!J�ć�ėªƹĚŞ�ªǍ�Ëęƈ%ǁçŃ�J��

ć�yĜ~ªǍƒ«ŕùƒ%ǁ�À½��Ľŋ�~Aƒ

Zµ­Ơ�{Ɩ� 

2 Structural and Chemical Properties of 

Biological Macromolecules   

õėìƸ��ƒƴƇâ�Ů��ƒƴÆÿ�ŗ¿§ūèł

�Ń��yĢÊS=Ŷƴū�=Ŷƴħ�Ů��¼3S3

�1��Š¦ūƟǅ&��ƒ�ƩĢ3��ƒŃ�� 

(1954Ɲvţ�ƒƁ) 

3 Protein Crystallography   �ćħĝƒÆÿ�Ċ7Ƌħĝƒ�âńūĢÊ�Ċ7Ƌħ

ĝ!�&�ĦĂ�Ā(�ƘƏ ƱūĎĖŰ`Ċ7Ƌħĝ

�Ʃ4�Źǎħĝƒ�E��ė|�ĦĂ�yŮ�HXZ

ƺÉźƖŊ¸Wuƭô�¾ŧQôŗ�Ķï§ś¨Š)�

�ÌŽƬÓ� (1914Ɲvţ�ÿƁ/1915Ɲvţ�ÿƁ

/1962IƝvţ�ƒƁ/1962IƝvţƽƒƁ) 

4 Cryo-Electron Microscopy àƊėĿĢÊ]Å[ņŗ�ǓļǇ�ż¥ŬĖūŝǔÆ

ÿ�ŹŚ�Lĵū�Ō�&�_4Ě��À¨!�¨Šž

¦�ŖĤ�y#œū�'ħŠǑ���ƦÜƵ� (2017Ɲ

vţ�ƒƁ) 

5 Principle of Nuclear Magnetic Resonance 

Spectroscopy:  

(I)Biomolecular NMR technique   

ą�ē��ćŤ=Ïƒ�Ń��&��ş�ýşÒŤ=Ï

;Ǆ�Ť=ÏĒŹ�ăA��ćÒŤ=Ï;Ǆ���!�

&�Á��Ʃ4�3�1��¸œ�����bǉĉ�A

ÒŤ=Ï;Ǆ�ťǊūŎ�!��y_4B;ǄQŕK�

ƒµ^ǐ�iċ� (1944Ɲvţ�ÿƁ/1952Ɲvţ�ÿ

Ɓ/1991Ɲvţ�ƒƁ) 

6 Principle of Nuclear Magnetic Resonance 

Spectroscopy:  

(II)Multi-dimensional NMR for protein 

determination   

�ć3�1��ăÒGũŤ=Ïż¥ŬĖūŽ��GũÒ

Ť=Ï;ǄLĵūŎ�!��Ť=Ï;ǄLĵáÎSĊ7

ƋħŠ¾ŧ�ŖĤ�_4Ċ7ƋÒŤ=Ï;Ǆ�ƒWĄƶ

éiċ÷à��9�Z4�iċ�_4Ť=Ï;ǄŎ�Ċ

7Ƌ��éş� (2002Ɲvţ�ƒƁ) 

7 Biophysical Methods to Probe Non-covalent 

Molecular Interaction (I):Circular Dichroism, 

UV and Fluorescence Spectroscopy   

�ć_4;Ǆƒ!J�ŎĊ7ƋŠ¦ū9�Z4�*aĺ

�T;Ǆ�Ĩ0;-t;;Ǆ�ƛ;;Ǆĥ�äDƎĲǒ

�¾ŧħDòź�^��=Ŷƴħū9�Z4Ģĥĥ�

�� 

8 Biophysical Methods to Probe Non-covalent 

Molecular Interaction (II):Surface Plasmon 

Resonance, ITC and Analytical 

Ultracentrifugation   

�ć��Ċ7ƋŠ¦ǒ�ū9�Z4�3��ÿ!��*

a�Ãŗſ=Ïŵ�Æÿū���¬ņŢ�ļƀ,¾�Æ

ÿ��ūƩ4���¦įæđƾ�Æÿ&�Ʃ4�/Ûħ

ŠŎ��Ń�� 

9 Structural Bioinformatics: Molecular Modeling 

and Simulation 

ƹ�ħŠ3�őáƒ�ĢÊ�&�5�ÛħŠŘĠGÛħ

Š�!�Ĺĵ��ÛħŠ¨ž!��ć�*aAńžƫ

��kǏƟǅ�ūõƤšŧ��yƹ���žƫ!�ū�

��&��Ʃ4ŝ�� (2013Ɲvţ�ƒƁ) 

10 Immunotherapy 
1. The PD-1/PD-L1 complex resembles the 

antigen-binding Fv domains of antibodies and T 

cell receptors (2008, PNAS 105 (8) 3011-3016) 

2. Structural basis for cancer immunotherapy by 

the first-in-class checkpoint inhibitor 

ipilimumab (2017, PNAS 114 (21) E4223-

E4232) 

2018IƝvţ3ƽƁřĢĩ�¿C\·Ɖŉ�ĢĀ�ı

QĢÊ)Ŀ�\·Ư��ưĈºƻ5ĢÊ)~\·ĈºƟ

ǅ��ǕQ\�Čoƪ�EOǃ��ĢÊõhǕ����

ġ�¯dü�Ʒ��Ĵ�9�Z4�EOďz9�Z4�

ħŠáÎ-&Ĝ~ěÿǃ�Ď¾�ħŠìƸ�(2018Ɲv

ţ3ƽƁ) 

11 membrane integrated receptor 
1. Crystal Structure of the Human Cannabinoid 

ƄĊ7�ǕlšñĈº0¶áÎĸűSĈº�ē�uT�

*a*ačGÙŊĸƓū3ÿƉŉ�À½ƈǁ�ĔķþŁ
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Receptor CB1 (2016, Cell 16(3):750-762) 

2. Crystal structure of the human angiotensin II 

type 2 receptor bound to an angiotensin II 

analog (2018, Nature Structural & Molecular 

Biology 25, 570–576) 

��Ŏ¸ǈ�Ǖ�ħŠőá�&�ĕÚ�Ǖ�UŦŷƧÚ

�Ǖµ��÷àƄĊ7�Ǖ´��Ƙ�� (2012Ɲvţ�

ƒƁ) 

12 Membrane associated enzyme 
1. Crystal structure of lipid A disaccharide 

synthase LpxB from Escherichia coli (2018, 

Nature Communications 9(1):377) 

2. Crystal structure of a membrane-bound O-

acyltransferase (2018, Nature 562, 286-290). 

Ş�ļ3��ĈºƑ�ĈºƄĥ�Ƌ�DK�G+¯5Ƅ

�ǆ�ŲÚDK�ďzŲÚ5�M���Ƅ9�Z4Þ


�Fż¥ŬĖ�
M�bǉ§�Q�ŎďzŲÚ�Z4

Ƙ��ıQĢÊm�Ǝ}×Æīġ�DK�ŴĈºƄ�Ĉ

ºƑ�-ZµŸÐ�hīƎ�ĢÊ�EO&ÝƋ AǀƳ

DKŲÚ&�ĈºƑDK¸ǈǘìƼĄŲÚZµħŠūŲ

ÚZ4Ƙ�÷à8Ž� 

13 metabolic enzyme  
1. Structure-Function Analyses of a Caffeic 

Acid O-Methyltransferase from Perennial 

Ryegrass Reveal the Molecular Basis for 

Substrate Preference (2010, Plant Cell 

22(12):4114-27) 

2. The structural organization of substrate 

loading in iterative polyketide synthases. (2018, 

Nature Chemical Biology 14(5):474-479) 

(ƲŲÚå�3ÿƉö�0�ā3�N(Ʋ�
-Þêū

3�xƙĥZ4�ğ���ëų6ìƼĄŲÚū"ƋÚD

KMǈ� 

QØī�ŪǗDKŲÚ¯DK�N(Ʋ��À½ǈƴŲ

Ú�ďzØī�N(Ʋ�G�M�zǃ�´���Ŏ"Ƌ

ÚDKqǖŲÚ�-4�nĒğ�}�œ�Ʃ4��ƋÞ

ń�ĳĢ��ŎŪǗDKŲÚ�ƆƿƉö�-M_�ŐŦ

�DK�N(Ʋ�&��¼3�ZµĿ¦şǃ�ĳĢ� 

14 CRISPR 
1. Crystal Structure of Cas9 in Complex with 

Guide RNA and Target DNA (2014, Cell 

156(5):935-949) 

2. Structural Basis for the RNA-Guided 

Ribonuclease Activity of CRISPR-Cas13d 

(2018, Cell 175(1):212-223) 

CRISPR¯�ťĈīŞh0�ƐīǕ�ª�\·sĆ�ƻ

5�¡Ö�Ğ	� DNA$±fKßƔ���Ę DNA´

�� Cas9_4ǌóŏ$±Ƽ)��ō RNAƟŭ	���

DNA�Qŕ��å>N	��ƐīǕ�OńRµ3��

æ§ƟǅsĆ��ČĳĢKµ�I�ìEƃƞgđĢÊ�

À½����Ŏ���Z4Ƙ�ūħŠőáñM`�pŨ

Ƃç�� CRISPRnĒ� (2016ÇƁ3iƽǃƁ) 

15 RNAi 
1. Structural Basis for Double-Stranded RNA 

Processing by Dicer (2006, Science 311: 195-

198) 

2. Structural and mechanistic insights into an 

archaeal DNA-guided Argonaute protein (2017, 

Nature Microbiology 2:17035)  

RNA�ƶ¯3�ƒ3ĢĀ-ƻ5ǀ� RNAůĢìEƣƥ

�ĀĮ��Ƙ�¯ŊƟǅy�ǂÕ�ìE��ƼƢ�Ƽǋ

�m�ŏìE�Ā�QíVOƘ����ƶ RNA¯5Ò

ųŲÚ Dicer<ñǀ� RNAħDĬ�) 21~23nt���

ƶ RNA$±�>5 RISCƆDǕħDŎûª�e?ð�

��ħDFŽ� mRNA�y�å�ŕ�ìE�Ām��

Ð��O��Ƙ�:ČƩ4�ŻÑ��ìEƣƥ� (2006

ƝvţƽƒƁ) 

16 viral channel 
1. Structure and mechanism of the M2 proton 

channel of influenza A virus. (2008, Nature 

451(7178):591-5) 

2. Cholesterol-binding site of the influenza M2 

protein in lipid bilayers from solid-state NMR. 

(2017, PNAS 114(49):12946-12951) 

×²�3´.ŖĤ�ŀ_4�ļ�ìEǕŔM$±�Ċ7

ƨ`�ūî%Ĉº�3ÿö��M_2w�ƆŬ��H³

ľ×²�M2Ċ7�¯�Äģ$±YŪDKƋ�ƨÔ�À

½ƄĊ7�ƻ5Ƌ��Ɠ	�ĒKų�ļƮŜª�}ô×

²�Ã�ƍĵÚ(HA)ČĬ�ūŠ¦ǒ��ĒKƄƜDQã

	×²ơĸ�Ƌ�Ĉº��EO�ŎħŠªĎ¾Zµm�

OƄĊ7Z4����Kµh³ľǃ���� 

17 Membrane fusion 
1. Bacterial dynamin-like proteins reveal 

mechanism for membrane fusion. (2018, Nature 

Communications 9(1):3993)  

2. Influenza hemagglutinin membrane anchor. 

(2018, PNAS 115(40):10112-10117) 

ƄƜDƘ�FFġƊ×²	��¯ÙŊĈºƻ5Ƅ�ŅĐ

�ŖĤĔ©À½�EO3���BťƄƜDƘ�¯¸ňÀ

½Y
�Ė¹r­ƕ��ƈǁ�»�Ŏ×ÆǕƄƜD��

�Ƙ��¢ÍƄƜD�-Þ��ñM`�ǃ��ĳĢ� 

18 plastic-degrading enzyme 
1. Structural insight into molecular mechanism 

of poly(ethylene terephthalate) degradation. 

(2018, Nature Communications 9(1):382) 

2. Characterization and engineering of a plastic-

degrading aromatic polyesterase (2018, PNAS 

115(19):E4350-E4357) 

�ǊµĜæ3´ _�Ģ�čG��Ŭ¥��H PETĻ

ƅ�¤
ó��ƮŜP°�ǉǁ�õ�Mæ§ƮŜƌƩ


�ļ3�Ī �ŊP°�ƮŜƚƠ)�īť�òò-&j

�ÂŎŏP°��ŲÚ�-�Ŏ PET�ŲÚ PETaseFź

I£ČĢĀª��ŲÚħŠ&�ÂŎ PET�Ƙ��Č¹

r�Ŏ�
ĳú�ı�qnĒ PETase�Ĝæ´��Ċ7

Ƌ�Ĥ�Œ� (2018Ɲvţ�ƒƁ) 
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(2) QEQp�> 

Ȑɋy¨�ŴǊůǵÕŕȋǔȉ"Ė�Ǥ7ÄƪŤqœȃ/Ò�ǻǔB7ư¼·ȋPǖÊȃ

ƒ"ĖÕ�sƅĽǤȕȈǯ=�ƎykężȃŕȋÒ�h÷ìȼ	ǀȋP5ŀɍýǾ�ȃƒ

ÕȔƶëǤrĝ�hvkå@ôȃņ�ȩñǬąÛƟǄlÕğƦÊȦœȃƒ�Ǆ)ñĶȅÕ

/q�yȋîǈǤłȶȌeŕȋÒ�üǄÊƪŤœȃ�B7ý·ȋPÕ�ɉ��ǊůǵÕȃ

ƒkĽpİþ¢ÉȋPÕǔ���ÈŬůȽéÕȋP�ƼtĤŘƿ¿ÕȋŦƼɊ�ǖÊ5ŀ

îxǤƅłîx��6ǤȋPÞ�7²Õđ�ÕȋŦ/ÒtȻ�đ�ŁǤÈƐÜƯ¦ÕǺħ

ƒë�tĘŠ�Ŷ#ȋP�ƨRwęàŌ5ŀÕ+Ȍ�3DabǨ�ŕȋ�ƚǔƅ&ÕȋP

ÕȕȈ��RÊŢ�pǔð�tǔǫǥ�7'ȃņ�n�țQÕ�¬łȶ�B�Ƙ��ůǵ

�Õ�Ğ�ƼɊǤ"Ė��Ƽ÷vȃƒL�Ņȯ� 

 

(3) p�pS$} 

 

ŏȋPÕiɏƯ¦��ɀŎůǵÕȃƒŭĆĵƅ&ȋŦÕȕȈǤ�sƒë��Ǿ�ȃƒŶ\

ÕĝĪçñh�yŠ�Ŷ#ȋPkíɃȋîǈǤłȶȌeŕȋÕŁǤëǄĘ�ÈÙµ8hĮ

ªƍÒ_,Õƹź�ů¬iɏ�ƅ°	íɃȃƒŇ���țÑƯǤ=ōÕǪőȬ� 

 

6. <{k@>(Recommendations and Reflections) 

 
Ȑɋy¨�ŴǊŕȋ/Ò�ƘÕǔȉñr>Õ��ǻǔkŇ�ǰċ��ļ	węÕƱÒ½/

Òą�ɉ�ȋPŁǤÕ,ǘǤ/Ò�Ǭą�ĸ�ɉ���ɉñđƥǠ��Đ�ƼLmĤŅ�

üáB7Ơ²Ơm� 
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�. : (Appendix) 

k�B/DZAx�B/'5dG��c�4: �%p�^_�1�TnLu

\\� 

 

!"�*; 

                
Transfer RNA                      Green fluorescence protein 

          
PD1�PDL1�nanobody             PARG and ADP-ribose 

 

 


