
1Jfli113 

ii~WLana • 

~1L11LanaoT;JU.U~fl1li~'U.1tl"1oJ1\IIun LliLana LiJUL11Lana~u1tlLan ~~ihl1~un . . . . . 
lanana11'ouni1 100 tnatiu1 ~'U.1tlna1~ {1:~11~ 100-1000 tnatiu) LLa:~1L11Lana~'U.1tl • • • 
l~qj ~1o u11lfl1l11LR~R (macromolecules) Lfl1.1.ni1 1000 tl1atiu L11Lt'lflt'IL"a1df1o11hii1.1. 
~1£JwaiLwtl!nl (polypeptides) n1t1it1fllan MDVioaiL1fl&1ol'Yltf (polynucleotides) LLa: 
tni1ulnLtl1fl ~1£JVioau.'lfnfl1l1tf (polysaccharides) i1~i'uafltlLiJu111Lana~\1.1tlna1~ • 
tJ1~,ittlt.h:nout11tJ~U1tJElotJflft1tJ.1L11L&fla~U1tlL~q) . 
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2. 1JOnfi111JLLftnfi1"'11rHilfl1'11rn'I1LL1J1J 0 LLR:: l 

3. L ;j EJU lfl1'11 rn'l1 LL1J1J1'11tlfl11 O'I1J1fl1 RL ''11Lfl EJ1 LtJi EJU lfl1'11 rn'l11'11iJfiLiJU 1 fl1'11rn'l1 LL1J1J 

l'Ji'Ltl~ ua::uanfi1111LLflnfi1'1111D'I1 lfl1'11rn'11LL1J1J a LLa:: P~anomer ltl' 
4. DMJ1EJRlJUifi1'11Lflii11£J'I1J1fi1RL,'I1LflEJ1 ua·n1ULL1J1Jn11Liali~U1r::lna lflliJJtfltl 

'II 

5. aiu1EJfl11~~li1EJfi1'11,~triu1ia'l1li 
6. ~1LL i4ntJ1::L1lfl LLR::£JitJ1Ufl11liLLtlnth'l111£l'l1 lfl1'11lfi1'11fi1'11Lflii11D'11ftVlf1UtlR::'JJi\tl LLR:: 

unti1oth'11ltl' 

. 1. ~nnlfl1'11rn'l1fi1'11Lflii tflll11rtuonlti11i~fl,fu, iflaulun~lllfl 
8. OMJ1[JRlJUifi1'11Lflii11£J'I1l111i'ULLR::J117Ult1 . 

9. 1::1J,ilfi11D'I1Lflaf?4u11LiJu UDUD&nsfnu &'liBil&nDf-Ru t~J£nsmu ~;a tn1&nsfWu • 
10. "1LLuntJ"J:U1fln1flo::nlu oit.nuRliU1L•~:: &rnMm:lfl1'11m'11~Ltlfl'qJ, LLa::uni1orh"lt1 

11. oiu1Ufl11li~111Utl1'11, ~Lriu1ia'11 L~• zwitterions LLR:: isoelectric point ltl' 

12. '1LLUnth::L1lflltJ1tl14fl1li0'11tf1h::notJ 1Ui1'11 LLR::Di1J1U1::tl1J lfl1'11m'1111£l'l1 ltJ1fiuff'11 
'II 

4 1::tl1J LLR::Untl1£l!h'l1ltl 

13. uarunutJ1::n D1J~14111411£J'I1n1flil1f1Rin ·uR::fl11liLLtlnti1'11cMUU1:n £J1J11 0'11 DNA LLR:: . ( 

RNAltl' 

14. EJMJ1Ufl1111LLtlnti1'1111 EJ'I1il1flRla l•tf U1flilo l fltf LLR::n1flil1flRon lti 

15. EJiuiu1:tiulfl1'11rn'I111D'I1n1flil1flRon\tl' 
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0 

1Jfl"1 

ii'1TaJLana (Biomolecules) 'V\111Vn~ft'1'Uflii~~1Jtl1lln-11lJ1f1il iill4i~ii'!1tl LU\4 • 
LlJL~n~ft'11a'U'YI;EJ th::ne:J1Jtl1!Jfl1f1.Ja\ULft:lu1fi1L';l\4LU'UR1'Ul'V\m iill4Jfi1L';l\4 aan~L';l\4 

1 w 

~amai'a- LL~::-i~L~af eJ1';lii1nfl~utT1tnlrntotl 
" 

w1ul'V\m:a1LlJL~·n~L 'V\a1il'Lilu LaJL~n~~U1fl l "ni~wi'1~';11n LJJL~n~~U1fl Lan 'V\1a 
w " " -~ . " 

!JEJUEJUJEJf (monomer) 111fl£l11llflULiJUL'Ji!J1''l';lUn~1!JLU1-i.WEJRL11Df 'l1£lLL1lffl1f11LRnR • 
(macromolecules) n1::1J1"Un11L~fllltionuo1';liinTniuJ1eJElnl1.J';l1n1.J~mu1lun1~tl1~ 
... .. T . .. I • - .. I .r WI T WI ... WI ... ,. fill 

1.11lJLlJEl LlJL~n~1.1U1fl L'V\n.I'V\1El~El~Lli01L 'V\~1Utln LIBfl1 L~Rn';l:: Lflft'11 LlJLan~1JU1fiL~n 
" w 11 1 

.., • A ~ . • .,. ._ I' .,. ,.1 !"I ~ .L...., .,. 
n~1JflU tl~LLlJ LlJL~n~11El~ElU'YI1!Jft'11LUL'.IJ~~';l::lJll1nlJ1!JlJ'V\1fl1~ LLfi'YILu\4~\4~1\4~ afln.l lJ 

1 • w 

4 ~n" fi1'V\\l'1~Ltlu'V\'U1url1~ LJJL~fl~,U1fll'V\qi-iu.fn"U 4~ilan~m::LL~::wlJU'liL~~1::fi1 
~ .. ..l:cl - .... ' :CIT l ·~T ~ •WI., I 

'YI~ LU11mt'YILuU1JEJ'UEJLVD1LL~::LlJEln~1!.1LuULlJL~~~~U1fl 'V\qf ·D1 LlJL~fl~~UJ1UL'V\a1 LfiLLn 

fl1i1ultJLfl1tl a~fl LU1tiU LL~::n1flil1flaan 
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. 13.1 t~1itu l11Lt11'tt 

fnffv~rr,f11f1 LU"UR11aoun'iv~t.Jn:nouti1.tJfl1fuoou lulfi1L~ou ua::oon•L~'" ~111 
-no~th;i111~1nat~nft'1ou-no~1nfiO~tftJ1::nou4~L;jtJouLiJouwfl1'Du~w1nB (empirical formula) 

I ~ .. . 

LU\l Cx(H20)y ~~fl1~n1J "carbon hydrate" L~'U J1t11Rn~ Lflft~·3LU'U,r1fl1Rl'ULROfiLLR::U\'\S~ 
..,ft-3-31"Uthtity-no-3L'JfRft ilwfl1L1JLRnR C6H120 6 4~L;jtJ"Ulti'LiJou Ce(H20)e LiJouti"U 

' .. ~ 

ttl !T... ... ... '1!1!! I .. • If .. 
ouon-;J1n'Ufl11LULtrLfl1flti~L1tln LfltJOOtl1~\'\\l-3 flO u'llnfl1 ,,.fl (saccharide) ~n~nn 

111~1a::f\ou saccharum 4-3'M111tJn~J1fl1R fl1i1ultrLfl1fi'M141tJLan~wfl~-3L;tJnJ1,1B 
~ 

'i"'~lll (simple sugar) 'M10UDUDU'llnfl1~,; (mOOosaccharide) LsloJ1fl1RLi~Ltlt11 2L11LRnR , .. 
L~011fionouL'itJn ~f1U'llnfl1~1ff' (disaccharklle) n1L~Oa.Jtianou 3LlJLRnRL'itJn ~f11U'llnfl1~1~ .. 
(trisaccharide) ,i' 1 fl1 R L i~ Ltl !11 2-10 lanan ati on 'ULiJ 'Uft1 t1 !111 L'i t1 n f D if nu'llnfl1 ~ 1ff 

.. . 

(oligosaccharide) LLa::n1L11LRflR-n'U1fll'Mqja.nn') LiJouwsiu'lfnfl1!1l.(polysaccharide) 

: ~ ... . "' .. 13.1.1 'M1fi1RL1h1Lflll'1 \'\1011il'MUIL'Jfnf11 ,, .. 

fl1ilultrLfl1flLiJouwsi~rrf11Dn'iusfi~~~~~ (polyhydroxyaldehyde) 'M1o WDR~llf11Dn 

'i~Tnu (polyhydroxyketone) 'M10tfl1U1::nou~~nutJnWR1Utl1tl,r1LL~1ltitf11L'MR1;i ii'M~ 
-~ ..... ""'.&........ I . 1... .!! ·' C' ... ...... ... • ...1 
-n~n-u\l'Yla 1flty 2 ~\f flO 'M\J LDfi1E1n-D· (OH) LLR::\'\~fl111JO'UR-nO~LLORfl Llrtl \'\10ft 'Yl'U . 

., "" 
13.1.1.1 .Ji!;.~.(]l!1llbl1l.?.!'J.~~i~~.f)J!J 

io-no-3J1fi1Rft'1oul'MqjLilouioLo...,,:: LLa::a7na~,;1tltl1tJ -ose loun1tl1-no~J1t11R 
Lt~Lflt1101Mt1Lnm'tf'41LL"Unt.J1::L1l'Yllti 3 LL1J1J tl~;f 

506 

(1) '41uounfl1a..'M11Vf~niou il 2 'Jfitttfio . .. 
- UEJRffJB (aldose) LiJouJ1fl1RLt~LfltJ1~ii'MliLLoafilDtfLi~Jou'M11Vf~niu 

. .. .. 
- ~TnB (ketose) LiJouJ1fi1RLt~LfltJ1~i.i'M1lf11nouLiJ~..,li?J~niou .. . .. 

(2)'41LL'UOfl1a.J-;l1'U1'Ufl1f1JO'Ul'UL·L~'U 

tn1lEJB (triose) LiJouJ1fi1RLt~LfltJ1fti1tnfuoou 3 o::floa.. 

,n,.TnB (t~trose) LiJ\ni1fi1RLt~LtltJiftilfl1fuoou 4 .o::flo11 

'wufnB (pentose) LiJ1l,{1911RLt~LtltJ1fti1fl1f1JO'U 5 O::fiOll 

'rrnl'IIB (hexose) Lilou1i'1fl1tufo~Lf1u1ftilfl1fuoou 6 o::floll 

'rrtllrrB (heptose) LiluJ1fl1tut~Ltlu1fti1fnfuoou 7 o::floa.. 
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0 
II 
C-H 
I 
CHOH 
I 
CHOH 
I 
CHOH 
I 
CHOH 
I 
CH20H 

CH20H 
I c=o 
I 
CHOH 
I 
CHOH 
I 
CHOH 
I 
CH20H 

0 
II 
C-H 
I 
CHOH 
I 
CHOH 
I 
CHOH 
I 
CH20H 

aldohexose ketohexose aldopentose ketotetrose 

1t1i113.2 i1or.h~uaRTfJm~.a:fl'Truru1~~ittl .. 

~HO 

H.;r,¢=4oH 
i 

- CH20H 

m-1UIIUUfiBI'IIBf ~ 
(+)-glyceraldehyde 

( 

CHO 
'E 

-i=lo·~~l-l 

aH20H 

(-)-glyceraldehyde 

D Configuration L Configuration 

.1..1 t ., •• ~ L. ., .,, .-
JlJfl 13.3 f\1~tn1-3LL1J1J 3 1J" LLa:ll1~Q1r.JLL1JUni'L~OnJO~nR,!J'D11Rfl '1111 

J 
- ·1. 

·507 



tl111 lfl1"ri1"LL1JlJ"B&7Bf (Fisclller projection formula) iu LRuUU1U£lU~111Utl" 
~U1f::~:J'Li1~1~11£l" LLR::LLU1~"LfJU~U1J'::~teenlthl1n~11£l" LLft::"'fltlfl~fltfJ'ffifJ1f1JDU .. ' .. . 
l J - w t " ~ ~ ~ ,.,, ~ .. l1 _;!~~-Q~ .. J.!l1~!J~f.JJ.1.!1YJ.n ..... !!~.~J.~ .. ~ .. (!):Qiy~r~J~!h~! "",,'"",, fl1Rfl11ueu 
~.li OH erln1"1111 

'U .. 

CHO 
I 

H-C-OH 
I 

HO-C-H 

yHO 

HO-C-H 
I 

H-C-OH 

I H-?-oij 
-COz.., 

{ftR1Uti')) 

I 
H-C-OH 

I H-?-oHI 
CH20H 

CHO 
I 

· H-C-OH 

-~ .. I H-?-oHI 
( ftR1 tl fl')) 

CHO 

-c~ .. I H-?-oH I 
{ftR1Ufl')) 

CH20H CH20H CH20H 

D-(+ )1Jiucose 0-(-)-arablnose 0-(-)erythrose 0-(+ )1Jiyceraldehyde 

t.l ... ... • ... .r ... 11..!' 3 n 13.4 fl1EltJ1-3n11lfl1tJfi1,EJ-3-...1fl11~tl D 1!1-3 LYI (+)-glyceraldehyC;fe 

lfl!~.rn~~tt\!.Q.~JJ~.b 

lliLRflR,r1tl1R,t1ltJillfl1mnfueu~a1uLL~" ~lfl1Rfnfueue::tle11t41"~fl (lnR"'1n 

~1ifl1fue\hnJ1n~ft'fl) tl111lfl1"m"LLlJtJtqm-uef ni~li OH flU't11"11111::iln11ifltl1LL1.J1.J 
'U • . 'U 'U 

0 LLR::Lde~JJ OH £lU't11"1Ji1tJ1:LiJUn1nf\i1LLlJ1J L Liu 
'U ... 

CHO 
I 

HO-C-H 

I H-Y-oHI 
CH20H 

CHO 
I 

H-C-OH 

I Ho-Y-HI 
CH20H 

TH20H 1 
c=o : I . : 

H-C-OH : 

I H-Y-oHI / 

CH20H 
I o=c 
I 

HO-C-H 

IHo-?-HI 
CH20H · CH20H// i 

D-threose L-threose D-ribuL L-~ulose 

~111UL~tl: lfl1"LLlJlJ\U1:1JlJ 0, l laJilfl1111ftliM'U1J'n1Jn1~11U1::U11JLLft'"l'V4R1l1.f ..............•. . 
d, I~;£) (+), (·) LLtieth"\tl 

" . 
13.1.1.3 .f,.,:r!!!'!fu:rl!V.~~!l.H:'!!'!:!!!!tl~!fi(!?. ~Cydlc Struetures of Monosaccharides) . 

11ni1erl1" lfl1"m",.e"J,tl1RL'B"LiitJ14'1~tiu~Lilul'JiLiJtl:u ,r,tl1R~iifl1fueu 
5 ~;a 6 e::fle11 \u1m11ttf1fl1:sdtunJ1"tlf1mnn11lf1tJLntltJQffiU11l1utulliLRna1:~11" • • • • 
~~fl1fueita nu~~ltrtt1£ln4t \lt1-3LL'M1"ib1oen~L1UlY1" LUU1-31JU1tl 5 s::fl£)11 (furanose 

ring) ~;a 6 e:fl£l11 (pyranose. ring) 
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t'!.~f.!~~r!Jft:q~t)~;d~J~11.~.~-Q.!I~ft' (Giut'.ose ·cyclic hemiacetal) 

tJ1iffiu11::1'\11"1'\1ifnftHl'ila (C=O) nu,.,lilDfl1an.tJ (OH) 1l1t1Lul11LanaLilu1nou ;.., .. .. ~ 

LTlflLlliiB:-~f11R1JUfl1" ~"Ltdlt11111nni1UtJtJl'JiLiJfl n1LiJ'U.1",.'U.1tl 5 1'\1a 6 a::fi£J11 

uss lfiLlln l'lf« L-rlu na lflw LnfiLlliis:-ifrumitfl1"ltitf" uuu1" 5 LLa:: 6 a::flall LLtJtJ .. 
LL1nLiJutJnffitJ11::1'\i1"1'\J.iLLafttlltJtfntJ1'\J.i OH ~ C4 LLft::LL1JtJ1'\a" (1tJ 13.5) LiJutJnffitJ1 ;.., .. .. .. w 

0111'\~ OH ~· C5 tJ~Mt111fUfiLL1nLnfl~1tlni1 LLtl1filfl1'\ft"ihtffiu11)1Vi111nni1 

tJnffiu11::,.,;,",.,1iuaaillutinu1'\1i OH ~ C5 tuna lflw ~==t~," 6 a::flall 2 LLtJtJ · 
;.., .. .. .. ' 

~"'h"n'U.~fJfi'Y11"n11ifltl1,.a"1'\li OH ~ C1 L'U.1" (fl1li1U 13.5) n11'\li OH ta"~::LiJ'U. .. .. .. 
LL1J1JUBRJ'h (a) LLft::n1t;fu~::LiJ'U.LLtJtJfifJ1 (p) 

13.1.1.4 D11f1un.!i1f!1~}.f.~~i!Y.1.~RR.ff1!~ro,_~r!J!?.i 
L;tlnfl111~a l'JiLiJfl lfltltlflDflH1 -88 n1u~a LLft::LL'YI'Utl1FJ furanose 1'\1a pyranose 

fl1li,.'U1fl,.a"1" Li'U. 0-glucopyranose, 0-glucofuranose ua:: D-fructofuranose LiJoutiu 

13.1.1.5 n1'1LiitJUtffl'1ffi'1.Jrn.J?.JUfJ-,B,ni1fi1RLi.JLfitJ? 
•••••••••••••••V•••••"•••••••••••oooooooooooooo••••••••••oo••••••••••oooo 

(1) 1l1Vi\l1t1LL111Jl11L7m (Haworth2 projection) 

1" pyranose ,.£J",f1fl1ftLi"Ltlt111JUtlth" ') JnL;Jti'U.LU'U.LL111J1"UtJ'U.~L;tln 1l1Vi\l1tl 

LL1J1Jl/1L7fn L1i'U. 

CH20H :~~,.I , 
0 OH 

OH 

CH20H hemjacetal 
I , 

r;o~,./ 
~r-foH 

OH OH 

hevaiacetal 

~o~/· 
~ "1---r tH20H 

OH 
a-D-glucopyranose a-0-glucofuranose P-0-fructofuranose 
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...... ~ .LiJ . .., 
· n11'LIJiUJMI11YtQ1!JUUtJn&f,!t8'7 L 16111YtQ1!JLLtJtJD1,-,1l1 

pyranose = 1-3 6-El:flall 

furanose = 1-3 5-El:fiElll 

2. C-1 ,El-31-3.,r1fl1ft Lih~tuafuLJJa1ntnfuau (an~meric carbon: fnfuou~ii 0 

Ln1:wo-3 a:fleill) a rl1111tl114,11, D-31-3 n11n1't'\Utl Lti,9hu ,.ni-3 t ,.;L 1uufi111L ;i11 .. . 
u1wn1 

3. J1fl1ft~tl D 't'\li CH20H 'i;f\1. LLa:J1fl1ft~fl L 't'\11 CH20H 'ia-3 . . .. . .. " 

4. n11it1fr1~ C1 LL1J1JUD&U\h (a) 't'\li OH ElVfl1-3i111tllJ CH20H Uft:LL1JlJVfJ1 .. . .. 
(f3) 't'\li OH ElVtl114LfltJ1tllJ CH20H .. .. 
11 -., , ,., _.t • f • !li ,., I tk ,., I 1.1 .}J. .ttk 

5. · Lfl1ftfi111JEl14fi••1LL't'\~-3au: 't'\1 OH no~n1-3,11':~a-3 ua:flo~fi114"B1ll~,,.. 

H.._1~0 e 

H 
2 

-OH 

HO 
3 

-+f -
H 4 -OH = 
H:.! -OH . 

0 ~-OH 

D-( + )-ol,ucose 

CHrOH J\ (Ot) 

~
H 1,0H(H) 

4 H H C 
OH . ~\H {OH) 

3 2 : 
H OH anomeric 

carbon 

O-olucopvranose 

(hemiacetal) 

1t1fl 13.5
3 n11LtJivuat~1lfl1.am.an1v.o.1vLLuuwBL!IDniiWt1V.o.1uLLtJtJ171L'fmla.analflw 

u • • 

•• ... il .J ~~ 1.1 A 11 -., • t' ~ tk I • ,., 11 !'~' 1.1 
'1n1lJ 13.5 L3JEl'l-3 fi";J:TI1 L't'\Lnfl Ltl1ftLIJI'14LfiEl1L?UJ,14 1 LL't'\-3 fiElf) C1 Lfl Lfl1-3R11-3 .. 
,.,..,.! I A • -., 1.1 -., ~~ ....... l 1.1 ~ iJ 

. REl-3LL1JlJ'YI'f11U't'\14-3014 ')L't'\1J014n14 UnL114n11,fiEl:fi03J L141'1113Jflfl C1 fl1-3R11-3'YI-3R0-3L UUB 

TuuJaf <a ua: A anomer) ua: C1 LUUUB TuLvB1nfl1fuau Ldoe:n.ilu1tlfl11a:a1u lfl1-3ri1-3 p .. .. 

LL~ft:U1JlJLiJ5uuLiJUOnU1JlJ't'\\t-3ltiifltJ~·hU.lfl1-3m-3LL1JlJ l'JiLtlfl fl'l111Uflntl1-3,El-3UBfUL11Df 

,_f-3REl-3flltl,1nll1~Q.1UU1JlJIML7fn .. 
(2) lfi1-31UU1J1JL1i1t .. 
Lilo-3,1nl11LanaL1o'li1GLiJU1"LL"1141-3UfiMUl\forltulfl1-31ti~L«flu1 41"LiJulfl1-3 

• ' .. ,'U 

~UU1JlJLrl1tL-i14LtlU1n1Jl'JJlflRltfnLIJI'14ltlU't'\~~fl14~tl1LL1o'l\i"th" ']&h14L1o'lqjD~L14LL14114El14 
(equatorial) 

3 . . 
!lfl http:llwww.cem.msu.edu/ .... reuschNfrtuaiText/carbhyd.htm . 
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~
CH,·OH "H 

~H. H. ? 
OH OH 

H OH 

CH,-OH 

¢VH .. ,O,H 
OH. H ~ 

I 
H · R 

H OH 
~

CHt-OH"'-.H 

~H OH ? 
OH · OH 

H H 

a-D-olucopyranose ~-D-oalaJ;topyranose a-0-mannopyranose 

HO~\-H ;m\-oH HOH~\-H iO~I HO~I iO~I 
H OH H . H H OH 

t.l ... - r.! .. t ... !' ~ .. ... ... 
1 't113.8 LlJ1tltJLY1tltJ f11-3ftTl-3-nfl-31419111L"D-3Ltlt11tJ1-3,-~tl LLtJtJ111L'l1fl {LLt'l1tJ~} 
V ... t -· ~ ,k I OtJ. f11-3~lJLLtJtJLrt1fl {LLt'l111-3} , · 

Lhvriinl1fl1~~Li~h.uf1'U..,itll'Ulfl1"m1"~El" 111L~n~tn1~'U1rn111J';l:iiflTfuEJ'U 5 
.. .. 

EJ:tlEllJ LL~:LU'ULLDRfflLwufnR (aldopeOtose) ii 2 WflflEl D-ribose U.~: D-2-deoxyribose ~" 
LU'U.tn'U1JEI" lfl1"rn" RNA (ribonucleic acid) ua: DNA (deoxyribonucleic acid} fl111~1tiu 

1
CHO 

21 
H-C-OH 

31 
H-C-OH 

I H...!f-oHI 
5CH20H 
0-ribose 

. .. 

5 
CH20H 0 OH 

4.~v~1. 
H~~ 

OH OH 

P--0-ribofuranose 

13.1.1.6 .~~Y.~r.IJ.~~.fti!~.tJ...J.111~11U.f...J.~ftU.?. 

J1911RL:a"LtlrJ1~Eitil'U.ft11R:R1tJ';l:Otil'URllfiR1:..,11" lfl1"rn"U1J1J1" UR:LL1JlJ l'Ji .. ... .. 
Lilfl ~"Lnfltl~ffiu1uuuth" ']ltl' Li'U. tl~ffiu1~EJ""'iia:Bn1s tl~mu1~o"..,~lufi1EJn~ 
ua:tJ~ffiu1~o"..,~fl1fuoUa 

(1) Isomerization LiJ'Un11Ltlau'U.utla"Yl1"Lflii~ft11tl1:nEJuanLtJau'"l..,1fl1"rn" .. . 

~Lii'Ulo 1'lfL11Dfuuu9h" ') ltiuri 

- Anomerization ..,;El mutarotation 
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--~CH20H0 H 

OH 
OH . _OH 

OH 

a-D-glucopyranose ' 

- Epi'!'erization 

'CHzOH 

~H 
OH OH 

~D-glucofuranose 

Epimer LiJu la l'lfLllafL 'i-3LLW~~iln11ifli1tt1-3i1a.niufl tflfsfnruBuL oA U-3LL l'i-3Lti u1 
(lfl1atnfuout11LL'M\L-3~UL'Ml1aunU'MlJfl) J1tt1RL'i-3LfiU1~£1lfl1~rn-3LL1J1J l'JiLilflLtJ&tJ~L~ 
~pimer ltiLs1aa~luft11a:a1tJL1JW tJ~mu1LntuJ1Utl1fLLu\llaaouLLa:D'utflBBR (enediol) 

tl1 £) U1-3L iu fl11Lu& tJUna lflWL ~UJJU r Uft' 

1 
CHO 

H...!t...:...oH 
I 

HO-C-H 
I 

H-C-OH 
I 

H-C-OH 
I 
CH20H 

.. 

=--------:-..-: .-.;.-.-_-_ .. 
CHO 
I 

HO-C-:-H 
I 

HQ-C-H 
I 

H-C-OH ., 
H-T~OH 

CH20H 

0-(+)-glucose 0-mannose 

u~n11nd\u.,.,a:·a,uLuw nalflwu-3ifli1L\'\lil~wmTn• iln11LtJ&uu~1LL'M\L-3'Maj .. . ' .. 
tl1ftJaUaltlm1:\'ii1~ C1 (LLaaltl«)ua: C2 (fllfla) LntuJ1Ufl1fLLuulaaau~ C2 ua:D'utfl 
BBRLiunu "-3lfULUft11a:a1ti\1JWLLrl~-3Lfifl,f-3fl11ffltl1L'M-liLLai epimerization LLa:ltlLUU 
R11NWll 
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1 
CHO 

21 
H-C-OH 

. I 
HO-C-H 

I 
H-C-OH 

I 
H-C-OH 

I 
CH20H 

0-( +)-glucose 

=--------_-_... ·-----_-_ ... 

(2) 110mv1n11,nfl~naTfl~'lll(Giycoside formation) 

CH20H 
I c=o 
I 

.HO-C-H 
I . 

H-C-OH 
I 

H-C-OH 
I 
CH20H 

D-fructose 

J1fl1aLi-3Ltl£nii~a.ilDfl1Bn4 2 ,\tfl flB~aJ OH LL1J1JLLBaneJDelfl,t1ltJ LLa::~a.J OH ~ .. .. ' .. 
uaTuuJa1nfl1fuau (anomeric OH) ~<3LiJ~u1iiEJ:~rna.LLa::l1tiatJ~ffit11lnnn11 _WUJTHl 

n11.J~ffit11n1JLL£lanatJan'ttttliin'ltt L'Ji~ HCI ~LL~-3LiJ~ti1Li\1 LtJiti~U1VEJ:-if11flLU~EJ:'~ 
· .. ., r If ,.A .. • .!! -' r .. " 

f11fl L'ltln 'nfl'fl ''llfl '1f-3l.l~l.ILLBaflan"JJ -OR Ln1::Y1UEJ,UUJEJ1nfl111Jel~ .. 

HO~H OH 0 CH.OH 

HO HCI 
0 

OH 
a-D-glucose 4 

I 
I 

H~ 
a-glycoside OCH3 

acetal 

planar carbocation 

+ 

p-glycoside 

acetal 

Jllfl13.7 tJ~mV1n1_1LnfiD:9n1i11n a-D-glucose nu CH30H LLft:: HCI \'V\1nalfl 
l'lflao.:t1filfl LLa::o"U.LfloiiiLav"t'"tJ~ffiu1 

tJ~mti1Lnfl~1~tniluLLflfllaaa~ 4-3iilfl1-3m-3uuunu uaanaDnaL'1i1n11.JDffit11 
,..,~ ., ,.,..,~ f.t "'' ..I "1" ~'!'I ., Lflfl-3tfB-3fi1\L ';1-3 Lflfl-3 a- ua:: .,..-glycoside Lli~1\L mutarotation L \LB-3';11n Lna fl L'lfflLu\LEJ:-'11 

t11fl1-3LUflt.nnn11 L~aa::a1tiJ1';l::lllar.il~n11::tnJflaLLa::'!Ja-3 a- ua:: (3-glycoside fi1-3';11n . .. ~ 

J1tl1tUi-3Ltit11~-3LU\LU7VEJ:41n1fl~~1\Llfl1-3m-3LL1J1J1-3LiJfl· 
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• 

n1.,1ar,..,lautlnaTt~1-atf 

Li1o~~nn\nalfllllftl'Li'Jua:lin1R 1.JanuunRR1!Jtl1u.J,tuRll11:n1fl tlfurDs:-9n1a 
v 

LLR:uoanouoft'nautiu\~ 11Qfi1u1la1Lfitltui11R:a1U~LfJuna1~'M1oLfluLuR 

lnaTt~l.s~,MB't'tNW1i 

\na lfllllfti'Yiultii•lt.Jtun1ll-u1tl 1-.du lt1LLilfnfl1l1tfua:YiaRLLilfnfl1l1tf Lfit111n 
. n11Lfaan1u-uo~.J1fl1BLt~LtlU1ti1uliuc\nalfllllftf (glycosidic bond \'\1o glycosidic 

linkage) L-iU salicin LLRt digoxin LfJUI111111lJ-u1~~iJL~iJUtlfl1~ll1 Rnt1\tl11nLt.Ja·ontiuia 
laf (willow) ua:tutiu foxglove tt1~141tilJ o:tlOll o tulfl1~rn~Lflu-uo-3~unlnalfllllftf 
' 

salicin 

(3) 11DFi1ll1n11,nfJ6' nsf 

digoxin 
(cardiac glycosi.-) 

'M~ OH. t uJ'1fl1RL t-3L~li1LLtflJ1-3tJtl Lt.Ji UULfJU'M~iiL nailtifln\'\~L~O tlff11 
t.J~mu1nuLusua:usaflaulltal.NiflNafl\tililiunoLnof•o-3uuu tie oLnofi•ld LLR: 
oL nef~Lilu lna lfl l•tl' 

OH .. OCH3 

HO~-Q . Ag20(~se)~CH30~Q. 
HO O CH31 CH30 . 

CH30 
n-..l . OH . OCH3. u-_, ucoae . 

LQYi1:,;U1J:DL'n£1ffiLiJu\na lflltDtfifl1~Ufl~nLLUnftR1Uti1trd'1Ldailn1ttLi'JUtl1Li~ 
iinttu\'l-3fiL"Maellllfifl11Qfi1rnif 
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UlRLnern.r~nntJ1imu1T.:"Mi'l-3\\JJ OH 1.1Eh1LUlRnElriElftnun1flfl1fuon~Din"M1eJEl'U. 
~ . ~ 

~'U.lMJEl"n1~fl1fueJniDin L~'U. acetic anhydride "M1El acetyl chloride lfluiii1Li" ..,;ElLlJR 
~ If _., I ... , ... ""' .. L-D'U. '"1fJUEltlfl1tl flft11'YlL1tln sugar ester .. 

OH OAc 

H~H 
OH 

. ~ ~ 
CH{"C'O""C'CH3 pyridine .. ~OAc 

ACO 
M1D 

p..D-glucose 
P. 

cH{"c'cl 

La RL n e1f1.1 e1"J1 fl1 anun1t1 l1.1a.i'U. l1 RlJUi LU'U.ft11RfiLL1"il-3 N1'1Ufl 'JJS:h.J1:~~ d e1 u . ~ 

Rft1tlltllt~tliif11"~11l1?4 tfl'U.Dflft1'Mn'f'UJEl1'M11 Lfl1El"t'lel1-3 !.11 LLR:ft11cinyJEJn Lfl1tlll 
~ 

~1n,f1fl1R'M1ElLLElRnDrJElft,f1fl1ft (St.91r alcohols) fl1Jn1tll1.1Ji't4 1fltli1tt1Li"~11l1..,lf."£1 
ftlJ11fl~n11LaOnLiTrhtJ~ffit11~'M~ OH 1J1"fl1LL'MU"lfi 

(5) 11DmtJ11fin-1u · 

"Mlifnfu El'i1R1.1 0-3,f1911RL f-3Ltltl1fln1t11ftltltlft1ntl1ft L ~'U NaBH. "M1D lri 1fi1L''U .. . 
tiu 1a"M:tt1Li"f-3t-Klu~tlft1"Mnnll t~..,aiueanorJoa"M1o ueanorJoaJ,,na 4"L1vn uDai 

nDa (alditol) J1fl1RUDaffJn:l.iuoanaaeatl',,.,.,\ttlLtlU1 LLthi'1a.~1~1nJ1fl1afifnn:t~ 
UDfl~fiDfl 2 '1\tfl Liio"~1nfl1f1JD'U C2 ,fl-3M~fl1fua'i1R1:LtJSuouLfh~lfl'fRft1f1JO'U~"lti 
LU'U.RLflo;teJleJl'lfLaJElf L~u u~n;u,,a-3nelfl• ua:wi'nlnw 
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CHO CHiCH 
I I 

H-C-OH H-C-OH 
. I I 

HO-C-H H
2

, Ni HO-C-H 
I I 

H-C-OH H-C-OH 
I I I 

H-C-OH H-C-OH 
I I 
CHiCH CH20H 

0-( +)-gl~:~cose 
aldose 

D-glucitol · 
(0-aorbitol) 
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CH20H TH20H CH20H 
I I 
c=o HO-C-H H-y~oH 

. I I 
HO-C-H NaSH,. 

HO-C-H Ho-c~H 

I I + I 
H-C-OH CH30H H-C-OH H-C-OH 

I I I 
H-C-OH H-C-OH H-C-OH 

I I I 
CH20H CH20H CH20H 

D-fructose . O-mannitol D-sorbitol 
{ketose) 

(6) t10tnll1DDniB,f1i'u ua:J1~1a;;;,; 

, 'VlliL~e:u~illutll -uJ1tnausa ff1ft11neen'BlttLfLiJou'Vl1if11fu an'Ba t1'1ui1e en4Bltt Lf v v v . 

'Jfitflth~'J lt1'n<tflJ1fl1a (sugar acid) L1on n1fiUDaff1iin (aldonic acid) L~'U n11eenlilfiLf 

t1'1uJ,1u<tii14 

0 0 
·II II 
C-H C-OH 
I Br2 I 

(CHOH)n • (CHOH)n 
I H20 I 
CH20H CH20H 

aldose aldonic acid 

J1fliaLt-3LfltJ1fln'JJitfl~eul-u<tt.J11JtLiJfiClneen'BlflRlt1Lv.11:ii'Vl1iueaillutf LLa::n1 
tj v v v v ' 

ii'VlliflLflou-;,:D'Vlli OH eu~fnfueouf11LL\·'\\L~ifln'U (a-hydroxyketone) ~~iiw11UiLiJ-ut11 v . v v . 

1t11Lf i~1f-u~~L1uriJ1tnftL'V\R1tli1,i'1fl1tnil1Lf (reducing sugars) tJ~mu1~LiflttweuJ1tna 
1t11Lfttiuri " 

516 

t.J~mu1nucn<ta::a1uuJ,ufinl (Benedict solution) 'Vl1ecn1a:a1un-/Jfi" (Fehling 
~ !'I 1 . ~ .1•- J' 2+ :'1 .., 

solution) 'D~L1.1'Uft11ft:ft1UL\UUl11:LUR a.. CuS04 ul)fl1tJ1'U Cu Luoutneen 
lilfiLf ~~1:nn1il1ll ~fl:n e~iLLfl.rt~e~ Cu20 v 

0 0 
II II 
C-H c-o· 
I cu++ . I 

. (CHOH)n 
HO~ 

.. (CHOH)n + Cu20' 
I I 
Cf-:120H CH20H 

t.J~ffiu1nunsautui1LBL1'Utl (Tollens reagent) f~LiJ~cn1a:a1u-ue~leee-u 
Lt~.J'e~-ue~ AgN03 Uft:!UBllUJL\LtJLUL1JR NaOH t.J~mu1\ftl1fl1a\]neen'Bl~Lf 
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il1ti'1u1u'VIt:UlflflfiLUh1flft1tJnmn,.a'l mn1tlWD1J;i'~,IL1un. silver mirror test 

0 0 
U II · 
C-H C-0-NH ... 
I Ag(NH3)2 + HO~" I 

. (CHOH)n (CHOH)n +. Ag 
1 (Tollens rea~) 1 
CH20H CH20H 

uan;nnd'J1tl1RUDRTf).U~nnoontlt1Lftl'1!Jn1fllutl;n4~Lilui1oon'i'fiB~LL1~n11 
'II 

Wlll11noan'i,flwJ~'VI1iuaaillDti ua:'VI1i -CHzC)H ·flath.Ja1tJWflont11u4~LiluuoanEJtraft" 'II 'II ., '• ·. . 'II ~ 

-.uitflt.IJ111JD lti'Lilun1fl ~f)fJ1WDniin L1unn1tlUB&fJ1m (aldaric acid) 

0 
II 
C-H 
I 

(CHOH)n 
I 

· CH20H 

aldose 

0 -
II 
C-OH 

HN03 ... {tHOH)n 
I 
COOH 

aldaric acid 

(7) 11Dil1l11n11' flilR ~lff)TJ9u 

'VI~fl1f1JEJita~EJ~uoatilutiua:fi1fl14fl1tl~mmn1J'flilR~lff)TJ~u (phenylhydrazine) 

1 ~' WUft ~lff)TJ f 'liU (phenylhydrazone) f~ 1 if4mnfLBnan,_;af~ EJ-3 LLEJatlltJtl ua:fil flU lti. .. . . 

R'\ -o H+ R'\ . -o 
r(C=O + H2~NH ~-b - .l=~NH ~ b . + H:z() 

phenylhydrazine phenylhydrazone 

t.lniiJ1tl1ftL 'B~Ltl!J1l1iLnfiEJ't~ufn-liia Yllit11 r .. ultiJiu ') L 'VIiiouuoailltJtl/fll flU 
,Y,lt.l tio~1i,flils~lff)n~umnLnuv.EJ lflu,;,tJ~mmJ., c1 ua: c2 ~EJ~J,,na Lt.lauu1~ 
lWUR~lff)Tif'lfU f~L1unfD'l11fW (osazone) ~ft1U1'VI~1ttnNanltf li11.1Nanua:~tl'VIfttl11L'VIft1 •t~ 'II ~ 

La.m:ti•li~nuLonan,.;nlua:Ltnu1JLftu1JJ1mawflti1-3 ')lti Liluiiflv.1J lt1u Emil FISCher ... 
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H 

'c=o 
I 
CHOH 

--~-------· 
(CHOH)n: 

I ' 
CH20H : ----------· 

aldose 

excess H2N-NH-Ph .. 
H\ 

C=N-NH-Ph 
I 
C=N-NH-Ph 

--~-------· 
(CHOH)n: 

I ' 
CH20H :~------- _________ , ,aluJiuwLtJa~ 

osazone 
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yH20H 
C=O 

--~-------~ excess H2N-NH-Ph 
(CHOH)n : ·, H+ 

I I 

CH20H' : ---------_I 
ketose 

13.1.21ta"!lftfl1 ls.f· 

H· 
\ 
C=N-NH-Ph 
I 
C=N~NH-Ph 

---~-------1 
: (CHOH)n: 
I I I 

: CH2-0H : . ._ __________ . 
osazone 

. t11u'Jfnfl1 t,.; LU14fl1i11JltJLtl1fl~Lnfl~1nJ1fl1&:nt"Lilu1wa" lliLana D1~Lil141" • 
,141fl 5 \'l1D 1 6 O::fiOll L~DlJtl1U~141J::lna lfll'lftf 4"LTlfl';l1nU~MU11:M71"U1VD:it?1R 
.,a"J1tl1RLt~LflU1 lanana\'ld" lfiU\'lli OH ~uefuUJDmfl1f11DUL~£lllfl1J\'lli OH ,a" . "' "' 
J1fi1RLt"LflU1an 1liLRna\'l\t"ua::LRUJ1 LTlfiLU14D:in1R 4"e1~LU14LL1J1J a \'l1D p lti • 

n11L~£lli~14Clnalfll'lffi'lfiU·,r,,t.JSj 3 LL1J1J flO 

LLtJtJ 1,4' LiJ14n11L~DlJ1::\'l11"\'l~ OH .,1LL\'l\L"~ 1 (~uefuuJD1n,-J1f11DU\141" 
\'l\t") Tl1J OH .tl1U\'l\L" 4' ,e"an1"\'l\t" L~14 lJBRlnR (maltose) LLft::LLanl'Y1R 
(lactose) 

"tJtJ 1,6' uefuuJDmfl1WDU,£l"1"LL1nL~Dllfl1J OH ,0" C6 ,8~1"~"£1" L~14 
. gentiobiose . 

LLtJtJ 1,1' uefuuJDmfl1f11DU,£l"1"LL1nL~flllfl1J OH ,a"uefu·UJD,nfl1f11DU 
..l 

';l1n1"'Y1 wa" 

13.1.2.11:J.f1J!Ir!Jr (a-1,4'-glycosidic likage) 

llflR 1'Y1W \'l1eJ1fl1~liBRtf (malt sugar) LU~ltlLL'Jfnfnl1fi'~lti,1nn11UflUftR1ULLili . 
.. fll ., .. ...,.t ., ... ., __f)!J, .t t -· . ., t ·' . L14LliRfi,111J11LRUflrt1ft""fln\'l1fl,11llflR""1U-..1 liSR 'Y1n1J1::no1Jtl1Una flftftO"\'l-..1U 

' . "' 

L~elltian14tl1U~141f::lna t~l'lffi'LL1J1J a-1 ,4'-glycoside Ldeuunwa1Ullea lnat11uJ1,::lti 

na lflwRa" tanana "' . 
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·;nn 1f11-:Jrn.:J~El.:Jll Elft 1 'Yift''ltL ~U11J.:~ii1f11-:Jn1-:J~LUU.UJiis:9n1flEI vl U.1-:J'YI1.:11111 
" ~ 

ti1u .1-:~iu~.:~Lfifl mutarotation ltl'.ua::uatl~aa.JUi11EJ.:JJ1tna1fi1Wti1lJ 

13.1.2.2 .L}.~r!Irlff. (~-1 ,4'-glycosidic likage) 

LLfln f fiBLU\1. lfl LL'lfnf11 l1tl\'\an~Vi~luuJJ.rf.:~~ EJ.:Jfi\I.LLR:11 ~.:I L1unJ1t11R\I.lJ (milk 

sugar) LLfln f fl Ln.h:n EltJtl1 rJ LLnL&fln f fiB ,(galaCtose) LLR:n R lfl ft'EJ th.:J R:\1\ d.:~ \I\ \L 1 rJ L iEJ JJn'U. 
~ 

lflu~utr:lna lfl l'lf~uuu ~-1 ,4' ·;nnus.fu,vs1nfl1flJsu~EJ.:~unut~n fnB lthi.:~ C4' 'lJEJ.:J 

nR 1ft R l \1. fl1\I.EI.:J Lfl rJ1 nU.LLRn 1 'YIRihf1'U. fhiJu.uriia:9n1REI Vfl1 rJ ~.:I L flfl mutarotation LLR: 
~ ~ 

LLRfl.:JR1JtJfi~EJ.:JJ1t11R1thRfl1fJ 
• J p-glycoside bond 
O~n OH : . HO. . hemiacetal 

o:··~: t 0 0 : 
HO . 

HO 1 HO t OH . 
HO 

Ia dose 

13.1.2.3 r!l.Hfl.fP.JYJP.ff. (~-1.6' -glycosidic likage) 

L vunfa ~11 faN (gentiobiose) LiJU.lt1u'Jinf11l1tl~lh:nEJtJtl1rJ\'\'\.L1rJUEJrJn~ 1~RREI.:J 
\'\\L1rJLiEJlln'U.1fltJ~'U.tr:lna lfll'lftlL~tJtJ ~-1 ,6' UD fuLVD1nfl1flJDU~EI.:J1-:JLL1nL~EilJ1ltJ OH 

'lJEJ.:J ce -;nn1-:~~REJ.:J tA.:~lliltiLi~luw1u'lJEJ~1-:~u\'\1u n11LiEJliLLtJ1JtllitiEJu~ululflLL'lfnf11l1~ 
LLtl~tJ,.t1 ltlt11-:Jfi.:JLLrJn l 'U.~EJaLL'lfnf11 l 1tl 

gentiobiose 

13.1.2.4' ~T.fi!i! (n11L ~EilJ1:\'\11-:JUD f UL1/Dmfl1f11DUft'EI.:J EJ:fl EJ3J) 

!fffltBLU'U. lfl LL'lfnf11 '1tl~~ul urhf\'\R1 u~ittl L 1iu BEl rJ i1U'YI LLR:fl'U.LlJ Lila 
v 

th:nEJuti1una 1f1RLLa:J'/1n fnBEJth.:~a:'V'it.:~\'\'\.L1u ti1.:1~1nvafl fnmLa:ufln fnB .1-:~il' 
~ . 

th:nEJtJfl1rJ1-:J~'U.1fl 6 ElttlEilJ LLR: 5 EJ:flEJ1J1JEJ.:JnR 1f1RLLR:~'ln 1 'YI8t11ll~1itJ 
~ 
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Ltoani'u1fltJW'U1r:lna LfllfJ1tfLL1J1J a-1 ,2' 

n11ri1l'lUtltl1LLl'l't.L"lu1-3 furanose th"11n pyranose fiousJuuJD1nfl1rusu 
11o"w1nfnmilu c2· 4"Lilutl1LLl'l't.L"~Lnflwuclna1fll1JJtflu!tlflm"iio:'ima . " 

·"' '~-~· .. -~ · ... ~ .. " • !'I .r ..... .. '~·' .. ftD"LL'rl-3 WlJLIJliElw-nmR fi"UU1" L1JL1JU"M1fi1R1fl1ftLLR: L._.Ultl mutarotation 

,,..acetal 
;'' 
1 
•- ~--- a-gycoslde bond 

sucrose 

13.1.3 11DRLL!Int~1 l.,tf 

WBRU!I1lfl1t1l LfJU'"OftL1JOft11l1Yi~LTlfl11naJOU8LLIJJnfl1l1tll"R1UfDtJl'l\L1tJl'l1D 
wul't't.L1tJ1J1L.oa.JrtuLilu1a.JLR·~R'DU1tlll'lqi R1Ull'lqltl1tJWU1r:ln.a 1fllfJ1tlLL1J1J 1 ~4 LLR: 
1 ~6 uB fuuJs1nfl1fusuflnLL""L.Da.JLiluwutr:lna 1flliJJtf'Do"s:fn1a unL1ul'l't.L1udou . . 

Ltflli1tJ L itEJ-311n'JJU1fiL1JLRflR ll'lqla.J1n1"lliL «u11Qn;u~i'JJEJ"J1fl1R1fi1ft' LLR:lliLnfl 
mutarotation '"EJRLL'Jinfl1l1tf~w1Ja.J1nlun11l,1tl ltiurl LIJJaalaR uil" ua:lna1flL1U . v 

13.1.3.1 1'-'-"f.fl!ft' (Cellulose) 

&!f&ftffttr W1Jlu~.nt'"LfJ1Rft'JJEJ"~,LTl£11Jfln,\tt1 m"fl111JLL;j"LL1"l\tnu1fl1"ri'H~'Jf " . . ' . 

LiluwoiLa.Jail'1lfl1"'DEJ" D-gtucose ~Lfoa.tnutl'1uwu1r:lna lflliJJtfuuu p-1·~4; '"'1'1tu11 
'JJEJ"LIJJR~LRft f"it1LiJULLtl1LLR:'Jl'aunuLiJULLNU 1t1uflw-uclrr1fi1L1U1:l'li1"nu 
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''lfflfl Ttut'uD'i£J1fl (Cellulose acetate) Lfhunn;'\UMHh1L'Jlftft 1aw~Lfl'it111~1n . v • v 

tJnffiEJ11:~11~L'JJRR laft'fluuD'innusu t11tfl1l ~li OH ,e~L'JJRR lawLu&uuLiJu~liLEJRL'Ylaf · w v v v v 

us'B'n" tA~ilu~iJuumluliLiJuLit.Llui.aflefl11.inMm::flR1EJl~11 

7wlflw (Viscose) LU\LLElftL'Yle-1 ·xanthate ,e~L'Jla~law iianMm:~ilfl lti~1nn11 

Lua !J\LL'Jfft~ 1RR1r1111~1tl ttl ul ~L if'el~t111J~n1tl1n1J fl1f1JD\L lfl-iR l 'W.f (C~) LLR: 

1'lfLtlEJlllDfl1anl'lft1 LyJaLu&uu~~ OH LiJ'"~~ .xanthate tA~a:a1.uJ1 LLR:litJ~ffiEJ1Lu&uu 
l ~L'Jlft~ 1awna1Jfl\L YhLU\LLit.L lt1,1t/BU (Rayon) LLR:LL~\L~all,'lffl r,.,, wu (cellophane) 

ROH + CS2 + NaOH 

cellulose 

II . 

[ 0 I RO-C-8"" Na+ + 

0 
[ Ro-8-s-) Na• +. H20 

xanthate derivative 
(~iscose) 

ROH 

regenerated cellulose 

13.1.3.2 HiJ.~ (Starch: Amylose. Amylopectin LLR: GlyCogen) 
. ' 

uiJ..J LU\Lfl1111JllJLf11fl~an~MtJlufi~ ~1nLllafl 11n ~1l1J ~;El~ft LU\LMEliLliElf 
,a~na 1fl~L~aa.n1uti1u~utr:lna 1flli1JJtfuuuusflrl1 (a-glycosidic linkage) ,m:~L'lfRR law 

v v 

LU\LLL1J1Jiif11 LLiJ~LU\LMElftLL'Jfntnl1tl~ftll 111:nauti1tiUDtJJfflw (amylose) ·1J1:111mfau 

a: 20-30 LL~:uEJtJJffl,wni~ (amyloPectin) 111:ll1mi'aua:·7o-ao LLi1LLti~ilfl,.;~ uiJ~~lti 
~1n~~•h~~ilfl~:ii1fl1~Rf1~LLa:efl11 ft'1u,a~M aiLllef,f~we~th~nu Lii ennr.J au wa1 u . v 

ti1EJJ11flulin1fl~1aLe~l•2fLilt.Lti1Li~ ~:ltl'JJDflfnwua:lu~wflltinafflw 
,.... . " 

us tJJfflw LU\LM£lftLllef1ia~n~ lflR (a-D-glucose) 300-3000 ,.,\L1EJ fiaLiJul'Jiu11 
tl1EJ~\Ltr:lna 1fll'lftlLL1J1J a-1~4· fl11L4Dlltl£lLL1J1Jif',1l~I1EJ l'Ji,a~us JJJfflm.j1\LLU\LLflSEJ1 
m.~Uim~n,un,~ua:Lflii~~fi,~~,n l'Jifl1~,a~LIJfaa taw rh l~Lnfl~utr:ltJ 1fi1L~unuJ,LLa: . v 

UD tJJffln:R1tl,i1 lti ff1\LLIJfRft 1awlJ.iR:R1!J,i1 '-IN:~LIJJRR 1RRLL;j~LLR:L ~Uti1LLtlUD Jv ffltf v v 

lliLU\LL'!i\L~\L ~\Ltr:lna lfll'JltlLL1J1J a-1 ~4· nnllf1fl1laLf~1tl1fluLaul•lf a-glucosidase 
v ' 

4~M1J l uiflfnn~ilfl • 
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u-1,6'-glycoaldlc linkage . 

Arriy~c:tin 

UD ~JJ Ts&wniu LiJUVtniuJof,e:anelflBLL1J1J l'Jil11Ju~ o,\41tlL'Mqjn11UD tv Taft' . 
Lihui'lu,n-3LLil-3flllia::a1uJ, lufi'lul-ifl1-3LfoaJthl.,'lu~u1S::lna lfll-utfutJu a-1~' u.ti 
ti1-3nuflus 'W Tsnvniuiil'Jtfl~u.unaon ltlfln 'l 20-30 ""•una lflw fl1tlLL,\WLiJun11L tollti o 

. . . . . .. . 
tl1ti~UCLL1J1J a-1-+6' n11VOtiD1t11-3tho~11nusLffalr ~U1S::LL1J1J a-1-+6' lllnndouft&1U 
. . . ' .. ·- . .. 
ua::ltiLiJu limit dextrin u-nuflt::Ltlunelflri~\\aJfl ath~l1nthi~iiLoul-ual'titlu.,u-3 
(debranching enzyme) 81lt11nrlau~uclnaltll11tf~ttd' L!laus tv Tsnvniu~ntJouwa1u 
0 U1-3ftll\l1nft:: ltivs B r t'lft'LLR::nef fit If 
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13.2 afttl (Lipids) 

iwfl LU14811D14 'YI1Ul 141fn'lt'lf1~flth~~1ntfl1D14 'YI1u~u· f\ nnn~1u un ltt u Rlt~'Yn" ... 
n1U1l1'Vi ,aj,tiLLU~fi111RnMnL:'YI1~Lfl1~&f'f1~ aVitl~"s:Jft'nHnL:'Y11~Lflih'la1n'Mil1!.1 iJ'Maj 

\1 

· Vf"niuti1" ') fi'Yl1'Mu1fll 14L'JJaati1"rl14 lt.J a'VitliJft'ltUiL 'Mii D'Url'U~Uh~'M\t"t; E1 l1i'lfEnnl1 
(hydrophobic) ~"a:a1ului1'Ylia:a1tlau'Y11Ultili LflalltJ1u4u,tiuu~LiJu 2 n~11 fie iVifl 
""' 1 :-,... -- ""''·' ... .r 'Yinnuunwa1u tlU141 tl ua:a'Vifi'YI iJJClnuunwa1Ufi1U~1 

\1 ... 

13.2.1 awttrluun•a1s ltitf~tnf, (Hydrolyzable Lipid~) 

fhul'Mmi'Aflflnnuunwa1Utl1Utl1,tl~:iJ'MajLDWL'YIE1f 4"ltl'url ,,.,.,;a;f~~ (waxes) 
u ... ... 

l-nJuua:J1Ju (fats and oils) ua:~nwl~a'Atl (phospholipids) 

13.2.1.1. !'-
t" LU141'11flflinHm:flR1ul,.Juutiu;i~n11 ~tl'MiiDltL'Mil1ft'"n11 Yiu"Yf"tuitrfua: . ... 

M'lf l11Jln1111f1tl1.11:nnut1'1U811'Mi11U'Jfittl cf1'"l'MqjLU'ULDft'Lf'IDfun"n1tll-na7u11Jiu~1 nH 
unanstJeal-iu11 Jn'ViuLi1ouR11LflRnuil1'Mi~ \114ifl1 IIJt.l-14~-H-lfl-JueK&llll-.fm 
Lfl1a~thn1~ n11 tl1Ju-it1L~1 R11nuJ1ua:nuft'it11 LiJutTu ft'fl1LltLana-k1l1.JLiJu 

0 
II 

R-C-0-8' 

... . 
"Yf~ R LLa: R' LilultJLfl1tl1funul'liu11 w1ufiLiJun1ttLLa:unanetJnaiifl1funuLiJu 

I lll "-! • z ... ~ II ~ C' ~ A ..... ~ LiiiiJfl L'll wa:a1ULU'UL'UEILtl!J101JU1 a:MUL14LLEJiiOEIDDiiLLil:fl1'Yl1a:MUD'U'Y11U fi1Dth"L~14 ... . 

tt~71Jf (spermaceti) W114l'MqjLiJu cetyl palmitate 4~LiJULEIRL'YIDfue~ cetyl alcohol 

ua:n1tlrn1Dfin (palm.itic acid) 
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td'J' . il 'Ill . ~ ~ il ' .. "'Il ~ ~ 
'JJ#-1..7 (beeswax) L U L,'\l1n1~~~ L U~1~ft'li,0-3LOft'L 't1fl1'\l1nn1tH,JJU L"DU 0191 

vn/ii~n. n1flJV1(lifruasn (palmitoleic acid), 0191 fEHRBn (oleic acid) nULLflftLL~~nLLBa 

oauafifliitnfuau 30-32 a:flDll; 

t'llfl1ffu111 (camauba wax) Lilu,,,,n~~ Lflaoulut.hat~~4ulutJ1:L't1ff\J11'Ba 
R1U\~nhiJULflft'L't1flf L-iU UDftUWin&8BU'IDfno~n1flfl£ifl1fUDU 24 n~ 28 O:flflll LLa: ., 

LLDSOOtJOftl'Jifl~~ (C30 fl-3 34 a:ttflll) 

0 ft II . 
CH3(CH2)14-c-0-(CH2)1sCH3 CH3(CH2)24-c-0-(CHv29CH3 

cetyl palmitate 
(spermaceti) · 

ft 

myricyl cerotate 
&hut.lm,ou\u beeswax 

LLII:: camauba wax 

C~(CHv28-c-0-(CHv33CH3 

&hut.l1::notJ\u camauba wax 

13.2.1.2 l11.~~-&}-~~J1i.J.'. 
t'l/vuus:J1vu LUULOft'L't1Df,.a~n1fll,Ju nun6&'lfll1DR (glycerol) L;uo trrmR&'lfD 

t1l (triglycerides) ~';a tn1&Di~n6&'11D18R (triacylglycerols) LdonnLLtJnRS1tJt1'1tJtl1'\l:lt1nS 
. ~ 

&'118186. (glycerol) LLS:01fl l'lJ17u 1'litJ11ft'lll lt~Lans .. 

l-n17uLLa:tl1UULUUft~fl~W\Jll10~ft'fl l,Juiirrnu:LiJU,D~LL;j~~';o~~LL;i~fl 
.. . 

om~nii1ta~ ft'1u\~qJ~uluitt{ tl1LUU11li~L'V\&1L;uotl1UUR1ul~qjlt1'\l10~~ uoL1u .. ~ ' 

tl1uutJa1 i1~n1ullift'li111nm~l,Ju~\tttl3JDlli•· '~t1a~lt1'\l1no1~11fli'utJ1:n1uLi1lt.J 
lut.At~1m~ViaL'V\ll1: W.ul,uu~\tflDlli1m.all,,nR11£l1~,,.~'" L-.du fl1iluluLt~1tt 

0 
II 

CH2·0-C-R 

I ·~ 
CH-0-C-R' 

I . 0 
II 

CH2"0-C-R" 

triglyceride& 

H+ ~1e Ho
M1a enzyme 

CH2·0H . I 
CH~OH 

t. 

·C?. ~ 
HO-C-R + HO-C-R' + 

0 
II 

Ho-c...:.R" 

.CH2·0H - fatty aCids 3· Wfl fllltnftJou.12 -20 e::fleaJ 

glycerol'' 

tn1n6' 'liD t 1flU1J1Jzr711Jfl1 (simple triglycerides) LiiULflft'L nof!J a-3n1fl l11_uu~\t" 
' ' .. 

Liiu1riu W.uu1111#JBIJ (mixed triglycerides) LiiUL£ll'L't1af~JJ1~1nn1fll,uuti1-3~\tflriu 
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0 
II 

CH2·0-:-C-(CH2hoCH3 

I . rr1 
CH-0-C-(CH2)1oCH3 

I rr1 
CH2·0-c-(CHv1oCH3 

trilaurin 
(simple triglyceride) 

mp45°C 

CH2-0 

I 
*cH-o 

I 
CH2-0 

o. 

0 

a 

0 
II 

CH2·0-C-(CH2)1aCH3 

I rr1 
CH-O-C-(CHv1eCH3 

I rr1 
CH2·0-C-(CH2)18CH3 

trilstearin 
(simple triglyceride) 

mp71°C 

mixed triglyceride 

n1tt l-naT,.nn1aJ-.rJ1fit u ~n1ni,'liD ~,fitianMm:iiltltr"d 
,}1U1Ufl1ftJEJULUULft11fl .. . 

triolein 
(simple triglyceride) 

mp-40C 

oleic acid 

palmitic acid 

a-linolen~ acid 

LiJu1'1ifl1" EJ1~LiJun1tt1filttfiui1~1al1i~uti1 -niltt~11ti1ltiuri n1ttw1/D~n 
ua:n1ttB,fiv1n (stearic acid) us:1filflL1i~uti1cnut~qjLf1un1ftTD,RDn 
~ucfi-na"n1tt-nilttl1ifiuti1LiluLL1JtJ z ~1ai« .. 
~fl~ftEJaJL~ft111EJ"n1ftL11aJU;fufiu~iu1U~U1r:ti . . .. .. .. \ .. 

81111\J.'YI 13.1 ft'1uth::nou,o-3n1fll,aju;,1nn11LLr.Jnft'a1vl,ajuua::111liuu1-3~ilfli·unl1 

n1fl l,Jui11i1 (%) n1ttl,Jullifi11i1 (o/o) 
U\1\ft-3· C10 C12 C14 C16 C18 C16 C18 C18 

(>:) lauric myristic palmitic stearic oleic linoleic 

J.~.~~!.~J 
L'UtJ 1-4 2-5 8-15 25-29 9-12 4-6 18-33 2-4 
., 

1-2 . 25-30 12-18 4-6 48-60 6-12 1114\1\11 .. 
l'!UJ14i1 2-5 24-34 15-30 35-45 1-3 

itJt.JI11flOfl 5-7 8-10 0-1 18-22 27-33 27-32 
' ... .. 
~J!I.~!!11 
11t~i11 1-9 40-50 15-20 9-12 2-4 0-1 6-9 0-1 

-1111~" 1-2 7-11 3-4 1-2 25-35 50-60 

11::norl 0-1 5-15 1-4 67-84 8-12 
~ . 

1-2 6-10 2-4 20-30 50-58 tl1L\'\R0-3 
J;. 

7-12 2-6 30-60 20-38 tl1Rft'-3 
flOnfhUotl 3 3 19 76 
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C18 
linolenic 

0-1 

0-1 

/ 

5-,10 

-
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(1) 1Jlim.v.:t .... ~~ Ma~~ffiu1n1-m1mJ LfJun11i.Lunsa1u'V\~LawLYlailu . 
lttJliu'V\1a~,ajutl'1FJ~1lfluiiLumiJui1Li-3 ltinaLtJJa1aaLLa:LriaattJa-3n1fll,.~u 'V'1am.irtll 

' . . ' . .. 
laJLana L1tut.Jjlfnu1n11Yhtnhnn tristearin . ~ .. 

~ 
CH2·0-C-(CH2)1eCH3 . 

!H-o-K-'(CH2)1.CHs tt.OI NaOH "' 

I fl71Ufo~ 
~ 

. CH2·0-C-(CH2)1eCH3 sodium stearate (soap) 

tristearin glycerol 
(fat) 

w . ' 

(2) M~ffl.v.JD.?l~fl.~!!l!11~-'!\')!~1lt~ (Hydrogenation of Oils) LiJUn11LflllltJ1fl1L~U . 
L.U1~~UJ:tittJa-3lulfl1fl1fuaul'ltu11L~ft'lUn1fll1JJ.iU,.tl-3,{1J.iUV.1f Lllfl~U~:L~FJ1YhL\f .. . . . 

~uc~\taua-3 ,tl'V\atlliL'V\a1t-34u sn1u:Lt.l&uuLiJu,.a-3LL-ii-3'V'1a~-3LLtfi-3 ~1FJUfltl1~lttJJ.Iu 
'V\1a~1liu Lita-3~1nl1tiat.J~mu1aaniBLfliu\taua~ · 

011Lflllllllfl1L~UU1-3cMU ~:Lfi~t.f~MFJ1~~U1S:U1-3LL\'i-3 lliLflflfJOLL'Vi-3 i1Li~~\i 
111L\f~u1S:tiU1-3LL'Vi-3LU~FJULiJULLUUJ111UBlti trans fat f-3llii1\ulttJliU1S11ll1f1tl~Lih.~ · .. . . 

tl1'V\11 ~UI:~L~udi1w1Un1LttLfiflNiLRFJtiBi1-3mU LtiU l1fl\\1L~LL&..-,.,a8tlLatltl Ltai1n1\\f. 
fJBUUf&J181861fUflllif1 (LDL) Lftli('Ui LLi:flB&ftft'&J?B1Bfttl. (HDL) ifli-3 

(3) lJnmu:uu~rti~JJi~ 1mns,,sJ,r;til..;"u1S:~~l'ltlulfl1flifuuu~:\lneentilfli 
~1uti1ueentiL~ulua1n1« t.l~mu1Ln9tflt11fuau4-3iltu1u-.;'~1S:~ lt1811!llffJ1&wsf 

; aan!'J1l (hydroperoxides) 4-3LiJUtnL'V\~L\\n11«R1tJi1,.El-3~1lTULLa:n1l\fL'V\iiu,.;u . 
0 

CH2-0 o. 
I 
~H-0 O 

CH2-0 
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hyc:Jroperoxlde 

n11Ll'lii'U~'U (rancidity) Lnflt1n1JDfA!J1Lt-3~1Lflil,Eh1l,J7'ULLft:J1J7'U B1;JLnt~LfltJ 
tl~ffitJ1n11UtJnwa1tJtl1tJ,r1 V~1atJ1jf\;u1aon~Lt~i'U V~1a,f-3RB-3LL1J1J lt~tJW1'U,a-3n1t~ 
ll .., T~ . ~- .., ' ' !'I nJ 1~ ~ .I 1.1•- ~ .., ~ .., ' 
L,2J'UL"JJ!.I11'YI11?4'U1J:~\)ntJatJRft1tJL1J'Uft'l. ,:;nau "JJR'U H1'U ~n1tJ1aan"JJLfl1f'U'YI?4'U1J:~ 

ua:Sln11LLtln~n~'U1J:\~n1tll,J'Ufllhi1\'IU'n 1aJLana~1 L'Ji'U n1t1iii tn1n (butyric acid) 
' . 

ua:n1tlfl1lw16n (caproic acid) 4-3Slniul\'l~"«" 

(4) ~jjfi1.~JJ.D.1J~.?J~1J!\1'1¥\\~flD.V.!ft~ (Transesterification of Fats and Oils) tl~ffit11 
,r f'l •• ~ • .. ... .. ... ... ... .. • .t ... • f'l • .. 'UL1J'Un11L1JfttJ'UR1'U,a-3uaanauaat1nnaL'IfB1Bft L'" L,aJ'URfl1l'I1B .... 1li'U.?41fLuWV'aJLLBftflft ... 
~'U (L'Ji'U -CH3, -CH2CH3 l'l1a -C~~CH3) ltit!JlD~L'liR ,(biodiesel) ij-3LiJ'UUBRflRLBlt' 

Lt?DTuB-3n1t1l,J'UL'JiU11;J1nl,J7'Ul'l1oJ1U'U.t1nRfl.1l'l1aV.1S !vlsfiL'liR\iLiJ'UL4aL?4ft-3tlLIJfft 

Lt~tJtl1-3 V~1a~ftllnuL4aL?4ft-3tlLIJJRfli1lulft1tnfue'Unlti 

Li" tl~ffiv,,a~l,J7'"V~1oJ,ar'"nuLLoanouoa CH30H lt~u£1 NaoH Lii'Ui1Li-3 
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0 

~~-0 0 

~H-0 O 

CH2-0 
triglyceride · 

(transesterification) 13 CH30H 
NaOH 

0 

fatty acid methyl ester 
(biodlesel) 
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13.2. 1.3 ~f}.,.f1!~fl.!! (Phospholipids) 

riD ttl r/i'Pifl ~n riEJB T rlni&'liEJ 111 (phosphoglycerides) i1Lfl1~ wi'1~ fl Lf1 u L 11 J\l 
ua::tl1J'l.llflui1·vn.in1tl~nw~n;n 1 ~li LL'Y1\l~~lin1tl,1JlJU Lfl1~Ri'1~LLnu~&rn11n"iflfi 

" " " nth.td'LiJ'l.l phosphatidate 4~LU\lL£lRL 'Y1£lTu£l"nih'lfn1nanun1tlL1Jli'l.l ua::n1t1~n~n;n • 
L-i'l.l n1flr1Diffhnf1n (phosphatidic acid) LiJ'l.lwEJwTwni'&'lls1,..r4~LiJ'l.lL£lRL'Y1nf,.n~ni'&'liEJ1EJs 
... 11 ... ,.. I ••• -·· A ,. I nun1t1 L1J11\lR£l" L11Lanaua::~lln19\n£l "'·n£l1n~'l.l~~11 . " . " 

I 

~£lRL~i'At1i1R1U;flJ.ii1i··nLa::ft11.l~ihf1nrltl'1un'l.lfl£l R1\l1J£l~nitl~£l~£l;n~"LLfm " . . 

i1£ii1 ua:: l'JiLu Lt11mfun'l.lRD-\tft"lu LiJ'l.l'i1LLa::~1.atl111a1tl'u ~~LL 'Y1Utl1uuuu'41a o".r~d' 
0 
II 

CH2·0-C-(CHvnCH3 

I 0 ' 
II 

CH-O-C-(CH2)nCH3 

I ~ 
CH2·0-P-OH 

I 
OH 

phosphatidic acid 

~ } CH~-O-C-R1 

I ~ 
CH-0-C-R" 

I \? 
CH2-0-P-O-X 

I : 

~ iMT1 
phosphoglycerides an111i1 

iifl . 

WEJwTwnS&!!EJ11l \'\a1U-Ditt1LiJunuw'l.lnn~n1tlW8BW1+ifin i11fl1~rn~th~n'l.l~ 
, . 

x lt1u~li oH 111LntlL£lRL'Y1ofnu"11n1tl~o~omLtl' L-iu - , " " 
phosphatidyl choline \'\;0 ·lecithin (X = choline) 

phosphatidyl ethanolamine ~;o cephalin (X = ethanolamine) 

phosphatidyl serine (X = serine) 

phosphatidyl glycerol (X = glycerol) · 

phosphatidyl inositol (X = inositol) 

&s'i+iu (lecithin) ua::&'llt'hiu (cephalin) Lil~lh'l.lt.h::nou1Jo~Lnot11l1~ ut'i+iu 

LUULDRLflof!to~n1tlWEJBW1nfinnuTfJi'u (choline) ua::&'llt'hiuLil'l.lLDRLflof!to~n1fiWDlf t 

W1+ii nntJ &EJf11UEJ aa:Du (ethanolamine) iln111'fl i1 Lil\lLUluiV.flt.h::ntJRD-3i\l QipicJ' 
,.. ... I ... ..t ... ~ I •••' I... ~f'!.r ~ ~11-tf! ~ .. ... 

bilayer) LtlU~'l.ltnU\'\1flli,.11JD~LLt\a::w-tusone",",~~, ua::n """,~, w~t1J1L,.1~1n'l.l 
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0 

jH2-o 0 
CH-0 

I ~ e 
CH2-0-~-0-CH2CH2NH3 

Oe 
ilf1 

cephalin 
"111 

phosphatidyl ethanolamine 

~0 

0 

jH2--o 0 

-<(H-0 O 
I II Q) 
CH2-0-~-0-CH2CH2N(CH3)a 

Oe 
ilf1 

lecithin 
"111 

phosphatidylcholine 

tl .l ..c -.. -.. . -~I ~ •• t• a II ..I .,. l f1 13.8 LL1J1J,1LUl·:Jn1"nlflfl1,fh1n81'LnRV.fl LL1J1J lipid bilayer \\I.LtJ8~11l1V. 

1a.2.1.4 ~~Jnniifl (sphingolipids) 

ft~tlnti llifij LLEJRn EJlJDRBW'I7 Tn~u (sphingosine) l ~ Lfl1-3ri1-3 """ Tn~uLil~o:iil ~ .. 
LLEJRnotroa~iiLtJLf11fl1ftJo~L1i~ll~11'litn1 ~llo:iil ~ (-NH2) ''"""" Tn~u ri1-3w~n-::o:: . . 
Lllti'ntJn1flL,ar~ L1un~n~vl (ceramide) 4-3LU~EJ1i~~fo::L1Jti',o-38'91'17ln9u 

m'l7lniw~1J1-311UfliiLh~L~EJ1J01J~2.i~EJRL~fl Li~ BW'I7 Tn~vBiu (sphingomyelin) • 
~-3£j~~o::Dl ~ (-NH2) L~EJlln1Jn1tlL,li'U.Lfl,u~~n-::o:Lllti' LLR::~~ OH LU~LDRL nof,o-3n1fl 
•• 1 -·· ... _,, T - - ...r "-!... . .. 1 •• 1 I ... .... !T " iJ -na~nEJ1n "n"'nznv~EJ~') wli~1JnEJRLnf1 LLflL1fEJ11n1Jfl11L11 LDLtl1fl L ~ glycosphingolipids • 
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CH2·0H 

I t··-·a-- ... 
: II : 

CH-NH-C-R• 
I '----"-,--·-..: 
CH-OH 'amide 

'!H=CH(CHV12CH3 
c:eramide spingomyelin 
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13.2.2 &i .. iltaianumn•a1Utl"11JJ'1 (Nonhydrolyzable Lipids) 
V I 

i'Aflntb.ttltlinnLLunwa1uti1utl1l~11Lana~,.u1flLann11 Lflua~fl~illfl1-3crl'1-3 
" ... " 

'V\a1n'V\aiU L~'Ut lYIDfwu (terpanes) BlRll1Dlll (steroids) itl1D"U~a:a1ul"U.l,.li"U ua:1Dffl 

'lf1UDill (eicosanoids) 

13.2.2.1 l~9P.l!~!!9.!c!.liP./ft§ 

a?lfl~\tfl ifLfi 91~1 n'V\ \L 1 U 1D f 'lftv1u (isoprene) 'V\;0 2-methyl-1 ,3-butadiene ~-3 ij 
fl1f1JD'Ut 5 £1ZflBliLtl1-3L'liLfl'Ut 1Dl'lfltvUU1U (isopentane) lt~uie:tlE)li£1Ul"ULLtl1LLa:an'V\d-3 
e:f1Ell1Lilufl-3eu't"Ul1Ji ... 

isoprene 
(2-methyl-1,3-butadiene) 

1 C branch c c 
' 'c-d 
d / 

CJ~ 
~ 

.a ' . ' 
Jt.ln13.9 t"'"rn"~o.atDl9W1u ua;t"'"l1ifl1il.J?14 

1J1-3~\tfl~:L«'Ut'V\U1U1Df'lfWTu-iflL~'Utl'U.Ltl1-3n1-3 L~'Ut lYIDfwu LLfi~\tfl~U') 'V\\L1tt1D 
t _, ~· ·• ,. l ~ ... .. -' _, .. llll 1'1 . · ''lltv1UEl1~LuUR1'Ut'V\'Ut-3 "Un1:1J1'Utml1J1R~Lfl11:'V\ L'D'Ut BlfllJ1DllfJ IJJ-3Lu'Ut Isoprenoid lipids 
..l..r.,..... .. ••. ,. 
'YI"' rfl '11 en u1:L1l'YI'V\ 'U.-3 

(1) lYIDfWu (Terpenes) 

Lil"Utn11n111~1il thul-,q;vn.Jl'"~~ th:ne1Jti1u'V\\L1u1sT'lltv1u ~L4alltionuLiJ"U 
~oaL11of LL1J1JoM1tiD'V\1-3 (head to tail) ,(,o'V\1-3fio'V\1-3 (tail to tail) &nsfwu LLU-3ft111'41U1"U 

'V\U1Ult1Dmul"UL11Lftna (Lfl"U-ufl,.D~ C10) &YIDfilu 1 'V\U1UJ/1t1n1ef'lltv1u 2 'V\U1U fl1 
" " \l1'V\1l'1 \"Uth:L1lflLLRtl-3tl-3'41u 1U\\U 1 u& nsfifu~tietiu l ul11Lana · . 

" .. ,,"ft 13.2 &1JDfWULLilttl10Eh-3 

J.ln&nn Isoprene unit 41U?Uft1ntDU .l?i1t11.J 

hemlterpene 1 5 prenol, valerie acid 

monoterpene 2 10. myrcene, menthol, citrai 
sesquiterpene 3 15 fameeene, a-selinene 

diterpene 4 20 retinol 

trlterpene 8 30 squalene 

tetraterpene 8 40 lycopene, carotene 
I 

polyterpene aJ"ln a.nn IJ.'NYMTl, u1" gutta percha 

530 CM225 



.. IIIII ... 1 ... ... !'I T I ~I iJ ... .. I ~ ... 

lfiEJ1J'IU 11 fl1"ft'11"'V\L'ntJR01fa&:O"NLIJ'UL'ltLlJfl L 'U1" 1J 11" 'V\1eln11'U'U eJ1';JliLQ~1: 

fl1f1Ja'ULLR:lu1fi1L';J'U 'V\;a£iunnDf1B:'flBJJtl1Ufilfl'~"W1'Ul'V\qlLU'UaaniJL';J'U .1"\f' 
.. ., ~ 

.~fJ~~H1~nY-~ (monoterpene) L · .. 

A .. · .A XOH . X 
myrcene menthol 

,,n bayberry oil ,,n peppennint . 
a-phellandrene 
,,n eucalyptus 

~1-3 .. 
I ~1 
I I 

I 

~H 
citra I 

•1nt1::lttf 

1~1 
myrcene 

l~{fDJ.'r!ll.f.'~H. (sesquiterpene) L~'U · a-selinen 

a-selinene 
11n celery 

lflJ.~tJfflM (~iterpene) L1i'U 1tnDou-La (retinol) 
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OH 

retinol 

.trJ.1U1~fflH (triterpene) L-D'U squalene 

squalene 
11n shark liver oil 
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a ~- ~ ~fl~~.nR!riH (polyterpene) L'D~ fJ1~~1Tl, fJ1~ gutta-percha 

natural rubber 

gutta-percha rubber 

' "' ~ 
(2) lf&fliJ1BIJfl 

"' ~!'I ..1 , ...... ..! .,..,(. I ~ . .J:T ... 
tr&fltJ1EJIJfl Lu~111nvn.J ~~41JJLLft:«fl1 TI1~~1'Y1~ft1UDfJ1~ 'Y1~tJD"l Lll~ tl1n1:~nu 

,¥ .,.. .., · ..1'. I ..1 T ., · .,.. ..1 • 
L1UlLfltl1n~ (emulsifier) LLft:O~tru1:no1J,.fl~Ltlfl Lfl1~WTl~li1~LL"1~81~ flfl A, B, C LLft: 

D L~alliifln~ 1J1~41JJ\lflii1~ A Lii~LLol1LLlliln Li~ \~t~ailli~L~fl~ty~ .,;vv,.Dvl"ft1u41JJ\ltt 

ii~liwflft (R) wo~"li L1un angular methyl group au~';l~L~D111:~11~1~LL"1~ ti~ Lfl1~rn~ 
'U 'U ' ..... 

,¥ ~ ' 
~~fl~fi a lll~ 

-v1n Lfl1~~1~i1l1.1';l:L~~lflfaL4'"Lflflf 7 LL\1\~ (C5, ca, cs, C10, C13, C14 LLft: 

C17) -d'u~ll1tlfl11lli1fl1';liiRLtlfl'ilala LIJfLllof~Lil~ltJltlil~ 27 "1o 128 LL1.11.1 ( · 

1~LL~1U,f~-~L~flllrlU,.fl~ft'Ltltl1flUti'ii81UL~flllft11JLLv\~ (A-B, B-C LLft: C-D) Lfl1~ 
1U~ft1UL~flll A-B LilultiJ~nnUBLLft:ilf Lh~i'1.181UL~flll1~ B-C LLft:: C-D \~inflt11Dtltf 
'U ' • 

n1llliJJ1iiLiluLL1.11Jnnuaf lflvi1llllfl,~J"ll,.a~wLilu,autfw1ul~qJLiluLL1J1JnnuiYf~~lltt 
n1l~'Lfl1~ri1~fl1fJ~11~Lnfl1JLLtJ~nu lttvii~a.lL11flft,f~wa~auluLLu1l~~,nnu1:u1u1~ 

'U 'U ' . 

LL~1U LLfi1J1~4iJJ\lfli'1ULtamo~ A nu B flLUULLl.JtJliW ,,,~1~ A U1~ft~ti1UR1~,.0~1:1411J 
81u\~qj,.a~1~ 
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A-8 ring fusion 
m•LiJ14 cis I trans 

trans A-8 steroid cis A-8 steroid 

• ~~ • q)• ·'~ ~~ ~ . • ~ .I ~~ ft'Lflll1£lllflft'1\hV\ a.JV\i.rn-3fl,'Ut,£l-3£l£ln,L''Ut (=0 V\1£1 -OH) fl, C3 V\iiJLL'YI'Ut'YI'YI 
~ ~ 

C17 iJV\fl1nV\fl1ll ti1LilultrLfl1fl1fua·'Utt:11U1fllV\nini1V\liLa.JnR LLR::V\fl1li11UfliJ~U1J::fi~ 
J ·as ~ ~ 

C5 nu C4 V\1a ca 
fiDLitftLfiD'IDit (Cholesterol) 

il 
- ~~ - .. ~ 11 ., .r ... ~ ~ . 

fllJU9tnfllJ1lJfl L 'Utft'Lflll1£l llfi'YIM1JaJ1n,UfiV\'Ut-3 ft'nfl LLllfl Lfl,1n L 'Ut£) Lll£lft'fl1 LL 'YitJfln 
' .. 

1ritt1 \i,J,tilufluLiiULLV\ft-3V\;t-3~WtJaJ1n fiD,fiB,nD1D&dji,l1flui1-3n1ll Lil\l~ULflafiiLiillfl 
l'Utn11W-3LflTl::\(ft'Lflt.J1£l!Jtl'Yln1ritfl fl1aJLfl1-3m-311£l-3fiD,fiB'fiD1Dfliilfli'Rfl1fuaun-3 8 LL~-3 .. . 

,t'UV\ll1t.Jfl11a.Ji1iJft'Lfl£l;Lal£lLIJJLaJ£lf~L£1UltJltin-3 2
8 

V\1£1 256 LL1J1J LLtliJL~li-3LL1J1JLtl.ll1 
I ~ ~ :'1 

L 'Yl1'Ut 'U 'YlLll'UfiB,fiB,f181Dfl 

-lial\fi-3Lnfli1l'Utfl11aJV\111lli1lU11£l-3fl8,fiB,fllJ1Dfllli41LiJUti£l-3V\ll1lln-3&n11J1ft"Ylf .. 
I - I .. ~fit ··"' ... ,._, - ~ I ~ fl1aJLL-3'Yl1-3LflaJ LLflV\ll1ll11lltl-3ft11~ ft'li'Yl~fllJU9B' f181Dfl Rntlfl'Ut LLR:: LJJ1fl'Ut 'JJ-3 £l ll11lln'Ut 

' ~ 

Lilu high-density lipoproteims (HDL) · V\1£lfiD,fiB,nD1Dfltl LLR:: low-density lipoproteims 

(LDL) V\1£lfllJ,fiB,fllJ1Dfllllfi 

• I • ~ • ~11 " • • ft11JJ1::nauft'Lflll1£lllfi1J1-3,Utl'YI Lflt1nW, L1lln phytostanols ua:: phytosterols 

rtll11tlfiflflsu'"'nD1Dfll"ULR£lfl Lflt~uurf-3n11flfl4llflsutB,ns1Dfllua1V\11,1na1liL6n 
lfirun11ll£l~i'uua::l;nua1V\1~ULLUU~1-3~ 

cholesterol 
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~ 

phytostanol ester 
(l»itostanol, R = fatty acid) 
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n-sttTAan (Cholic acid) 

cholic acid 
(bile acid) 

COOH 

.r ... ... -- iJ ~ .... ~ . ..1 .r 'L! n1fl-...1fl liLUJtlflL U amphipathic -JJ·~'V\111tJfl11111111Yl~LMUYla::ft1tJ-...1 LLa:: wa::ft1tJ 

,r, ('M1oa::a1ulul,Jult1) '~LiJui1Lfoli'M1o 4mUJsifying agent l'lf\,llunuJ1n1::·;nui1lu 

nuLLa::nu L~ol~1::1.11.111D~LDU,IJJU~UDtJfta1Ul~Ju4-3a::a1tJElUluJ1ft'11111nYh~1Ulti' .. 
,. .... . 

ftLit!J"SD!JfiDM ') (Other Steroids) 

RLfltJ1outi'R1tiqJ~u 'l Lilutreil11u';l1ntie11lfna ~tt1titylti'LLrirreil11uL v.fl LLa:: 

RLfltJ1o.utftrei111u';l1nLtlaantia11~111Tl '" (adrenal cortical steroids) 

534 

t18ff11ULWf1MW" liRD~~ilfl tlO &8Bfn1LVU (estrogen) LLa::fW1LV&mlu (progestrins) 

Estradiol LLft:: estrone LiJWDBfnstU i~Lfm~~;~l,} 'M\l'1~fl11.1fl11101.Jtlm1LflDU • 
Progesterone 'M1fl treil11un11.f~flnlf .(pregnancy honnone} LiJuuni111ulu 

n11Lfl;u11n115jfl11n ,1'V\ll'1~Lfl;U1111flanw1'V\;tln11il~t\111fl~l,}~~RIJLLR1 .. 
iJ !T ..lf't ....... ~ ~ .. L UIJ£11 LlJ'UYli.ifl11lJn lfl'lJflftflft1::U::m1fl~flTf1l 

. estradiol estrone progesterone 
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testosterone androsterone 

lTEJ'ff1JU';11nU}sDnfiD11'Pf111n T11 \(uri oortisone, cortisol ua: aldosterone ,lftl'fhJU 
~ A ... .. .l' • •• ~ I ,. .J ... ...; ... 
n~rt~~Utlft\'JLflT1:'V\'YlLlJaan~uuan1Ja~a~1'\~1n Ltl cortisone ua: cortiso1Tt11'\U1flfi1'U 

t1nLW1J LLa:fl11J~~n-r:tJ1Un11~1~LLa~wa1r.Jfl1i1ulinfl1fl ft'1u aldosterone fl11J~~fl11~ 
iula~fl LLa:fl11~Li~iu1Ja~ Na • ua: K+ 1JEl~1JB~L1'\a1\ui1~n1tt 

cortisone cortisol aldosterone 

13.2.2.2 'J.~f.'1'!!J~.fJ.~tf (Eicosanoid lipids) 

i'Afl~ilflifLiJuau~uf,.a~n1fll1JJU"1LUU acrachidonic acid 1'\';a 5,8, 11,14-
~~-

eicosatetraenoic acid rt1L1'\Ebti~~nnif1ad1una~1D ffl'lf1'UEJllfl (eicosanoids 
4

) 4~LiJuna~ 
.. .. II II 

ft'1-n1111r4~1a~l1u~mu1 iifl1fuau 20 a:~a~ ltiuri' prostaglandins. ihromboxanes ua: 

teukotrienes LiJuna~rt1~ii~aLt~'B1111?41'la1n1'la1r.J Lttiu af1n111'li~J,rlau n-r:iun1-riiu 
II II 

i11Ja~~t1an af1fl11~iula~tt LLR:Lrltt1ia~nun11ut~ti1~J~a~L&atl LiJuiu . .. 
0 
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5,8,11,14-eicosatetraenoic acid 
(arachidonic acid) 

a~OH 
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HO 

~ 
HO . 6H / 

PGF2a 
(prostaglandin) 

COOH 

leukotriene A 

13.2.2.3 .1~1/ltA~t!;.~J.!.lJ.lY.J!Jil! 

itl1iiULUUft11SUfi;U~i1"n1utia.m11LUtnll1tuLinuauL?Ja~1rJ1:1JlJLlJLLfllJBa 
4lllui1"n1u Liia"~1ni1"n,ullift1ll11nm"tfl'L""a,tLtl1"tia"ltii'lJ~1no1,.,,, itnii\l 
LLti"Liluitl1iiu ~a:a1 uJ'1 ua:~a:a1 u \ u l11uu 

itl1iiu~a~a1u\ul1.1Juil4 ~it" fi,e A, o, E LLa: K itniiuL,.,a1dnnn1itlaon~1n 
' . 

i1"n1ulliJ1u1l'n ~"lli~1Li1utia"ltii'Dfln1u tAll1tu~Lnutia"n .. ,,cwllstlluL'lfRR LLa:nn . ' . . . . 
\l1111LiLdni1"n1utia"n,,~.; ti1ltii'1J\\liBll11lW1n ')£11~r.:Rll~un"1;ilJLiJu~,;. 

~1n Lf'l1"rn"i,"tiu~:L~u11tfl1L~a,diif'l11l1Lriu1ia"ti1Ji~flll1nn11L1s"1Ja"n,, 
a:a1rJLUl1JUU na11fl£litl1iiu A LiJU,fiBmU LLR:itl1iiU E LLi: K iiLfiBf~uL'JirJ11fiBn1J 
R1U~LUULLEl ltLLlltln LLR:Ltl1"rn"1.1El"itl1iiU D flEl1~aitnulti11f'lft1URLfirJ1BrJtf~£h" B 
~· .. ,., • ,. , • .... .~.... ., ..: ., - - fll ~ r ... ~ hJflElBn Bntflll1"fiL,.,REl ~LJJifJ'U .,.,,.,11Jtfl1L1llfl'U1JB"1tl1li'U A Lu'U uf11 ... Ufl n'JU 'JJ" 

Lilu tetraterpene LLi:1JB"itniiu D LUURLttrJ1BrJtf ergosterol 

13.3 n-sttstilT" L,tllntl' LLatTtl-sii" {Amino Acids, Peptides and Proteins) 

Tt.11iu ll111n1l1Yln;n protelos · ,.,l11un" of fiiSt lm~nce ,.,;aklfl'~~~" 
. ttJ,iluLilutfl,au,;J~iif'l11lllhfl''llatl,"ii" LiJutflnt~,LilutiuL•atf~Sl'iifl"ln~it" ttl,ilu · 

o1~ntl\u,tli3~""'"" Liu"'u 1.1uun n-,:tlnnau '""'""11 ni111Lda Leu VflLi1tl'1utiu ila"ti'" . . . . . . 

LLa::li,,.,,r,~t\1" ')lui~s:i'iitt-. 

n1~na11lt111 Ltl1"m"fi1"Ltlii1Ja" lt11t\uiiu111JLtiu1 Li1uwsis:t11fl1'1i.fl1" (linear· 

polyamides) L~B~nLLrJORR1Utl1rJJ'11:\tftn1ti1:L1lYILtlrJ1 flO. n1fiB:Dfu L~BL fi rJ1JnlJ 
f'l1i11J luLtl1flLLa:aV.tl1:L -M ui1 lt11iluiilhuth:na11l4'Ufluth"aan ltl a~t1R1u\ ,.,q; ii w1u~ 
LiJultrLtl1tl1f1JBU lif'l1f1JBU 75-85o/o tl1il1JlDLfl1tlliasn4L•utl1:ll1nL 50o/o LLa:J"fiSj • 
luLtl1L~ulliLnu 5o/o lum-3nautiulihiluinultt1L1U 1S...25o/o LLa:gasn•L1uv.a ')nu 
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13.3.1 n1'ftUSftti1stDfu1W~nii2MM (NaturaJ·.a-Amino Acids) 

anHo~tf,lt.l 

1. n1tlUDlU'ha:iil~DTUJ'Jf1tl~mJ\ulthfi~ £j 20 1ritt1 VI~D:iifu (-NH:z) n1"~~n: 
rllJfl1ftJEJUtl1LL'WU"UDRrh (a-C) ,£l"'V\lifl1ftJan~~ (-COOH) ~"L1un a-amino . . 

acids 

a-carbon ',, carboxyl. 
, COOH ,, I 

H2N-C-H 
amino ~ 

side chain 

a-amino acid (biut~nti1). 

T " I ... ..r I •T .., • .., • If ~ 
2. Lfl1"tfl1"tl1"n~'Yl'V\~ R n1t~a:2JL~'YlL~n'Yl~tlflEJ 'nR'7JU (glycine; R =H) n1t1EJ: 

iil ~~~ ') R*H fl1ftJEJ~tl1LL1·UL"UDRJ41LiJ~lfli'~fl1ftJEJ~ LL~:iin11ifli1l ~ft'12J 
iiiiL'V\naun~ L~aL;lu~lfl'"m"uuuw«Lwef lt1u'V\ajfl1fuanii~atiti1~uu ,: • • 
Lil~n1t1a:iil~LLlJlJ L (L-amino acids) 'Ylnti1lfl1"ri1"~LiJ~ D-amino acids ~lJ . ~ 

l~nn-2J111ii'll'au2J1n 
I 

L-amino acid L~lyceraldehyde 

(Fischer projection formula) (Fischer projection formula) 

... ... .., " :S l .., I ... ... I •T - . I ..t 
LL~:L2JEifln11,fiEJ:fiEI2J'Y1LL'Yl~h" WY111" 3 2Jfl ,:~lJ11n1fta:1J L ~1n12J111fiL 'V\~1~ . ...............................•....................... . 

iin1~flfl1LLlJlJ S iJnL1~4iBLfiBU (cysteine) . 

3. n1fla:iil~fJn1fittuil~e:DurifttlJ11o(]D (1° amine) unL1~fw1i'u (proline) 

•T ..,il .. Il .. liJ .I ~-~ ..... ~ I • 4. n1fiEI:2J L141rn2Jfi1'Y1L UnR1"1:EJv ~1uL Uu1:, 'V\2Jn"n1f'U'Yl"'V\2Jn1fl (-COOH) 
' .. . ~ . . 

u~:'V\~Lus (-NH2) Lf1fln11rhula~lt.11f1EI~1:'V\11"n~l'V\1aaa~.ff1~ (dipolar 

ion) iJ~"th:,u1nLL~:t.l1:';ltUJ L1un zw'itterion 
~ ~ 

ammonium. ~tion • . ~ ~rboxylate anion 
' cooo..--'m I proton transfer • H

3
N-C-H 

I 
R 

zwitterion 
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iD r,1~m~ 1Mimh!11tlEJ 

rmttl~~J!\n~i!Hn!'J! 
0 

Alanine YOH Ala 'V\;El A 

N~ 
0 

Asparagine troH Asn 'V\;El N 

NH2 NH2 

0 

Cysteine HsTOH Cys ..,;El c 

H2 

Glutamine .dOH Gin ..,;El Q 

H2N 0 NH2 
0 

Glycine ~C)lOH Gly 'V\;El G 
l 
NH2 

CH, 0 

Isoleucine ~~OH. lie 'V\;8 I 

NH2 
0 

Leucine ~rrQH Leu MEl L 

. H3 NH2 

0 

r('oH Met ..,;ElM 

H,C" NH2 

Phenylalri'le, crtoH Phe 'V\;El F 

A · NHt . 
0 

Prolne ~ Pro ..,;El p 
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0 

Serine ~OH Ser .'MlEl S 

NH2 

Threonine y ~C. OH Thr 'MlEl T 

NH2 
0 

Tryptophan HN#OH Trp.'MlEl W 

~ l NH2 

0 

Tyrosine ~OH Tyr''MlEl Y 

2 

valine ~ H3C OH Val "M1a V 

NH2 

nnl.~~j:JJ~n~i!~n1!'. · 
0 ' 

Aspartic acid ~ Asp "M!a o 

0H N~ 
0 

Glutamic acid dOH Glu 'M;El E 

HO 0 NH2 

ni~l.~j:fi1~fuflmY! 
0 

Arginine NH «OH 
HzN.Jln NH2 

Arg 'M;a R 

0 

Histidine doH His 'Mlfl H 
N~NH 

NH2 

Lysine J{oH . Lya.'M1e K 

H2N . NH2 
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5. lsoelectric point 

n1t1e:n1 u.iiw1l1ViLilu.leeeu.LLUuth~ '1 ~a1tiLLuu ft1~1un1flfl:Dlu.~Lilu.na1~ 
e1-;,iith:-;,w'rliLiJu. +1, o ~;e -1 4-u.nu pH -ne~R11a::a1v~a:a1veu 

~~ . . ~ 

cooH coo9 

e ·1 Ho- e I 
H N-C-H .- · .. H3N-C..,...,..H 

' 3 I H+ . I 
R R 

th::,Ltfli +1 LiJumn~ U~,~ -1 
(ph -2) . (ph - 7) (ph -1 0) 

• :'1 .. 1 .. . r .l 1 . lsoelectric point ~1El p/ LuU. pH -n£l~R11ft:ft1tln1flfl:lJ u.~u.-...1 •~ lJLanaa-1-u. 
' ~ 

l ~ ni G 1.11:-;, W'rliLiJu.flu.Ef t11:-;,u1nt1 a 'Vi eilnut11:-;, au ~-;, t1dn11a:a1 v-ne~ 
-~ ~ ~ . 11 ~ ~ ~ ~ 

Al ...2 " ...2 I ,r • I ,r • A1 #lA ,¥ n1t1e:ll u.~:.,11Wfl rn. pH .,.1n11U.~1ElW~n11U.n1f\e:lJ u.~:a:a1t1t1-nu. L Yin: 
~ ~ 

El ul ""1ULLflnti1 LUU. le El flU. (~ pH ~1 ·~1ifl1fu en~Lftfl LLft:~a.i e:iiu.i'u 11.1191 flU. 
~ ~ ' . . ~ ~ 

.J .. !If ... I .. 1'1 ..I I • ... • I I 111 ~~ ~lJLSflSllu1:,'l'rl1HuU. +1 LLft:\'1 pH \Y~·'J ~~El:liU.El~ ~U.3uL1Ja'LLft:~~ 

n1flLLt1ntl'1 t11:~W'r1iLiJu. -1) . ~ ~ 

1fltl,t1ltl p/ -no~n1fle:D1u.~LiJu.na1~ LiJU.ti1L~iuthLLtlntl1fl~~-ne~~1i -COOH 
. . ~ 

lsoelectric point = pK. (COOH) + pK. (NH3 +) 
2 

. 6. n1f1D:iifu~dJun1flUR:n1flD:iifu~LiJULlJB 
A1' A #lA I .. ~ _,..I A .r I .. ~ I ..I n1t1e:lJ uu1~~U.flll~lJfl11UflnWJJa~a..~'rltm~ LlJ ea:a1ti-...1Vlllfl1Wen·n a~lJ'rl we~ 

. ~ ~ ~ ~ 

LLflntl1ll'l1tl1flflU.lti ~~iiWJJUiLiJu.n1fl (acidic a-amino acids) 

81u.n1flo:nlu. ft LiJu.Lun:ii~a.i o:n1 u.L ~lJ~1nL~JJen~tt~~a.i L~ ea:a1 vJ 1~:ii . 
~ 11 

WllmlLUU.LUW i'u 1thflDU.~1nJ1u.a:na1 t1LUU.U1:~1J1n lti 
~ 

1 3 . . 
p/ = (pK. + pK8 )12 = (~.1 + 3.86)12 = 2.98 
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.a I ., ... ..\-4!1 S.Y.J.IA ., '4 ., I •• l ·t ~ - -
lt1Tl"fl 13.4 fl1LLfiOfl1fl-3'Y1'lJ£l-3'VIlJn~rf'JJ14'nU.fl0fl1 LfiU.ft::fl1 p/ 'lJ&-301fiUDRn1-£l::lJ \.It 'n-3 20 Wfl . . 

a-COOH + Side chain 
n1f1D~D1u 

a-NH3 
1 

.. 
2 functional group p/ 

PK. . r:!K. 3 
pK. 

Alanine 2.35 9.87 6.11 
Arginine 2.01 9.04 12A8 10.76 
Asparagtnes 2.02 8.80 5.41 
Aspartic acid 2.10 9.82 3.86 2.98 
Cysteine 2.05 10.25 8.00 5.02 
Glutamic acid 2.10 9.47 4.07 3.08 
Glutamine 2.17 9.13 5.65 
Glycine 2.35 9.78 6.06 
Histidine 1.n 9.18 6.10 7.64 
Isoleucine 2.32 9.76 6.04 
Leucine 2.~ 9.74 6.04 
Lysine 2.18 8.95 10.53 9.74 
Methionine 2.28 9.21 5.74 
Phenylalanine 2.58 9.24 5.91 
Proline 2.00 10.00 6.30 
Serine 2.21 9.15 5.68 
Threonine 2.09 9.10 5.60 
Ttptophan 2.38 9.39 5.88 
Tyrosine 2.20 9.11 10.07 5.63 
Valine 2.29 9.72 6.00 

# 

13.~.2 n1'fiB~fuwnanniidM ') (Other Natural Amino Acids) 

4-hydroxyproline 5-hydroxylysine 

. CM225 

H2N~COOH 
NH2 

ornithine JHianine 

homoserine homocysteinE! 

y-aminobutyric acid 
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I ,r 1!': .f'l .... " . ··' •T ~ n1tlL\l\R1\UJ?",..,.tlLu\UlU~U1MJ9-3n1tlUIJRn11J:'JJ'U L'DU 5-hydroxylysine LL&U: 4-• . 

hydroxyproline 4"v.ultl'LQ~1::~lJJ,-;iufJD&UJ1nJu (collagen prQtein); homoserine LLft: · . . .1, I T . " . ..&fit .. .... A ~ ... I •T .... 1 
homocyseine ou una11,tl &.fl1"R11"n1fi'YI~OL\l\11ElUnu; ..,-alanine 'D"11\l\110:11 LU'Yiuft1U .. . . . . .. 
l'liLiluw1u'Vl\t"lult11"n1"-uo"n·,tl pantothenic \1\;oitnDu il 5 f"~1LiJulun11ff'f1" 
acetyl coenzyme A LLR: y-aminobutyric acid (GABA) LUUft11R"n1:LLM!1:Wl'YI,iltlUUtT" 

lu,-:uut11:Wl'YIR1Una1" 
_If ~ 1': ... ' 

13.3.3 Lftu''"' uat,iJ111" (Peptides and Proteins) 

L~Elrl1tlO:iiLU\l\R1UL11\ftnRL~011tl8n\uf1ul'liu11 tl1Uft1UL~Elli~LU\4WUlf:B:~JJ~ • 
4.untl1:\l\11"\l\1lt11fuon•a-uo-3n1tltl1\l\U" nu\l\1lo:iil u-uo"ent\1\l\\t" Lflt1lJJLana-uu1t1 .. .. . 
L\1\qj~un H'!.V..~rJ.l R1uLioJJ~U:tJ:o:l11tfd'1-3L1un wulf:&wJl~nl (peptide bonds) LLR: 

n1tlo:iiluLLfia:ti1LUL11LRflRL\Uhd'~un \1\\bu (unit) \l\~0&1ii'l (residue) 

.Ill .,,., ... r.T I I ,r fit " I .. ..t 
L~u ~'Yitl'YILfltl~1nn1flD: ... ~u 2, 3 \l\\41U, JJ1nn11ULanuou (4-10 \l\U1U) \l\10,.1\41\4 

111n 'J L1un ~fl&VIJ)~nl (dipeptide) ~rl1&wu~nl (tripeptide) lsRTn&wu!nl (oligopeptide) 
.. • 1111 .. ..t .... I T. I ... iJ A ... , ... .... .. " ... I . " LLR:WfJR&VIlJ 'flfJ (polypeptide) fl1ll~1tl1J ft'1\4.~H]~~L \4'ft1'YI ,n1Jr.ORUJ£l1'YilJ1:n01Jtl1U 

n1ttEJ:iil uLnu 40 \l\\L1u nJ,\\un l11u~nftw" '1 6,000-4o,ooo,ooo 01';1Lilu lttiwsi& wll~nl • • • 

... .. I ~ . 

\l\U"W1U'V\1D111nn11UU 

VI~R&VIV~rl~ LUU~OftL11Dil'litt1-3 tJaiutl1U\l\U"Liluii\l\~ -NH3+ eft'1: L1EJnt1a1U 

tl'1u N (N-terminal) 4"~:L;iuuli'YI1"'ll'1u ua:iintJa1rJ\l\U"-uo" l'liL1EJnt1a1uti'1u c (c

terminal) ii\1\a.i -C02- 4"L;ivuli'YI1-3,11 
. . 

n11L;jEJUrtEJL~tJl'Yitf911L;iEJuLLnU'MRmJD"ltJtLiJUlfl1"RTw~ii\l\\L1UUOU.f1n\4. ""\£ 
,• ' . ' 

• . L110 

542 CM225 



amide linkage 

+ r----~ 

~o .: R1 

H3N+0! , !(yo-
1 N1 

I I: 
R: H: 0 ·-----

dipeptide 

I PWUdebond I 
I . I U , 
I I I . 

I I : 
I I t 1 

I I I 

. o: ~ : 0 1 ~ 
N- terrmnaytl 1 ~H0 ~C- terminal 

H N+ t N t o-
3 N N 

H . H 
R Q R 0 

tetrapeptide 

·lufi13.10 lfl,-~rn~tt~e~t,uvtltnl. &rlf11:&wt.ltnl ua::~'Um:L~1.ll,"1'"lfl,-~rn~L~thd' 

nTn1£Jnnltla:D1"t"1'1iL~ul11t11-D'1-Mwua-in~'lR111tt1,.,;a,.,\t"ti1 L1£J";nnu~1£J 
tl1'1.4 N luv"ti~1£Jti1"U c ti1au1"L~" ns111~nftJu (glutathione) u~:uu1~~fluu 

v 

(bradykinin) 

ntif11 ~fl fDu ~ul 'UL'lJ~ai"iii1fl ,,,.,u-,~LU'Utl11~1R~1111~ LU\4, Yl'lL ~ul .,.; 
v 

U'l:nauti1£Jn'ltl~:D1'" 3 ,.,U1£J y-Giu-Cys-Giy ,.,;a y-ECG (t,r,.,·~tnfuan'B~~f11LL,.,\L" 
unvv1'!1a"n'lflnsf11iinwi1"~"1f:L ~ul Yltl) R1"UU1J1~~fliiu LU"UL wll~nl llDffvu 

v 

tl 1: n au ti 1 £J n 1 fl a: D 1'" 9 'Vl \L 1 £J (nona peptide) Arg-Pro-Pro-Giy-Phe-Ser-Pro-Phe-Arg 

,_,;a RPPGFSPFR 

13.3.4 tl1"tLilfi!ID\1Tt.ltiiM (Classification of Proteins) 

1u'lil"Ua1~LLU" a an ltifl1lJ a"tlU'l:n aUY11" Lfl fj 'lUi1" ,.,;a'V\\1'1~ L -ri"U LLU" L U\4 
v 

fll,-fiuti.JL~ll7 '(simple proteins) LL~: f111fiUf171Jfl (conjugated proteins) fl1lJa"tlU'l:nau v 

Y11"Lflii~iii1lJti1£J fll,-iTuti.Jtfill7LU"U1u,-il"U ~ Lrl a LL£Jn w~1 £Jtl1 £J,r1 LLS1~: lti'Lu rn:n'lfl a: 
Dl"U L~\4 LLa~tJD\4 S'UIJJS\4 oxytocin LLft': bradykinin R1"U1tl'lil"Ufl11Jfl~:wi'1"~'"1f:i111rlU v v v 

• ~11 ., 'ltl ... ~ • r - ... - - - ~ Wl'l~'UYl LlJL1f 'lfiU (prosthetic group) L'll\4 -...1tl1ft n1flU1flftan LLft:~~tl (fl1'l1"Yl 13.5) 
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... ttl ... I A ... I 

fi,Tl"fl 13.5 1flUfl1tJfltJ1.:1'1UtlLLR:tl10tl1-3 
"' 

Ttl1iiUfi'J1Jfl Prosthetic group 
... I 

fi7Dll1-l 

Glycoproteins fl1iltJ\tJLfl1fl y-globulln, interferon 

Nucleoproteins - .... 01fl'U1flROn ribosomes 

Lipoproteins \,aju, flOLIIL'n0101 High-density lipoproteins 

Metallaproteins la"M:Li.:~io'U. Hemoglobin, cytochrome 

1~1~!\~~l!J. (fibrous proteins) l'Jil111ih~~:L1th1,.UTUllULUULRuli11LUUft'1liUtlrl'U 
tl1tJ~um:,Dlt~1L~u L'V~\ttJ1 lin,lia:a1uJ1 'ajfiauLtJiuuutJs-3Ldeem'VInD ma pH Lufi.uu " ... 
Luulu.,ilulfl1-3m-3 ,.,LLri 

a-keratin LtlultJ1iiULULRu~2J ,.uun L,.1Rfl1 LR1.J nuLli1 

tl T.1 • ,¥ ...1 ..1 .., • 
fl£lSS1L~ULLS: elastins L U~u1tlU,.£l-3LUDUJElLflU1V.U; LOU 

tl T.1 • ..1 • ...1 • • .., fibrin L U~u1tlUfiLflfiL2JElLSEltlLL,h'ltl1 

l~J~.~D».l+IJ.~.~ (globular proteins) l'lil111fiu~:,j1ui1Llluneu lflu~ucnu~'li 
-ueuJ1L,j1tl1ULULLS:H1U~iif1~140Elflfttl1UUDn ~-3lins:S1tJJ1'VI1£lLL,.114S£lt.ILUJ1'tl ... 
1a-3,1tl£lfl11L11ittuLLtJS-3ElN'V11lslLLs: pH J.nnn11LU1tlULWULll ,1'VIt1'1~fi11.Jflll riuwuu " ... . . " ' " 
Li-3iJ~ffill1 L'liU LElU,'Jflf Lr.tJlntftrElil2JU LLElUtl1.JEltl LLS:LU'ltlU,.Uft-3 

13.3.5 Ttt1'\1ftTl\1tiD\1TtJ,.ii,. (Protein Structures)· 

1fl1-3m-3ltJ.,iiuuu-3Luu 4 1:tl'u ~d' 

13.3.5.1 J~!~!!f.1~.1/JN!JN (Primary Structure of Proteins) 

tl T " t¥ ..1 .., •t ..1 ~ .., T .., • 1' . c-L U~fl1-3&n'1-3V.UJ1141.JElflLQV.1:..,1fl1.J,.El-3n1fiEl~lJ Ut1L'JJ£l2JflU~fltJV.U'I:LYfu fltl 

El1~·L;jtJULfiULi1~ft'da 'VI1Elfl12J1U .13.10 4-3n11'VIliU~U'I: C-N LfifiU1n us:~U'I: N-H ... . " 
.. • ., .. • I ... .I " ..1 I ... 0 ua: C=O ~ULYfu 'YiflLLtla:..,um::,:a~tl1-3,.111l•1~JJ'V1113nu 180 

13.3.5.2 I~!~ftf.1~JJ!!!.-Qii. (Secondary Structure of Proteins) 

tl T nt,., • -~ ... ~ t·• .. • u·- I L U~fl1-3"' ,'Y1Lflf1,1fln11J.~:l14V.UUJYf1t1.hL''Ull.-»8.a JJlflU L148-3~nn !Jfl1ti11:'V111~ 

nu,.e-3'VIliYf~niu\ultJ1iiu lttoLammu~:,alt~1L,u1:"1,~ lthflau,,n N-H ,.a-3 n:,a~tf ... . . 

'VIli'VIit-3 nuaen'BL•U,El-3 C=O •1non~'V~U-3lflULntl1l1ULUl'1fLtlll1rlU 'VI1anul'Ji~'U,1L~ ... 
Lfifllfi1~JU 2 LL1.J1.J flEl LL1.JtJ,nfttnUBBrh (a-helix) LLel:UHUMVnuvv£ifl1 (p-pteated sheet) 
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13.3.5.3 .ff!!~~f.1.~-~~!!!Jil. (Tertiary Structure of Proteins) 

1t.hii14El1';l';l:ii1fl'l\1rn"'YI~U11DL~iiEl'U.n'U.flfHlfl.tf,rtu~1alaHilt1 nft11flEI1J1,1R114 
' . .. ' 

El1';1LU'U.LL1J1J&nft'v7UDRW1 ~m:~tf1'U~'ULU'UUHUMVnuvviif11, ~1EiaJ1'U.tl'lEithylliii 

1:LUU1J (random coil) ff'I1"Brl"f1ili{}V LU'U.lfl1,1J11WuJD~LQ~1:i1~EI" l2.1ut~ft lt11tl'U.,f, 

l2.1Lana Yi1 1'ML2JLftnR 1t11ii'U.fl,11U Lfi U11i'EI,1n1JLL1,1~1Elvr'U.1J: t ult11ii'U. 4,1ltlLLfi vr'U.tr:: . . .. ' 

... l .. ... ••••'\1 A .. I I ...... I .r 
Lt7 fi1L';l'U. LL1,1f1,1flfiLL1J1J Lnn1RflflU LL1,11:~11,1ft114'YI L2J-uEI1Jlti1 (hydrophobic force) LLft:: ... 
vr'U.tr:lfl-ialvJtf (S-S; disulfide bond) 

5 
1thnn http://wiz2.pharm.wayne.edu/biochem/prot.html 

6• 
n};nn http://webschoolsolutions.com/biotech/macro.htm 
'U 
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13.3.5.4 Jt?!-!.l!f.1"-'-~fl» . .ali. (Quaternary Structure. of Proteins) 

~111Ufl~ lfl1~rn~~Lflflt1flfl111111i1n'U~El~ lfi1·Uni~fltlU1lil1JD~ l'JtL v.t.Jlntfl~LLtl .. 
·wa~~~u4oultll~tl,tiou~rh~\l',~lt1~!h~wllu1m (ltl,iiounn-DiLfllaj~,Liloutia~iilfl1~rl,~ .. ' . 
Liouil') Li'U ula.~lnfiil'U 4~n1~U1~Lii"Utl1'W1DEln'BLt'U U1::nouti1U lfl1~c01~fltlU1lii,.a~ .. 
l'JtLwt.Jlntf 4 W1U ~tl1::nouL'Ji'1t11unoutilunooult11ilou 

1ufi 13.13 u.tJ1J111aa-3lfl,-3m-3ttivnn (flu> u.a::1ttttann .('JJTI{ 
.. (u.atJen«ma.nva-3 t.,,-3.f1~w.iu"unu.uuDIJi) 

13.3.6 TA4J\1ftTh1Ua=w\l-wfttstLwJlt~tfu1\1Wfl 

1. Oxytocin LLfi:: vasoprest~in 

Lii"UL wt.Jl nti'rraffllou~iiftliUfiL t~IJ11l1'Vi.tl1~n'U lf1u~lfl1~rn~fla1 UnUll1fl tl1~nu 
~fl1f1El::tll\U41ti't.J~ 8 Lf1f.I~~\L1ULflU1 f\alu oxytocin. LiJU LEU ~t=~ vasopressin Lilu ARG 
oxytocin Lilout11rrt::t1un11UlJtl1~o~na1a)Ld'ot;uulltn~n LLR::n1::t1un11~t~1i1\UJ w1u . ·. .. . 
vasopresaln ~;o antidiuretic hormone ltlilN8n1Jna1liL d'ot;!JlJ~ o~llfl'n LLfifl1lJ~llfl11 
flfl411J,niu~nalfltlau1ia1u tta::iiNanufl.11utT~lai\tl .. 

CYS-TYR-ILE-GLN-ASN-CYS-PRO-I.Iil-GLN 

I s-s I 
CY8-TYR-ILE-GLN-ASN~Y8-PRO-~-GLN 

.I ·s-s~ . 

oxytocin vasopressin 

2. DU'lfR14 LLa:nRfl1nau (glucagons) .. . . 
su'l!iu LiJUL'Vit.llflti'rrofllluflm~~fltJUfl1l'Jflno~ Islet of Langerhans luiufiou 

Liloul-iL?.tllflti' 2 r~u 5ln1fle:lllu 51 ~\L1u Sl~unlttial"tf (S-S) LfB111::~11-3ft1U 3 

'-• . . '11J11n http:J/wiz2.pharm.wayne~eduJblochemlprohtml . . 
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~"U'IJ: ~nt1~tht1m1Jo"a'"'lfiu ltl'LLri n1:lun11Ra1una lflw n1:ti'Un11Ri'1"lna lflL'l'l.l L i" 
·~ ~ . .. ~ . 

~fl11n11R"Lfln:,{n,fll1JlTu LLa:atl1'tttunalflwluLaofl Lilutiu . .. 
n~f11nDu L.iJuLvn.Jl'ntftroilll~flm" Lfluusavl1,9al1.1o" Islet of Langerhans 

LUULv.tJlntl'tntJLtlt11 nn1flO:Dtu 29 'VIU1tl LLft:~aL.ti"f11l1V.tl1'111i'11JlltJaU'JfRU 
~ 

3. ula.J lnauu 

Hemoglobin A (HbA) t11:nD1Jtl1tJ'VIU1tJUOlJ~LiJul'llv.oiLv.1.Jl'Yit1 4 tn_u LUU~Ufl 
LLOarh 2 tntl LLft:Ufl1 2 ft1tl 'MU1tJUOULLtiR:~ni1uiliv (heme) LU'I.l prosthetic group ua: 

iiu1L1nL111Jti1L~V.1:1.10'1100n'iL'lU HbA LLtlft::L1JLftnft~'I1LllUfi1V.100n'iL';l"Ultiil'11 4L11Lftnft 
• • • 

ula.J 1nauU01'lOULU1t1~11llnuna lflwltilu1tJ HbA 1C iA'11Lrlfl'l1nt1a1uti1"U N 
~ ~ ~ ~ 

1.10" HbA n11J~ii1U1tl1J'VIlifl1fuoila1JO'I1nft Lflft' fl11JO'I1 HbA1C uon1:9luJ1fl1ftL~iul'" 
~ ~ -

LaOflflftOtl 24 i1L11'11UOU'VIft'l1ltJlt13 LtlOU tlntiLU'I.l 3-So/o lu,rfiLUULtJ1'VI11UUft:fl11Jfl1J 
~ . 

J1t11ftLULftOtllti'Wfifi1Lft1J01';l;fUR'I1 6-15o/o ~'11Lifi11.10'11 HbA1C ~tlfl1111.Aa.nmJ1fl1ftL~iu 
~ 

R:RlJLUflU~LUULtJ1'VI11Ultl 

o~c ... H 
H 

HbA-NH2 + HbA-N~ ... H HbA-N, ... H . c 
Y'H hemoglobin I I 

H-C-OH H-C-OH c=o 
I 

H0-6-H 
I 

HO-C-H HO-.C-H 
I -H20 I ifli1\MaJ I 

H-:-C-OH .. H-C-OH H-C-OH 
I I I 

·H-C-OH H-C-OH H-C-OH 
I I ' CH20H CH20H CH20H 

0-(+)-glucose aldlmin ketamine 
--~~- -~---- --

~---- --- ---- (J:IbA1C) 

13.3.7 n1-sLtJRuH•n111BTSannitJooTtl1iiH (Protein Denaturation) 

Lfl1'111tllfna.J-.rf1~1.1 0'11 1t.hiluo1';lLtli uu lti RliUtlL i'l1f1ll1V. 01'1 L tli uuLLtiR'I1t~~1onn 
~ ~ 

..I .. ..... ' t ~1 .. • t .. , ' ..I tl~ tl ..I ' .. ~ Tt1ft1Utl1ti11Jfl1'11 ') tlU'n fl1'11R11'11LL1JUuJli1Jll 11~nT11ft1tl n11L . RUULL R'11111 tlt1'11'YI1'11 

n1Ull1V.LLft:'YI1'11Lflii 01'lf11L~On11LLUnL\ft:fl1L'M1tl1tlUtJ1R'nf L1i'l.l Ltl1flU-.rfUtlflOUnft1J • 
'VIR1U~Ufltlntl:noun1 pH ,D'I1rt1R:R1U fl1'11rltJ pi ,o'11l1.J1ilu t~~i'o\,Y n1t1 trichloroacetic 

L~Dflnfl:nou 'VI;o\irt1;tl1RL~On1ft1U~'I.l1J:ltl-i'Rl~t1 'Mft'11'11nn11LRURll1V.Ltl1tlU1J1'11 . 

~ntlo1'lnnufiuw1fl1'11tn1"n'a.J-.u1illt1n1lia-n11:Lt~~111:R11 LLtiluwn11:1uu'" L1lun11li 
~ . 

· fl11lli'au n11Liua-n1v.n111~1il'l:Lntlad1'11fl111 
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... ' 
fi71JtJ1~ 

tl1'tha::a,'~aumvtJ1<3-Jfilt~ . n11Ll1Svuth · di:lectrlc constant 

{L'!i'U. LO'Yl1'U.Oft, o::~lnu) .Yhtin11ft::l1lJifll-3 

13.4 n10lil~tlaon (Nucleic Acids) 

n1f1Uif1Rin LihuvaiuJsn7n1JV . (biopolyiner) .t.h:nen.itl'1ul'\\11uthl!JU7f1Rfa ~nl 
(nucleotide) L~enJtianou U7flRfa~nmiJoul11Larla~£i c, H, N, o ua:: P LiJua-3tl't.h:nau LLfia: 
V\'\!1uii 3 ci1ou fia Luwloulfi1L~"U (nitrogen containing base) J1ft1afliitnfuaou 5 a:ftall 
maL....,oulnw ua:'V\livJawL fJft~-3iit.h~au 

~ ~ 

01ftit1flaaniiwa-3~\ttl fia DNA 'V\1an1tlfisan9~1fllil7f1Rin (deoxyribonucleic 
• 'f T • •• !'I • •• ..l..a.t .., acid) LLR: RNA V\1Eln1tl ,1,11Uif1RDn (ribonucleic acid) DNA L1J'Un1fi'U1flRElnflli-...1'V\"Un 

luu~naw-3 ti1ouLV\qj~u\ouit1LflaumJa-3LIJfaa\un1-3fl1-3-n'1ll RNA iiJ1V\1l'nluLana1fauni1 
'~ ~ . ~ 

ufiL1~Joun1tlil1flaanfliiu1n111U n1:~1!J,f1lt.ILuL'lfRR ci1U111nev\ul1lul'lfll ii 3 ~iltl fia 
~ 

rRNA (ribosomal RNA) ~-3iili10fl'ffl entUl-3~iltl~-3ii\\'aun11fl~ mRNA (messenger 

RNA) LLR: tR~A (transfer RNA) 

548 

13.4.1 D\1At.l-stnou1"n"""~"aan (Nucleic acid components) 

13.4.1.1 ~.J:!lrlYJfJ.1l.,.H (Nitrogenous Bases) 

Luwlulfi1L~u\uil1flalalntfiiwe-3t.I1:L1lfl f1e 
1. .~lJ~.'.rt.~?.!M (purines) ii1-3LLV\1UJS-31-3Lfe11nu Lfl1-3Ri'1-3,.fl-3"l-Jut.Junu Luwfl 

LiJufhut.l1:neu\unl"flil1flftan fie a:~itu (adenine) \La:n?itu (guanine) 
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7f:N~2 N 1 . 

8~ ;· 
tN 4 N 2 
H 3 

Adenine (A) 

2. ~-~~.l~1.~~~ (pyrimidines) ~iJU1-3L~u1 ;ht1~81uth:naulun1ttit1f1aen ii 3 . 

~itfl f\a t'lfTn-iu (cytosine) fnDu (thymine) LLft:ynift (uracil) 

0 0 

H3C'(r: ¢x: 
I I 
H H 

Thymine (T) Uracil (U) .. 
13.4.1.2 .~!.~1H (Sugars) 

J1tnalun1ttit1f1aen RNA f\at,.rv~ ua:lu DNA f\afiaan.S~,.rv" orY-3fhih.nt1fl1R ., 
5 eJ:tlEl~LLn:Li~h~J1f11RUDR1flw il1fl1"m-31-3UflLLtJ1J1-3U""1" 5 o:f1El11 (furanose} J1Gt1R 
~ • ..,.1 "' • .., • ., .!S'f T 11 ,..,. • ..I..! • ..1 
fl-3R£l-3~Ufl11 f11-3ft11-3tl1"n~ f1ElflEJEJn-» ,,.,vw L11ll""11 OH fl"1LL""U-3fl 2 11£1-31-3 

HOl& _...-0-._ 

4\:.___./1 
3 2 

HOI_.........o........_~ 

~ 
deoxyribose 

13.4.2 il1AafoltJtf (Nucleosides) 

., 

HO~H 
1 

H H 
OH OH 

ribose 

U7flRTa ~'lfl (Nucleosides) lfl'~1ntl~n1uTl:'V\i1-3L1JWL WtJ'1~u 'V\1o ~ w1ii~unu 

J1;na ~1Tvw 'V\1r:nl1fl1R~EJDn-i~,-Tuw ~-3LU~R111.h:L1lfl N·lna 1f1l'Jftf n11L~El~n~Lfit1 
1:'V\11-3L1JRl~1fl1L';JU rl1JUEJfULJJD1nfJ1fUDU11a"J1tl16 

Nitrogenous base 

~ 
nucleoside 

t. •. ... .. ..1 11 .-!11( • 11 ... ... .r .. 
'YI-3 DNA LLR: RNA u1:na1Jtl1U'U1flft £l LIJJtl'JJ-3ft1~ 1:na1Jf161Un'U 141tl1R L'U. 

RNA LiJuJ1tl1ft ~1f1Jft' W1U DNA LiJuJ1tl1afiaani~1futr ~-3LtJ~fi~111El-3~D Ribonucleic 

acid LLR: Deoxyribonucleic acid fl1~ft1tl1J 
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Lt.Jwlulfl1L'U~V.t.Jtf._,\u DNA LLa: RNA ii 3 Wflfl£l s:ffitu n~uu LLa:1'11fn;u 

L11Rlulfl1L'u~iiLQYi1:Lu DNA fie !niiu 

LLI:Lt.JRlultl1L1U~iJLQV.1:LU RNA fl£1 ftTIIi~ 

tt1n"fl 13.7 fl11liLflu1.Vo-3T.:~i1-3LtJw,ultt1L1U J,,na il1flilo,,stf LLa~n1flil1flaan 
., .. .. .. 

Lll&f int~1tlEJ 111fJ1ft ihfJRfEJ !'!II n1fiU"JfJBEJn 

Adenine A 
deoxyribose deoxyadenosine DNA 

ribose adenosine RNA 

Guanine G 
deoxyribose deoxyguanoslne DNA 

ribose guanosine / RNA 

deoxyribose deoxycytidlne DNA 
Cytosine c 

.ribose cytidine RNA 

Thymine. T deoxyribose Oeoxythymldlne (thymidine) DNA 

Uracil u ribose urldine RNA 

\ulfl,._,m._,,a._,it,flilel•tf us TuuJs;ntnfunu. (C1) ~1n1._,,r,~,aLfna.niu 
N1 ,£l._,LUR1WTiifiu ";£l N9 11£l"L11ft,WlJ7;'u 

Luwlulfl1l,ULLa: "~ -CH20H n~t1'1uLiln1nu,a"1" furanose 

0 
HO N 

· 'rH:...o.___ 1
1

. 

N---?! 
OH , 
nuCleoside 

(DNA)·, 

13.4.3 ~~ .. ata lntf (Nucleotides) 

.0 
HO · N. 

, 'c~2 o . 1 

H 2 H 
OH OH 

nucleoside 
(RNA) 

Nitrogenous base 

. Phoepllale.__L__..o .. .J 
·~ 

nucleotide · 

il~flfiTstnl Lilu"u1urlnui4'uf1u,o"n1tlG1flien Li'JULD~L"ofDo._,n,tl~o·~enn 
tit.JU1flilol•tf lt\"ii~08LriflLO«Lflaf~ C5 tO·ni1tha 4~m,il1 mo 2 M£1 3 "ll tiatiu .. .. 
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nucleoside 
(DNA) 

0 0 
6

o~~-o,td1 
, H OH 2 H 

nucleotide 
(DNA) 

... - •1'1 .. 
I11!~!t!D~J.ft~.JU!J!I. 

nucieoslde 
(RNA) 

+ 

0 
II 

HO-P-OH 
I 
OH 

phosphoric acid 

0 0 
eo-~-o'c~2 o .N 

e 1 

H 2 H 
OH OH 

nucleotide 
(RNA) · 

n11L1unil1fiR1a lntl'~:L1unfl111U7flaln 1'111 4~Lil~ii7flaln Tnl~lllih,fliYJawL ~fl .. 
· (iiL\l'Vfl:Luwl~1fl1L~~LLn:J1fl1ftL~~1f1w) LIJi~ U7flRlnTnl~ii~am~fl 1 ,.,~ L1un VDUDU7flft 

fn!nl (mononucleotide) 'M1a U7flaln!'lflVDUDWDtfn'l" (nucleoside monophosphate) LiJ~ / 
~~ ~~i1ath~t~fl111~ 13.8 

,.,.,"rl13.8 fotbflilo l•tfua::il1flilo l•tf~oRL ~fi1.J1~Wflfi~u\uL•a&f 

... ...t l .. ·Nucleoside Cyclic ,v. U'lflft D '!lfl ate nucleoside 

Adenine Adenosine AMP AOP ATP cAMP 

Guanine Guanosine GMP GOP GTP cGMP 

Cytosine Cytidine CMP COP CTP 

Uracil Uridine UMP UOP UTP 

Thymine Thymidine TMP TOP TTP 
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.H~!1.~J!Jj~-~~-Rff~~~. (Nucleoside Phosphates) 

U'lfJRfs t'lllrlsBn'Jfl flttlt\tyfl~tlflEl adenosine triphosphate M£1 ATP 4~iivl14!: 
rlsBTwusutlltfJ1l L~Elllv4aaL~fl'Vlli~wa~ua:ft"'u.niu~u.iLLm,.a~ adenosine monophosphate 

~ ~ 

Me AMP L~a~14n-:~awL~flLaaLnaf..,lifi.,ll,.a" ATP wa1u~:\~v.i'"",14n1ul'"L'JSaaw" 
~ . ~ 

LLR: ADP un~\,Yityi'nHm- \"lfl1"rn" ""'V\111tJn"vt14CV.ft""1'"\1" 
· · NH2 

0 0 0 ~~+N 
e II II II " 1JL& .~ 0-P-Q-p .... Q-P-0 5' N N 

Jl ~ 9o 'c~z O H Adenine. 

phosphate group 
H 3' H 

OH OH 

ribose 
.___ ____ ___, Adenosine 

Adenosine monophophate (AMP) 

.___ ________ __, Adenosine diphophate (ADP) 

Adenosine triphophate (ATP) 

311ft 13.14 lfl1-3m.nJfl-3\hflalo\IJftf LLa::il1flalo\IJftf~mn~" (AMP, ADP LLa:: ATP) 

.... - ...... 13.4.4 an»mttllh1n-s,.,.~tuton 

n-staG~t~aiin Lil14v.a1Lllaf,.o~\t1t~&lalntf 'V\\L1r.nJau\t1t~&lalnll'" DNA ua: · 

RNA LLfi&:'V\1!1tJLtalltian14lfltJvt141f:WsWfW~fJUJB&fiDf (phosptlodiester bond) 1:'Vli1" 
'VllilD~1an4,.a"~awL ~" L14i11fl&le lntilliLana'Vl~" · (fi1L4'Vllt". 5') fiB14Ltl144nu'Vllilutl1en4 . ~ " ~ 

fi,~,r,",a,.a"nn lliLana'Vld~ <.,,u ..,"" 3') n1:u114n11Lflfltie lu~'"l~cnun1t1\t 1fl&an v.aa " . 

Lllafii'f1awsiil1fJRfs tnl (polynUcleotides) 

. 13.4.5 -stiuTt~-s~ftT'h1tiD"n-staG~"aiin (Nucleic ·Acids) 

1a.4.s.1 It1!-!ftf'J.~.V.!fi!J.il 

r,,.,rn..Jllf11{}D LiJ14lfl1-3m~~Ufl'"~uonn11ifiL1tJ"L1JftL14Un'l4'V\ftn (backbone) 

,.£1~ft'1tJ l'Jtn1tlit1flafin unu'V\anLiJ14ft'ltJJ1tl1RI'a1JntJY4DI'L~tl Lfelln14tl1tJvt141J:WDBfW 
tfJ&DB&nsf LLa:ihualultl1L114~\tttti1-31J D14oenn1"ti1ufl"Lilu1:v:\l\1"LYh ')nu ua1u 
tl114'V\\1",.e"LLnY'Vlin (UR1tl 5') LtiU'MU~lli'L~tl LLa:§nti1U\I\U-3 {U81tl. 3') ll111n'Vlli OH . . . ~ 
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5'-AUGCGGCUACGUAACGAGCUUAGCGCGUAUACCGAAAGGGUAGAAC-3' 

nTn;iu'"1fi1.:1Ri'1.:1U,!2J~iiU1J1JU0.1~·UlnM·nhl*t!El~L1JR LLRfl.:l~1tllJit1fla1Ell'Ylfl1tl 

Li'" ·L;jti'"LiJ'" ACGTT ~~~lJ1tln.:l 5'-ACGTT-3' \'"'Yl1.:1fl1.:1i1lJ~1tllJit1fla1aln.181tld'tl1~ 
L;jti'"LiJ'" 3'-TTGCA-5' iil.tYLi'"n'" 
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13.4.5.2 r,,."m"fl~tJnii 
······~·······--~·····v···. , 

1 " 'z.. .. ,r iJ .,. .... ' .... ..1 ll .. fl! ' !'II .... 
fl1~Ln1~'UliTltJfttUl!Jflll10,\l L \lLfl1~LL1.J1.J'YiftitJYHlft\l1flft £l L'Yifla..011ufiL \l\\ltJ1 

n'Utl1tJ~'Utr:\D1tl1L~\l1t'-'11~~Lt.Jwflijfl11li\~Vi1tL~1:~~LLfttft£ltlfla£l~nu· (COfllplementary 

base pairing) ~~Lfifl1l1tJlUI1tJLtitJ1rl,_. \l\;£l1t\l\11~ftitJ Yhl\l\'1fl1~m~ihtmtJ11l1Vi LLft: 

U1Utl1\l\;aLiJuLnau1LVin:~um:lulfl1L~u~Lfitl;fu 

1fl,~m~'Yiiiunii,a~ oNA ·················"'·····v·················· 
DNA cnul\l\qjLiJUVi£lftiL1fla1al'Yitfft'1tJL~tJ1«£l~ft1tJ~ft~:t!'t1J~tl1! (a~tiparallel) ll1 

UtlL \l\iiu1nu LLnu\l\&rn~~LiJuw1 u,a~J1tt1aw&ru~ awL YJ"a uti1uuan 1:u1u1~,a~ Luw · ' v 

\ u 1 tl1L ~ u El u .;, u l ULLft: ~~ ~ 1 nn1J LL nu \1\ an fi L 1.J WL~ Vi1:~1n LLtl ft: W1 tJ Ufl n Utl1 tJ~ un: 
v v 

ltr1fl1L~U flEl 1:\1\11~ A nu T ~~fj~utr:\1J1fl1L~U 2 LL~~ LLft: G nu C fj~utr:\tr1fi1L1U 
3 LL'Vi~ ,,lV\'1fl1~m~~unuLfluLnau1~ (double helix) fla1rJuou.lflLiuu qt.J 13.16) 

t1~~uni'YI111Ja1t11JiL1flala l 'Yill un1t1it1flaen cnu\1\it" nWlll11fiV\1,a~onR1 u 

\1\;1~\ti L,ju n1S1tl1.JlUI1tJV\it~LiJU 5'-ATGGCT-3' ftitJ~tinufTa~LiJU 3'-TACCGA~5' 
v 

5' 

A:::T 

H 
I 

N o...-.-.. ........ ...-... H-N 

. ,~]1-H·· ~~···•N~ (t:::c 
Sugar N=( . Q-N, · 

N H .... ...-.......-•• <Ao 0 Sugar 
H ~ 

nlfl13.1& tium:\alt~1L1U1:\l\t'1-ofiL11Bfin"ttle.oriu (.Jiu) ua:: t .. ,.-om-oLnau,.l,e-3 ·DNA ('-'11) 
v • • 

554 CM225 



1fl1"rn"nilunii-na" RNA ................ ,. .... ·v·················· 

tnu RNA wa"tnUEJ1';JLnfl1fl1~m"uuuLnnu1fi'tl' LLfivu.i OH ~ C2' n1L..,Ln:n: 
" v 

1 .. I..,,. .... - .. l 1 ... ... ... I .. 1.. f'l ..l ,.~.. ~ ~ ... 'I ... 
fl1"1IJ't1 Lfl';J"1JLRtl U1111~YI1 fl1" RTWflfi[Jil1J R11.h 'M ni';J.JLIJ\Uf'lULfl U1't11Jn11';Jflfl1L ~ El L'M " . " ·~ 

Lflfl~4ijtr:,tr1fl1L';l'U1:'M11"flL1JR111UL'U111Lftna flL1J~RElflflaEl"rl'UL'U RNA fla1U DNA flEl " . " . 

A-U ua: G-C EJ1';)~1J G iunu · u t1'1u utiu;;.JLL1.J'll'aun11 G-C 

lfl1"ri1"nilunD-na" RNA tJ1::nautl'1uu1L1mfi1.J ') 2 LL1J1J L';un stem 4"Lnfl . " 
~ ,. :f I I ~ .. ... .. I • ,. 1 .. I ..l "' ... 
~'Utr: LtJLfl1L';l'U1:'M11"flL1JRL'U81ULtlU1fl'U Uft: loop 'M1El 'M1" 'JJ" L111JflL1JR't1RElflflftEl"n'U 

" " 
(1tl 13.17) 
" 

stem loop 

loop 

! 

Dloop T'I'CG loop 

Anticodon loop 

t.l ..l l .. - -1' 'n 13.17 fl1"ftTHIYiflVIllnlth1 tRNA 
~ . . 
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13.4.5.3 r,,.-3fti1-3flivnD ............................ 
• ' I . 

Lii~1U't11~ l~LRnaLL1J1J 3 Sjf\ ,a~n1fl\t1flaonff~ laJLRnRfl1~Ril1~1;~ 4~Lrl'u1ia~ . . . . . 
nuLL,~,:..,;,~l"l~aLLuu~~.;,u 'l li1l\iLnfllfl1~rn~ 3 na ~~ntia~LL\l~a~ R1111111n1 

'MoU1~tb~')ltiarh~"~\flnf qtJ 13.18) 

T'I'Cstem 
T'PC loop I. 

\ ~,._,_ 
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ia ..., ... 
LLVV n\'ltt Vflfl 13 

.. • ... 1.1 
LitBnfl1110tJf11lntUl" u 

1. i1111Lnnn1fitfllfl~nlu1tt1L~uLih~tA111mi'EJun: 111n~wt1 
~ ~ 

(1) tnfb.JLtJLtl1fl (2) a~fl 

(3) 1thilu (4) n1tlit1flftDn 

2. tl1LaEJnfiEJ ltld'LiJUfl1ilULlJLfl1fl unL1fUIJTEJ lfl 

(1) starch. (2) glycogen 

(3) amylopectin (4) glucagon 

3. nft 1flRLiJUJ1fl1ftU1:L1l'Yiltl .. 
(1) aldohexose (2) aldopentose 

(3) ketohexose (4) ketopentose 
., ~~ t ,.tl ,k ... ,. tlll ., -~~~ I ... ... ., 

4. ,E) LflfiE) L 'U.'YI Lll LtlElu L'U.nft1JLtltJ1nUfl1tJ .. ~ 

( 1) starch (2) glycogen 

(3) disaccharide (4) cellulose 

5. ~Y1J:~Lfe11J1fl1tut"Lilu1 21a.JLft~ft11a.Jnul",.,LL'Jfnfl1l1tf LiJu~u1J:1fitfllfl 
(1) N-glycosidic bond (2) 0-glycosidic bond 

(3) peptide bond (4) ester bond 

6. ,r1fl1ft tetroketose nltl'iftfl1fueurio::tlEJ11 

(1) 1 

( 1) 1}-1,4'-alycosidic likage 

(3) 1}-1,6'-glycosidic likage 
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(2) 2 

(2) a-1,4'-glycosidic likage 

(4) a-1 ,2'-glycosidic likage 
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Cellulose 

(1) p:1,4' (2) a.-1,4' 

(3) P-1 ,6' (4) a-1 ,6 
" ... iJ .. ·-~ ..... I , •• ..r 9. n1fl L,lJU L U"fl1fl" L'Vfn:lJ'V\lJn\ln~UfUl IJU 

( 1) phosphate 

(3) carboxyl 

10. n1fll,Ju flO 

... 
(2) aldehyde 

(4) sulfhydryl 

(1) n1flfnfuon'iin11Jifl1\l ihuJfl1funn'ia 1 'V\JJ tm:11u1ufnfuouLiJuLa-nfi 
... ! ... , ... 

(2) n1flfnfuon'iinii'V\t.ifnfuon'ia 1 'V\ll iil'Jtfl.:~ u.a:'41u1ufnfuouLiJuLa,~ ... ... 
(3) n1fllflfnfuon'iin ('V\~fl1fuon'ia 2 ""~) u.ari1~1Ufl1fuouLiJULR,~ 
(4) n1f1u.ol1u.JJiln 

11. i'Afltiolt.ld'iflodlu'Vi1nltt ... 
0 
II 

CHs(CH2)24C-O-CH2(CH2)2aCHs 

(1) ~owl~i'Afl (2) ,,. 

(3) l,.aru"";oJ,aru (4) L'Yiof~u 
12. i'Atli1lfl~odluiuh.t!sffl!nusvl (icosanoids) 

... " 

(1) 

(3) 

HO 

558 

0 

HO 

.(4)~ 
Hd OH 
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13. prostaglandins Lfitl';nn1fl ,,~u1rilfl lfl 

( 1) palmitoleic acid 

(3) linolenic acid 

·14. vJnR1vJniL'Jfnl1t1th:nenJ~1V 

(1) glycerol, 3 fatty acids LLR: phosphate 

(2) 2 fatty acids, glycerol LLR: phos~hate 

(3) glycerol phosphate lL~: 3 fatty acids 

(2) oleic acid 

(4) arachidonic acid 

(4) sphingosine, phosphate, fatty acid LLR: choline 

15. inLflflfl sphingomyelin 

(1) glycerol, 3 fatty acids LLR: phosphate 

(2) 2 fatty acids, glycerol LLR: phosphate 

(3) glycerol phosphate LLR: 3 fatty acids 

(4) sphingosine, phosphate, fatty acid LLR: choline 

1 " ... .. ... 16. fl1~n1~RLfiV1flVflll ... 

(1) 1~LL'V\1'U. 5 fl:flflll 3 1~LLR: 1~ 6 fl:flfl1J 1 1~ L~flllrlU 
(2) 1~LL'V\1'U. 5 fl:fiEllJ 1 1~LLR: 1~ 6 fl:flflll 4 1~ L~fllln'U. 
(3) 1~LL'V\1'U. 5 fl:flfllJ 2 1~LLR: 1~ 6 n:t~Sll 2 1~ L~flllrl'U. 
(4) •~LL'V\1u 5 n:flnll 1 •~ua: •~ 6 a:flnll 3 •~ L~ollnu 

17. ·;nni1Linntial~if n1t~n:D1ult~~lliLtJu~:liu1J'\ttnJJli1JD (1° amine) 

(1) 
---~oH 

\,1H 
proollne 

(3) H:zNJ[OH 

~OH 
(2) HOJ__) AH2 

tyrosin.e 

arginine p.alanlne 

18. i1Lion~nnin (17) i1lt~llilin1flUDflmn:Dlu1fnll11'1ii 

19. i1Lfton;nnio (17) i1lt1Lilu cyclic amino acid 
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•T - - 1 ..,... .... .. ,. ... ... 1 ..1 I 20. n1fl 0:11 L Ulf'nlJ~1fl1JUfl LfiYI Lfl1Rfl11tJ OU~n11';ltltl1i. U Yl11~ LLtJtJ R 

(1) serine (2) arginine (3) cysteine (4) prolin~ 

21. ~pH ,o~tl~n1u n1tlo:illu';l:o~lu31.J _zwitterions tl1Lftonl~Luu zwitterion 

cooH coo9 cooH coo9 
•• I ··I <+>I e I 

(1) ~N-C-H (2) H2N---:-C-H (3) H3N-C-H (4) H3N-C-H 
I I I I 
R R R R 

22.LUft11R:R1U pH= 1 n1t1o::illutn6w (glycine) cnul..,qjoulu,-tJlfl 
' .. .. 

. ~ . . <+> e 
H3N-yH-COOH H,N~O 

(1) CH20H (2) . 0 

H2N~OH H2N~OH 
(3) 0 (4) . __ EFJOH 

23. n1tlo:illu!r',-u (serine) iJlfl1~m~orl1~l,-~ lsoelectric point 
E9 I 

H3N-yH-COOH 

(1) CH20H 

. e 
H2N-CH-COO 

I 
(3) CH20H 

... ..... .. . ... 24 . ..,Ulr:L?hJ LYifl flO ~Ulr: __ 

(2) 

E9 
· H3N-CH-COOH 

I 
(4) - CH20a 

(1) LDRL YIDf (2) f):l&~tf 

(3) DLYIDf (4) ,~{,~Dft'L~fl 
25. lliLRnR'V\;D'V\liD::flOlJYI1~LfliJ ~LUU1'11DUYI;U 'V\;0 la"::~orlti1ununu ltJ,-ilu L;un 

~ .. .. 
(1) 'V\U1UUDU (subunit) · (2) prosthetic group 

(3) residue 

2e. 1fl,-~m~u,llnilfl';l1ni~t" ....... 
( 1 ) 1UYI1~ · .. 
(3) ,,...,., 

21. p-pleated sheets Luu1fl1~m-3-.;ltl 
(1) 1.1Jli1Jil 
(3). fltlUilil ,., 

560 

· (4) a-chain 

(2) "1ti1Jn1t1o:ill u 

(4) tJ1::1 

<2l ,.,unn , 
~ .. 

(4) ·~fllllJil 
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2a. · Lr.tll'Yifl'fialtldiilfl'l~rn~,:itJlfl 
CYS-TYR-ILE-GLN-ASN-CYS-PRQ.LEU-GLN 

I s-s I 
(1) tl,!lllJD 
(3) flfltJllii .. 

29. ~nfl'llfl:J'Lt.J~~~:tr:L r.t.Jl 'Yitl .. 
3 4 
I I 
I I 

o: R1 
: '0 R1 

H•N; Jli N J., t_~~ )l_N...l_ o
, ,., "H~ .'If T H~ 'lr 

,,' R / 0 R 0 
2 1 

(1) 1 LL~: 2 

0 

(2) 'YifltJllii . .. 
(4) ~flflflllii . .. 

(2) 2 LL~: 3 

(3) 3 LL~: 4 (4) 4 LL~: 1 

30. Lr.t.Jl'Yiff A t11:nauti'1un'lfta:iilou 5 t1'1 nn~auw~1£J1J1~tf1i4Lilouch~Lnn 'J 3 LLuu :A~ .. 
ijn'lfla:ii1~L1u~n~ tr~d · 

his-gly-ser; ala-his LL~: ala-ala au1n'YI'l11J11Lr.tll't1tf A jjlfl1~rn~t1J111Jiiel~1~l'l 

(1) his-gly-ser-ala-ala (2) ala-his-gly-ser-ala 

(3) ala-ala-his-gly-ser _ ~4) vnl3,jl~ ia~~l3,jr.a 

31. ,r a Lfl'V\111 un~ lfl'l~ ri1~ LL1J1Jflfl £Jllii~a~ ltl'lfl'U .. 
( 1) lfl'l~ rn~~ LU'U~1tl1Jn'lfl a:iil'" 

1 " ..1 !'I . • (2) fl'l~W'l1~'t1Lu'U a~hehx 'V\'lel ~-pleated sheet 

(3) 1fl'l~JUW111iii1Lnr.1:tl1~fl~ 111L~fl~ lt11fi~ff~ 111L~fl~ 
(4) 1fl'l~rn~~Lnfl~1nt.J~mu1fianou'l:'V\11~ lt.J1iiounu prosthetic group 
.t ... ... .., l ... ...... . " 1. 32 . ..,.1fl1~9laan'1f't1?41J n'lfl'U1fl~an flfl'!ID 9l 

(1) 1-deoxyribose (2) 2-deoxyribose 

(3) 3-deoxyribose (4) 4-deoxyribose 

33. L~flLm£JULfl£J1Jtt1fl1Rl'l11JR nuiioon~l'l11JR ,{1fl1~ff~Rfl-31fU9liilfl'l~fl1fUa'ULThL~ 
(1) 2:1 

(3) 3:3 
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(2) 3:2 

(4) 4:3 

0 ' 
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34. ialtlLrlu~u"l~;nii" 
(1) CUG (2) GTU 

. (4) CTU (3) CUA 

35. M'ur.:laltl1L~141::~11~fiL1Jft' ... ..' 

. • ~ I I A V 

(1) fl~f1L1Jft' AT LLR::f1L1Jft' CG Lntl 2 V."C ... ... . 
. ~ I I A ~ 

(2) fi~~L1Jft' AT LLR::~L1Jft' CG Lntl 3 -wur.: · 
(3) flL1Jft' AT LTltl 2 MUC LLR::fiL1Jft' CG LTltl 3 MUC ... . ... ' 

(4) fiLuft' AT Lntl 3 M'ur.: LLa::fiLuw CG Lntl 2 ~ur.: ... . ... 
36. on~1 t \\4 tRNA LL f1Ufl1ltl 

( 1) temporary 

(3) terminal 

(2) transfer 

(4) tripple 

37. ln,~rn~,,~.n,utia lfl,~m~fl1-nl11 f\o 
----~ -----

H090H. ' 
HO 

HO 

0 

HO~C20. 
H HO 

H OH OHCH20H 

(1) ifitl, -waiLvn.Jlfltf 
(3) f11ilultJLtl1tl, n1tla::ill" 

CHs 
I'· 
CHCH3 
I 

H2N-C-COOH 
I 

. H 

(2) f11ilultJLtl1tl, ~~" 
(4) \t1flllul•tf. n1tta::iilu 

38. lf11~m~tialt.Jd'LrJ"'M\L1UUDU,tH 

J_NH 
0 I!..NJ...O 

-o-~-o-, _0 _ I 
·o- ~ 

OH OH 

. (1) RN!\ 

(3) DNA· 

39 .• ,.ru,a~Luril"a""is~nuuJa\ut1u· DNA tl·aluddluLLu1)ltl 
T-A-T-G~C-A-G 

I (1) T-A-T -G-C-A-G 

(3) A-T -A-0-G.;T -C 

562 

(2) A-! -A-C-G-T -C 

(4) A-T-A-C-G-T -C 
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40. -No Lfl~1~ 
il 

_, 
(1) DNA us: RNA L \UfU.ILfU.I7 " il _, :'1 I <~roNA L 14rUJLtU.11 us: RNA \u14tfltJfl ... 
(3) DNA LLS:: RNA LU14WU:Ifl ... 

~~ I ~~ _, 

(4) DNA Lu14tfltJfl US: RNA Lu14tfltJLfltJ1 ... 
41. Lfl1~rn~tiolud'iflorll14naa.Jlfl ... . 

H H H 
I .I I 

H-C--C--C-H 
I I I 
0 0 0 

(1 > n1t1il1flaan (2) 111,-9114 
I I I 
C=O C=O C=O 
I I I 

(3) VUlaUIJfnfl1l1fl" (4) a'Atl 

(CH:z>1e (CH2)1e (CH:z>1e 
I I I 
Cl·h CH3 CH3 

., 
nu~li 1. 111fi1SLnfl1~ cyclic hemiacetal ~1n1.J~ffitJ11::~11~~~ ... 

2. n1A LU14 aldotetrose Lfl1~rn~'i10~ B. c. D, E, F, G ua:: H 1::Lii14LL1J1JLfl 

TH20H 

CH20H c=o CH20H 
I I I , 

CHO c=o H-C-OH C=O 
I I t I 

H-C-OH H-C-OH H-C-OH H-C-OH 
I I I I 

· HO-C-H H-C-OH H-C-OH CH20H 
I I I 
CH20H CH20H CH20H 

A 8 c D 
CH20H 
I CH20H 
C=Q. I 

CH20H0 OH I CH20H 

-~ H~C-OH I -~HPi 
--~-

I C=O H ----··----

H-C-OH I 
H OH I CH20H 

H-C-OH OH OH 
OH . 

I 
CH20H 

E .F G H 
-

A aldotetrose B 

c D 

E F 

G H 
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CH20H -:-OH 

. 

0 H 
OH 

HoL 
HO~ 

OH 

ko~OH 
.~r-r6H20H 

OH H 

A 8 c .. D 

A Lfl~LL'l.J'l.J _ ____...,..._ 

8 LiJ~LL'lJ'lJ ---
c LiJ~LL'lJ'lJ ---
0 LiJ~LL'lJ'lJ _...;.___ 

1fl1~m~tialtJd'Ltl..,i'uia 4-8 

?H20H fHO 
y=o . ~· OHH

2
0.H0 . . Ho-y-H 

HO-y-H HO-y-:-H 

H-C-OH OH · H H-C--OH 
I I 

H-y-oH OH H-y-OH 

C~OH CH20H 

A B C 0 

4. ~8'!JEJ~fl1il'l.Jlt7Ltl1tl A fie ----- LiJ~\f1~1R1tfl _. (0 1'\18 L) 

LLR:LiJ~ (aldose M8 ketose) 

5. ~a'!Ja~fl1i1ult7Lfl1tl A fi~ -~--- iilfl1~~LL'l.J1J _(a ..,;a P> 
..1 • ,.. ' 

a:t~allfl1fua~ni1Lfl1B~..,li1U (-J LiJ~ ---~----
6~ ga'!Ja~fl1i1uluLtl1tl c fie1 ____ LiJ~U1tl1Rlfl _ (O ..,;a L) 

LLR:Lil~ (aldose ..,;a ketose) 

7. ~a'!J&~fni1ultrLtl1tl 0 fie ____ _ 

8. J1tl1Ri1l~U1-3~LiJ~J1t11~1ii1ft' _____ ;.._ __ 

9. n1tla:iH~L~aJJtian~LiJ~lthti~t11u);\lc tJ~mu1~l~~~cdiin11L&u 
·111Lana'!Ja~ aanltJ • 

10. n11L~alln1tla:iil~ 4-10 ..,\L1u l~11nkiun ----
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A 

Adenine 

__ Cytosine 

Guaniine 

__ Thymine 

Uracil 

CM225 
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