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2H0(1) — 0o(g) +2Hx(9)
9.0 {BEABVESRESERIHO AR E;SNS

uﬂﬂﬁHLumIS(Hydrogen bonds) SﬁLUfﬁ" gh $ 3 U(van der Waals interactions) Al
Sanuignw yudngignw GignaansRnugitames leph  3-D (three-
dimensional structures)fSﬂQ‘ﬁLtgiﬁ?{S (proteins) ﬂQ‘ﬁﬁﬂ?ﬁﬂ’r'ﬁﬁ“l?ﬁ(polysaccharides) NRn[
MRS WIRHD(ucleic acids) SRNGAMTTATAD A &IM(membrane lipids)q §IUAN
fien(aginui(Polar biomolecules)f WM Sthiintigguisighdn  fiym:hmotige
HeIAYFn8R G A(water-water interactions) IRWHISHSIAYFASHHRMAIN W(water-
solute interactions)i&i U SHSA N9 ia;tﬁt?]fm NOAYIVAEIAN Lﬁ‘jUSUmﬁ(nonpolar
biomolecules) AfimAtantisighdn fign:nBsmotgangingdnsudn imwnsug
AYSARMHAMAIAN WM SIS

i dalgwImumisimidiuamuiw:GankAEiess (Hydrogen bond)
Sanufivshhgiuaudalywagusingihas  IRud2damwhuhmaniis]
faanmangm siwhssm B UMW ub OO wEIuan EgmmIgw
ubgiug "gmwﬁmmmmtmmngﬁﬁm

D.

—.,  104.5°
I \ . rd %
\ - Y |

Hydrogen bond
0.177 nm

Covalent bond
0.0965 nm
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ALEASspinsuihionugsis  ShANSCUIRAMIUA
waviamstsanifgivs Buhununsfviadss m.c
Anten GiuAiasywapinsAnnacigeuiumigm ShuilamhinnufRivs
ulabss ¢ thdiatannd 0,.emo (Mun” dhdimisuiguihgwiighan
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mni 9. BAainisdn Sudann

0 20 40 60 80 100
. 0.9998 0.9982 0.9922 0.9832 0.9718 0.9583
¢n(water)
HANMA (°C)
0 5 -10 15 -20 25
. 0.9168 009171 09175 09178 09182 0.9188
GAnnA ice)

GAYISGANCURA(melting point) SANGIN:(boiling point) SHAIIUG (heat of
vaporization) 2SR ANIMET N §i1g1ETe16] A

mni v, Sancula Gancin: ShAaMinaISAMIMAINW I FYWESS

I GonoudAn GANG Aliva

BN RN W - fn:60) o)
8/ (Water) 0 100 2,260
T AN (CH3OH) -98 65 1,100
THEN AN Y (CH3CH2OH) -117 78 854
AN (CHaCH2CH,0H) -127 97 687
TUWM AN (CHs(CH2)2CH20H) -90 117 590
HI1E08)S (CHsCOCH3) -95 56 523
HOANS (CHs(CH2)4CH3) -08 69 423
URIEUS (CoHo) 6 80 394
JWMS (CHs(CH2)2CHs) -135 -05 381
AiUY (CHCIs) -63 61 247
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HA G GIUHEIEUS
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idfges B0 8 1R 0
( Hydrogen donor) (|) (|) (|) ITI ITI 1TI

umn . unnﬁHmesgmmnaL Al 18|y

NOAFIAN NOANIBAE 00AT2aS SHAMUMATRUMSGANY N-H SiH Uiia
Gonhfinstywikgiuaudn Sinsdmumwphdn
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R_ /C{%( _CH,
H R L
R Rl R? I | o N0
o e R NG e I =
| || ¢ H i
H O =
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H H 0 | N_ _C
~ H_N ¢ N
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| | /N—CH
R O R
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hnwidinwginuguiiangmids Rumed gads:hunamain polar

v 1 1

a ao

compounds) U mmmmﬁmsug (charged compounds)“ ﬁjmﬁjmﬁﬁﬁmmﬁﬂlﬁmﬂw
pidn 1wl HHAGG (hydrophilicy MEMan(iin H1SSWa wWenMFn- gwaﬁ?@
aimainwitugsiing §oth pivs(chloroform) Skuhias(benzene) AaNImeg
innwdsing wpdtivauiiagiio Gggrrinwidinwaimaid &

(hydrophobic) MEMAN{AAR NSSWS "6da” IRuthygiuaudsyin gomn

v

aa o

EUmn(Ilplds) SﬁﬂﬂnLnHS(waxes)mmH 0T IR ABHA ﬂ“@ﬁ(Amphipathic)EﬂS
aUSIRUTIT Y SUSA(polar or charged) ShHUSIRUBSUTUTY

5655 ( Polar) Seeitass(Nompotr
CH,OH .

0 ]
awan 1w OH {AY Sty CHa(CHy);—CH=CH—(CHg)s—CH (_\0
o .

(Glucose) O\ OH H /4 (Typical wax) CHa(CHy)y—CH=CH—(CH,);—CH,
H OH
Bels SSRGS (Amphipathic)
Glycing) | e CHaC00
(Gly ) d .
iSugngnss |
(Phenylalanine ) CH;—CH —COO0O~
Biefr ™ y
(Glycerol) HOCH,—CH—CH,0H

D Polar groups |:| Nonpolar groups
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“cages” around the hydrophobic alkyl chains
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Micelles

All hydrophobic groups
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H,0 molecules is
minimized, and entropy
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HZO ( m
D
A do= To 4
1\,,,/ ) €+ Hydrated
L T &fﬁ Na* ion
I N {_» ( (

P ani.
Na+ A ( \‘ \“ —
— \ \ )
) % / L Note the orientation
\J ‘ e d} of the water molecules
)
A ~
¢ V-9
- k \ % /"‘ /x \//_\ 9 ¥
“l B I} i Q( — ) O Hydrated
V. ‘ X J ~ Clion
~ e
e

jumn ou. whngisdninnwalungRien
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meganEiany  givanisngrzaisansd  Homaaismylocoy  2als
HAMIIAUS(0,) SH2SHMANy ABsUinry Gun:anisunis Shaajsman
wefophmsioaivaidmenimauy Sim:2aismyso dank c=o Aliur Gig
ZUNARAANSFuIRIgwm SHim: Ui UM
mnk m. moinwis2aisywissisighdn
. . MO
2008 169160 mayi -
qhsﬁ(gll_)
ﬁJ’ﬁ(Nitrogen) N=N Nonpolar ~ 0.018 (40°C)
m u§ G(Carbon dioxide) &~ &~ Nonpolar  0.97 (45°C)
H Iﬁ H
N 5~
ﬁLﬁu‘{ﬁjS f{jmﬁﬁ H H Polar 1,860 (40°C)
(Hydrogen sulfide) NS ]
S 5
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AR MWMITATZ s SIS BRI §A-aimainty (o Hemoglobin 3%
myoglobin) IuMuLﬁﬁJLH[Unﬁ”]ﬁ EJ;SZQTTS AMIUSY My Samephman

MYSG (carbonic acid: H2CO3) AR W AU §ﬁmimsxgﬁnmm9wﬁamﬁ
Gmyama (vicarbonate: HCox)1 gilngatmyammaT Anwinwah§aginames
(Wi 100 g/L 181 25 °C) YAMAESOUMUMYW Hemoglobing 2aJSHENA §i
s‘f;LumsmmﬁﬁmsazmiuimLﬁf‘;mnh InRMWming gig:aaisSihnns: At

Suinwinwisinhin

N

=L

9.M.9 HINBESRSBEHS;SNS
A. ARG

WAl ARpuIRanG(Hgis) isaimahn grdsitauinnwisighéng
MImAINW  ArimaiiumnsigensghuinanAstianimainnwitumanimg
RuwsigysphuinanBsmng Sataimpinwinunswagmamanma
R IR

AU wagh AthuTnanismnn v omaiiuiivas

4
=
<Qn
%
~C

9.0.1 HENBasRseEsaseHERITIBIS
. MATWIEA (Mass Percent)

M s
Mg

% (w/w) = x 100

MIANLW ¢ BEUHRMATINWARDN{MY (g)
MEVU 3 BIEIIU ARI{MY (g)

9. MATWME -G (Mass-Volume Percent)

x 100

% (W/V) = %

0y
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MIANW $ BEUHRMAION
VIIIU ¢ 1128010 AR

e
281 8
=
3
D

A. MATWIME S (Volume Percent)

% (VIV) = %x 100

31]

>

al

VIO 3 BgHRmaIw At iR (mL)

Vesiu ¢ maagngaggh Anch Bl (mL)

al

9.00.M HENBSIBRS (mole) & HLNB molarity

n
CM=T

I\

Cw 2 AUMUTmole Y molarity A& M or mol/L
ns USSHmHﬁmniﬂﬂlﬁ Anth mol
Vg  B1aRJRILIRIR ARl (L)

A. GgSYuHRAMAIN

M M

m ¢ BHUHNMAIANW AAM{MY (g)
M ¢ B18UG U E IUHD M AT At g/mol

2. IEUHAMFINW

m=C,xVxM

m=nxM

=
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a a

d: uhﬁjinISﬁm M{AY (g/mL « kg/L)
m: IS NIRRT
v: 1121 ANIMAAT

mIngning Ak

AR mgﬁmmwsmmfmsmm nphe§ifinasgomaBimamdn
(Mo Itﬁ"h iangniynwaiiunsyagais:yswanieifme 9 mingni
AUy WEMNTRURSENGT MW
mmeﬁmﬁétmﬁmtﬁﬁmsmﬁwﬁ: wdgsmanyw Jhtﬁﬁmsmﬁﬁsmjh in
Gs sy (mole) 1sTRIRUY §Uisjumamsiagominnwmsing sy

§

Aminhimismiviguéniginh

v

30

G S Smole HYMATANLY | |G S Smole HY MEATAN LY
gsnpyni Tl Imwapni
N = Ny

CupXViy = CupnXxVey

ni ¢ GgsHuHRmaIn Wity
ne 3 GSSYUHRMATANWUNU
CMg ¢ AUNUENIEY

CM¢ 3 AUNUThEUMU

Vo) ﬂmzmmwmjmﬁ’y

Vi £ S WRTHUNU

}. AUmUth N y AUNU Normality (Concentration of Normality)

N = (Cw) x (§gSHitifiiHydrogen
U HuiiiHydroxide)
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N : AUy Normality
Cum: AUNU Molarity

HaNImaat(g) =N x Equivalent mass x
MNRYWATHA (L)

YA
Equivalent mass = ———
OSSHUM Hydrogen
gﬁ%Sﬁilﬁthdroxide
] Amount (g) 1000
Normality = Equivalent weight x Volume (mlL)

29111AN3
1) AANSIAUNU 2M H2S04 1F1AINMU Normality?
2M x 2 HUIRATRIEUS = 4N §iG2 2M HS04= 4N H,S04
2) AANSIEEU NaoH RIS ﬁ'jﬁijﬁﬁjUﬁﬁgﬂqwﬁqﬁ 2N NaOH UTtnan 9 (i 2
160 NaOH = (2N) x (eg. mass) x (1 L)
H16J NaOH = 2 x 40 x 1
160 NaOH =80 ¢

9.0.4 pH ERBERILSESIS

o BWANANES pH=7.0
W AJMHIAIRS pH < 7.0
o RJUWHNIAMIAE pH>7.0

<

— 1 — +]
pH = log - log [H
pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
[H*] 1 10t 10?2 100 1wt 1w 10° 107 10% 10 10° 10 102 102 10
Increasing acidity T Increasing basicity
pH<7 NEUTRAL pH>7
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. pH IS RIRGWTRIM Shesth pH 18R U (iEhe pH

= e

= Soil pH Meter ,5(

pH 5 - 7.5 AIEIRUAITNUMIN AN [TURTE ANIoA 100 (pash 1RGO mia
PH 5 6.5 BT RTNUMIYAMN TR AMaE anw sinnaia]i atnnas
pH 4.0 - 6.5 AIY{RIURITNUMIN AN ATEYIAT ]
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A. pH 181/ U as pH 1R GHR mf;;mhjtﬁﬁ yRnRninig
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franad iiwpimsugnat pH isynwaghY iBgsagnwansmafihngisan
MAIMNWEREA tu‘?hmimmmmmﬁﬂﬁ%fﬁmmﬁﬁgm&nfjw AyAukAYSYWwaY
i"jmﬁimﬁs'mﬁm:Uﬁmqﬁmqtmqmﬁﬁgwmégtmﬁm%qwtﬂn‘1 W YIuRN
§A(H.0)8hUIuATFIt il H 84 OH 4 INUIR: HY M AFEISNWIIW OH MM
gnuw

H,O — H'" + OH"

SRS AYWIg AN MSIM VAR H YWIiugL
9newtsjmmwmwﬁm gais hmuwnL phuifamsiuil  Ho* fHuthmala
1gnw §hftih oH it maiepwy §amoEiasindhauhwiiaic

ishnuitusansuinghyiu
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- £ ] a o
a-carbon COO 6 5 1 3 2 1
. \ (|}H2— Hz—CHg—CHZ—(%H—COO—
H3N—CI —H  |-nm, +NH,
side chain—R Lysine
CO0O~ Co0-
+
H3N H H NH5
CH3 CH3
coo coo”
+ = ER
H3N—C —H H—C —NH;3
CH3 CH3
C|00' CO0O
| .
Hgltl—cl—H H—CI—NH3
CH3 CH3
L-Alanine p-Alanine
Stereoisomerism in -amino acids
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Properties and Conventions Associated with the Common Amino Acids Found in Proteins
PK,, values
Abbreviation/ PK, pK, PK, Hydropathy  Occurrence in
Amino acid symbol M. (—COOH) (—Nh'gr ) (R group) pl index* proteins (%)1
Nonpolar, aliphatic
R groups
Glycine Gly G 75 2.34 9.60 5.97 -0.4 7.2
Alanine Ala A 89 2.34 9.69 6.01 1.8 7.8
Proline Pro P 115 1.99 10.96 6.48 1.6 5.2
Valine Val Vv 117 2.32 9.62 5.97 4.2 6.6
Leucine Leu L 131 2.36 9.60 5.98 3.8 9.1
Isoleucine lle | 131 2.36 9.68 6.02 4.5 5.3
Methionine Met M 149 2.28 9.21 5.74 1.9 2.3
Aromatic R groups
Phenylalanine Phe F 165 1.83 9.13 5.48 2.8 3.9
Tyrosine Tyr Y 181 2.20 9.11 10.07 5.66 —-13 3.2
Tryptophan Tp W 204 2.38 9.39 5.89 —-0.9 1.4
*A scale combining hydrophobicity and hydrophilicity of R groups; it can be used to measure the tendency of an amino acid to seek an aqueous environment (— values) or a hy-
drophabic environment (+ values). See Chapter 11. From Kyte, J. & Doolittle, R.F. (1982) A simple method for displaying the hydropathic character of a protein. J. Mol. Biol. 157,
105-132.
tAverage occurrence in more than 1,150 proteins, From Doolittle, R.F. (1989) Redundancies in protein sequences. In Prediction of Protein Structure and the Principles of Protein Con-
formation (Fasman, G.D., ed.), pp. 599-623, Plenum Press, New York.

Properties and Conventions Associated with the Common Amino Acids Found in Proteins

PK, values
Abbreviation/ PK, PK, PKg, Hydropathy ~ Occurrence in
Amino acid symbol M. (—COOH) (—NH3+ ) (R group) pl index* proteins (%)t
Polar, uncharged
R groups
Serine Ser S 105 2.21 9.15 5.68 —-0.8 6.8
Threonine Thr T 119 211 9.62 5.87 —-0.7 5.9
Cysteine Cys C 121 1.96 10.28 8.18 5.07 2.5 1.9
Asparagine Asn N 132 2.02 8.80 5.41 —-35 4.3
Glutamine Gin Q 146 2.17 9.13 5.65 —3.5 4.2
Positively charged
R groups
Lysine Lys K 146 2.18 8.95 10.53 9.74 -39 5.9
Histidine His H 155 1.82 9.17 6.00 7.59 —3.2 2.3
Arginine Arg R 174 2.17 9.04 12.48 10.76 —4.5 5.1
Negatively charged
R groups
Aspartate Asp D 133 1.88 9.60 3.65 2.77 -3.5 5.3
Glutamate Glu E 147 2.19 9.67 4.25 3.22 =3.5 6.3

*A scale combining hydrophobicity and hydrophilicity of R groups; it can be used to measure the tendency of an amino acid to seek an aqueous environment (— values) or a hy-
drophobic environment (+ values). See Chapter 11. From Kyte, J. & Doolittle, R.F. (1982) A simple method for displaying the hydropathic character of a protein. J. Mol. Biol. 157,
105-132.

TAverage occurrence in more than 1,150 proteins. From Doolittle, R.F. (1989) Redundancies in protein sequences. In Prediction of Protein Structure and the Principles of Protein Con-
formation (Fasman, G.D., ed.), pp. 599-623, Plenum Press, New York.
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Nonpolar, aliphatic R groups
co0"~ €00~ Co0"~ Co0"~
+ + | |/H +
H:N—C—H  HsN—C—H - HsN—C—H
l l H,N CH, I
H CH; | /CQ
H,C CH, ch, “cH,
Glycine Alanine Proline Valine
Co0" Co0"~ co0-
+ | + | + |
H3N—C|—H H3N—C|—H H;N—Cl—H
cll-l2 H—Cl—CH3 cll-l2
CH cle Cle
CH3 CH3 CH3 S
|
CH;
Leucine Isoleucine  Methionine
Aromatic R groups Negatively charged R groups
(olo Coo™ Co0" C00~ C00~
HoN— C—H H,N—C — v s |
Hali—C—H H H3N—C|—H H3N—C|—H
5 W
Co0~ (lin
(qolon
Phenylalanine Tyrosine Tryptophan Aspartate Glutamate
Polar, uncharged R groups | Positively charged R groups
coo" coo" coo~ }
+ | + + co0~ Co0~ coo
HsN—C—H H3N—Cl—H H3N—<|:—H . o ol
CH,OH H—C—OH CHa HsN—Cl—H HsN—CI—H H;N—Cl—H
CH; SH CHz CHz CHZ
Serine Threonine Cysteine | | |
CH, CH, C—NH
c|00' coo" | | ” \CH
H3ﬁ—cl—H Hsﬁ—cl—u C|Hz Cle C—N//
C]|'|2 Cle C|Hz |‘|"'| H
G CH, + —N
N I NH; C=NH,
HZN/ Yo NH,
Asparagine Glutamine Lysine Arginine Histidine
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1
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3
=
2
g
o
0 1 1 1 1 1 1 1 |
230 240 250 260 270 280 290 300 310
Wavelength (nm)
Absorption of ultraviolet light by aromatic amino acids.
Intensity of Intensity of
l:ncldent transmitted
hght
O | NN
Lamp Monochromator Detector

Sample cuvette
with ¢ moles/liter
of absorbing
species

e Absorption spectra of aa: Amax=280nm
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flend

.1 B5R83 SL§86838E® (Peptides and proteins)
= Protein A polymers ISH ﬁjﬁmgis
= Protein Ui aigIRIM WA A SISoRMIMIWwWanGankGuda (Peptide bond)
. qhtzgﬁgw'rzmngss )
- HIAMBISUMUIMWI{AYHES 1N Amino-terminal (y N-terminal)

residue
- AN TISUNUIMWIRTMY AU 1T Carboxyl-terminal (C-terminal)
residue
OH
/J\
TN
CH, CH,
x 4l
N “cH

|
C
| I |l | ol |
H H O H O H
Amino- Carboxyl-
terminal end terminal end

FIGURE 3-14 The pentapeptide serylglycyltyrosylalanylleucine, or
Ser—Gly-Tyr-Ala—Leu. Peptides are named beginning with the amino-
terminal residue, which by convention is placed at the left. The pep-

tide bonds are shaded in yellow; the R groups are in red.

7 i
H31{T—CH—C—OH + H—N—CH—COO"

I
O

HQO 4% HQ{:)
Rl

| H R?

+ ]
H3N—CH—ﬁ—N—CH—COO‘
O

FIGURE 3-13 Formation of a peptide bond by condensation.
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f. 9LU£1§ 9 (Primary structure):

* aa sequence by peptide bonds

» covalent interactions

2. 9LU£1§ 1 (Secondary structure):

+ stable arrangements of aa residues giving rise to recurring structural patterns

ex) a-helix

A. 9L‘B’§5§ M (Tertiary structure):

» 3-dimensional folding of a polypeptide

. 9LU£)§ & (Quarternary structure):

 structural arrangements of subunits

» weak interactions

Primary Secondary Tertiary Quaternary
structure structure structure structure

Amino acid a Helix Polypeptide chain Assembled subunits
residues
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Molecular Data on Some Proteins

Molecular Number of Number of
weight residues polypeptide chains
Cytochrome ¢ (human) 13,000 104 1
Ribonuclease A (bovine pancreas) 13,700 124 1
Lysozyme (chicken egg white) 13,930 129 1
Myoglobin (equine heart) 16,890 153 1
Chymotrypsin (bovine pancreas) 21,600 241 3
Chymotrypsinogen (bovine) 22,000 245 1
Hemoglobin (human) 64,500 574 4
Serum albumin (human) 68,500 609 1
Hexokinase (yeast) 102,000 972 2
RNA polymerase (E. coli) 450,000 4,158 5
Apolipoprotein B (human) 513,000 4 536 1
Glutamine synthetase (E. coli) 619,000 5,628 12
Titin (human) 2,993,000 26,926 1

.¢é gBssasigisie

isiphmiziyngs msandunsmifsupuisishiiainudsmog:ms

ﬁtm:mgmmﬁ“ﬁg AU NRMWILADNGRUNAYIRAESIGMAMUNIRUNN S
& Ginnanagidiaianstmumin  nimwivshnonsoankisuinisiuaTans
Muhmsa iiwuighidlh  maambis faviaidiigiaisgnamuwin:g gnd
RIS IURIYIRAS S

-
3
3
=)
23
b d
Z;‘_
o)

B (Enzymatic catalyst)
nuesyaisitum s vvamagwiin siudnyAdinann

e
73
o
@
o}
=
3
3
=
o}

9079 9
29100 3 thu’H Pepsin, Trypsin 831 Chymotrypsin ﬂnﬁnmLU
Hﬁfu"aIS”1nﬁ”ﬁTUTUnmtmﬁuﬂﬁtﬁﬁﬁﬁfﬂnLUmtu?t]tg‘]mgLth-ﬂﬁjﬁ 189

S.Eﬁﬁf‘gs §ﬂfgﬁ9|ﬁ (Transport and storage)

Ex) e Oxygen-carrying protein hemoglobin

e Iron is stored in various tissues by the protein fersritin
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A. qamﬁym% (Mechanical functions)

hwRUMIg[ghiRAIRRIISNAMWY 2NN & Keratin E{yiaf SiR UG
2] tUA SUACAMISMNEIHY Collagen NEN{YIAHSIRUGW 3 UmingjAmsSMALNy
inns ShEhthtlv Collagen [HIMSIANMWASAHTIDUTEUIMITTSIRUGWHRA S

M0 ShaEa
. GIUSY (Movement)

MWEUMIARAS NG UEUIFoUSIERIT 2NN ¢ Actin §1 Myosin
hyrafsaie (Protein filaments) RUGWRNMIRIATS ANGHIUER Y

1. MINI (Protection)
Antibodies are protein

6. BinhimidAmns
mMiauTyRIgTaIURIIUIARS (Protein expression)

a ayh o

0.8 jsHnsRsinsaie

A. wARYARMG (Hydrolysis):

Hydrolysis of the peptide bond to release smaller peptides or free amino acids
a). Catalyzed (facilitated) in the test tube by strong acids at high temperatures (ie.
HCI at 100°C.)

b). Catalyzed in the stomach and intestines by enzymes which specifically

recognize proteins - proteolytic enzymes (pepsin, chymotrypsin, etc.)

2. MITUA{YIGHAS (Denaturation of Proteins):

¢ Denaturation is loss of secondary, tertiary, and quaternary structures of proteins
(usually accompanied by loss of biological function of the protein).

e Denaturation can be the result of:

—_
~
3

Al OANmMNGIR:H 50-100°C
ginwmso: o hwaaninanes (egg whites)
3). ANIMAIARN Detergents ¢ HOMUUIUNYRANIMHATALR

v

no
o)

500
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4). oimainwaings PMONUNQAAIMGATH(Y
5). pH gl (thiliwes ugeanMaagiigs
mgiel mistukgmisiBsigdghuge
6). HbruraTnhz noAaduHATNY §o Nacl

.9 ﬁ?iﬁﬁjﬁﬁ%ﬁi&@ (Protein purification)
©.0.9. asszsgmiﬁ..mmsaseejagssasm

< 1RUIRASRIMIg 2
v MINAUAYMNRG
v mnig
v niian 8hnly

+ Ginn:Rafyiads
v UEANU uFan:AS
v Fahisimam

v marnwisiyiags

A. MIUIRANNWANIMHAT (Crude extract)

Bepurmedm
LU e0™
Centrifugation

M A &I NS
Crude extract
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. gAnnt (Apfiidy )

. N@QS\hW(ﬁ?ﬁ\pﬁmﬁﬁm)

- gim (p0 [RA (OApMIUIRR SIANN RENIIY )
. YSAg) (OAPAHARY Y ...)

- By

. {fgfﬂﬁ ﬁu'ﬁfﬂ Spinach,...

- ANW 5 MAIRT Yeasts

al

InMAIRu YW IRIMITHS AN M TG MR MIUYNURL §h M

03
Qe
ws

o @ (extraction)

A. mluAR MO m

- imamigthddnraimisivamhimambipn:hnsm
T

A) Tan(agingiatancu )Gentle Technique(
v' Cell lysis

Enzyme digestion
Chemical solubilization/autolysis

Hand homogenizer

S X X

Mincing (grinding)
B) Han(anfingiigitenyy (Moderate Technique)
v' Blade homogenizer (Waring type)
v Grinding with abrasive (e.g. sand, alumina)
c) Ttanjayfingiagit (Vigorous Technique)
French press

Ultrasonication

Bead mill

S X X

Manton-Gaunlin homogenizer
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bl SSenjesiemisrigigiaie

fi. Gel-exclusion chromatography U Gel filtration y size-exclusion

chromatography:

=0

NENIhi

iadsiB e s $UIGEUIRRME column 10)SEnipyias st

v

Porous
polymer beads

Protein mixture is added <)
to column containing

cross-linked polymer.

Protein molecules separate
by size; larger molecules
pass more freely, appearing
in the earlier fractions.

2. lon-exchange chromatography

a (53 o L)

mimaagsimnmouiaisnsmpswihwiiidin pH y Amoaiu

‘ @ Large net positive charge
© Net positive charge < N\
© Net negative charge \ )

| ® Large net negative charge /

Polymer beads with
negatively charged
functional groups

C [ X
Protein mixture is added
to column containing
cation exchangers.

Proteins move through the column at rates determined by their
net charge at the pH being used. With cation exchangers, proteins
with a more negative net charge move faster and elute earlier.
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A. Affinity chromatography

MIMAWAHARURYIAHSIRIM I CAIBEMS IWANT cofactor YIS
o GInmy cofactor M MUWAMUMYWSH Column

¢
Protein of
interest
8
Ligand
BN s
m; e =
Mixture Solution
of proteins

ofligand ¢ )

Protein mixture is
added to column
containing a
polymer-bound
ligand specific for
protein of interest.

Unwanted proteins | o |
are washed through
column.

. " Protein of interest
is eluted by ligand
solution.

. High-performance liquid chromatography (HPLC)

ifian(agiseifian smjﬁninwtiffLmﬁ'jﬁ“jmﬁﬁgﬁﬁgft’ﬁmmgjmmm%séjm
ARy Lutﬁ?‘isﬁ column*

v 4
RURETTEE . -
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€. Electrophoresis

¢ Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)

1 2
ofL_f 1 _f]
Myosin 200,000 @D
B-Galactosidase 116,250 | ww—
Glycogen phosphorylaseb 97,400 ||
Bovine serum albumin 66,200 || w—
Ovalbumin 45,000 | s
| —
Carbonicanhydrase 31,000 | e
Soybean trypsin inhibitor 21,500 || =—
Lysozyme 14,400 e
Sample
S
Well ®
M, Unknown
& 2 standards protein
\ Uf/ Direction
wewdUUUUU of
migration

© © 0 © © o)

© @ © @ © ©

1
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M.9. LSS

HARY  DanImaIaNs
tmnﬁm:mhﬁwﬂﬁﬁmy S y
tUjSHhﬁqgtgmngmmw; islghanimimwssmouigeinsie Ht'm”g
mmfﬁﬁf%ﬁﬁf:'{ﬁmmSLUﬁﬁmeLUtnanﬁgm wnngmaisipangAEdi:
1g)amd ShmhAanA ihwrhAsgwasiifibguiapaiagwisign: mavyw
5sspomotivALgy U apamsnuansghgwing '
mstagauiagmsiaingsy

Mechanism of enzyme activity

Substrate Products

Enzyme-substrate
complex

E+S+=—ES+==E+P

E: enzyme; S: substrate; P: product

SUBSTRATE

bond 1o be broken ‘
— el )
ENZYME

l
o O

Products

))))
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Auiaps Amawwmaiiumisfivomided inpuuaslgepinsha

INWIRAMYINNIUAT Substrate ITTWUIZHENA] H1¢U(ase) 1S121MGH
SRR

upsAuanE | IusEig | IgeHlaY i hHdIR R

[Gia Lipid & Lipase

Lu;ﬁﬁg Protein (YT & Protease

Pﬂﬁﬁlh Amidon m@'jgmm Amylase

UGN Maltose N o Maltase

ANA f &5 Sacarose snmiag Sacarase

gAY Lactose gnAme Lactase

i'jl'Uf}' ) Peptide fﬁj?j & Peptidase

al

migtianaarddempiwidmmdaiautiming] spings wioanidy

-
S
a
[Fa])
(O]
olo
_an
=0
=
20
3
2
~
O
X,
o
(@]
=
@
o
c
o
—+
QO
o
D
£

Tahle 6-2 Some Possible Types of Oxidation
and Reduction Reactions

Oxidation Reduction

Loss of one or more electrons Gain of one or more electrons

Addition of oxygen Loss of oxygen

Loss af hydrogen Gain of hydrogen
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R— CH—C00"
N H aminotrasferase
NHy' R— C —C00"
R— CH—C00" 0
o
NH, R— C —C00"
A. (Avdme HIReNaI(Hydrolases)
MERa iR uguaR ARy GG AT IwmUHUY ol Shiuh v iR
NSuANGIVANGA(UARYARMN )Y 9 [AYISUNS: MUARNY ([YIFHN
e ighes fansumes Sudme ShFE Y

R—C—N—F + HOW Peptdase  p_c—p & HN—R

HARIR(CO2) SHMNYMMA (NHa)9 [AUIS:UmS:

R—C—Ccoo- decarboxylase | ¢y, 0=(=0

NH,* NH,*
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a. o

SmuAnggiuam iBgus GiuamumTigiaimg [puis:

=
g
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A
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pu(v] o
o
[Su4
g

0 CH, O
| |
C—OH

|
HZN [|: C OH racemase HZN
C

MHbAUIRuguEakUARYUIR AT SABMRGINAN substrate fT9 BN
IRV SRURUUARYIS NSUARNATR U MIS ATPY (VIS juMISsaAiamea §4

TABLE 6-3 International Classification of Enzymes

No. Class Type of reaction catalyzed
1 Oxidoreductases Transfer of electrons (hydride ions or H atoms)
2 Transferases Group transfer reactions
3 Hydrolases Hydrolysis reactions (transfer of functional groups to water)
4 Lyases Addition of groups to double bonds, or formation of double
bonds by removal of groups
5 Isomerases Transfer of groups within molecules to yield isomeric forms
6 Ligases Formation of C—C, C—S, C—0, and C—N bonds by condensation

reactions coupled to ATP cleavage

Note: Most enzymes catalyze the transfer of electrons, atoms, or functional groups. They are therefore classified, given code numbers,
and assigned names according to the type of transfer reaction, the group donor, and the group acceptor.
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\ sphincter

=—— Stomach
Pyloric sphincter | Ingested protein

s \ is degraded by pepsin
to smaller peptides
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Glycerol as a precursor in gluconeogenesis

Glucose ———» Extrahepalic tissues

Triglyceride

Fatty
acids

Glycerol
Glycarol

Liver Adipocyte

OHydrolysis of triacylglycerol in adipocytes liberate glycerol.

UGlycerol kinase found only in liver and kidney not inadipose tissues.

al k)

o mmijla(catabolismAidhimismitivagiuamitge gumshusny
O UImaY Giuguaamisiahgsipimstivaigihgomingm 2avian

T
2 (<4 al

{S catabolism # glycolysis 4 Ridnimis g iaun fUTS gluconeogenesis

glucose Glycolysis

ATP
Hexokinase
ADP

glucose-6-phosphate
Phosphoglucose Isomerase
fructose-6-phosphate

ATP . .
J Phosphofructokinase
ADP

fructose-1,6-bisphosphate
1Aldolase

\ R
glyceraldehyde-3-phosphate + dihydroxyacetone-phosphate
Triosephosphate

Isomerase
Glycolysis continued
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(a) Competitive inhibition

E+5+=— ES —E+P

! <:}b V= Vmax [SI (= 14 iy/ki, Ki= [E]N/IEN)
{x, G oKm + [S]
' Cre

(b) Uncompetitive inhibition
E+5 = ES — E+P

XO C@’ Vo= JBXL oo g, K = esfitesi)

Km+a [S]
@

ESI

(c) Mixed inhibition

E+5 ——ES —E+P

+ + Vmax ISI

I | ® Vo=

i GO

El+S — Esl @][ If Ki = Ki’, noncompetitive

&G
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CH,OH
HO

OH
OH

IMENAGVURARIRAG U SERRISI kI

CH,OH CH,OH

HO
HO OH OH
OH

OH

Glucose |
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A. Ltglﬁ'rjﬁj(l:ructose)
mémmﬁﬁ?’*i"’mmsnhmmmtmm§hmsamﬁmqemqsﬂﬁmmsgua§
CoH12061 1SN UTR U Fructose B1SNRThnvImaAnidR AU Ui MNg e
IMAGIUAN G SRYIVANHWRAMA AT (Fructose) MEANANAMIR
RmsyAimiGliuamyRghasighuing

CH_OH

HO OH
OH

JUM O GIUAUAIU G A (CeHz05)

i’msﬂmm%ﬁmlm @NBWSSLH&UWHIMIM Ilijﬁni-ﬂuiﬁmﬂﬁmﬂfﬂHZﬁIMImS

9

NMSY  IwANgunywIsiipimys§olsYiuauawan
B’f—{ f{"ﬁmsfmusﬁméfﬁmﬁm fﬂLUtnStU”ﬂntﬁnﬁj

:GI
&
L
D}
@
o

[wogaiRuhdmn
Ut (o-Fructose)

CH,0H . CH,OH G, 0N
OH
| Fructose | m

Um0 MONMYIVAN[LY G Shagigwnn
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é.00.9 855NN ES

2

AksEhig A aEMUSYWMUMSa At SthywihmauHA R SUIRA
M S Carbonyl group E;lﬁ"]LUﬁQISﬁ? carbonyl groupiﬁmﬁqﬁfsfaj gnﬁm S(that is, in

an aldehyde group) Monosaccharide A Aldose

Aldose

Three carbons Four carbons Five carbons
H\ /0 H\ 40 H\ //O H\ /0
H 0 H 0 C [ C C
N 7 o l | [ I
H o0 (i H—Cl-—OH HO—Ll-—H H—(I'—OH HO—(I‘-—H
&
\(f/ H—(—OH HO—J’—H B{-OH  B-(-OH HO-(-H HO—(H
H—(C—OH H—(C—0OH H—_—0H H—(C—OH H—C—OH H—C—OH H—C—OH
H,0H H,OH H,0OH H;0H H,OH H,0H JIHEOH
In—GlyceraIdehyde | | n—ErythroseI D-Threose [ p-Ribose } | |J—Arabinose} | p-Xylose ‘ n-Lyxose
Six earbons
H H H H H H H H
N /0 \C/O \C/O \C/O N /0 N fo N\ /0 \C/O
H—l!' —0OH HO—E‘ —H H—JI—OH HO—J‘—H H—A—OH HO—é—H H—JT—OH HO—&'—H
H—J—OH H—(l‘ —0H HO—(L-—H HO—J‘-—H H—J‘ —OH I-[—J‘.—OH HO—J‘—H HO—J‘-—H
H—C—0H H—(—0H H—C—0OH H—C—OH H —H HO—C—H H —H HO—C—H
H—C—0OH H—(C—0H H—C—0H H—(C—0H H—E'—OH H—J‘.—OH H—C—0OH H—C—OH
&HEOH !IJHZOH éHQOH éHZOH &HZOH éHgOH &HZOH éHHOH
p-Allose p-Altrose | p-Glucose ‘ ‘ 1)—Mannose| p-Gulose p-Idose p-Talose
D-Aldoses

umn N[ Aldose
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G.M.1D §s56288S8

w3815 carbonyl group 11§ akiRgHIS)A grflisiahighisiaoinAMUS (n a

ketone group) Monosaccharide A Ketose

H
H-¢—on
o
H-C—oH
B
Ketose

H
H—(IZ—OH

d—o

HO—(|3—H

H—(lJ—OH
H—Cl—OH

(|3H20H
D-Fructose,

a ketohexose

Five carbons Six carbons
Three carbons
CH,OH CH,0H
CH,OH - o += o
?HEOH A‘—o H—(—0H HO—(—H
(|3:0 H— é_OH H—(—OH H—C—O0H
CH,0H H—(—OH H (OH H-C—OH
I Dihydroxyacetone | H,O0H CH,0H CH,OH
n-Psicose
F ‘b
our carbons ?HzOH (leon
CH,0H (|3H20H C=0 =0
—0 C=0 H—+—0H HO—%—H
- é_ oH — HO—(C—H HO—(—H
H—C—0H H—C—OH H—(C—OH
H,0OH
H,0H CH,0H CH,0H
p-Erythrulose
p-Sorbose n-Tagatose

umn NAA Ketose
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82 @p <§ s} §u
2 o
k2 )]

&
D3
g
=
&
2

=
a}
o3
-
5 .

33
=
5
=
3-
D}
2
22
-

w
20
e D} T
A 2
403
Pag
@

Disaccharides (such as maltose, lactose, and sucrose) 818 019 monosaccharides iR

SUMUIWEANY Covalent UIRAMSThEANMERAIA (Glycosidic bond)

5008 Glycoside msm"*mjﬁﬁqﬁmm Hydroxyl group YU SYIUAR Sugar
®Su ﬁ‘” B’tﬁsﬁ anomeric carbon iSUIEUmIU Sugar utEﬁGjn

Sanhdnas AmadsituiAnghnidivanae Rudanaisaalyw
Shwnsin:thAnnAigimupiasisgnnanminitugusuiiamgsin:

CH OH {5
a-D-Glucose B-n-G lucose
hydrolysis || condensation
H,0 N> H,0

Maltose
a-D-glucopyranosyl-(1-4)-p-glucopyranose
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Lactose (B form)
B-D-galactopyranosyl-(1—4)-8-D-glucopyranose

Gal(B1—4)Glc
6CH,OH
=0
H H H
4 OH H 1)«
HO
3 2
H OH
Trehalose
a-D-glucopyranosyl a-D-glucopyranoside
Gle(al<1a)Gle
6CH,OH '
HOCH, 0 H
FRH HO /°
0 %‘HgOH
3 4
OH H
Sucrose
a-D-glucopyranosyl g-p-fructofuranoside
Gle(a1l<2B)Fru

jumn: michmumihgiuauagwissihwianhinas
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G.G.12 &5 Sucrose
fﬁ[:ﬁ f(Sucrose) i:’ﬂUijS a-Glucose ?ﬂUfﬂUNLU% B- Fructose 11 wémmﬁﬁ?“
H,Lﬁ,ﬁﬁqmtsrﬂqssmumqmam o-Glucose

g
MySFVIBAIHINAN p- Fructose UIRAMSTEUESAD o (1-2)p Utﬁﬁmsmétmﬁmm
(913 fU(Sucrose)

CH,OH CH,OH

4
3 H
Ol"l L O ('il(“l
alpha 1-2
H OH ghcosidicbond L [y
a-Glucose B-Fructose

Sucrose

iigiegumsEananAMIai U S S GoMEERMAM aieN: ﬁ’jsmsmnﬁ
RINIMIpYUWARNIM G MU AUNSi W UNIMUAaAkis:A danamia
FRAMAUARYMAToYSA '
mﬁkﬁﬁf{?ﬁ?mwmmﬁsﬂq
Rj{fu(Sucrose) SRFAIMENNANAMTA (W67 B) Wi Shukiuhingm
AttRumgananAMIaSyWw g WAy NHY AUy S &M & (Sucrase)

pxy

CH,OH CH,OH

OH H
CH OH
OH H
11)

Sucrose (Cy5H,

Sucrase

CH,OH CH,OH
H O H
OH H
CH,OH
H OH H
Glucose (C H,zoe) Fructose (CgH,,0;)
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G.G.0N 8§55 Lactose

d

GNAGA (Lactose) FPIGTRAGNANATA UNGRAGR ShgANAAMIngWRA
isigamiusjeh Ganamia gananAminfyw Imomeph o ueh 9 Sin: Lactose i
gonanamiaunegpagaitumouiiamgsAitmsin:Ansia p-Galactose igm:
ﬁJLmﬁﬁUJﬁﬁjfﬁmmGUigﬁm Lactose M8IS1:AMNGH a-Glucose U B- Glucose 9 Giens
UNENAY mﬁusmmshumurmmuﬁfﬁ aumivifagsAdmianaminis:A

mys§oinm
EgAT

H  OH H  OH

Galactose Glucose

O—ﬂ(‘I—M) glycosidic bond

Lactose
INWANIUANHRARISEANaNAMIAS YW InSFadigwm Bois:Yiuanusyws
wimadigunbamifgiuiiansthugsimimmwihdanamiadugsitniia
NSigMANYS p-4)0d phnAhiRuawRmISIORafiRugBUilagsAdis:m
B- Glucose (T §ABIRAIAGLISIGTNANTS B(1-4)B
CH,OH
O OH
CH,OH o
OH Q o
H
i OH
glucose
OH
galactose
lactose
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fU’IUUnzﬁﬂn”ﬁ 9J1ﬁﬁfd (Lactose) AMaaNin
MYyWwiH a-Glucose U B Glucose HUJTG:]nﬂ i wmg—jg%

ifgiegumsyananAmiaii e s s oMoEaMAM aiN: ﬁjsmsmnh
RINIMIYUWARNIMEE

BRAMAUAAYMANM TS
mﬂm&ﬁm?mwmmnsﬁ ANA (An: Shimaf)se MIMADRG

ANTHIS GNAGA (Lactose) SRFAIMEANANAMIA UNENAGA BRpwie Sl
argmamodsABiRumuSnnanamiaSywarhwurgmarh oyl s
& gNAM&(Lactase)

al 1 el

Muivauosimwnimimuiphasinig:d dandmin ;i
A

SiRumUgaNanAMIaSyWwIMysAs wis:thgns
G

\G1))

‘<
i

CH,0H GH,OH
Lactose OH Glucose O
© Lactase OH
CH,0H R OH > CH,OH
OH)/—0_0 onl—g OM OH
OH OH on \°H  OH
Galactose
OH OH

G.G.G &5 Maltose

BIUR (Maltose) BB RNAMIATR UUSHNRGINAUAWINGSSH 1sighm

nugIuRUgWRGSsinglmeug %gwnmmmtsﬂmmhw & o-Glucose
GigpwnitnisiaiafifnomA a-Glucose U B- Glucosed MYSISIARGIVAVZWAN
Mumsugon:nwifiuiay Savilandsafidiieain:d mysio mysiv 8k
mys§od mhé'gimﬁmgwh;m Suginupwiumysituingusuhnghduna

al k)

MSZaNAMIA Maltose I Amysdoisgwnmuabigh Samyscisgwnmuaniaid

[3]
k)

iwgAngss: RS OUAAEAN UGN Maltose IRARIGM AMUSS
a-Glucose S¥a-Glucose 1MW a-Glucose mﬁmﬁtLUUﬂﬂHLﬁﬁﬁ? ismysfoiiw
a-Glucose aafmsifuanfRaauismysic Hois:Ganhinadn wisiun:th

[}

WSS a(1-4)e 9 AIENIRUAWAAIRUISIMANP- Glucose TSATIRUIARIEIHTS

M R

c

(

NN WYS a(1-4) B
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1-4
glycosidic
CH,OH linkage CH,OH
H O H O H
H 1 a H
OH H , OH H
HO o) OH
H OH H OH
Glucose Glucose
Maltose

FIUEAS AN AMTRT IR (Maltose) ARNSANAMIAIRIUUSIS o-Glucose YW MU
NYWwIH a-Glucose U B- Glucose Ysig)ad 1w gASIRuMUSANanAMmTaFiaf
1SN WY o(1-4) UIRAMSHYIUANMIHNUGA (Maltose)9

tﬁﬁjggmmsﬁ;nymﬁm?ﬁfﬁmmsétﬁtjﬁmﬁgﬁmﬁ@mm:tﬂsmsmgﬁﬁmin
MIUWAMImaS Hurvapisimwmimimyiphasitis A3 mAamiagaigama
wangmamswdsatiRumtgnpmimialywahysads wis:hgnFiua
Hﬁfﬁafmwmmﬁsﬂgﬁ%mﬁ nn Eﬁtm:138ﬂmimﬁ‘@ﬁm§§§§tsﬂgh§mﬁ?
ISEIURN (Maltose) BRFIUTGANaNAMIA gunn fugwin Smuhingmag
NESASIRuMUEANMAMTaSYW IIwaAgMaHAR sy kit diim

o3

2 -

(Maltase)

O

tHo  malise o A Of
— AL

OH
A
0 OH H{}/YK;\\
)H‘ H'j'i- \ -{'.}H
HO

Glicose molecules "
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G.G.& 855 Trehalose

TLnUﬂQJﬁJ’(Trehalose) USJtS a-Glucose ?ﬂULﬂHwSiﬁ a-Glucose Up-Glucose
IMWYANANAMTR DRIGARHHR a-Glucose wgananAminahafmom
o-Glucose UB-Glucose tﬁﬂtﬁU@?{L f:IEUIS”WUSSE)iUﬁJ‘HT[Un[U a-Glucose Sﬁum

[}

IHUARYMYWRHUANARARUISMYSFOIURIYIUAN o-Glucose UB-Glucose 1N
Gonkfndla vilamshadshl o« @y 9 uifamshiiuan yuEUgN

(Trehalose)

TREHALOSE

O O——=\HO
o K on S

2 3
a-1-1-Glycosidic Bond

OH

ifgiegumsgnnanamiaiium s s goMogaMAmY 1m°ﬁjsms~isiﬁh
RICNIMIGYUWARIMAS MU RUNsiwunmImyAmadinis:d anamia (i
ghmaudnymanougsasitumiiananaminSywamysads wis:thgnd
wasdgsimwnumnsiatdang o Saime tﬂsmmﬁ;mﬁmggﬁﬁtsigh
GNAMID ISIAUNGAS (Trehalose) SRFMEANAAMIA WK Shgwha Shi
wangmamsugsAtiiumbgananamia §Uuwﬂt°mwm§mmﬁﬁﬁqeeﬁmmngn

HAUNGNJ(Trehalase)

4

eﬂ

HO

7O
HO Glucose
OH

- 7O /4 OH
OH
on ON\0 Trehalase \
HO

OH O
OH
o)
Trehalose OH Glucose
OH OH
OH
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G.G.9 &35 Melibiose
150U (Melibiose) TNUSHIS a-Galactose MUTYWER a-Glucose UYp-Glucose
IMWYANANAMTAQNIGRATAT  o-Galactose  ITIWYANANAMIAQRANMTEN
a-Glucose Up-Glucose 1°mwur£n?ﬁﬁ, AERIUISMUSFOIURIYIUAN a-Galactose 81

GRUsUANEMPWRRUANFHEA T UISMYSIDIVAGIUAN  a-Glucose  Up-Glucose
ihwdank Anain uiRam mﬁ A8« (1-6) 1 uinmstgiuamsdyjn
(Melibiose)
CH-OH
O
HO . H
|; N
OH " S0— CH>
H | > Melibi
| o}
H OH I|l /" H \”

H OH
igie gumsynnanAmIain mmséuﬁﬁﬁmﬁmmﬁmmmwﬂsmsmﬂg‘ﬁ
RN MI U A MG MEIUAIE A sianwsumImyiaikis: A 2anamia ;!
gumauinymamhougsAdin Mﬁuqnpﬁﬂnmmsqwﬂmasms WIS Mg
fo{jﬁéaf{"jeﬁmwmunﬁsig% ANE  [A0e §mm°tﬂsmimﬁ@ﬁm§§%§tsﬂgh
aanATa 18IYITYJE (Melibiose) BEushgananamia ungnages Shgwasn Shm

e) al

angmamongsAfitumodnnandmiaSywarhwangmn  Havyfilng:

’“ ‘E:"

N (Melibiase)

CH,0H
HO 0
OH CH,OH CH,OH
% wo OH/—O_OH o
OH CH; =—> " OH + OH
O OH
o OH OH
HO OH OH
OH

Glucose
Melibiose Galactose
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vanisgivguamifscamimmhwogsaty whdhunumaidud

[a]

imgigapanamiamifsy lwhwisydsiuinsisimudss SuUIARg
gapanaminitmmaisiplin:  whwghgaisimhanmadfemyfghagh
mumiRuidauiimaniwg: tgjnasqgnghmunﬁﬁmtmﬁmtmmm:ts Apmsid

[masaRimuTan i A

§nith: Shagieu mILMIuIAgMBRAITYMS Ow 8Tk §ﬁﬁ9jﬁ“ﬁﬂt§ﬁ§ﬁi§ﬁ
MU A ULMATAIR mmmmmmﬁﬁ Risinfgananamiamifsy Bgjegn
AIRUMSSUIGGHMoghmAamaim: tﬂsmsmnhmmmi[pjuwn

a

ﬁmmﬁﬁrﬁammmn§1mwmmfmq?§Lﬁnﬁmhts A Uilanamin [Highmaudng
G ' al

innwmunnsighdnmn - (o §mm )8 WiwmImARGYS
FNAMIRT Sf—ﬂUmLUInQi-ﬂUuﬁ SURUTEANaNT S

miamEh ALY HoisysihegumSYANANAR atpuRgamamingaie g
mimam i stamamuigiseha il
Itﬁtﬁﬁﬁfﬁf AR hugMa G
U anAm sinh:-mmﬁumugt j

-1
=
-
a3
=
‘ci
n
£
-C=
-0
@
=
g
-4
<
-4

. m§94M(Amy|ose)
MESIRUMUEINAURWANTIESUSUNUDANESa-)RHTURNAE AR
viRathiphaita s slwhgaisimigypl Sudsiuaighis:ie

Amylose

CH-0H CH-0H CH:0H CH-0H CH-0H

@@@@@

(1-1 4-glycosidic bonds
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3. f-ﬂ§9vlt°j S (Amylopectin)

el )

AU anmin mwjigjﬁﬂmmmnwnﬁi(aGlucose)mTLuS UMWY o(1-4)
S

M 2

wivntgh hwisisanoiuaighmimih wugga(-6)9

Amylopectin
H.0H CH.0H CH.0H

T 0 0 + g
1l /@ Kon W a-1,6-glycosidic
’ OH ’ oH / bonds

OH

GH- l]H EHQDH EHQI]H EHgl]H

a—1,4-glyc051d1c bonds

amylopectin amylose

a-1,4-glycosidic bonds O = single glucose unit
H,COH / H,COH \ H,COH & i HEoH, ) i
OH OH OH OH OH OH
H HO (¢ o) OH
"o OH © OH © OHO OH \ OH / OH
a-1,6-glycosidic bond -
il a-1,4-glycosidic bonds
H,COH H,COH HC
o] o)
OH OH OH
HO o o OH
OH OH OH

JUMN M0 EIMRGIHEU(Amylopectin) $H(Amylose)

SanojuismEgai(Amylose) °ﬁm§9ﬁﬁ§S(Amylopectin)ﬁﬁn?mm?ﬁsﬁﬁﬁts:
NSWARM  MUUNaWRNEemIRuAdsiviht m8Rk(Starch)

3
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[ﬁglJﬁJ (Cellulose)

hingGanAmTaii uRjISRIITMAWR A (B-Glucose)MIfFSaMUMIWwaES p(1-4)9
HOHZC HOHzC\/
D O-..
M, /\/,\ \/V O \/ -,
HO—
HOHgC
Cellulose

(B-1,4 linkages)

‘}19']&10 ﬁGIucose Shfsiunighisiig iﬁﬂ[ﬁ

ct

CH,OH
0
H
H v H
OH H
HO HO
droxyl
H OH oo
below
Alpha glucose Beta glucose
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4.9 B2eUGBEnHEMIE

AEA

Ee
=33
@
0
@

G.90.9 BEHBHSIBOS

NAA homopolysaccharides Y& S SHSH FMUNN A FAAJT monosaccharides 11U
ifmasthen

Homopolysaccharides

Unbranched Branched

OO0~

Homopolysaccharides AN AGMLAMMAMTRIRIURHISHRIMWYIEANMMAMTRIAYW
wiasdinm:4 29UIAN starch §% glycogen

g Hi(Starch)

Starches ARMYSHENATRUAS MO0 161 9000 FNANAIFWANNUN T D

AmgiaamingwitupmadmaonpiygagatienuBisinuimu

Starches §OMBIANWEE SHMGIDM VNN URUSIENU9ATUIA SRR
igfhawainuasamdeuiamieindse starches (HiMSRUmSIhgimad

jumauinefistarch 1S1gRg{MIU
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o minnwadgh
m'?iﬁﬁ'gﬁfmsmﬁtﬁaﬁﬁm*ﬁhﬁtsﬂﬁﬁmf’ﬁ wanigheaiins
HR Y amylase IR0 MHAGEMARNTUES a(1-4) ehsungdRTima
plgIeak{An: 9 IWARENNSIBMAAZIH (pH=1-2) A15i 6] amylase
HEURY ;m‘mmﬁsq:ﬁqmtéﬂgmm:tﬂsqofﬁ uisl 1918 amylase IR UYARN
rfﬁ’nﬁﬁu%ghmﬂts]ﬁmﬁﬁrti;;jwfjm

CH,OH
H,/ O\T
H
— o—NeoH H/A
N OHO Starch
\
CHZOH \CH2 CH OH CHZOH
- ‘ J_
H/ —OH H O H O H H OH
OH H OH H \OH H OH H
—o o o— o— o—
H OH H OH H OH H OH
l amylase
CH20H
H O, OH
OH H
HO 2
H OH
Glucose

2. ﬁ“rjfﬁjs (Glycogen)

o DEANIMAUHRIURNEGY

o NptOsuG SUYUEEAGH

. hmghigwpaitunsivaighi

. ﬁLmtujhimshmHQJUn“ Sind
YW ggai-4) 84 «(1-6)

. tmﬁ?mmﬁkﬁmimsfmwr’mw Glycogen-phosphorylase

Limit dextrin a{1-4) link
GDE

(oligo-1,4-1,4-

glucanotransferase) ‘
Glycogen Phosphorylase

GDE
I l | (amylo-1,6-glucosidase)

O O (Or O
Glucose-1-Phosphate Glucose
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&9l ansmgancase

fEA homopolysaccharides HLIJ'GSSiGjn wsandthanmamiaudisiagimam
e §h igaskiA yRSURIFIUAIAIEY Heteropolysaccharides ARNANATGANATS

ﬁmwjiSJﬁimw@‘ITHvﬂ@ﬁﬂnminmSniLUinggtLuStwjﬁ@ﬂ ‘ammmn cellulose &%
chitin

Heteropolysaccharides

Two Multiple
monomer monomer
types, types,
unbranched branched

L b
¢ o
s o2

. SIAIUIGft(Cellulose )

mivpumispuiy viiansivywgaitunshugingy winu

900000§51G00000 wintheo- domsgwmmmwgﬁnﬁtﬁmg niiAmIgH
TRl

o anGidvSTuNWSNUTNANGO-E0OMAIW

. @ﬁfuﬁ‘fummmmsf&mwammaﬁn&éommw'1

. @tﬂsmommw y v

o IUNWEIRNWAIS

. ffﬁm° §hvmmnﬁm9f

. mwmmmgmmu GanAmIniRURPIEIRIUMEFWR (B-Glucose) M
iSsamum

Agrhw yulimipaniphi A8alguana Shshsins(w.a.e) Is(nrghnti wits fhAen



2
(S}
_ga

=S

[7al]

by
o

52,

D30

=

L

. 3

T

4

5’.

403

px~g
=

=

, =

" 3

E

L

3
N

=

{MAN (symbiosis microorganism ) fﬁ EUEﬂ SHUAIY cellulase 11 mmﬁmﬁf@éfmmwg fJ
M8 WHNINUYIHAAY cellulases BigshMGinweastiind Shuigmsuniay
Cellulose
CH,OH CH,OH CH,OH CH,OH
H o H o H o H (o)
O NoH HA, O NoH HAY O NoH HAy O NoH HAy ©
H OH H  OH H  OH H OH
cellulase
CH,OH
H/——O.OH
HOQOH Vh
H OH
Glucose

Cellulose 13 gjinmdThifhmsmnbatmsgnithimhghivasgmhimhathanimg
Sepu

— A. Cellulose

Microfibril &\’w
Elementary 3 > Pectin

fibril

Hemi-
_cellulose

S
——

Cellulose
3 Extensin microfibril

____Mitochondria

Golgi apparatus
Nucleus

Endoplasmic — §
retic ulum ’ (/ 5 fs.n /(
(!\ §§ : f Plasma membrane

jumn it g asipiimamignd
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2. N8 8 (Chitin)
ndsdschitin)msgrmyangiasuiliaigiuihwigmy  polymer  Isanmy

N-acetyl-D-glucosamine monomers (C8H1305N)n 9 h[ptm Auin m§ﬁfmmw94mfﬁ:
cellulose monomers {§{T smﬁ@tﬁnw (1—-4) @fj glycosidic

Chitin
HO HO
] o 0
HOH H 0. ] H H \{\
HO ‘{—|’ H ‘I—"
H HN\H/CH} H HN_ e
0 0

RuAngfumwagmtunsisighaungi

Pt

ABs & s(chitim@miibanmin
ARG ARGARGM MY URR (crustaceans) ugiia Shu@meaimamigas am
fURS

GI

v
al o b) 9

I umaEgR AR sBsigadfiuUn cellulose 9 W MBRICNWTSAAN N

uH
B6d
1Usuhgeu §518: chitin BSInnwisliaanimainntgiglic

Prawn waste

o]

Crab waste

Soldier fly & Larvae

JUMANE [UANISAIREUME Chitin
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TABLE 7-2 Structures and Roles of Some Polysaccharides
Size (number of
monosaccharide
Polymer Type* Repeating unit" units) Roles/significance
Starch Energy storage: in plants
Amylose Homo- (a¢1—4)Glc, linear 50-5,000
Amylopectin Homo- (1—4)Gle, with Up to 108
(e1—6)Glc
branches every
24-30 residues
Glycogen Homo- (a1—4)Glc, with Up to 50,000 Energy storage: in bacteria and animal cells
(e1—6)Glc
branches every
8-12 residues
Cellulose Homo- (B1—4)Glc Up to 15,000 Structural: in plants, gives rigidity and
strength to cell walls
Chitin Homo- (B1—4)GIcNAc Very large Structural: in insects, spiders, crustaceans,
gives rigidity and strength to exoskeletons
Dextran Homo- (a1—6)Glc, with Wide range Structural: in bacteria, extracellular adhesive
(e¢1—3) branches
Peptidoglycan Hetero-; A)Mur2Ac(B1—4) Very large Structural: in bacteria, gives rigidity and
peptides GlcNAc(B1 strength to cell envelope
attached
Agarose Hetero- 3)p-Gal(B1—4)3,6- 1,000 Structural: in algae, cell wall material
anhydro-L-Gal(e 1
Hyaluronate (a Hetero-; A)GIcA(B1—3) Up to 100,000 Structural: in vertebrates, extracellular matrix
glycosamino- acidic GlcNAc(B1 of skin and connective tissue; viscosity
glycan) and lubrication in joints
*Each polymer is classified as a ide (homo-) or ide (hetero-).
Hhe names for the il , agarose, and hyaluronate repeating units indicate that the polymer contains

repeats of this disaccharide unit For example, in peptidoglycan, the GlcNAc of one disaccharide unit is (81—4)-linked to the
first residue of the next disaccharide unit.

é.c g ineagioy:
G.03.9 Q635 Glycoproteins
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Glycoproteins %n’nmq
inAsishigmauimam

Glycoproteins

Glycoprotein

Oligosaccharide
Protein
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&.03.12 63635 Glycolipids

=]

Glycolipids ~ AMMUAhAISYIVANIHGINAAMIAHINSMUIFIShgim
(Lipid) iSHGIgmeasimatm

Glycolipids

Glycolipid

Q%) :| Oligosaccharide

l.lpld

é.6 {BEHBBRNFBSITAIGEESIS (Carbohydrate Metabolism)

Die

- UNUmE AByAIuispUUAAYMmOaEAY IBuiRansisiah
mireu
- A SISURrgHRIN: [Him sﬁjuﬁtsﬂﬁﬁ pathways ]

. UﬂﬂﬁUmnEﬂS lEJ[JUianU@S‘JIS pathway ABNI: & Anabolic pathways U

Catabolic pathways*

é.6.9 {55EHB&56E (Anabolic pathways)

= Anabolic pathways UJ Biosynthestic pathways AR {IAAYUBISAY
. 18“1@;{11 Anabolic pathways$

- YIURR{HIIUNAD precursor 55 Y

- {uAnAY Anabolism [FiMITENUTET

+ TOUGRL Biosynthesis Ui smnaf it it

291N10N S BIENIAT Anabolism 18 polysaccharides 0 sugars
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é.6.9 1558558958555 (Catabolic pathways)

= Catabolic pathways AR {UBAYHUBISAY

= 1S173} Catabolic pathwayss
. YIUaUGRITIUAIFMYIvANEGY
- {UHAY Catabolism g: [HIHERICNIMWAIVINMSITIENUTET
. GINIMEM{FIMISINU Catabolism 918 M BAMAMUAS
1) BamAamdos amimadfivans spitivtiaitgiugn
Ao 1siadRidnIMIgLs 1S Digestion

2) RamAMdV: Giuauahad Hitiutigth dgsgoais
RIUS e

givanuianeme mandsistdagughmu §
OSAREAMAMUEY A Acetyl-CoA

3) BamAmudms [Y Acetyl IS Acetyl-CoA GRURAH Citric acid cycle
IRupkim: oM SSiHAdARY |

fME Sy

ADP
ATP Anabolism

(Biosynthesis)

Catabolism NADP*
NADPH

CO, Biosynthetic
substrates

iGinn 81 nyEnnas

¢ A SHING Anabolism §8 Catabolism
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phospholipids
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Water

_)— Polar head
(hydrophilic)

> Nonpolar tails
(hydrophobic)

X.)—— Polar head
(hydrophilic)

Lipid
buayer
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&1 SRMENIHBRS

SV

Ginthanimaduiiumsugan:gaanme  ipn:OiansiPsiAsNY

nAHIYI S ARG MywsH glycerol §41 monohydric alcohols.

fi. [ﬁﬁﬁﬁﬂﬁg‘_ﬂ (Simple Lipids)
0N

o iglntpnitun sindmununaaginsivhicnigdlth oim yiuh Shpys
DMIRUHINSIAUTIN triacylglycerols AThH A AR MRS HirvTs
291N athd suhuls 9 maagmSamunuimiginTsd anwinns: jatha

£ wax-beeswax fUf) wax-lanolin

S
+@
w0
b
3
=

2. (GfafM (Compound Lipids)
o noAHIYIR UM SIRAYAIMEABUIUIFIET alcohol 81 fatty acids.
o MRwilvABgmaginsiuhionugigli  phospholipids,  glycolipids,
sulpholipids and Iipoproteins

o BE0INR JUSM{AYEATAY Phopholipids Lnfﬁ‘lSi'ﬁ‘fﬂnfﬂLﬁHUfﬁHiGj HOM
Aivisgaiibiauasiimnuuiiatfinis(avinh: Lecithin) 7
sphingophospholipids LUfGSIt?f—ﬂ djﬁmﬁtﬁﬁiﬁﬂ sphingosine (meiﬂfﬂ Sphingomyelin)
RHERZEN UNENAN SRHURNY

30

e Glycolipids {]iG]R5M U hexose IR UBIST
2AUIANS cerebrosides 4

o {GENA sulpholipids RHENU sulfated hexose BNYWH ARG SRHI IR

e Lipoproteins Riith s amayinfsiymywiagma ihwignidniadinsh
MmaRNSthAgm gAAEim SOAAUIgYIg)ath VLDL. LDL §4 HDL.

A. OARAMW (Derived Lipids)
pnmy IRunwealliaoym Sulinuwmea ihwipAngls alcohols, fatty

acids, aldehydes, ketones, sterols and hydrocarbons

Dn D?

SRRV RIS AN AV
5 SR AIm AR ARSI UM A 9 n“i
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[ g

- Dermis

tissue

Adipose Tissue ' ’ Y  reserve -

o iUl fhMivannAUIgMCIGAIGMM miuiAghs
9) URA{MUREMME (Seed oils): M1SHTRIURAIANA (soybean oil) H{UH canola
©) ENARURIGIAG (fruit coat fats): DISETNIURERIUN ${UH Olive

m) sUBRaNGIMU (kernel oils): 1SHTRNIUREHR
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Y SjUESAT COOH
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. InmaRIsMAaRMImoninasihwiveiiduimainiwa oo
(%)
o iyeomnsSwnthigsm
Ggsisautsms
291NiAN3
o 4:0 Ath Butyric acid BrUiye§9thinue 4 misSWh Butyric acid MISHMFYMYS
§g8c Miedv thinye 0 UgNAD Butyric acid HANSWPSVMS
o 18:1 fith Oleic acid iU § 9tins2 18 MISSWH Oleic acid VISHFEMYSTSS
96 Migd Miue 1 UENAD Oleic acid N1SUESVMSESSO
o Dhigm MINUGSSHNAEMUSIVAMAID MOUIREA Carboxyl carbon

a ad "

§
D3
o
- ¢
5
2
o3
Q3
(&=
[7a]}
@ »

D3

ymysisiahigioipamaagnm  Tiveduugnai

)
R

#1 Carbon Acid Group

O
I
R— C— OH— Polar End - Hydrophilic End

f

Non-polar End - Hydrophobic End
(Fat-soluble tail)
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Structures of the major fatty acids

Abbreviated
designation Structure® Common name

14:0 AVAVAVAVAVAVALSL Myristic acid
16:0 VAVAVAVAVAVAVAV AL Palmitic acid
18:0 ANANANANNANNSOH  garic acid
18:1(9) NN NN=" NN NNcoon  Oleic acid
18:2(9,12) NN NN NNeo0m  Linoleic acid
18:309, 12, 15) N\=N\="N=" NNV NV"Ne00H  Linolenic acid

* Numbering of carbon atoms starts with carboxyl group-C as number 1.

HAAMIBE (saturated fatty acid) AY ﬁIIULnULMISHSmLUSﬁML uAny %ﬁa’nﬁuwéﬁ
ANIMAAGIRINIG) 1G]

« maidsismaagnmigans sihmisionapditudiuihwmngemys
nsigjoinhg  ShMSGUSHIVANAT (<14:0)ANSWER)

1)
triglyceride isﬂﬁﬁ fat & oil S milk, coconut & palm seed

saturated fatty acid
o, o FHEERERHERHRRT
H-0- €T CrCrCrC-CCoCoCnCrCoCC-CoCoH
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No. of carbon ~ Systematic name Commonname ~ Melting point ~ Ocurrence

atoms 10

2 n-Ethanoic Acetic 167 As alcohol acetates in many plants
and in some plant friacylglycerols,

At low levels widespread as salt or
thiolester. At higher levels in the
ruminant as sal.

3 t+-Propanoic Propionic -2 At high levels in the rumen.

! i-Butanoic Butyric =79 At high levels in the rumen, also in
milk fat of ruminants.

6 n-Hexanoic Caproic -§0 Milk fat,

§ n-Octanoic Caprylic 127 Very minor component of most
animal and plant fats. Major
component of many milk and some
seed triacylglycerols.

10 1-Decanoic Capric 96 Widespread as a minor component
Major component of many milk and
some seed triacylglycerols.

12 -Dodecanoic Lauric 22 Widely distributed, a major
component of some seed fats (e.g.
palm kemel or coconut o).
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14 n-Tetradecanoic Myristic 521 Widespread; occasionally found as a
major component.

16 n-Hexadecanoic Palmitic 60.7 The most common saturated fatty
acid in animals, plants and micro-
organisms,

18 n-Octadecanoic Stearic 69.6 Major component in animals and

some fungi, minor constituent in
plants (but major in a few, e.g. cocoa

butter).
20 n-Eicosanoic Arachidic B4 Widespread minor component,
occasionally a major component.
2 n-Docosanoic Behenic 80.0 Fairly widespread as minor

component in seed triacylglycerols
and plant waxes.

ra

o) 5&1&35 mﬁﬁméggﬁ (Unsaturated fatty acids)

mangmitunsinugshd vy msidanog: Iniggmysiitmaagim
§sia (Unsaturated fatty acid) mAjhEsigatnsSwhm Qqusmsm'gm:ﬁs fJIN S
wSkigitwhnsuAngigih thywanimaAdigh oig)amauiumwiugsoms
('1

unsaturated fatty acid

g} ~
g) N
g\’tﬁ,cr(' C.l My
\-\ \ ,C o C ! /7'

Yot -C \—\ N o CcC. A ~

‘,C'(’ \,\\"‘ N CsE ﬁf*f
O= (_’C'\‘\ Y W double N ~N "; h'C-.C' y

bond P
w-o "
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fi. Monoenoic (monounsaturated) fatty acids

. @;ﬁ [yl & monoenoic acids H1SNH 900 uin e qum AIOSM{UIAg éﬁLHfﬁﬁﬁ
o thgigl hnsdssmgumysiovfhmswtguihsbssywinum V- cis IR
NSFAi A9
HIRJ5 216N monoenoic g:iAnigiathwnyihd

No. of carbon ~ Systematic name Common name  Melting point ~ Occurrence

atoms (C)

16 frans-3-hexadecenoic 33 Plant leaves; eukaryotic algae;
specifically as component of
phosphatidylglycerol in
chloroplasts.

16 cis-3-hexadecenoic Ice plant, Bacil.

16 cis-7-hexadecenoic Algae; higher plants, bacteria.

16 cis-9-hexadecenoic Palmitoleic 1 Widespread: animals, plants, micro-
organisms, Major component in
some seed oils.

18 cis-b-octadecenoic Petroselenic 3 Found in umbelliferous seed oils.

18 cis-9-octadecenoic Oleic 16 Most common monoenoic fatty acid
in plants and animals. Also found in
most micro-organisms.

18 trans-9-octadecenoic Elaidic - Ruminant fats, hydrogenated
margarines.

18 trans-11-octadecenoic trans-Vaccenic H Found in rumen fats via
biohydrogenation of
polyunsaturated fatty acids.

18 cis-11-octadecenoic Vaccenic 15 E. coi and other bacteria.

pil cis-11-eicosenoic Gondoic 4 Seed oil of rape; fish oils.

2 cis-13-docosenoic Erucic A Seed oil of Cruciferae (rape, mustard,

etc.).
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2. Cis And Trans Fatty Acids

npRagsimhsisintmaanmitumnsugmn Cis 84 Trans M8 (igeuh
Trans (&JI1SI81516 |

o

T o P
10 9

] 7

H

JUMAN Cis 8§31 Trans ISMIAIEZHM

fi. Polyenoic (polyunsaturated) fatty acids
o (AU Dienoic acid FIRHATRUTAYIW § Monoenoic acids & MRis g s Siuh
vnAfas fiuuigatat:

o UPSVUMSIUL polyenoic acid INARMITWIA{Y methylene

COOH

'Hy
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al al o

HIRRZIEN polyunsaturated geiAmigjuiwnyma

Mo. of carbon  Systemic name Common name Melting point  Occurrence
atoms ("C)
Dienoic acids
18 cis, cis-6,9- -1 Minor component in animals.
octadecadienoic
s cis9,12« Linoleic =5 Major component in plant lipids. In
octadecadienoic mammals it is derived only from
dietary vegetables, and plant and
marine oils.

Trienoic acids (methylene interrupted)

16 All-cis-7,10,13- Higher plants and algae.
hexadecatrienoic
18 All-cis-6,9,12- r-Linolenic Minor component in animals and
octadecatrienoic some algae. Important constituent of
some plants,
All-¢is-9,12,15- a-Linolenic -1 Higher plants and algae, especially
octadecatrienoic as component of galactosyl

diacylglycerols.

Trienoic acids (conjugated) ;
18 cis-9,trans-11,trans-13- Eleostearic 49 Some seed oils, especially Tung oil.
octadecatrienoic

Tetraenoic acids

16 All-cis4,7,10,13- Euglena gracilis
hexadecatetraenoic

20 All-¢is-5,8,11,14- Arachidonic ~49.5 A major component of animal
eicosatetraenoic phospholipids. Major component of

marine algae and some terrestrial
species, such as mosses.

Pentaenoic acids

20 All¢is-5,8,11,14,17- Major component of marine algae,
eicosapentaenoic fish oils.

2 All-is-7,10,13,16,19- Clupanodonic Animals, especially as phospholipid
docosapentaenoic component. Abundant in fish.

Hexaenoic acids
2 All-¢is-4,7,10,13,16,19- Animals, especially as phospholipid
docosahexaenoic component, Abundant in fish.
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+  MIhAIUSIJRMFEMYS
o Dg16l MIAIUSHMAEMYSIUAMAIA N AnUIREAMUSMUATN

. Gigifnns n y o 191 MRS gEMYS AoUiRsfiiedug aeuinn

18:3,n-3 U 18:3w3

1 3 7
a-Linolenic Acid  CH, \,/—\/__\,/B—VW\/ COOH
18:3, n-3 5
or 18:303
Unsaturated Fatty Acids
Common Shorthand
Systematic Name Name Formula Description
Dec-8-enoic CH=CH-(CH);-COOH 10:1
Dodec-3-enoic CHyCH,-.CH=CH:(CH;);»-COOH 12:1
Tetradec-9-encic Myristoleic CHg-(CH)5-CH=CH-{CH,),-COCH 14:1
Hexadec-8-enoic Palmitoleic CHgy:(CHy)g: CH=CH-(CH,); COOH 16:1
Octadec-6-enocic Petroselinic  CHy(CH,),,*CH=CH:(CH,),-COOH 18:1
Octadec-9-enocic Oleic CHg(CHy);-CH=CH-(CH,),-COOH 18:1
Octadec-11-enoic Vaccenic CH;-(CH;)5-CH=CH-(CH,);-COOH 18:1
Octadeca-9:12-dienoic Linoleic CHg:(CH;),(CH=CH.CH,),-(CH,);-COOH  18:206
Octadeca-9:12:15-trienocic Linolenic CHy-CH,-(CH=CH-CH,}5(CH.});-COOH 18:3w3
Octadeca-6:9:12-trienoic FLinolenic CHy(CHp)y (CH=CH-CH,)5:(CHp)5-COOH  18:3w6
Octadeca-9:11:13-triencic ~ Elasostearic = CH;-(CH,)y-(CH=CH),-(CH,);-COOH 20:3
Eicos-9-enoic Gadoleic CHg-(CHy)g CH=CH-(GH,),-COOH 20:1
Eicosa-5:8:11:14-tetraenocic  Arachidonic ~ CHgy(CH;)y-(CH=CH-CH,),:(CH;),-COOH 20:4wf
Eicosa-5:8:11:14:17- EPA CH;-CHy(CH=CH-CH,)s-(CHo)COOH  20:503
pentaenocic acid
Docos-13-enoic Erucic CHs+(CH,);-CH=CH-{CH,),,-COOH 22:1
Docosa-4:7:10:13:16:19- DHA CHyCHy(CH=CH-CH,)s(CH,)-COOH 22:6m3

hexaenoic acid

W. MG RGN
. L{ﬁ]ﬁg FA: 4-10 carbon atoms
. L’G'ﬁ Ay {48 FA: 12-14 carbon atoms

. L’G'ﬁ A114 FA: 16 or more carbon atoms

Agrhw yulimipaniphi A8alguana Shshsins(w.a.e) Is(nrghnti wits fhAen n



Addfen

UYUMAH A MIBYISS
% Fruit coat fats
o MISANIMAAIST JOI MM USFo palmitic acid MEIFHIVET oleic acid

o DSMN ANSHAR

+» Seed fats

o NISUTNIANATHGISMAIRZMNIFH (saturated fatty acids)

v
o o

FUONIRUAT linoleic acid 351

ananien

o HISHGM palmitic acid, oleic acid, linoleic acid, 81 linolenic acid

o BISHGI palmitic, oleic, linoleic, and linolenic acids

o UBMANEN (Rapeseed oil) IBIMNS erucic acid TANE § AT oleic acid

)

URR AR

UREinNA 18 linolenic acid UTH ANRGAT
AN linolenic acid UTHIAN

8
w
RO

noRGIHl

was

Saturated Even- and Odd-Carbon Numbered Fatty Acids

§

ARAY

Shorthand
Systematic Name Common Name Formula Description
n-Butanoic Butyric CHs(CH;),-COCH 4:0
n-Hexanoic Caproic CH-(CH,),-COOH B:0
n-Octanoic Caprylic CH3-(CH,)e-COOH 8:0
n-Decanole Capric CH4-{CH.),-COOH 10:0
n-Dodecanoic Lauric CHy(CH.),,-COOH 12:0
n-Tetradecanoic Myristic CH3{CH,),,CO0OH 14:0
n-Hexadecanoic Palmitic CH4(CHy) 4 COOH 16:0
n-Octadecanoic Stearic CH5-{CH,}, ¢ COOH 18:0
n-Eicosanoic Arachidic CH3-{CHs),4-GOCH 20:0
n-Docosanoic Behenic CHs-{CHa)sp-COOH 22:0
n-Pentanocic Valeric CH-({CH,),CO0OH 8.0
n-Haptanoic Enanthic CHg-(CH5)s-COOH 70
n-Nonanoic Pelargonic CHa+(CH,)sCOOH 9:0
n-Undecanoic —_ CH;-(CH,),COOH 11:0
n-Tridecanoic — CHa-{CH,),-COOH 13:0
n-Pentadecanoic —_— CHa:(CH,),4-CO0OH 15:0
n-Heptadecanoic Margaric CHj:(CH,),5-COOH 17:0
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B, THA RIS (Acylglycerols)

2160 PURIRUMCUTMADSYIS Triacylglycerols 1NAFINHAT

(LY R §

e Monoacylglycerols

Acylglycerols < e Diacylglycerols

e Triacylglycerols

G. (funfiufsasins (Triacylglycerols)

{Funauieuiugigihdaicin 8k mangim

amSuuiAmghdFunaudisin

H-C-0H

.  [Fanyhod |
H-C-0OH

H-C-OH |!

Glycerol

H
|

|
H

Glycerol
D
[ ]
)
(o}
o

— [Faty Acid | 0-CO-Ry

°,
¢
[ ]
[ ]

YoMUU N QUi
[UANTYARS 9 keals GRYWIMY
9@&%‘88}% IR UM STANGAISIAREN (UM adipose
ausHaggraSumimims

ﬁ‘t’gﬁfj AtmEsinwhagm

gl
uann:fivasisiuiaisinlmunig
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f3. Mono- and Diacylglycerols

« INDNSANG ) YHIRIRUMOUTIMATS Yghmunis]

o NISUTNIANAGAT

o vTnIUANEMGIASIgIWanT [UAAY Hydrolases AN food storage or

processing.

=
Qgg
=)
30
o3
Die
=
(@
=
0
5
2
o3
B
3-
Clo
1375]
n
G
=)
3-
9
t7a1]
=¢
2232
Sy
0
=
(e
Q.
pxig
=
S_
“
wnn
pxig

CH,OCOR
|
CHZO-POIOHI—O—OOH

OH OH
Phosphoinositides

-
Q
5
c
2

=

\gg
e
30
o3

e Emulsifier
< wanisgafidia
soypisial fning)d ifuainnaia)h faainnat
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)
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o | SRS
S A .

H,C——OH
2| 4 \
HC—OH ' .., —P HC—OH R H,0

H,C—O0H Fatty acid H,C—O0H

Glycerol Monoglyceride

-
o
o3
-G
e
Clo
A
0w
3
83
G-
<Q
r7A))
pu
1Z30
=3
_3

Mﬁggm finy tughﬂth Uﬂﬂf—’ﬁﬁﬁfﬁ
Aiuls uiamsthiFiats 9

o

Glycerol
H
| Free fatty acid
H— € — e
sy P MM
H— C— Ok o

Triglyceride

Agrhw yulimipaniphi A8alguana Shshsins(w.a.e) Is(nrghnti wits fhAen



Addfen ananteniwaSsadny

1FRiruTsEsmopyUIg] gﬁg maif)s msisBhpitiuaigii gapfiads o
g SIwhHigaMauingmMamh Swg At wHAR vy i he
(Lipase)

M. it Gjtﬁgg fU(Cholesterols)
AIGIIAdTRY A fﬂtﬁjiﬁm TS‘]nh Seug ’rjigjiﬁgfmfnﬁﬂimﬁfsmgﬁ steroid

Cholesterol 9—7% P
H,C o H H
PN CH, S
= CH, E;:[\ q
CHs - -~
& r
HO" HO™ ™
Ergocalciferol Cholecalciferol
HO (Vitamin D2) (Vitamin D3)

@ ANFIUN
o UNUMAISMUIMEA
o MAMISANIMAIRHY
v HIYSIAG
v HIYS Adrenal

mikathoypisiahidyy
& UANUAThNSISIAh anGainRyiRagoh (Aings anGim iguim §hg

n

ANUENGIA &a 118 ShGAId YW

B. 164ifin (steroids)
IR I WARHRM AT WITHE hwuganismamwithgoiel sk
UNHY hn SNRTMIRN Cyclo-pentano phenanthrene iR UHNHEMYS9F YU S[ﬁ:“]
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20}
~Lp
3
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zZ
[
Q
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QD
Q
o
£
T
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G
=
-}
7]
e

I?.

]
UﬁﬁHG [Ribonucleic acid (RNA)]

o

Cytosine
NH2
SN -~
Ek —Nucleobases
N O
H
Guanme
({L/)\NH;
Base pair
Adenine @

RNA
Ribonucleic acid

DNA
Deoxyribonucleic acid

Nucleobases
of RNA

o DNA BOISIG il U UMIGERAGNS

o DNA SIUNAIMWE U I8 messenger RNA (MRNA)

al

« DNA [a0SgMIssinayings

AEA

Eg
=33
@
70

anANIgN AT

flend

ﬁJS LIJ'mHG [Deoxyribonucleic acid (DNA) ]

Cytosine
NH;

[N
N/&O
H

©

Guanme

4%/)\1\1»42

Adenine

Nucleobases
of DNA

Jack Westin

o MILUIUN AlUIR I?;S (Protein synthesis) ni’ﬁfﬁic.}bjﬁtsﬂtmﬁjﬁjﬁ (Ribosomes)
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Ribosome

Amino acid chain
(protein)

Large subunit ———s

Ribosome
Small subunit

*  HNATYSWIHHGT [Ribonucleic acid (RNA)] 818 M A% ARNm, ARNt SHARNT

ADN thilivisswinydng SianA ARN thnaaiyswigHinitunsmauy
[A9IE] R ADN Tae1SUAN: 3umMywGSSY ADN 88 ARNm M1SUAAN: M SHED

st

o witaitachi

o HRAYWIUL ADN AQNGTAIIUNATNW ARNm YWIUIAG
« NISSWinHEAISS (nUFS nUANS)

v ARNM

. iAndphAswinniaoigg

e
o)
30

al

YN

22
«Cr
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« ARNm GgREARRNSIVISTOMURIUNAIGME AND
o HINYIUANEFE
o MISMEHNA U
o (UlhZthE
e ARNM ARNGEIIUNATRNW ADN YUWIUIAE
o VISSWIFHFARGMR (NUIW-NUMS)

N UMERITS Nucleic Acids

« Nucleic acids 1S UIBT (polymers) iUTI 3 o Sﬁﬁﬁfj%‘ﬁ (polynucleotides)

e Polynucleotide SHUJTJ nUiEniGjﬁimw L'Lﬂfﬁi (monomers) U SWIRHSH
(nucleotides)
o Nucleotide SYW3I FHEHMIMW MM AAYW(nitrogenous base), {ITSHUYW

(pentose sugar), 3 [ABENE (phosphate groups) Y gﬁi
« 1§ATS nucleotide YW IR S{AVRaNG MUTIS SWIRHAIR (nucleoside)

Sugar.phosphate backbone
5 end /

Nirogencus bases
Pyrimidnes
M, o (]
¢ S _en e
G T TR T
C._.__CH C._. _CH C.__CH
Nucheoside 0" N7 0" TN” 0" N7
oSt sscardi n I H
N
mb,” Cytoséine (C) Thymine (T, in DNA) Uracil (U, in RNA)
o L ~_ Purines
i . NH, °
O—IF—O——-CN, o é 2
o -1'C .;”\c’ =N y““C’ NH
Phosphate  yc ) "L, "GN
pios e N=Cns N=Cope o,
{pentose)
Ade (LY G)
(b) Nucleotide
Fend Sugars
(a) Polynuclectide, of nucleic acid HOCH, o OH HOCH, o OH
(R )
. ~  —— Sugar-phasphate backbone H H H H
5 end 1. (i_“"' oM M OH OH
- \
¥e ro ) Deoxyrivose (in DNA) Ribose (in RNA)
¥e \> () Nucheoside components
d. ~ { ,; Nucleos|de
R~ Nizrogenous
\/ ! base
as A [ ;
Vo N ° ¢ S
Lo\ &
L)ﬂ 0P~ o—clm, a
Vi 28 o < >—1'c
as ) Phosphate 3¢
SCa N group Sugar
l“’)v““ ; {pentose)
¥ (b) Nuckeotide

Yend OM
{0} Polynucleoticde, or nucleic acid
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< MisSWigHIaRimSiuhioAtAi & Purines 88 Pyrimidines IMWIFAIGITS
Ak

> Purines JHYIS <

o 38 S(Adenine)

. Uj§S(Guanine)

> Pyrimidines [B¥1S3
o §§S(Thymine)

2

Ejﬁd{ S(Cytosine)
wh ﬁjS(UraciI)

-3

181k RNA Fwhads Uracil) it sEgaustw §88(Thymine)d

Nitrogenous bases
Pyrimidines
" i ]
c CH
T& \ﬁH HT/C\(”:/ 3 HT/C\(”:H
oéc\N/CH O¢C\N/CH O¢C\N/CH
H H H
Cytosine Thymine Uracil
(C) (T, in DNA) (U, in RNA)
Sugars
Purines HOCH, o OH  HOCH, , OH
NH, 0
(I: él: H H H H
AmceSn  MBactmn H H H H
He. I | HC. Il |
W-C.. CH  ‘W-C.. C OH H OH OH
N7 N7 ONH,
H “ Deoxyribose Ribose
Adenine (A) Guanine (G) (in DNA) (in RNA)

(c) Nucleoside components

02011 Poarsen Educaton, iz
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. iSﬂnﬁ DNA, AY1SYIFURARI AT deoxyribose; tSﬂnﬁ RNA, H1SH1FU# I ribose
Nucleotlde = nucleoside + phosphate group

00

X/

wiagisSwigHEAIR UM S{URiyA(Phosphate)iAY LS

adenosine monophosphate (AMP)
guanosine monophosphate (GMP)
cytidine monophosphate (CMP)

uridine monophosphate (UMP)

cyclic adenosine monophosphate (CAMP)
cyclic guanosine monophosphate (cGMP)
cyclic cytidine monophosphate (cCMP)
cyclic uridine monophosphate (CUMP)
deoxyadenosine monophosphate (dAAMP)
deoxy guanosine monophosphate (dGMP)
deoxtcytidine monophosphate (dCMP)
(deoxy)thymidine monophosphate (dTMP)
UiAGISSWIFHFAIR (U S{AYRIRYA(Phosphate) i
adenosine diphosphate (ADP)

guanosine diphosphate (GDP)

cytidine diphosphate (CDP)

uridine diphosphate (UDP)
deoxyadenosine diphosphate (AADP)
deoxyguanosine diphosphate (dGDP)
deoxycytidine diphosphate (dCDP)
(deoxy)thymidine diphosphate (dTDP)
UIAGISSWIFHG AR (U S{AYRIfYH(Phosphate) T2
adenosine triphosphate (ATP)

guanosine triphosphate (GTP)

cytidine triphosphate (CTP)

uridine triphosphate (UTP)
deoxyadenosine triphosphate (dATP)
deoxyguanosine triphosphate (dGTP)
deoxycytidine triphosphate (dCTP)
(deoxy)thymidine triphosphate (dTTP)
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AEA

Se

uw

=3
@

0

@

| Nitrogenous
base

i
"0—P-0——CH,
3
Phosphate
group Pentose
sugar
010 RiBPCEBINNASHICHNAEIS
H RS WIKAT(Nucleic acid) At UiBIvAS

Deoxyribonucleic Acid (DNA)

paoen,
osphate
pbackgone

| Base pairs |

hosBaat
osphate
%ackgone

B Adenine
Bl Thymine
B Cytosine
E Guanine
ucleic aci
Nucleotide

Phosphate group

@1— Nitrogenous

base

? Nucleotide
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Nucleic polymer
» Backbone
— sugar to PO4 bond

— phosphodiester bond
* new base added to sugar of previous base

* polymer grows in one direction
— Nbaseshangoffthe
sugar-phosphate backbone

Pairing of nucleotides

e Nucleotides bond between DNA strands: H bonds
o purine :: pyrimidine

o A:=T

= 2 H bonds
o G:u:C

= 3 Hbonds
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MNA[AYIISET
LLIELE
U C A G
UUU | tads | UCU UAU g:9; | UGU |q 2 |U
u| vuc lgte | uce | g, | UAC i ggg:":‘:ﬁ* c
UUA | UCA | A
vug | 8% | ca vac ! V" | Uga 1511!.' o b
CuU | ccu CAU | CGU U
c| cuc ccC | oma | cac ! M L cge | o [C
8 v )
8, CUAt {3 cca [B™  |caa }gmmﬂa cGa | ™ A %
0 CUG ! CCG CAG /5 CGG G|%
? AUU | ACU AAU | LR AGU }:m?a v g
A| AUC Hing@dls | ACC | ;nugg AAC | NPIRE| AGC C
AUA | ACA AAA | Ada AGA | hqs A
AUG m'q!l ACG AAG} ' AGG G
GUU | GCU GAU }m . GGU | U
G| GUC | GCC | ongg | GAC /WMNNEG | GGC | & C
Gua| ™8 | gca [0 GAA |0dn | gga |3 R
GUG | GCG GAG /gwmls | GGG | G
mnmatgcﬁmgmnquqmgqhsqghﬁmmuqm:gq!u fuusuni ARN,,
Coat
protein
initiation
codon
A
- AGC - AUG-
GCU - UCU — AAC - UUU - ACU - CAG - UUC - GUU - CUC - GUC - GAC - AAU - GGC - GGA - ACU - GGC - GAC - GUG - ACU - GUC - GCC - CCA - AGC - AAC - UUC -
Ma Ser Asn Phe Thr GIn Phe Val leu Val Asp Asn Gy Gly Thr Gy Asp Val Thr Val Aa Pro Ser Asn Phe
1 5 10 15 20 25
GCU - AAC - GGG - GUC - GCU - GAA — UGG - AUC - AGC - UCU — AAC - UCG - CGU - UCA - CAG - GCU — UAC — AAA - GUA - ACC - UGU - AGC - GUU - CGU - CAG -
Ma Asn Gly Val Ala Gu Tp e Ser Ser Asn Ser Ag Ser Gn Ala Tyr Lys Val Thr Cys Ser Val Ag Gln
30 35 40 45 50
AGC - UCU - GCG - CAG - AAU - CGC - AMA - UAC - ACC - AUC - AAA - GUC - GAG - GUG - CCU - AMA - GUG - GCA - ACC - CAG - ACU - GUU - GGU - GGU - GUA -
Ser Ser Ma Gn Asn Arg Llys Try Thr le Llys Val Glu Val Pro Lys Val Ala Thr Gin Thr Val Gly Gly Val
55 60 65 70 75

GAG - CUU - CCU - GUA - GCC - GCA - UGG - CGU - UCG — UAC - UUA - AAU - AUG - GAA - CUA - ACC - AUU - CCA - AUU - UUC - GCU - ACG - AAU - UCC - GAC -

Glu Val  Ala

80

Leu Pro Ala lew Asn Met Glu Lleu Thr

90

Trp Arg  Ser Tyr

85

lle

Pro e

Phe

AMa Thr Asn  Ser

895

Asp
100

UGC - GAG - CUU - AUU - GUU - AAG - GCA - AUG - CAA - GGU - CUC - CUA — AAA - GUA - GGA — AAC - CCG - AUU - CCC - UCA - GCA - AUC - GCA - GCA - PAC -

Val
105

Cys Gu Lleu e lys Ala Met Gin Gl

110

UCC - GGC - AUC - UAC — UAA - UAG - ACG - CCG - GCC - AUU - CAA - ACA - UGA - GGA -

Ser Gy lle Ty \T_\é_l IBV_:
129 andem pal
ochre termination
and amber codon
termination
codons

leu Llew Lys Asp Gly Asn Pro lle Pro
115

Ser
120

Ma lle Aa Aa

Asn
125
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a

0.0 gMRININBERESHHS

2.m.9 ﬁ:sggﬁ%ﬁgsﬁ’éma (Stores information)

— blueprint ﬁJU:ﬂi.'i new cells
— Dblueprint ﬁJU:ﬂi.'i next generation

2.m.9 ﬁ}SESQQ@@@GS’é%S}ﬁ (transfers information)

— j&s (Genes)
— UHl (blueprint) SS{NURNRAIRIYIARS
» DNA — RNA — proteins
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