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No Interactions Hydrophobic Interaction
AH = Negative AH = Positive
ASs = Negative AS = Positive
AG =Positive AG = Negative
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Hart et al., Nature, 2011.
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» BN (B—R”REMRZER) |, nFHIRER (fibrous proteins)

y SR (ZM_RERXBEER) , WEkIRER (globular proteins)
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» a-keratin: coiled-coil of a-helices Isoleucine Glycine Glutamic acid Histidine
H O H O H O H O H O H O H O
I im H tmH 1 0 H1 1 H11 i HoT nmH U1 n
—HN—C—C=N—C=C=N-C=C~N-C—~C—N—-C—=C—N—C-C—N-C-C—
H3C-CH (I:H2 H CH, CH, CH, CH,
> CH, CH,
The heptad repeat o . | i & u)ﬁ
Y '. '- ' ™ | N
a b ¢ d e f g S ' OH CH
I Met Lys Gin Leu Glu Asp Lys ¥ #
8 Val Glu Glu Leu Leu Ser Lys = a-keratin
15 Asn Tyr His Leu Glu Asn Glu g
22 Val Ala Arg Leu Lys Lys Leu w a-helix
= d: Very often Leu (hence leucine zipper o
* a: often hydrophobic Dimer

« e, g: often charged

* b,c,f: charged or polar

* The above prefernces are strong enough to be
predicted from sequence

e AT N AT N o e, ~7 nm

»  Tahoun et al., Biology, 2022.
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Fibrous proteins: repetitive structures

» B-keratin: stacked 3 sheets. Alternating Ala-Gly allows close packing of Ala's
methyl group in silk.

A. Popular silk sources B. B. mori silkworm and cocoons
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Fibrous proteins: repetitive structures

» Collagen: Usual sequence is repeats -
of Gly-X-Pro (HyPro). Three left-handed SNSRI

helices wrap around each otherina  prine ‘Lb‘lb‘l.bﬂb%%&b
right-handed spiral. ——

» The glycines are at core of bundle (no
room for any side chain). Makes a very Collagen molecule
rigid structure. =
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BREARPFERSAEEE (Novel amino acids in collagen)
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» L5818 (domain) Eﬁ$ 1|L7}<7|‘2'<'L,‘E'JE|’E§$7E
y FRFNEFIEIR (motif) : —REHEHELREEESR
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helix E

\ synthase ransacylase reductase reductase /

Sequence of enzyme domains in primary structure of fatty acid synthase monomer
BB ABRAT NG (hE) B \}‘
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B21 =REEH: RIFNLGSHLS

» 24K (motif)
» LEHIFEPR (structural motif) : ZEREEMMHITI AR MENEBRRITELE, X
FRI9HB R4t
B, aBEEIE. ot
» TNEERRIE (functional motif) : BEBEYFEINGERN—ERFII, NIRAEFF

+ > .
} -Q—I:I 1:@ iﬁk ( domain ) Structural Combination of multiple
g _Q_E:*/LU EJZ %‘ I Ij] ﬁllg EEEZK EI l/)( 5 ﬁ1§ FH Motifs Se(;oﬁl}%a)ry structures
Functional A short primary protein
Motifs sequence for specific function
(EFF)



Structural motifs (units) in globular proteins

» B hairpin
» 2 adjacent antiparallel 3-strands

connected by a pB-turn. B hairpin turn or B-turn ?

» Found in enzyme or receptor inhibitor.
(b)

(a)

Snake venom-
= erabutoxin
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Structural motifs (units) in globular proteins

» B-a-P loop
» An a helix serves as the connection
between 2 parallel 3-strands.

The Rossman fold

The right-handed beta-alpha-beta
unit. The helix lies above the plane
of the strands.




A Rossmann fold of the NADP binding site

» Rossmann fold 1s composed of two
successively joint -a- loop.
» Binds with coenzyme I or II.

» Seen in dehydrogenase which
requires coenzyme I or II.

» Strand 6 1s in antiparallel
orientation to the other six strands.

» Note that the helix between strand 1
and 2 1s in contact with the
phosphate group of the NADP.

Methylene-tetrahydromethanopterin dehydrogenase
(PDB ID: 1LUA)

> Hanukoglu, Biochem Mol Biol Edu, 2015.
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phosphate 3-phosphate

apf (1plq000 ) ABTHEF (2bexA00 )

L

@ 29 & _
apB ( loarA00 ) Bl ( 70dcA02 ) WAER H A R B (0/B)g
TIM# | (triose phosphate isomerase)



Structural motifs (units) in globular proteins

» Helix-loop-helix
» 2 a-helices joined by bridge (When
arranged at ~90° , can be called an
" a-a corner."

Basic Region
Helix-loop-Helix domain (bHLH)

Example: MyoD
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» ERREIREN—RFT
» EEAME A R LB R BB (LR T 75

» Thr-Pro-Tyr motif for JNK
» Thr-Gly-Tyr motif for p38

y IBERIREBNZFHILEXS, AL IBERTIREIRIK

WHSQEGNGVWMSL | LRPD | PLOQKTPQL

BASU 53 GMS
CrBPL* GLG DEPGSALLI IVLRPAVEVSRLPQL
BiolD2 34 GLG LSQEG-GLYFSFLLNPKEFENLLQLP



ZEf4iE;, (domain)

» The stable unit of protein folding and tertiary structure.
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MITERIR NI EEESREIHITT R

» 1) All o domains
» repeat of helix-loop-helix motif

» 2) All B domains

» repeat of B hairpin gives anti-parallel 3 structures
» 3 o/ domains

» repeat of B-a-3 motif to give parallel B structures
» 4) o+ domains

» The a-helices and 3-sheets are relatively separate.
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» Separate domains allows for:
» 1) Efficient folding
» 2) Larger folded proteins

» 3) Flexibility and motion
substrate-binding sites are often at the interface between domains

» 4) Union of new functions
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» ERRMNEEERAREERERME (MAgsE4)) A
» BB FRKIERSFERBARENER K
» B{XFE[E]: homo-oligomer
» B{RA[E]: hetero-oligomer
» FREE AV FEIHEEERmIRELG00FE iR (A2) Yk
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» RIS A
» XEFZkEr{R= (X-ray Crystallography)
B BB F Y (free electron laser, FEL)
y ZHEEREIE (NMR Spectroscopy)
» =4EE$E (3D Electron Microscopy)
» ERKERR (Integrative Modeling)

y TN E



X§IE RS (X-ray Crystallography)

y AV EH. e (T8, BITEN
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» AILRHEIERIFANIEFER, ET&ERR
P RE R, LAKRECHA. HPHIF .
BEFEMEERRAEPIT FREFHET.
» R
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Electron density from a structure of DNA
(PDB entry 196d)



iz RIS (NMR Spectroscopy)

» EHRWAY, ETREIaP, RE\EUZRBHR, A HEEERITR
[RFZAE, #ﬁ*ﬁﬁElE’J?I"J;%

» L
» FRFZMERRIETFEENEERE
» IBETABRPEARNER, MARIEERETHNERR

3=
» REHBRENMREIEREFAEESIE, FiizEARBEIRETE/NEA.




=4E%E (3D Electron Microscopy)

y AR FHTE L (Cryo-electron tomography)
» ZHREERLHZAINT], AR AEXNBEFREESEEXK

» https://www.thermofisher.cn/cn/zh/home/electron-microscopy/life-
sciences/cryo-tomography/workflow.html

y BERIOHE&SE (Single particle analysis, SPA)
y THEERE, wEE=M/), BESGEES




EERLIEIE (Integrative Modeling)

» FREZMBZENEREGRR, BMAZESEMTMRAZHSEER
H, ABEBAENEIR.

y EbANERLEREE. INAEET RS AR ENEIERE B FEIINLFLE
&4 (NPC) HYLEH#.

Cryo electron microscopy map of the NPC from EMD-7321 The integrative model of the NPC from PDBDEV_00000012.
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» Try to predict structure based on the primary sequences, using
» known structures
» tendencies of amino acids
» energy minimization

» Method of the Year 2021.: Protein structure prediction

» Enhancing AlphaFold-Multimer-based Protein Complex Structure Prediction
with MULTICOM in CASP15

AlphaFold Protein Structure Database Home About FAQs Downloads  API

AlphaFold

Protein Structure Database

Developed by DeepMind and EMBL-EBI
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