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Today is not yesterday. We ourselves change. How
then can our works and thoughts, if they are always
to be fittest, continue always the same (4 X F §
THX BNECUEXE, WL, BN HFEFEH
B REAEFL, ELHEHEETEEE)
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y Protein Structure and Function(1)

Protein Structure

Protein Primary Structure

The primary structure of peptides and proteins refers to the linear number and order of the
amino acids present. The convention for the designation of the order of amino acids is that the
N-terminal end (i.e. the end bearing the residue with the free a-amino group) is to the left
(and the number 1 amino acid) and the C-terminal end (i.e. the end with the residue contai-
ning a free a-carboxyl group) is to the right.

1. Amino acids with aliphatic R-groups: DGlycine(Gly, G); @Alanine(Ala, A); @Va-
line( Val, V); @Leucine(Leu, L); ®Isoleucine(lle, I).

2. Non-aromatic amino acids with hydroxyl R-groups: @ Serine(Ser, S); @ Threonine

(Thr, T).
3. Amino acids with sulfur-containing R-groups: (D Cysteine (Cys, C); @ Methionine

(Met, M).

4. Acidic amino acids and their amides: (D Aspartic acid(Asp, P); @ Asparagine(Asn,
N); ®@Glutamic acid(Glu, E); @Glutamine(Gln, Q).

5. Basic amino acids: DArginine(Arg, R); @Lysine(Lys, K); @Histidine(His, H).

6. Amino acids with aromatic rings: (D Phenylalanine (Phe, F); @ Tyrosine(Tyr, Y);
®Tryptophan(Trp, W).

7. Imino acids: Proline(Pro, P).

Protein Secondary Structure

The ordered array of amino acids in a protein confers regular conformational forms upon
that protein. These conformations constitute the secondary structures of a protein. In general
proteins fold into two broad classes of structure termed, globular proteins or fibrous proteins.
Globular proteins are compactly folded and coiled, whereas, fibrous proteins are more filamen-

- 6 -
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tous or elongated. It is the partial double-bond character of the peptide bond that defines the

conformations a polypeptide chain may assume.

protein ['proutin] n. ZEH A ;fat BRH ;sugar B ; M EER M = KO IR

primary ['praimori] adj. JRARH;prim BAIHI, % — 8 (B, primate ’ AR, primer 514 ]
+ary BEHEAER

structure ['straktfs] n. 45#; (8, construct B ); K 1A : destruction B K

linear ['linio] adj. ZRYERI; lineZk +ar B

amino ['eeminou) adj. BEH;(F) ammonia &, B K ;amine [1L 1 ; amnio E B (H,
amnioembryonic 2 B A )

present [pri'zent] n. O, QHE, O+ ; pre B + sent X AT E KB A HE

designation [ dezig'neifon] n. §x&, HE, HIK, BF; de MIAATH + sign £ H + ation
2R &

residue ['rezidju:] n. B, BRE, R ;e B, X(H, renounce 53K (re H + pounce W
BT NR—FH))+sid B +ue GRE-BLT-RRN TR

group [grupp] n. BE{EK;JR] )i :class, cohort, mass

secondary ['sekondori] adj. #EM;second E- +ary BRWEH -FE - H-HEHN(E
—2ZJE)

regular ['regjulo] adj. HUERH, VH ;K XA irregular ARLEK

constitute [ 'konstigut] vz. fHIE (BM), B (BAF), 8; con [ + st—>stand ¥ +
itue JG LRI B — B4

general ['dzenora] n. O—H,O2HM

broad [brod] adj. FEJ HI;b+ road=~RE—H—~F) 8 ;5 board(#R ) X F ; aboard (a+
board ) 7£ — B AR b — 4 #

global ['glbbjula] adj. BRAY; [F) 1A :spheral BRE

fibrous |['faibres] adj. “F4EHI;fibro £ 4k (], fibrocyte LFAEHME) + ous BB HE R

compactly adv. HEH, iEH; com FF (B, common F£F K] + pact A (im—in K +
pact #—~WM—=F W) + ly BIFEAG B (B, freely B F )

whereas [ (h)weor'eez] conj. #Rifi; where+ as J& B A — - FTid]

filamentous [filo'mentas] adj. HMLRE, LFHEFTRE, MLE

partial ['pafal] adj. ¥B4TE9; part T4 +ial B ;(FE) : portion F5

character [ 'kerikto] n. 4%{E; [A X3 :feature,property, attribution

peptide ['peptaid] n. BkBt; (i) pepsin B EH B, B ¥ & ; pepsinogen B H HE

polypeptide [ poli'peptaid] n.  ZBk; poly Z(#, polyacid £ JLE]) + peptide Bk

chain [tfein] n. #%F; food chain B

assume [o'sjum] vt. MBSE; (1 )presume HEW , resume # & , consume T Bt
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Within a single protein different regions of the polypeptide chain may assume different

conformations determined by the primary sequence of the amino acids(See F igure 1, Figure 2).

Figure 1 Three-dimensional representations of amino acids

/
( = C-terminus
\

Glycine l Alanine
-

\
N-terminus

Glycylalanine

Figure 2 Formation of a peptide

The a-helix is a common secondary structure encountered in proteins of the globular class.
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The formation of the a-helix is spontaneous and is stabilized by H-bonding between amide nitro-
gen and carbonyl carbons of peptide bonds spaced four residues apart.

This orientation of H-bonding produces a helical coiling of the peptide backbone such that
the R-groups lie on the exterior of the helix and perpendicular to its axis.

Not all amino acids favor the formation of the a-helix due to steric constraints of the R-

groups. Amino acids such as A, D, E, I, L and M favor the formation of a-helices, whereas,

within [widin] n. W, Bk; K XA :without Fhifl

single ['sipgl] adj. B—8; bi BE(HY, bipolar XK #9); tri = (#, t riple =58 ); multi
Z 8 (], multiply S5, %)

different ['difrant] adj. ARREK;dif—>dis 27 (#), dismiss B H (dis 2 FF + miss—mit %
53T KR ) + fer W (B, defer #EB (de K + fer #H A EH—~H#HR))

sequence ['sikwons] n. MR, FF3;seq BR (#, consequence J§ ) + ence Z 1S B — IR

ik RIBT

figure ['figo] n. BB, B ;R X7 : diagram

formation [fo'meifon] n. JEB; form(FEAR) BB AR

common ['komon] adj. FFEK; com H[E + mon B——FF —F,—~IL[FEH; commonly
St [F] b ; [7] 18] : generally ; )X {37 ; rarely , unusually

class [klas] n. 3; @ Xid : type,sort, category; (¥ ) classification 432 ; classify 8- --- a
K (class 3 +ify F— 5 WI)—2 K% 1 classification

spontaneous [spon'teinjos] adj. X BP#Y ;R 1A : immediate

nitrogen [ 'naitradzen] n. & ;nitro A% + gen (), 0oxygen E X (oxy &))

carbonyl ['kabonil] n. BRBER, BE; carbon B (#,carbon dioxide — & L% )

apart [a'pat] adv. 4B, FEEH, R, SSBE;a —A + part B FR—FBH
- 08

orientation [o(:)rien'teifon] n. HW, FHL, ENL, B HE, [ % F;orient ZF + ation
ZEAER

helical ['helikal] adj. BRFEIRAY;helic BiE, WIERY + al B

exterior [eks'tioria] adj. JMEREY; ex 14 (B, exhibit /&K (ex 5 + hibit @ f & —~
JBR)); R i :interior WM ; (I )inferior T 1§, superior b #1

helix ['hiliks] n. $&5E, BHERY ; (3F ) helicase BEHERH ; helical BHEAR B ; helix BHE

favor ['feivo] n. E W ;(H )flavor B

steric [sterik] adj. (JRFRI)ZE (HEFD A, HLH;sterile TEK , HiRH
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G and P favor disruption of the helix. This is particularly true for P since it is a pyrolidine
based amino acid whose structure significantly restricts movement about the peptide bond in
which it is present, thereby, interfering with extension of the helix. The disruption of the he-
lix is important as it introduces additional folding of the polypeptide backbone to allow the for-
mation of globular proteins.

Whereas an a-helix is composed of a single linear array of helically disposed amino acids,
B-sheets are composed of 2 or more different regions of stretches of at least 5~—10 amino acids.
The folding and alignment of stretches of the polypeptide backbone aside one another to form
B-sheets is stabilized by H-bonding between amide nitrogen and carbenyl carbons. However,
the H-bonding residues are present in adjacently opposed stretches of the polypeptide backbone
as opposed to a linearly contiguous region of the backbone in the «-helix.

B-Sheets are said to be pleated. This is due to positioning of the a-carbons of the peptide
bond which alternates above and below the plane of the sheet.

B-Sheets are either parallel or antiparallel. In parallel sheets adjacent peptide chains pro-
ceed in the same direction (i.e. the direction of N-terminal to C-terminal ends is the same),
whereas, in antiparallel sheets adjacent chains are aligned in opposite directions.

Super-Secondary Structure

Some proteins contain an ordered organization of secondary structures that form distinct functional
domains or structural motifs. Examples include the helix-turn-helix domain of bacterial proteins that
regulate transcription and the leucine zipper, helix-loop-helix and zinc finger domains of eukaryotic
transcriptional regulators. These domains are termed super-secondary structures.

Tertiary Structure

Tertiary structure refers to the complete three-dimensional structure of the polypeptide
units of a given protein. Included in this description is the spatial relationship of different secon-

dary structures to one another within a polypeptide chain and how these secondary structures

MM

significant [sig'nifikont] adj. HEXA, XK ;sign #7310 ;signify AR IT, A B X ;sign-
ficantly JEH# #b

movement ['muivment] n. 3&30; move BEI(H, remove Z i (re B FI~H EE —~# [,
=#))

thereby ['Seo'bai] adv. il ;there FRE + by &t —E d B B —~FE B ; there 7 5 H1 8917
HRE AF (B, therefore BBt ; thereafter J)5 )

extension [iks'tenfon] n. J I ;ex M#M(H),exclude HEBR (ex $b + clude Bl—J #h I —HE
)] + tense HL(# ,intense BIKH) (in P + tense FL—~ A A ST~ E K #) ) + sion 417
JEF—m LT

[im'pottent] adj. EZEHY;im [l A + port H + ant KRB K~ AHHEK R~

important



1 BOKONSRSHEN - 11 -

HOM—>RARE>EEN; K XA unimportant; (¥ )import # 0 (im A + port ¥ 1)

additional [o'difonl] adj. 55N, BEMNE; add Bl + itional BI— 53 BN

allow [o'lau] vt. FRiF; (iBYall+low £ R AR E o — i

composed [kom'pouzd] adj. K, VIH K ;com £ (#, common FE[E#) + pose B (
B, expose B (ex FI4M)) +ed I ENTFER B HC FERME R -EHBW

alignment [o'lainmant] n. #HEF, %t FF; align—>aline HEFI M E LR, HEF + ment BiAFH

another [o'nads] adj. HB—A; an —4* +other H—>HFI—4

however [hau'eva] adv. #R;how + ever 3R )G R (#], whatever L1 Qi fi] , wherever &
ETH) >R —~R T

contiguous [kon'tigjuss] adj. AH4BAY;con F£F + tig Bk + uous B 5 (I ) contagious HEfh
(i3]

region ['ridzon] n. X3, H; [F 5 :zone,area, range

plane [plein] ». FHE, &#Hl, K¥, BE

sheet [Jit] n. (—)H, (=), ¥hH, g, 8%

parallel ['peerolel] adj. 47 ;para 35 + lel(B B K FITL)

adjacent [o'dzeisont] adj. 4BEH,MHABH; ad MIRATH (Y, addiction FH (ad + diction
B534)) + jacent Hfk B — B B —BIE A

proceed [pro'sid] vi. #4T; pro MR + ceed—>ced E [#, concede ik )

direction [di'rekfan,dai'rekfon] n. Ji[f]; direct B ¥ +ion BiRGR>EHE~H—~

opposite [ 'opazit] adj. XTHEHI; op—~ob MK + pos B + ite JF BB R [~ XK

contain [ken'tein] vt. 1A ; con I + tain E(H, retain RIF)~HEEE-LF

distinet [di'stipkt] adj. WHEM, B, BRARFK, WA ; distinction KH| (&) ;
distinguish X $I (3 )

functional ['fapkfonl] adj. ZhfE L #9; & X i :physical 8% L1

include [in'klud] vz. 4335 ;in WA, inmate WAREI R Z ] + clude 42 B (#], preclude
B (F e E—~Bik))

domain [dou'mein] n. AL, T, (FH3h FRFH)WE, T

bacterial [baek'tiorial] adj. ZMEM,FFE K ; bacterium HH

regulate [ 'regjuleit] vz. @ ; [ {iA:modulate # ¥, control #£4%; (3 ) deregulate T

leucine ['lusin] 7. ZEER, EHEB; leu 2, A(H,leukemia H MK )

zipper ['zipa] n. HL%; zip L + per JF &

finger ['fioge] n. FH; fin 8§ + ger W—HRY—~FH

eukaryotic adj. EH M ;(i)eukaryote HEZAM

tertiary ['tefori] adj. H=H, BEAK, BZHLH; (id) quaternary M4, PO —4;
binary —E#, Z#H K

complete [kom'plitt] adj. 5E4:#); com 3£ + plete 3 (#, deplete F 2 )~ &M

description [dis'kripfon] n. i3 ;de N3 + scrip E (#, prescribe AL B (R E )] +
tion & G4 ; describe 3R (3) '
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themselves fold into the three-dimensional form of the protein. Secondary structures of proteins
often constitute distinct domains. Therefore, tertiary structure also describes the relationship of
different domains to one another within a protein. The interactions of different domains are
governed by several forces: These include hydrogen bonding, hydrophobic interactions, elec-
trostatic interactions and van der Waals forces.

Hydrogen Bonding

Polypeptides contain numerous proton donors and acceptors both in their backbone and in
the R-groups of the amino acids. The environment in which proteins are found also contains the
ample H-bond donors and acceptors of the water molecule. H-bonding, therefore, occurs not
only within and between polypeptide chains but with the surrounding aqueous medium.

Hydrophobic Forces

Proteins are composed of amino acids that contain either hydrophilic or hydrophobic
Rgroups. It is the nature of the interaction of the different R-groups with the aqueous environ-
ment that plays the major role in shaping protein structure. The spontaneous folded state of
globular proteins is a reflection of a balance between the opposing energetics of H-bonding be-
tween hydrophilic R-groups and the aquecus environment and the repulsion from the aqueous
environment by the hydrophobic R-groups. The hydrophobicity of certain amino acid R-groups
tends to drive them away from the exterior of proteins and into the interior. This driving force
restricts the available conformations into which a protein may fold.

Electrostatic Forces

Electrostatic forces are mainly of three types: charge-charge, charge-dipole and dipole-
dipole. Typical charge-charge interactions that favor protein folding are those between opposite-
ly charged R-groups such as K or R and D or E. A substantial component of the energy in-

volved in protein folding is charge-dipole interactions. &#

@05y

spatial ['speifal] adj. (3B E] A ; (iC)space Z5 [] ; spacious FE ML

therefore ['Oeofo:] adv. B ;A A : thus

interaction [iintor'akfon] n. HMEAEM ;inter # H (B, interstate M B [H] B9 (state M )] +
act 13780 ,4/E W

several ['several] adj. JLA“; i X iH:couple —X¥

hydrogen [ 'haidroudszon] n. 4; hydro 7K (], hydrology 7K 3 %) + gen JR—>/K JE—~4 (kK
mEMELAR)

hydrophilic [ haidrou'foubik] adj. 3K H; hydro K [ #), hydrogel 7K & ] + philic
Feeeee £ ; (H)phobe iR, X

numerous [ 'njumsras] adj.

KB 9 ;numer 3 = number( #Y, enumerate 52 )15 L~ KB



