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(The Basic Chemistry and Molecules of Life)
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Period

Representative = \ v
Elements (s Serres) Elerr?g;?sse(gigtérgs
T Key

Atomic Number
Name

Symbol

Atomic Weight
(Mass Number)

Transmon \Aetals (d Senes of Transmon Elements) :

w

\HIH
Vi VB ViBooovas U

2 122- 23 |24 |25 |26 .27"
] ‘_ i | Vanad ! uaaganese c hon -
STV Cr M | Fe | Co |

|:47.90.50.942 ‘51;995 54.938 {56,847 |58.933

Zn
| 65,38 18!
TR

Cadmium

196.967| 200,59 |

(22) ,

} ey | @

|
|
I 4f 58 | 59 | 60 | B1 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 |

Cerium P Promethium: | Samadum | Furopium | Gadolinim. | Tesbum.  LDysprasium | Holmiute Erbium Thubum | Yierbium | Lutetium
Sl

Ce | Pri{Nd Pm Sm| Eu| Gd|{Tb Dy Ho Er |[Tm Yb Lu

|
L
I 14012 [140.907| 144.24 [144.913| 150.35| 151.96 | 157.25 |158.925| 162.50 1164.930 16726 [168.934| 173.04 17497
[ 5¢ 90 | 91 | 92 1'93 | 94 | 95 1+ 96 | 97 | 98 | 99 1100 101|102 103

Thorium  §Profactinium | Uranium | Neptunum | Plutonium | Amedcium | Cuviume. { Berkelium | Calffornium | Einsteinium | Fermium  ;Mendelevium) Nobefium Lawrenclum‘

‘—>Th|Pa| U Np|/Pul/Am|Cm Bk | Cf | Es | Fm| Md|No| Lr

l232,038| (231) {238.08| (237) |eaa.064] (243) | (2a7) | (247) [pa2.088| (254 257095 258.10 259 101260 10!

“Lanthanides

“*Actinides

1f 1.1 913519519 (Enger Uz Ross, 1997)

An atom is the smallest unit of matter that enters into a
chemical reaction.

Electron shells

Proton (p*)

Nucieus[ Neutron (n%) \zg/&‘ ?
% \\ £ ;,:

\

Electrqn (e \\\/"

1 1.2 Tnseadraveemiiueregaew (Tortora, 1997)



When atoms take part in chemical reactions, they lose, gain, or share electrons in
their outermost electron shell.

First Second
electron electron
shell

Hydrogen (H} Carbon (C) Nitrogen (N) Oxygen (O)
Atomic number =1 Atomic number = 6 Atomic number =7 Atomic number = 8
Mass number =1 Mass number = 12 Mass number = 14 Mass number = 16
Third Fourth
electron ° electron o,
shell ® @ ® shell rey //‘
e . ' -
+ o
e00 | e {ooe 1%

e

200

Sodium (Na)
Atomic number = 11
Mass number = 23 -

Chiorine (Cl)
Atomic number = 17
Mass number = 35

Potassium (K)
Atomic number = 19
Mass number = 39

Atomic number = number of protons in an atom
Mass number = number of protons and neutrons in an atom (boldface indicates most common form)

3 9/ ) o/ ¥ o
U 1.3 Tasaadvezaonvesiunuezasuiiiunymd iy Tus1emenyud (Tortora, 1997)

Key:

@% = Proton

s’ = Neutron

()
]

Deuterium (3H)
(1p*; 1nY; 1e7)

@ - tlectron

Hydrogen (1H) Tritium (3H)
(1p*; 0n°; 1e)

(1p*; 2nC; 1e7)

FIGURE 2.3
Isotopes of hydrogen.

31 1.4 ToTaTnilveslaTasiou (Maricb, 1998)
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Interaction and Shifting Energy
0 A as 1Y o A [~ A ' aan ]
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(Chemical reaction) ee1vvziflunszurunsiiluananendleeniulumnaifing nSafuszaoy

aaa v A o ' A Ada

Ufaseunariifufiuguvesmshaulusameddidia

w T Al RS ousild 3 edreldun

1. azmauiiua Tdunesiinn (balance) sninetszquinuazyszyay

g - ¥ o '
2. inaseungluezasuuaz Tuanaliuud Tdunesiug

3. electron shells vasazasuuay Tuana il Iduiszgnussgowdn

Chemical Bonds (ﬁ’uﬁzmﬁ)

¥
Aacd s A

o Y =, é as
saouansailiassouuen (outer shell) 1An1dd1e35 103 nielu 3 334 fe (1) Su
- 4 4 - z o ] 3 [
Sinaseuninezasudu (2) Wedildnaseunanualulsseuusnlinuerasy taeeldrerululng
[ ¥ 9
aonu (3) 1¥BidnaseusIufuiuesasudu 159Rga (atiractive force) Nnozaoy 1idefutiGen

71 chemical bonds

chemical bonds Nna18%iia i‘imawaqﬁnﬁﬂmauiuwﬁuuﬂnqmmaman W38 valence
electrons {UFAMUATTAEY chemical bond HezifinduTaeldndsndesfiqn uasdudiuim
fmuanuaulAveteaondas 51qiiteraeudelsmInYeq valence electrons WhAuszildnuae
mﬁauﬁ"mmmzegj“luumg«ﬁmﬁu“lumiwﬁwg i L)

¥{1AUBY chemical bonds 11k Id1Tu 3 ¥ilalngje 14uA Tonic bonds, Covalent bond Haz
Hydrogen bonds

1. Tonic bond ({14 bond Fifiatufeszaennaaifiu leseu (on) (Ui 1.5 oz 1.6) Taons

] Il
suddnaseudunuieidedidnasoulll  ezasufidrdidnaseuszi@olszgaudniuezunalszy

1 Aov ad 9/ -2 v P M @ ° 9/
130 daueeeuiiiudidnaseudnnozuanlizgay mafsgaszniielessudilidsygamaduily
= &’ s 1 ' . aodd a o v
179 ionic bond AU #0819 NaCl (1n88) Na (sodium) Ndidnaseululsuenga 1 lanaseu au
Cl (chlorine) $i8naseululsuenga 7 diinaseu €1 dvanslszgaudn 1 duuinliauenga
o ¥ 9 A A o o s £ ar - . =
My 92U Na deadedifinaseu 1 §1 msedsamsdszguaniuaiy 1 43 Tunuadl sodium gnizen
¥ = . N [ ]
31 electron donor (§1781fnA30%) uALSoN chlorine 31 electron acceptor (FTUBIANATOU) Tesou

o/

3 v & a ~ . . &) J - + { =~
filszgaeiuTadigadadunngiu (An ionic bond Yusznin CI Az Na™ QU 1.6) Madiu



Tutana sodium chloride ¥ un@nuafu1 U 1.5) Tumandl ionic bond farmufauss udezdeu
!lﬂ!ﬁﬂ@@:iuﬁy"l Saifnezazarslinit ionic bond TuAei§3atmn Iuflezeeune ez Tuanaves
Aai¥3aazaretii

Tesaulinrwddydemsiiauvesswne 1wy msdeimasveadulscamdsionds
Na' oz K fuidunzesnmadlszam niemanadvesndmiiieerdomsiadeuiidunzeen
wadndnnileves Ca” (caloium ion) Hudu

Fredreveelevoudisnnyluveunailusuniovesdeil®sa  14un hydrogen ion (H'),
calcium ion (Ca2+), potassium ion (K') 118% magnesium ion (Mg2+) smﬁﬂaaauﬁﬂ’f@u 15U
phosphate ion (H,PO, ), ammonium ion (NH;) uag sulfate ion (SO 42')

2. Covalent bond 1y bond fwuminlusenenyydimeianuadosinnndt onic bond
Aatuideszaey 2 sznonlfdifnaseuasuengadauiy uanfnszninesneniifiadnaseulu
wengaiilu 3, 4 wie 5 myldednaseusAuI Foraeumariiiadnaseulneauengaifiu 8
Sinaseu N3y covalent bond SnldiduTadus () wioldm 2 90 () wu Malalazion (1)
Wowilu H-H wie HH G 1.7)

Carbon (C) ¥ 4 Bifinaseuluseuenga Sudeamsdifnasewiiudn 4 Sifnasoufivzyinh
ddnaseulursusagady TuTuianayes methane (CH,) carbon 198i8naseusaudy hydrogen 4

znew Fudazezaonfifiss 1 Slinaseuly 1 20 U 1.7) msldBilnaseusauduiiios 1 \'vjf'f
{38771 single bond $11939uu 2 ¢ i59n 71 double bond 131 14 carbon dioxide B114531U 3 § (6
Siinaseu) Guni1 triple bond 191 A1 acotylene wiaf 1 IuTasou (V) Ui 1.7)

Methane gnon 13828 uTAg nonpolar covalent bonds Feovaoulddidnaseuianuasw
funi1iu (U7 1.82) TunsiRa covalent bond Tunnansaisinaseugnaudh lllndiiunfeavesdn
ozaouNilINATIEneAeY (EAnsdin AR polar covalent bonds WI0819IFY 1 (H,0) &
Usznoudaglelaseu 2 ermeuiufueendiou 1 ezaey diinaseugnAeIneiunisnves
sendsuinniveslalasiou v‘iﬂf’r’imaqamml{wﬁ 2§31 e Savanuazdany (31 1.8b)

3. Hydrogen bond (i1 bond ﬁzﬁﬂmﬂusaﬁa@,ﬂﬁuszm’wi‘?ammmﬂmaQawﬁqﬁwﬁymu
voe8n Tumnanile 1fu bond Auandrennzadufuganimdudie wunluri (U7 1.8 uaz 1.9) B
iy bond Aeeuuendifiedismaunnimldiaruudausemefiezta TuananaroTuana )y
Frefuniota Tvudailugl 3 5318

« 14
W fueiiunsdnsinafigaluwywd TuanavenihlszneudieleTasion 2 exaeuy
E4
HaveRnFaY 1 ovaeN UAUAY covalent bond i1k polar covalent bond szmwimafga mMsle
9 9 3
sidnaseusudunuy imhdwih It Tuegadedauinuazdiay - hilnsdadesninluana

'y & o o
$1u72u31n TAg hydrogen bonds Fed 1l mavannezlinnunduswnn



THEATOMS © - . THEIONS

Sodium (Na) Net charge Sodium (Na*) Net charge
11 protons =11+ _ o 11 protons = 11+} -1
11 electrons = 11- 10 electrons = 10~

Chilorine (C1) Net charge Chloride (CI™) Net charge
17 protons = 17+\ _ ¢ 17 protons = 17+\ _ _,
17 electrons= 17~ 18 electrons = 18-f

Sodium Chloride (NaCl)

Ionic bond is formed by
electrical attraction between
ions with different charges.

fons and ionic bonds. When electrons are lost or gained, ions are
formed from atoms. lons carry either a positive (+) or a negative (—) electrical
charge. lonic bonds are electrical attractions between ions with opposite
charges. lons with the same charge repel each other.

71 1.5 azmow, lessuias lonic bond (Benjamin HAZANE 1997)

> e e

[ X} [ ] -
S e 'Y 3

ae - [ X}

T ee O 7 ee
[ ] [ Y 2

o jum fon (Na*) Chloride fon (CI
(8) Sodium atom (Na) (b) Chiorine atom (C) Sodium ion (Na) Chioride ion (C1)

¥
(c) Sodium chioride {(NaCl)

gﬂ‘ﬁ 1.6 M31Aa Ionic bond ¥4 sodium chloride (Tortora, 1997)



or

®)
O

Hydrogen atoms Carbon atom Molecule of methane gas (CHA)

{a) Formation of four single covalent bonds

e

Oxygen atom Oxygen atom

or

(b) Formation of a double covaient bond

or

Nitrogen atom Nitrogen atorn Molecule of nitrogen gas (N,)

(c) Formation of a triple covalent bond

1# 1.7 m31ha covalent bonds HUUR9e (Marieb, 1998)



3’ as ﬂ @ o . A Aoa Y v
idaiudiazmeenan (universal solvent) TeliFinszneudivezaeunasTuanneg
¥ ] ¥ ] ¥
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Tuanavesesaua 2 ed1edul) dvhazmedndumsiitSnannng eazdndluvesna) as
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Q

¥ 9 9/
guaviidvenihlumniudvhararsfannquanidnis Tuanaveair e msiid shid
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¥

3 ] )
usnaffidszpnnuazilszgay  mslefiazargluiildedrsdozgniFendt hydrophilic (¥ouil)
[ o T o 3‘ ' as
Maunrie 1y Massndauuazasusu lasen ledansaazatsluiiIduiy

13 9 ¥ ¥
Tuana® lifidszquas Taifids iy fae udu) wag oit Gy Tiazarelusih TsgniFend
¥
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hydrophobic (i¥e1ni1) udwansiwiudush thifuee lsaundlundu limauduii

N30 (e waz pH Scale (Acid , Base and pH Scale)

A M 1 1 ey g :’ AN £ \ H
dgnsemanatidaulvglusumefeyulumsazani  uazdfpsounaiiiszgnsuniu

k4
s

! g M o tanana PR | oy e e s A ok
e gunsIdenmEunTe (acid), 1d (base) %30 1TUNRN (neutral) yosmIsazaIiY

L
e

n3a NsmTed 1wunsa ciic Tunzud 1wa wie alkali dnaziinudumieuay waun

2

o 1 A M :] I :i e \ \ ot
qfum‘vuw1mi‘]uﬂmmﬂummmmmﬁzﬂmﬁ'mm ri'fluaumwmmu"lé’mmuﬂm

‘:) a = =) v A <4 9 :} a
WuSans (pure water) sziinamufunarsluiflunsansoars dudnnTuanoveinggm

PN

wogluglues H,0 uadrudng venheziimsuandaesTnorssned Aadiulalasouleeeniid
Uszyuan uagleasenlad loeou (hydroxide ion) ‘ﬁﬁﬂszqau (OH) ﬂsz@ﬁmmﬁ%:ﬂﬁumsmﬁq
i (H,0) stmadhua S wesmsuandives Tuanadu msavaredarundunsaiiv
Suidlefisrmouves H 11 oF nsadumsiiunwduduves Hion druwadiumsiian
aamidutuved H' ion Hufie liin OH ion Mretvesfisofiiiuanudiunsa fe -

HCl —> H +CI

(hydrochloric acid)

Fetrwveslfseriivaruniuua fe:

NH,OH —> NH, +OH

(ammonium hydroxide)

pH Scale (@najannuilunsa-we) duszvunsiaanmnsavesmisazats Tnanmsia
anududuveslaTasouloseu (1) anasuein pH 0§ pH 14 amunsadudy @anududu
oe H qq) 92047 pH 0, pH 1 150 pH 2 uaganmumdudu danududuves o' #1) szegil pH
13 1130 pH 14 A1 pH 7 uﬂmﬁmﬂmzi‘flunawﬁ'wnsluﬁ’m%‘qw?(gﬂﬁ 1.10) i1 pH fuffeSafiudroy
Y99 log V8RNI UVES H ion Sty mafuAuisonnsvea pH wnilsmmaasiensinay

N5 0anaIVBIAI TN UYRY H fon D9 10 91



(a) The covalent bonds in methane (CHy)

Carbon
nucleus

Hydrogen
nucleus Electron from
hydrogen shared )
with carbon A pair of
bonding
electrons

Electron from
carbon shared
with hydrogen

Simpler ways of writing CH,4 to show bonds:

H i
HI‘C.,ZH H—*'(f-‘H
H H

- {b) The polar covalent bonds of water (},0)

Oxygen =)
nucleus

= Hydrogen
')nucleus

Atoms of hydrogen-and oxygen . ..
gain stable electron configurations.
by sharing electron pairs.and
forming polar covalent bonds.

The larger oxygen nuclens with
more protons distorts the
electron orbitals, making

(+) hydrogens slightly positive and
oxygen slightly negative..

\>'Simpler ways of writing H,0 to show bonds:
() ) {-)
0.

'- Fat

No attraction

exists between
water and fat.

In solid ice and liquid water, polar Polar water
water molecules are attracted to molecules are also

each other by hydrogen bonds. attracted to iony

gﬂ*’?'; 1.8 M3fin bond ¥iin
fv’iN“] (a) covalent bonds 1y
methane (b} polar covalent
bonds %@&151((:) hydrogen

bondsiuﬁyW (Benjamin 4ag

fade, 1997)



Hydrogen bonding between polar water molecules, The

slightly positive ends (indicated by 37) of the water molecules

become aligned with the slightly negative ends (indicated by &) of

other water molecules,

v Y
3U% 1.9 m3ifia hydrogen bonds 33wi1eTananati1 (Marieb, 1998)

Acidic MY ion
; concentration

pH

o

Stomach acid 1 £3 -1
Lemon juice 2
Vinegar, cola 3t -
Tomatoes 4 . 10

Black coffee g
Distiled water

Human urine 6 100
Human saliva 7 10-7
Neutral pH

319 1.10 pH Scale (Purves LiazATE, 1994)

Human biood
Seawaler

Baking soda

Mitk of magnesia 10

Household ammonia

Oven cleaner 13}

Brain opener

Neutral pH
7 107
8 o8

9,

11
12

14
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Tuonavess3a (The Molecules of Life)
a‘ Ay - ~ 7
il neudisas sz neudunid (organic compounds) 4 ¥iia 1dua s lulamsa

(carbohydrates) ane (lipids) Tds56u (proteins) Lazng allAfen {nucleic acids)

mslulawsn

Uszasudasmivey (€) lalasiou (1) uazesndiou (0) udasidiu 1:2: 1 Weuiu
AR (CH,O)n 1o n = S1auvesnisuey Aisnfuadeshaauazutl a1fTulemsadimas
avaundeadsesgnilesesnuiuile bonds anesn

i lulawsaondszneudiomiednmicafes Sendt seused (monomer) 30
UszneudrsueusmefifudeanSoiunsusiwesiadefumiuTuagasnfenimediues
(polymer) 7

weluudnailsd (Monosaccharides) 1flumiTulamsafidnfigailsznoudisnisueu 3-7

LR

sraen weTundnm lsdaunsouandsniniulasdnuuzaes bonds Honezaeu 13d0du 1wy we
Tuudnarlsd 3 oila fidszneudas auey 6 evasy TansTuognmdoutufe CH,0, ual
Tassaumuniiuandreiuldun nglad (glucose, dhaaluiden) nuaaTaw (galactose) HazWin
Taar (fructose, dhananaldh (gﬂﬁ 1.11)

Yaudnalse (Dissccharides) umiTulamsafivsznoudions Tuudnatlsd 2 modu
U8 covalent bond UazUiheutiesnin Ui 111 smmmsaﬁmfwmacﬂmﬁ (sucrose) 910N
S’mﬁ'u‘uﬂﬂmaqammnQTﬂmmzwqﬂTmmmzaﬁm‘iymen‘hl ﬂﬁﬁ?mmﬁfrﬁﬂmﬁ dehydration

o/ A S

synthesis (@34 Taonsdniy TudfAsendufuiiend hydrolysis laudne ladgri§asen
funhIdfuneueudnatlsd 2 Tuana

AydulngflgTasa wu Souuag beet deavealag (maliose) iiu landanlsdiimann
msrandavesngTad 2 Tuwana IWndenuudmiafisiisideen uazgainnldlunssindes g
# 1.11) uanlna (lactose, matuu) dulaudnarlsdfitaennsswiuvesngInafunuian
Taar @t 1.11) haefifuneTundnalsdiay laudnmlsd erndafiu msllamsmedade
(simple carbohydrates)

Toalnudnalse (Oligosaccharides) iHiumiTnlamsafiianwentiunms dsznoudas 2
#4100 vevewe? Taudnarlsdihled Tnudna lsdfidndiqe TeaTnudnm lsdinezimzagiu
TsAuveutoduand (cell membrane) TavBuvniiveswad shldlidnuuzafiefveslan
as Tu lawsauufiveusadiinnudingdenliduiulsa %ﬁﬂfuﬁnﬂ’;mu@m@hww%ﬁ'mcma“lu
FulPiaudazaiia TeaTnudnmlsdinmddyde TUsAufiSoniueudus (antibody) Tassae

* An & o 1 ° 3 ar ] @ o - y
Tiigdiaiiu 3 8 Fesulludenmstmhinlunsfleadusumevesdadinnnsfaie



woRudnalsd (Polysaccharides) fune Tuudna lsafidondefuduls (chain) s121ag
dehydration synthesis 39gni3on31 m3lulamsmBadou (complex carbohydrates) ﬁqadweﬁi’ﬁnﬁuﬁ
18un lnaTmey (glycogen) ufls (starch) uazisagTaa (cellulose) ﬁe’wmﬂszﬂﬂuﬁ’wﬂqhaﬁda
fudluTgen uduandfufipuuvesmsuania Uil 1.12)

wagTaauazlafiu (chitin) HumiTulamsafadoudidungTnanedives wagTamiy
drutlsznevveuiie 18 (wood) HBzUNTIUYDINITUHAT (cell wall) voaRty daulafiuduashiun
ﬂqu%uueﬂmmsmm 1 A wazdludiuvesmiauvadueutinn (fing) Iafiudrninaaglaaly
ﬁauﬁwﬁwﬁugm ﬁﬂﬂgiﬂﬁ‘&u Insdauls TaednyiledFuiafinlulasou (aitrogen-containing

. A 1 =y
functional group) IHUNUNngy leasenda (hydroxyl group) Yeeng Tag

AN
szneudismgsiaRersuiunt’ lulaasaudlidasdiuvesesndisutiesndn ey
Tunafazaeludvinraedunsd wu swedinzanelsledy udlinzmelnh Afmimit
Huundazaumdeay flunuan (nsulator) Hudanasau (ubricany) nazifuseiTis (hormones)
dudiulszneuvestoruead dRnvzsamerluiudad (animal fats) Vit (vegetable oils) v
(waxes) AIATOUA (steroids) Haznguea Tnafia (phospholipids)
Jnsnaie lsduaznrisdes (Triglycerides and Their Subunits)
Yydudatiasiiuiniulaanfwelsd sufuariiitszneudionsaluiu (fatty acid) 3
Tuanadusundivesen (glycerol) 1 TuinnaTag covalent bond (3141 1.13c)
ndwesen ifuTumnafidszneudremiven 3 szaouuaswyleasenda 3 my
(Ut 1.132) i lnsesveslas i lsdiamun aruusndeuediasndime lsdifann
siinveansa lviufinidesuniwesen
sl UsznoudeTeleTasmfuey (hydrocarbon chain) fiflnyjasvenda
(carboxyl group, -COOH) eflmuledmuile Uil 1.13b) ieeglumsazmenymivenda
annsauandaiiuleesuldluseou @) senuvhldlanmuunse anwenvesnsaluiuey
uanaesy uafwu luiniiu Tafiseneude mduey 14, 16, 18 tag 20 exasy Az lusuln
seniluriinawesnuesnssudTagianns i lelasioufiogluTuana 1Hud
n. nsaluiiuBad (Saturated fatty acid) 1 laTasiusnnmiiiozun'ld #a
seifin'Idiile single bond AefuATTUBUYNOZABH 1BY palmitic acid AT stearic acid (FUT 1.13¢)
¥, n3alusilaldud (Unsaturated fatty acid) Raau 1837 double bond ifia
Fuuflifies 1 double bond v‘iﬂﬁ'mm*g\ju'laimmuam@mﬁuﬁu’lﬁ'ﬁﬂ wazdmnil double bond
w

o
41nN27 1 double bond sinaiiuy Polyﬁaturated fatty acid @115V Mom)baturated fatty acid ERY

(o4 1 double bond (FUH 1.13¢) Aavenaiy ihliuugnen (otive oil)



CH,OH CH,OH

H OuH HOCH, o._ H HO O OH
H H
oH  H H HO OH H
HO OH HO CH,OH H H
H  OH OH H H  OH OH H

Glucose Fructose Galactose Deoxyribose

(a) Monosaccharides

Dehvdrati CH,OH
ehydration
HOCH, 0 H synthesis /H20 H O H HOCH; o H
+ » H
H HO % OoH H H - HO
HO CHOH  pydrolysis HO 0 CH,OH
H,0O
H  OH OH H 2 H  OH OH H
Glucose Fructose Sucrose
HOCH, HOCH, HOCH,
H O H O oH Ho A0
H H H
OH H OH H OH H
HO o H H H
H OH H OH H OH H OH
{ Glucose Glucose | 1 Galactose Glucose |
i T -
Maltose Lactose

({b) Disaccharides

0
0]

o /\O

Giycogen

{c) Portion of a polysaccharide moiecule (glycogen) ‘

517 1.11 Twanams Tulansa @) veTuusanilsd ©) lausanlsd (o) weduaanlsq

(Brum 48y AN, 1995)



-
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b) Starch

‘ - KONCONCONCINCIMCINR
e ~+-- -+ -+ Tl K ONCONORONINOND!

S VY, 2 ONONONIMONCNO
N 1 O >{ O\Q QJO\ LT EONONONONONON
Celiutose

g‘d‘ﬁ 1.12 1WSouhsunsuanfeusd cellulose, starch 1aY glycogen (Brum Ly, 1995)



G Glycerol and fatty acids are the building blocks of triglycerides.

R R H Ry
-6-g-6-8-6-6-G-6-G-G-¢-0-¢ -
HHHHHHHBHHHHH
{b) Fatty acid (palmitic acid)
(a) Glyceroi
O ROR MR
.S;-(I;—?~?~([:»?—cl;—(i:_(}:‘~fl:~(?‘~?fH} Saturated fatty acid (CysHyCOOH) + - H,0
HHHHHHHHHWRH R (PAMItcadd)
TR
CE“C?—CIZ‘(lﬁ‘C’:“?“?—?“?'-?‘?“C]:—?“?‘"H Satur;ted fatty acid (C,;;H,COOH) + -H,O"
HHHHHHHHHHHAH®H QR (Steaicadd
R A
C=C=C~C~Cx, #
R A (SN
i He : “H HHH /C\O/ //y )
» EEERpE S iy e i e i e e e e s e e & / \O /& &
{c) Molecule of triglyceride (fat) H SO K
; Y ol K
APV SN A"
&y el
i /7/ /C\A/ .
47 Monounsaturated fatty acid (C,;H5,,COOH) +  H,0O

(oleic acid)

3 ‘ 4 oo o 4 o
514 1.13 lasnfwelsd Tnseadraunzdffsvvesnfiwesen () uaznia lvily () Wendwesenswiunya

a. Qg/ 4 9 o
TusfuaginmsidendlimilsTuana o) Tnsndiwelsd 1 Tuanalszneudrenfiwesen 1 Tuanasmdunsaly

1y 3 Tawana (Tortora, 1997)
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Wealiadia Tassafundiofulasndmelsd uaidounndniididy Ao lasndive’lsd
Uszneudonsaluiu 3 Tumna Judunfwesen 1 Twanalay covalent bond dauvlea TvAviall
e luiuifes 2 Tuiana Sudunfiweseauazingreaia (phosphate group) ffdszqaudmmu
FudumisvesnsaluiuTuanail 3 GUi 1.19) ’c’huﬂszﬂa‘ummTmaqaﬁﬁwyzwaam‘frﬁmwn
azaeni1ld (hydrophilic) dmesndndifudiumevesiea TWanafii Tensa luiuaz hifiszy
g inzanenia (hydrophobic) mﬂms%ﬂﬁwmﬂizwfuﬁlmﬁﬂﬁwmﬂ‘v\lﬁﬁﬂ%ﬂﬁmﬂuﬁauﬂau
(micelle) nﬁaagﬂuﬁyw Tasodnimed hifhlszadidrdnlunazedniaiidngreanta Glszy) g

o

S

1 3 ¥
sendwiuen (gUf 1.14) quatidvenleaTr@famuiiihldimnzdmiuudnnlszneuiangs
4 Py a & ’ v 4 4
Y04(80 (membrane) VBuBad A0 Freznanieae i luFeswesdefuaad
d v a ' o 1 {] “a 4 ]
amsed 1lassatredellnnnsaluiy udgnialfedlunduvesdiiaiiosninlinza
:I R d’g y . o [ (.
Tuih masesatanuaii Tassadrafiugruiuaemisusu (carbon ring) 4 2eufiu (U 1.15) 7dn
o & 9 4 do o t
Sud o noAMesen (cholesterol) Fufudiutlsznsuveutefuwaddnd (hivulwwadiy) ae
A o [ Y] =Y ] o
mamesealiumasududmiunsdunsieees Tuuuwiia 15U testostorone (803 TMINALIE)
P ES W 9o s [ . . 3
uay estrogen (385 INUINANDY) Sesammesealdiunassaniihloda (UV) wildsuiy
P ooy . . o v ~
3015UA (vitamin D) NS uludemsnTgyuesnszgn
9 T
Yy Hlassadundioiniunsinsa luiuiidesulasessundnunndt wuluadeuuulyld
o 9 A - 1 o a :I v ~ w oo @ o o |- ¥ i’]
tnsdduvesiisnmesiatiedestumsdoi dulvinyludafvimdndesfumguiu isu i

v [ é} ] [Y ﬂ A A ] a :I
ﬁ?uﬂizﬂﬂusﬂﬂﬂi\?ﬂ\‘i fﬂumi‘vwﬁmnu‘luuﬂu ozl ‘ufﬂi"ﬂ!ﬂﬁ@ﬂﬂuﬂlu‘Hﬂ‘]ﬂﬂﬂﬂﬂﬂuu'1

Tilsfiu
Uszneudlsueusmeivenaueily (amino acid) Aefuiiv TanedmyIng (polypeptide
chain) T1lsAutlsznoudaeTawefimdind 1 mevSennndt 1 ae  TudeliFiaiinsaueiilu 20
A Q@ g1 A - a v A
wiia @t lumaaiieelinsauel Tuinn i)
nsauedilu Uszneudlaununaraiiumiveuszaeu (31 1.16) dadedu
1. lslasou 1 azaey
2. myfmsuenda (COO-) imsuou 1 sxaey i double bond AUIBBNFIAN 1 B2ADY AT
a o a =t N
i single bond fUBBAFIIUDN 1 srasuRiiilszyay
3. yuedY (amino group) i luTasiou 1 exaendl single bond fulslasiou 3 ezasu
Taet laTasiou 1 exaoudilszquan (NH,)
4. vi3f R (R group) il side chain fomnsafunjieiila q fuandreiuds 20 viia
' ~ 3 v R as S A A sama
covalent bond TeM319nsauefiluBenit peptide bond (WusziniInd) FuinTaslfiser

9 ¥ ]
dehydration synthesis N131NA peptide bond udazasey ldieenin 1 Tilmf}ﬂ (gﬂﬁ 1.16)



? Phosphotipid
o==f—0 Phosphateﬁr \.. Symbok
H HoO goup L ‘
¢ C~—C-—H
| | Glycerol { RN 3
o] O H . 3
} E i r Fg A ,‘
C==0 : .C==0 ; b
- o ~ g
H»—t]:——H H—C—H
H—C—H H—G—H
'H-(§3—~H . H—c':—»H ~ Fatty acid
' tails
: Hydrophilic tails
face interior of micelle
' WA \\’\,\\‘\" ‘
0y |
Hydrophilic heads fac ’
outward and interact t
with water by,
H H J .

Phospholipids form a micelle in water.

51 114 vealvidia Tassaefunuiudiustumediums dauialsynoudiony phosphate Laznd

U

1 ¥ )
wesea dantudiunsaludy 2 Tuega dieeglnihwealndRaslidnunzdudeunay (micelle) (Ferl

iay Wallace, 1996)

sUfi 115 @I8819U0e  steroids

a8

(Audesirk 1182 Audesirk, 1997)

cholestero!

testosterone
(PH
CH3 - ?—CHS
*
P
OH HC — CH,
) CH| -
CHjg
== [ HO l
P OH
HO HO
O
estradiol

ecdysone
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Tnssafeveslilsfu

TsawiuTuanavumalng daunadseneudaensaueiiTuedrdos 100 wila nazein
11094 20,000 ¥iin ﬂﬁv‘iNmm@ﬂih?m%uﬁugﬂ%wwaﬂﬂsﬁu TassardnveeTisAuntseeniiu
4 3EdUvBIMIIAd 1aun primary, secondary, tertiary 0¥ quaternary (gﬂﬁ 1.17)

1. Primary structure luszdviinsanefTudnmsSesdududwududunss Hulawed
g Tls@ufuanarefuned primary structure AR

2. Secondary structure [HussRUAitmuagUveswedmyling eihumuin (fold)
w3ouuuTA98 (bend) tivoeniiy 3 uuy 1@UA alpha helix, beta-pleated sheet tiag random coil

3. Tertiary structure fusvdufinean Indfimsiunevaternndusududou dhiz
rgaievesTawedmding  usnz Tdsueedglifinivewie damnsormitIdediegn
feq ﬁaﬁ%'ﬂmgﬂéwalﬁ'mﬁﬁa non-covalent bond &R ionic bonds, hydrogen bonds UDE
hydrophobic interaction

4. Quaternary structure Ratuden TewoamdIng 2 a1e wie 1nnh 2 Mo WY
Fumsilszneudsdouvuialvy dredrusu §TuTnaiiu (hemoglobin) Usznoudie 4 wefimil

I's . 1 R 1 4 a [y 3 2~
gt (I alpha protein 1 § 1AZ beta protein 1 §) uAnzwaAmil Indmnsofunazyudivendiou 1
Tuana

nIAiINABN

unedmeifszneudisneusmeifizoni1 fandlelnd (ucleotide) usaziiandle'Ind
Usznaudie (¢)) ‘L{W\'m 5 a15uoU (five-carbon sugar) célﬁmwzvﬂu ribose 1139 deoxyribose (2) 'ﬂﬁ
Woava (PO,) 1oz (3) nitrogenous base ﬂfﬁﬂiﬂ‘]ﬁﬁﬂwﬁﬂu 5 %1ia Ao adenine (A), guanine (G),
thymine (T), cytosine (C) 112 urocil (U) (U 1.18) nihiindnvesiiandTelnd 1dud azeudeya
(DNA), Fun31 158U (RNA) Uazuuadanisau (ATP (a2 NAD)

Deoxyribonucleic acid (DNA) nuegludianden Wudninwiugnisuvesdeiidla DNA
Uszneudaeninin deoxyribose 1oz base 4 ¥iia 14N A, C, G uaz T (U4 1.18) weAmesuey
DNA 15 double helix wiiiues DNA e azaudoya windayalu DNA waswlilezinaliife
nsilReuntasly primary structure veawediny g Feeznsenusellfia secondary 1182 tertiary
structure N13NAY (mutation) Basnn1Ifid e DNA base iidsuntas amsnaaeaulvgiiu
sunsw dauteshidaerlstu uazdanfeamnnezihusy Tewiunzaelims fufufvesded
Satlszauadie asnmedutefavesmsnbifudafusnundnvemauiifanmsiae

Msfanenlaesss VYA (natural selection) Y84 Darwin (182 Wallace
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Ribonucleic acid (RNA) wusglutiuadomuas laTunady Uszneudamimia ribose
1Az base 4 ¥1iA AB A, C, G 18 U (#1497AU89 DNA sl T) (gil‘ﬁ' 1.18) RNA azH1svaiug
nssuves DNA 161 Tg ly InwmFuuaaiuquansdunswsdTusdiu RNA §i 3 wiia flo mRNA,
rRNA 110 (RNA

Adenosine triphosphate (ATP) gi‘luﬁ’mﬁTa?wﬁ'ﬁsﬁyﬁﬁmjwamww 3 wg,imn’?awia Y
Woaatia 3 wyjilaeudefunasfuduuen Aeiflu wiphosphate bond Fufit bond AWRIIY
g9 1ife bond AuAnvelimFsnud M uveusad base ieglu ATP 1 adenine (A)

(gt 1.19)



2

-,

Amino

group

H

1

Side
chain
R

(base) /N (,3
Ho-"

0
Carboxy!

OH (ac?d)
group

(a) Structure of an amino acid

A~
., H
1\\? J H ~
NFofe - ndefe
H o OH. H 7k
7 H &7 (CH,

Glycine »
1,0

Peptide bond
Dehydration o H
syntnesis i . olH T 5 <)

e /N-J:('}—C-N—C + “H0
Hydrolysis ~ \H~" 4 5634;‘“ 1
R L

Glycylalanine Water
(a dipeptide)

(b) Protein formation

511 116 nyaueii Tutazasifia peptide bond (a) Tnssadavesnsaueiilu (v) MsiiaTusAy (Tortora, 1997)

Primary structure~ -

Amino acid sequence

#

(a

Random coil

(or)

51 117 Taseadreveslisfunia 4

550U (Brum Hagame, 1995)

Myoglobin

Tertiary structure

(d)

T
i

Hemoglobin

Quaternary structure

(c)
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The general structure of a nucleotide. The four nitrogenous bases in deoxyribonucleic acid (DNA).
A polymer of nucleotides, or polynucleotide Notice that hydrogen bonds can form between guanine and cytosine and between
(shown below) is formed by sugar-phosphate bonds thymine and adenine.
between nucleotides.
Purines Pyrimidines
Phosphate H
h ,
group [ Phosphate O e e HN 9y
: H . ' . N v
o) . Nz N // c—C
Base \ Vi N NeH~mm = o = N c—H /
0, N—C / \ / 0
il N —— C C - N\
Five-carbon N= N Ve
sugar . 4 N — e m = 0 o)
, | o/ /
Nucleotide Deoxyribase H H2C
O\ Bases
—/——® Guanine
Thymine
CHa j-¢
Cytosine
/
0]
/
Adenine

sl 118 Tasaerdialalues nucleotides 1ag
nitrogenous base 14 DNA (Van de Graff
1481% Fox 1999) 1taig RNA (Benjamin Uagaug, 1997)

NTZ ~ = High-energy
c phosphate bond
Z \C/N
N N\ N _
N N O
/C\N/C\'\'l o ?Hz“‘O—‘lfl’—~O~1F|3~—O~P
H -
Adenine C];\H \H\/C|3 o] 0
1 i
H C“”Cl H
HO OH
Ribose
- —it I ] — 4 v .
Adenosine Triphosphate 34 119 Taseadremanil
{adenine + ribose) (PO4) (PO4) (PO,)
{a) 4849 ATP (Tortora, 1997)
Adengsing [~ POy |~{ POy |~| PO4 ATP
§ Energy released .3
nosine | PO, |~| PO, ADP
8 Energy released 3
Adenosine | PO, AMP
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Tnssadauaznihveasasd (Cell Structure and Function)

nqyﬁwaﬁ (Cell Theory)

anwdiseusadiuiulull p.a1665 s Robert Hooke Hn3nmmaasanisangy Al
ndvsganssridnyulden (cork) vesduldn uazwm’uﬁﬁaﬂﬁﬁ'ﬂymzaﬂummémﬁamﬁﬂqéq
Hooke Aad091 “uarad (Celly doanluil a.e11673 Anthony Van Leeuwenhook 31211505 1aUaA 14
nfeaqanssmifidiaudidsumuaeuaudiay Inudadidng i  wumieawAaided
Framanndeii 1ii3a il a.ea1805 WnsssunAsnersawesuilde Larenza Oken Ididovuse
it “Sunidimuasinnnnaslsenoudiendda (vesicle) nSeirad: Fudugaisuduues
nguiiwad aow1luil A.A.1839 Matthias Jakob Schieiden NG A¥FNAAT 121885 NTIAZ Theodor

Schwann tindaaInorieesuil laiuidengveadazaudr GaliFiaynriindszneudas

L3
9

¥ ¥
waa (aaesaudeldFeiutudwesauaad) 8nszum 20 Hdoun Avs121) 7.9.1855 Randol!
. ANY A o 9 - o v A ¢ @
Virchow $1ateesu il IAnAndeyalunquijiradsn 1 Yo e “aadnanuamninsad”

wqyﬁsmaﬁ’iuﬂmﬁuﬁeﬁaé 3 do'ldun

k4
m

AD-

9/ s & -~ 7|‘A_AAEAU__“O'
1. ﬁ\il! CNBUNIYFDRAWUIHTBUINNITHUIFAD

\ Ada

uaily
Ada Ad 4 a
2. iNll‘]f fanta ‘V‘ﬂ; ﬂﬂ!%ﬁmﬂﬂﬁ u’d"!%ﬂﬂ!ﬂu‘H‘LI’Jf}‘VIN”m"UmﬁQW’MﬂmEJWﬂﬁ

o d a AR 1y 9
3. 1%an qﬂwaamﬂmﬂwaawnaﬂﬂauum

d
waanoazls

maarﬂuwmﬂmmmman insdnszidloved1ed !ﬁ’t’]ﬂﬂ !!ﬁ“NTﬂiﬂﬁiNmﬂﬂﬂﬂﬂW%

2 1 A o o @ Ao v 4 [<
FIAWUNTTRWICVD9AUDY  UATFINeWUUFadeenitlu 2 wla ﬂ’t) maa‘iﬂsms‘im

L= Il g

. L W aa . =
(prokaryotic cell) ¥4 luifi{iunfen uaziradgaidlen (cukaryotic cell) ifuwadiii Tassadraneh

o ~ - S Ay ~ o PR A Ay P A Ads A o o
ATLDIU HundeadliEevy uazlieeiunuatae Ny Fenaalixianyszneualawad i

A13 Toa1 15m31e@ (prokaryotes) 154 LuARS o (bacteria) (gﬂ‘ﬁ 2.1) dudediFSafszneud
iadgan3 Teagnionit gai3len (eukaryotes) 1Aun Insfiad (protists), fungi, Ay uazdad (51
2.2)

Hogtiufinsnuradeialnidehinofumnneu ﬁﬁﬂymxmm%ﬂﬂsmﬁ@mm:gm
Ten onmadeiinfiin Archean cell fnunziindrefuTusaniTonde hifllundon Al Ty
Wuseu DNA mifeuga3len Siotuaadusniu TaseadaazdwuvesTuanaiidulnses
nan1u archaen cell ﬁ'N"hJmnmmﬁﬂﬂsmﬁammxgm?iaﬂ Tul a1 1996 Himsatenuinu
(genes) MnnnTanils hifidauadiofuvesTulsa ToanazgaiiToa Suteedsndsisiasiia

¥ 13 [
Tinartn udinInonmansuau lddsaunAgiui archeen cell BroiludeliFiafinuluana:

a9
A ¥

fu msenlianuamnsolumsegsealudunadeniligunidmnsanuauLIseINIAg
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Yaad

wadinnusnmesustaiiunsnnfiezuendevnauas suieeusad 1 umzacly
18wy waddsramiinwyuiueshidfuewen WWtuvaemas  adiviazdatdanlnag
anuendszana 90 Tulasimas (Um) unuee hifisadlafidurmguénatedesndt 10 pm nad
zmaﬁlﬁmﬁnuﬁ'ﬂaﬁﬁwm‘lmy’mﬁ 100 Pm (gﬂ“?; 2.3) n«mﬁﬁ‘%ﬁuuﬂﬁnﬁﬂ:“lmyjﬂ:iwvaﬁ Yo7

The Surface-Volume Hypothesis VURYBENATNAABS AT I IUVR IR (surface arca)
#91/51185  (volume) mmfﬁsﬁﬂn’hﬁé”mwdaummﬁuﬁﬁﬂwnjﬂ’iuﬁ@sﬁﬂuﬁuﬂ?mm%maﬁ

T

14 ] [ 3 []
UnpdRunmsggalnagudite  waduinafiniidovnalnglnaguinldeasfisgnislueaded

a

- =

1 - o 3 o 4 U )
"lumamﬂmuanmmwaa ﬂﬂuuWﬁﬂ%ﬁﬁ’]MT‘imﬂﬁﬂuﬂ'ﬁﬂ111131%‘]&&?1%“11@\3&?1566ﬂfz)fl"!ﬁﬁﬂi‘&:ﬂ‘i’l‘ﬁ

ldd‘l 9 K

' ' &£ o 9 s ' o
N ﬁ?ﬂ!‘ﬁﬁﬁﬂlu'\ﬂiﬂﬂm!ﬂﬂuﬂﬂﬂ’ﬂﬂﬂu‘ﬂfgﬂﬂuﬂ']iuﬁni!‘ll'l!m%ﬂ’ﬂﬁt“]fﬁﬁll'lﬂﬂ’ﬂ (g‘lh’} 2.4)

<

ey = d
IEMISANE A
< f Y w av g9 ¥ s . . £ 1, 4
TunisAnuuyadsedu 1Wn9yldndasgansminm (light microscope) FeAdUITINUE
udaea (visible light) fudegaasIinmdansuumaududa deunlusmissud 20 anwauls
& 1 é’ . s of
TuiseeTassadrumaditivinadnas lufinniy SelinradundecganssmiBifinaseu (electron
microscope, EM) Wl
[ ] o [] 9) ¥ < o o 4 .
EM dadwasniudrsannaglFaunsnimdnluns Idaduas EM 9gd resolution
@rvannsalunsuenvesdesiseansindy) e IMmdwnegend uaglinudinves
vy o o . P oo o
Mwwnnad Idnnndesgansseniiay EM uivesniflu 2 wilafiendesganssaisiinasounuy
[} ] o d ]
OINIU (Transmission electron microscope, TEM) lmzﬂﬁ"fz}ﬁQﬂ‘ﬂiiﬁuﬂmﬂﬁiﬂu!l‘iJUﬁ’eNﬂﬂﬂ
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: Plasma

i membrane”

Nugcleoid
{DNA)

Cytoplasm ! -
| Cell wall /

I Celt membrane

Ribosomes Nucieoid
! (polyribosomes)  (DNA)

Capsule

Mesosome

Cell membrane

Celf wall

Prokaryotic Cell

PROKARYOTES.
In contrast to the eukaryotes, prokaryotes lack mem-
brane-surrounded organelies. Nevertheless. all life func-
tions, including self-replication, occur in these cells.

al s

gﬂﬁ 2.1 Tassadravesldsarslon : uuaiFe (Ferl uag Wallace, 1996)
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b

s 2.2 Tassadroues wadity (a) tazeraddad (b) (Becker UAY Deamer, 1991)

endoplasmic
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U5 s 5 s ( |

T Unaided eye
< Light microscope< T> ! >

Giant
"\ redwood
T2 phage Plant ‘ tree
Atoms %(xf A and
/) d g A animal
ipids :
P /\ Chloroplast cells Fish
&P egg
Q 220
@ Protem ® 0
Small molecules Most bacteria

Human

71 23 vineveuraRUULA1I (Purves UazARIE, 1994)

(@) - As cell size increases, surface : volume ratio decreases:

B . L2 . E.
One square = 1 cm?" .

Surface: 6 cm? |}
Volume: 1 cm® @
Surtace : Volume =6:1

"Volurmne: 8cm3(2x2><2)
Surface : Volume = 24_8 =311

o Surface 54'om? |
Volume. 27 cm®(3x3x3)
Surface : Vol'u,:peg’ 2:1:

(b) Cells normally divide, maintaining ihe‘su'rféé'e : volume ratio:

. Tcell .
Surface Volume 6 1

H o 1 y $ ] = § o - 1 a ¥ ay PRy ' = -
510 2.4 SasreuiuiRgelsunTveusad (a) Womadlvinaiuiy dasidiuiuiisolsnnse

¥

4 1 @ gl ¥ 4 VQ \ --% H ¥ dv
anas (b) WewasimuumlusadmudndsanadwiuiiidedSnesezai iwdeuuas Ferl uay

Wallace , 1996)
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a
N

Extraceliular
fluid (ECF) \ Channel (Pore)

4 Allows specific ions or polar

Il molecules ( @) to move through
' water-filled pores. Most plasma
membranes include specific
channels for several ions, most

" commonly potassium (K*) and
chlorine (Cl).

Carrier (Transporter)

Carries specific substance (@)
across membrane by changing
shape. For example, molecules,
needed to synthesize new

« proteins, enter body cells via
carrier proteins.

Receptor

Recognizes and binds with a
specific protein () which alters
a cell's function in some way.
For example, hormones bind

to receptors, which causes a
change in cell function.

ECF
Cytoskeleton Anchor

¥ Anchors microfilaments and
microtubules of the cytoskeleton
inside cell to membrane to
provide structural stability and

% shape for the cell. May also
participate in movement of

the cell.

Cell identity Marker

Pl Distinguishes cells of different
species and different individuals
withinh species. An imporiant
class of such markers in humans
are the major histocompatibitity
(MHC) proteins,

Cytoplasm

The protein molecules embedded in a plasma membrane
are responsible for the various functions described in this figure.
Many activities involve regulating materials and coordinating events
between the cell’s interior (cytoplasm) and its external environment
(extracellular fluid, or ECF).

9 [ ¥
2.6 nihAunehwealusiuludofurad Mix wazanz, 1996)
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Plant cell walls

Cytoplasm ———————rmp—r
Plasma membrane ———~— CrL 2
Plant cell wall layers:
Middle lamella
Primary wall
- - \
Secondary wall

plant cell walls. Young cells first construct
thin primary walls, often adding stronger
secondary walls to the inside of the primary
wali when growth ceases. A sticky middle

lamella cements adjacent cells tagether.
Thus, the multilayered partition between
these cells consists of adjoining walls individ-
ually secreted by the cells. The walls do not

JUi 2.7 Tassadramiausadiie (Campbell, 1996)

@ The nucleus contains most of the genes, which are located on chromosomes.

Chromatin

Nuclear ==——
envelope

Generalized cell showing
location of nucleus

U 2.8 Tnssadrvesiiuation (Tortora, 1997)

Primary wall
Cere 1
Three layers
. of secondary wall

4

}__._.;,.,
1um
isolate the cells: The cytoplasm of one cell =
continuous with the cytoplasm of its neigh-
bors via plasmodesmata, channels through
the walls (TEM).

Nucleolus
(lifted out
of nucleus)

Ribosome

Rough (granular)
endoplasmic

Details of nucleus

Middle lamelia

i
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Plasma membrane

Transport
vesicle
from Qalgl

Vacuole

S Lysosonie

Transport
vesicle
from ER

envelope

g‘ﬂ‘ﬁ 2.9 s¥uUEo (endomembrane system) (Marieb, 1998)

Nuciear

envelope

Smooth ER

Rough ER

Ribosomes

Smooth ER

{b) Smooth ER Rough ER with bound ribosomes

5111 2.10 Rough endophasmic reticulum 12 15 TuTasy (Marieb, 1998)

Large ribosomal

" subunit
.

Small rivosomal
subunit
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fuses with ;\‘
phagosome

Golgi vesicle containing
acid hydrolase enzymes
becomes a lysosome.

@) Golgi vesicie
containing plasma ;
membrane
components
fuses with the

plasma

memerane.

@ Golgt vesicle

containing proteins
TR o be secreted from
cell becornes a secretory
vesicle (granule).

Secretion by
exocytosis

Central vacuole

Chioroplast

Ui 2.11 Tnssadraumenihiiveanead

=

ABUIWAN (Marich, 1998)

;jﬂﬁ 2.12 Central vacuole Wmcﬁmﬂuﬁ%

{Campbell, 1996)

Cytosol

‘Central
‘vacuole



38

4 daw o
DBINNIUBINEININEINU

¥
o

Y = : o o ' g
1aun imemummmgm@Tﬁswmaﬁ ci?-amgﬁmumﬁwsmﬁ@ﬂumm@aw%ﬁ.m

1. suses emdszun 1 -5 Tulasuas uasil E‘Eamz 2 oy

R
=
Hig

5,_55

2. wilumsduasied ATe Sanfssuunsdunanedszuaneiedu
3. ﬁ DNA 89633184
2 3 o o 1 i w’ '
AMImnavesieraseeiunuad Hanaausendveanifimadae ase Tswatad
JuwdesnuemuaseWiedszniumsfunrefurwaziuilusdihans danluTnasueTs
nieuwdinuvesthealdnareily ate dwinldiuadls
1. aeplswenes (U0 2.13) numweTudivuaz Tnsfaduedalaoammiza v (algae)
= d’f o o N v @ W we Y AU 4
Lk eke gwmmmuaﬂmmﬂwmﬂ"ifaﬂﬁ@m@mmm”lﬂm%mwmmwmmlwamww

e i
Tululs et 2 $u Boduludouseumsiamarfifends alasin (stroma) meluaTasund i94

A

[

Py

3 23 Qr 1 e ol ¥

arlafiSandt Saanend (hylakoid) wauﬂumumm@g Fruesfeainosddizendt 3 {grana,
BANY = granum) LdAzATHINAAdsiUAI B1NEaT (lamell) Gufludruvestonneeaiituenn
1 ludedusonnoed Tmsdderfenns Tsfiad (chiorophyld uns Tumnamsdous senints
Funszdumenne lsTadsundssumniasofiafunsdede ldfsTumnadus tudetuismnosd
“la.imﬂamdwf;af'@wﬁmm‘lﬂ%’@ ATP m“’“ﬂ'mnﬂﬁéémﬁﬁmﬁwm ﬁmmﬁwmxm%rﬂ'ﬂuﬂmmﬁ
mwmmmwaﬂieﬂumsmamwwmmmﬂmamm lnoon ladiazii 51902IBYAVBINT

fuaswruasaznantalunndes T

G
@

d £38 3 Qs 2 b
2. luTnmeum3a (319 2.14) duesfunwmadiimd fiadandsnuoinemisuaziiyu iy

s 2 4 ng' L S & e e b 5 o 'd
Eﬂ%@\‘i ATP ﬂ‘?mﬁQﬂ"ﬁi@%!ﬂﬂﬂﬂﬁﬂjﬂﬂ &Ml"?fiﬂ@ﬂﬁﬂﬁﬂ Cﬁ'imﬂ!fi?ﬂﬂﬂlﬁHM‘T&?@GW@\T&\HM%@%!%@@
dd

4

B)

Y Tnneunis Hugansanan nssaszuen wiegyliv fiferu 2 Fu Beduusnioy s
JuimsRuiy drufuyuSend erista (ATAAT U3 eristae = WyM9T) Sunaldfifdufifeute
Qa:' Q‘y dgj év‘ <4 a o ¢ 3 Y =4 A QRJJ g i i
Fuludindy  FulamddgdemainuvedhiInaoweis @eduluezniluInasussseen
Wy 2 dau fedrufiegsyuituBedulunayduueniondl Intermembrane compartment HAY
drudiegmoluBondt mateix GUF 2.14) U§ASmumueddvvese s nedufatumeluues

=i (] . % PN ) Y ¢ e 1 P ¥ zi'{ .
madfiegiy marix daufasedus suia Taoeu lalaiiadien Heglubeves cristac

¥ r’:i f::; d
s Mazmanae NN Lwad
1. Cytoskeleton iHuszyumdeduislalsiv Falseneudodulelilsiu 3 wilade
microfilaments, intermediate {ilaments 182 microtubules (3 ﬁéjﬂ 2.15) ﬁ?ﬁﬁﬁ‘?ﬁﬁ ”Bﬁiyg %S{Mﬁ
i v g " & o W™ a ¥ ol
A, gusramad 1 luarad ifinTawnd cyoskeloron iludafaugliusad
v, prmadeufvevuwas HuniavhanvEs microfilaments G2 microtbules 91117

s A P
ratanauUn



39

A { o P . 0 &
A. MTAADUNYBNEDSUMLAD microtubules 8% microfilaments ﬂf?ﬂglﬂ@@i!ﬂmﬂﬂ
A & o A et & e
gInfinile lldadnnnitenieluead
4 4 . . 5 W ¢ 7 &
J. MITULNIAE microtubules 1182 microfilaments HUNU MR YABNITHLUNAT
. I - v
1.1 Microfilaments 15uduleTusAuiliduiguinmalszan 7-8 uilumes
& . . Y y X
(317 2.15) uaze199zil myosin #2u Tunensdl actin sraedwiluladery wihilves actn vaz

ciglu o

. =y o/ i ¥ O:’II . .G N [T B! ]
myosin N3 INAUAAD N15HAGIUBINA IS N9 actin 1B myosin 11 microfilaments §alidausae iy

u

msifasuglivveasadiazmsnisuiivesessumuad

1.2 Intermediate Filaments Logod1ifes 5 tia usazyiialsznoudas Tsaudn

J s =1 9 a * s 9 g L] o
uananfutazimiiuanaesiu duleliduriguinaralszana 8-10 wTuwasuazeny 10-100
! . g ] a [ W 4
luTnswas (UR 2.15) Frefnuguiead Samizdu microfilament 484 actin Juadndundio
¥ 4 4 H 19 v L% ¥
savlfiadaduniie hifnvimaindusgninmsvadiedegunse
N [ ' [ 9 ¥ o
1.3 Microtubules (Huvisnmsvinadndumguanaisdszana 25 i lumasuaz
d :
198121904 50 luTaswas dszneudieTUsAu wbulin (U9 2.15) udazlmana wbulin Uszasy
a o 3 @ ' @& o 4 i

Frowedmt) IndRuandredu 2 nqu uazdadafuiugulamasy microwbules {uduilsznon

A fRyued centriole, cilia 1Ay flagella i lumsaslas TuTwulusgninmsudarad $ae01

2

b o 4 <& ] A e
masuNvewasunuadnieluleInwardn srlunismdenlvaves cilia azflagella
¥ ° 9 0
2. Cilia uoz flagella fagiludivestofueadisuseenmovenyad dnyuzadie
yundenunaou1na'ld Taseadieund cilia tag flagella adeiuuanarsiuludaiiueg s1uau
1 o [
semadiazsuunvesnsndonlng clia Fundwalinounand uasadeulnanuumswe
& ¥ ¥ 144 o 9/ 1 dul Q/ 9 dﬂ 9 e
o dau flagella 13anIwatidauiesndt noniadeu lwiludnyuzadiondu usaz cilum uaz
o ] N y vl o =y
flagellum 15¥NOURIY microtubule (F89FILY 9+2 § Ao I microwbule 2 Uve agfigudnatazil

1 L

9 v
8n 9 § dou58U microbule Tundazgazdadaiulasuudu U 2.16) n13TABYEY colium
< P oy @ 4 9 .
%50 flagellum 1HunavInNITIAReUN NS oUAUTZHINEYDI microtubules
3. Basal Bodies daUgMu0dIAaE cilium 1z flageflum molulsTnwarFuvesyad fe
9/ H 5
basal body IMAWIZ microtwbules 2 1saTsnatuviniud luldgueiaddy basal body @iu
microtubules 9 gTogsauazduas’illu basal body tozusasgiFeuiuTay micrombules 1319d 3 ¥
34 E4
Qs Qs o/ ar [~} v . v _
fuuiadu detiulunindarinaefiudi basal body UsensUAI8299849 microtubules 3 11 (triplet)
Wt . et (] =X =3 [ 1 dyr , o
13131 microtubules fHogasananizennsFosdautuiidn “o+0” (U9 2.16)
4. Centrioles {82 Spindle fibers
Centrioles 132n9U#18 microtubules NFBIAUY 9+0 1WAYI basal bodies ¢!
centriole aganas 1t 1u Ty Tnnadunaziindiuandaly TaslinihiluniadaiFes spindle fibers A
[ a [ v o & t . 1
gaelumsuenTas TuTsueensindulussnitnsutiusad (U 2.17) uaaz centriole 1urienss

» . . ‘
nysuendua Tumaddadn 1 ¢ wadfiahill cilia, flagella, bodies 138 centriole



40

Stroma ~—_

™
= Inner and outer ——
membranes

Granum ..

Thylakoid

1 um

3UN 2.13 Tassadiwvesnns Iswanad (Campbell, 1996)

Outer ~—___
membrane

Inner —
membrane

Cristae

Matrix —

-
100 nm

517 2.14 Tassadraves luTnaswnTo (Campbell, 1996)



41

{a) The cytoskeleton permits the mavement of organelles and in some
cells is responsible for cell movement.
Plasma membrane Ribosomes Endoplasmic
\ reticulum

Mitochondrion

Microfilaments Intermediate filament Microtubule

~Actin g
-Subunit —

Tubulin
- subunit

Inter-

mediate

filament

subunit A
i ——
7 nm 10 nm

{h) Separate units of the protein tubulin can associate together to form a
microtubule. When conditions change, the microtubule can
dissassemble, forming free units of tubulin.

The cytoskeleton is a network of protein fibers that extends
throughout the cell. It is capabie of both maintaining and changing cell shape.

H -4 . . .
suf 215 laezunsuuaas cytoskeleton Youxaa 15znouAIY microfilament, intermediate filament
a

1182 microtubule (Benjamin HazAnl, 1997)
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519 216 Cilia 182 flagella nanan ndnvedIud1e Faneluilsznoudas microtubule FEadauy 9+2
[ 4 w5 o P P e v
sariuludau basal bodies ANTISHIAIVOS microtubule NoGIOUUONTLTIY 3 UNT NINNA 9 YA AIUNATY

ﬂﬁN‘lﬁﬁ (9+0) (Audesirk ita¥ Audesirk, 1997)
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Centricle

(b)

Centrioles. (a) Three-dimensional view of a centriole pair
oriented at right angles, as they are usually seen in the cell. The
centrioles are located in a nonconspicuous region to one side of
the nucleus called the centrosome, or cell center. (b) An electron
micrograph showing a cross section of a centriole (approx.
150,000 X). Notice that it is composed of nine microtubule
triplets.

3 Qar g =] Y .
517 217 Centrioles Wuluaddad Usznoudie microtubules i389A201Y 9+0 1MiBUAY basal bodies

P

(Audesirk 1182 Audisirk, 1997)
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Extracellular fiuid
(outsxde of cell)

- Transported molecules
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Qutside celt

Carrier protein

Cell membrane

Region of lower
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Inside cell
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p )Actlve Transport ‘
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1 protein pumps TuiBouaadazwAIUIIN ATP %26 (Lewis, 1998)

Both compartments contain Both compartments contain
Compartment 1:  Compartment 2: solutions with the same solutions of identical osmolarity,
solution with solution with osmolarity: volume but volume of compartment 2
lower osmolarity — greater osmolarity unchanged is greater because only

Compartment 1 Compartment 2 water is free to move

Solute

molecuies
Membrane (sugar) Membrane
(a) Membrane permeable to both solute molecules and water (b) Membrane impermeable o solute molecuies, permeable

to water

. solution with greater osmolarity except that the membrane is impermeable
influence of membrane permeability (compartment 2). The solute moves along to the solute. Water moves by osmosis
on diffusion and osmosis. (a) In this its own concentration gradient in the from compartment | to compartment 2,
system, the membrane is permeable to opposite direction. When the system until its concentration and that of the
both water and solute (sugar) molecules. comes to equilibrium (right), the solutions solutions are identical. Since the solute is
Water moves from the solution with have the same osmolarity and volume. prevented from moving, the volume of the
lower osmolarity (compartment 1) to the (b) This system is identical to that in (a) solution in compartment 2 increases.

: 4 ' e .
gﬂﬁ 3.2 laozunsuIEad osmosis Futlumsunsveuir (Marieb, 1998)
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ISOTONIC HYPERTONIC HYPOTONIC
ENVIRONMENT ENVIRONMENT ENVIRONMENT

Water-filled
vacuoles

Cytoplasm

Cell wall

Plant cell in isotonic pond Plant cell in a 10 percent Plant cell in distilled (100 percent)
water; no net loss or gain salt solution {90 percent water) water gains water causing the
in water. loses water and shrinks. cell to swell.

Plasma

Nucleus membrane
= j Cytoplasm
Animal cell in isotonic solution Animal cell in 10 percent salt Animal cell in distilied {100 percent)

{about 1 percent solutes). solution, loses water and shrinks. . water gains water, which may
- cause it to burst.

P - /A o A It - P oA i .
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hypertonic solution I@iz hypotonic solution (Mix laizAm, 1996)

Extracellular

1. 3 Na*ions 2.  ADPis released 3. 3 Nat*ions 4. Pjisreleased 5. 3 Na*ions
and 1 ATP causing change in are released as causing change and 1 ATP
bind to protein pump conformation 2 K* ions bind in pump bind. ..
“pump” to pump conformation, -

K+ ] ) re1e+a§ing
@ ) & ® W 2 K*ions
@ K+ / / \
v

”Cytoplasm \ I "'*??g ADP @ \
0g® o SRR
3 Na*

~ , o a oA . L odey o g Ay 79 Y w
sUh 3.4 Sodium-potassium pump 917 pump 333} A9 carrier protein wNameg“luwanmmaa Twdsamlu

P

: . s
M3iaaUdE 2 postassium ion (K) iWaraduag 3 Sodium ion (Na') 909A91AIYAR (Purves LAYABE, 1994)
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Cytoplasm

Exocytosis. The membrane-bounded vesicle containing the
substanice to be secreted migrates to the plasma membrane, and
the two membranes fuse. The fused site opens and releases the
contents of the secretory vesicle into the intercellular space.

411 3.5 Exocytosis ifu3Emathevveside
pon9INadIAz Endocytosis 3 JUlLY e
(a) Phagocytosis (b) Pinocytosis UBY (c)
Receptor-mediated  endocytosis  (Marieb,

1998)
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@ @ @ dissolved solutes

Coated pit

(c) Heceptor-mediated endocytosis

Three types of endocytosis.
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gi]‘?l 3.6 Intercellular junction IUEaadAd (a) tight junction (b) desmosome LAY (¢) gap junction

(Campbell, 1996)

plasma membranes

0.2 micrometer

gﬁﬁ 3.7 Intercellular junction Glumaﬁﬁ% : plasmodesmata (Audesirk (aig Audesirk, 1997)
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D1UNU MY geothermal energy anlenanelan usIReveINsEIUNT LAz AT IA (biomass)

WAl 2 3uluuy fn

1. Potential energy (Wadausing) \undanufiazay Bamiumsinu Tavazan1ily
silvesiusziniivesTuonamisenns wu af Tu'lamsa, Aauaz TUs@u (1o 4.1)

2. Kinetic energy (Wadamueay) Hhundsnudignldluszndnnsihen Wundsauid

s o4 44 ; ' o

mamdeudl (U7 4.1) Fezndsumsedeulmldiduaars anwdeunandsau kinetic energy

4 4 o A A
HUUYU mmmmﬂuwamﬂmsmaa‘uwaﬂmaqa

The Law of Thermodynamics
AU thermodynamics i1 2 Yo fio
W LA o/ T 3
ng4efl 1 (The first law of themodynamics) Hagimdenu limmsagardeliunie
o -l A 4 é -& ' L ar
gnhaeld nisoudtsaudndsuglanginielidudngivite iy nawdsnuaiidundeny
~ 3 [y (Y :‘ da A L] A 9/ d’ dy
anudeu USunantauaveandsnulusnsnaeeasi 1ufde Janagluannzasi ngded 1 U
A .
5unBned1eniled1 NGNIIAIBEYUBINGIIY (Law of Conservation of Energy)

% { as 'd (-2
ngUoR 2 (The second law of thermodynamics) (NgItasfiua s Temivewnds
¥ % o 9 e v =5 d‘ o 3 \1 ey

o msvudandanuiiifanu biflussidiey AsRoUANINUBINAINUTIINNA 1]
a 13 aaa & A (% 4 d 1 9/

UszAnina mawhufisomionuass iy entropy uazaudewdsnuiniiss Tewiuediuln
] o [] ' o

fuAunadenlugiaiwdeu vnaiuSenngden 2 91 Law of Entropy Entropy Hhuanasauun

°

Tufezair ldgau ifuszidiou

o
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Ufn3aunditazaniznasanu
) =8 A' @ £ 4 ¥ = A o g t-'i g
U§ATeualisududromanilanguisonin reactant FvilTen) nazalfoumsiudy
=] é ¥ d'd A el Ay = ? L] .
m159nnilanguiisondt produet (nanda) UfATouniiinissendu 2 nuu'ldud  exergonic uay

endergonic

ddﬂé’ =5

Exergonic reaction (HuilfjfTounlififadues Insildeswdescuesniiuaz product i
o 1 Q‘ g 1 A e ¥ —)
WA UTB8N 1 reactant § entropy (AU 19U YRAToualiszuinleTassunazeandisu uSents
oxidized 81113 T lu TnaeuaTeveuwad uazltwdwusanuuiu Blugddusend Ui 4.2
Endergonic reaction 15uil§iffouniiilef product MMindesanannndy reactant laimmanse
- :3, \:lsl 9} s g/ ] ] ] Y o l[! lr! o o/ 3’
avuldies doanisndenud gy uaz entropy anad 1wy Wxldmiveu lasen leanuiily
¥ ]
msadraiwa (i 4.2)
. . o g 3 = 9 aan o s . .
Activation Energy 4az Enzymes Wadwu#ilglunisiiudulffsensenit activation
o= |y a o 5 < i v 1 £ e ] §
energy UA5e19ziaT 17U Taonsidy catalyst (sfigaas wlfnsouniiTae hignnldeunlaslag
U{A5u1) catalyst 191 Tagaan11udeen1s activation energy 199189 (51191 4.3)

d =5
wulasl : catalyst N9FI0 WM

s
1 1 3

o ) = eaay %
ouland - 1y catalyst vouwad FuTdsdudeunaniivrns alfiSomadani wuluiug
s g ¥ o= an = & 1 1 5 @A ki o 5 ;e o
avyiaihmihilul§isenfisanilsedaviniu ufe eyl §ATe10u substrae Imwizves
9 [
Fusunniy Substrate umshaunsagasuniumaniiTaseu lmd
1Y a d Y
dnvazdrrgvousulud 1dun
1. WuTds@u
2. UANNEUMIZHD substrate 9NN
3. llanseduues activation energy Misufludemsifaifnsoundl
v o s o; 14 o
suheveueulal armnandsvesen lxdudazsiinfianinguitveseulad avwian
1 g w A 1 . . U4 . N 9 ) - ot
Andichifegilieues active site voueu'lan] active site 1Tusemissesihruuiveaeulanin
ifludumuisdufiy substrate (JUN 4.4) @ active site W 1GNOANUFLIT19UO4 substrate HigeTia
) v 3 =2 @ o o ° ] 4
@eaviniu Juiluilviedfguesmshinumaniiveasad
ng¥f Induced-fit na1II1TaARA substrate AFUAY active site V3IIUVBY substrate 7 14
H o~ 9 v § o ‘i’ 1 ~ o o
dhiineminzesfansede hldtusenidedulindanse  Junaldifansuandn wielimsh
UgAseiuasdu
A LAY o a 3 ] P 3
oo ladSury substrate a15UlszneufiifaiulniszgniFenil Enzyme-substrate (E-S)
as i ° as a A a 3
complex naannieu leivianuadouds B-S complex szigneenaniu uagnaniniiiialntos
M A ¥ 3 A EREN LY I3 ﬁy LR
eneen’ll  daweulwdde lildgnalasuntasTanl§isoszaunsondulihauiulnideld

18 (Ut 4.9)
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Potential energy

(b)

Kinetic energy

-

-

Rocks //

314 4.1 Potential 1A% kinetic energy (a) AoufiuRogunseANT T potential encrgy anNTaTNIL S

A ¥ oy o gl a g . 4 4 L A
1 NaAut nousndu duagdhlddudwtiug (o) potential energy 1WAsTiv kinetic energy Tuvaizd

¥
NRNRIUT (Postlethwait HAZAME, 1991)

Produc\i
3
Q» OV
&

4.‘{. Energy
¥ Ssupplied

Reactant
o
e
@v o}

—

~

Products

Energy
released

Endergonic Reaction
Products have more energy than reactants
Energy required
Not spontaneous
Entropy decreases

Exergonic Reaction
Products have less energy than reactants
Energy released
Spontaneous
Entropy increases

gﬂﬁ 4.2 1WSyuioy endergonic 140% exergonic reaction (Lewis, 1998)
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e

Q2

g

2 Activation
- energy
o

o]

o

]

o

%

3 O ;

> 5, 07 N

q‘? (/\ Reactant o A

& e . Products
u -

Catalyzed

Activation
energy

Products

5. O
L\//} Reactant .
' VN
~.

Without enzyme (uncatalyzed)

With enzyme (catalyzed)

Enzymes lower the activation energies of specific reactions, without actually participating in the reactions. This speeds reaction rates.

51l 4.3 Activation energy 1ag tou lard (Lewis, 1998)

Active site
Mechanism of enzyme action. Each —
enzyme is highly specific in terms of the {
reaction(s) it can catalyze and bonds
properly to only one or a few substrates.
In this example, the enzyme catalyzes the
formation of a dipeptide from specific
amino acids.
Step 1: The enzyme-substrate complex
(E-S) is formed.
Step 2: internal rearrangements occur. In
this case, energy is absorbed (indicated by
the yellow arrow) as a water molecule is
removed and a peptide bond is formed.
Step 3: The enzyme releases the product
(P) of the reaction, the dipeptide. The free
enzyme has not changed in the course of
the reaction and is now available to
catalyze another such reaction.
Summary: E+ S —>E-S—>P+E

Enzyme (E)

Peptide bond

Dipeptide product (P)

51l 44 na'lnmsieuvesewlas] (Marieb, 1998)

Free enzyme (E)

Amino acids

Substrates (S)
Enzyme-substrate
compiex (E-S)

®

Internal rearrangements
leading to catalysis
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o4 =1 o 3‘ o [
AN HUDY substrate das U5 lumsanananveueu leyuiuilesovane
] ] Y -~ o é’ H &, [ A 5
PN 15U WonAARAITIYUTell substrate 3NN UANITIAY substrate T1iFoEe 92
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1oy lalifansdudiiy substrate 81 1T sRva ST UV 9U aTE AT

o s oo v A ,3 {
vosmsifananianes Tuiudu GUA 4.54)
~ i Q’ g a o/ £ AN 3 ¥
gamgi  guugifiindu 10°C swihldasufwesfasouniiSrdudy 2 v
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i ¥ ~ = & ° v
(U7 4.5B) uathguugiigeiulieuledduduldsduszgnsiae nieiFeniign
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3 H o o o ! v :/, L] 3 "
fefimszeu ladihauldin pe Amngaminiu euleddnieefiviienu 1§81y
duneadeuiifinruilunsags ndwulsidiunadesnsannzfifunats HY)
WA (319 4.5C)

R s an & o & a ana A v
Metabolic Pathways Uiz veusu ladinezifoun Tostueynsuue sl fisehivae
o g YAt 9 9 = aa 1 dyd ¥ .

Snuurad HFIauazhaw'ld eynsuilfAseunaiiifonit metabolic pathways

§ o [ <3 a o [y Y [y

(314 4.5D) wandavedazeynsuIznmlumsEuRudmiulgsedall Tu
14

UN pathways sxfimsuanaatsves Tuanauas ldndsnueenin aszurumanil

{50031 catabolic pathway (catabolism) @3U pathways a3 19 TuanaTagnsiion

Tumnadngdidiodu  tavdesmsnAsUNI5onI1  anabolic  pathway

(anabolism) .

Enzymes a2 Cofactors 10U lasfvag9iiail cofactors 1131980159119 cofactor

fhuleesunieTuanafideuniudumeulsl  Weldiouluiieuldedsgndes

2981994 cofactors 18HA 118N (Fe™), unenila (vin™), Fanzd (Zzo™) uazTuana

3

< I [

‘:islw ‘i
un3oaua N3infiulude Coenzymes

@D

Allosteric Sites 48 Enzymes Control U890 active site uda ou'ladernesd
) . . 1 & i o . . < o
allosteric site 111 binding site N0 FAaAITUITUAY allosteric site 1ANVLHTH
' R . 4 4 { A cg H @ as
510519994 active site vououlaniinlfeuly wafifaiude wulslliawisodudy
YA 1 us: . . < o o a o
substrate Idange 11U Tun1aa$s allosteric site 9zfinams umzdunandnveuou

. § Qs 3 - ] . . =1 ~
(U7 4.6) auiu SiiwandaazaueduIn allosteric site 9YAUITYRUIAN 1AANS

¥
o/

o ] = a & i . . o/ [
fudauenland lildiasndananiauniu wulalfil allosteric sites Tnozifudiu
& ' ¢t o [~ o & =) @ ] a v
witswesnguion laifmaududiduuy substrate Bearu od1lsiam Tumnaly
183ufiy allosteric site 88190125 AN TuanananaaFuaniosnd allosteric sites

1 4 A, Yy a’d,
3’31\1!&ﬂ$!§]ul1‘1$11%3153J141\1Tuvlﬂf)ﬂﬂi\i
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A

Maximum rate of
enzyme activity

1S § interactions ——ym-
(\\.\ﬂ;m e and substrate

i S |
1 2 3 4 5

Concentration of substrate

REACTION RATE vs.

SuBSTRATE CONCENTRATION.
This shows the rate of reaction when the quantity of en-
zyme remains constant while the concentration of sub-
strate is increased. The reaction rate increases until
such time as the amount of enzyme becomes limiting;
then no matter how much more substrate is added, the
rate of reaction remains the same.

A -
e PEpSin

Rate of reaction

Y

Rate of reaction

~ ENzYMES ARE SENSITIVE TO PH.
Pepsin, the protein-digesting enzyme of the stomach, is
inactive in all but fairly strong acidic conditions (low
pH). Trypsin, a protein-digesting enzyme of the small
intestine, requires an alkaline environment. Most en-
zymes work optimally at near-neutral (pH 7) conditions.

©

@)

The reaction {2 {0 .. .the reaction

1] increases as stops when |
the temperature { the enzyme |
rises until... denatures.

ot

0 50 100

Temperature (°C)

. . REeacTion RATE vs, TEMPERATURE.

As thermal energy (heat) is added to an enzyme-sub-
strate mixture, the rate of the reaction increases.
However, too much heat can denature an enzyme, al-
tering its properties and rendering it inactive.

Final product -
used by cell

Plasma
membrane

= v o o 1 o =4 9 o
g‘lj‘lﬂ 4.5 ﬂiTV‘]LLﬁﬂ\‘iﬂ?"luﬁwwu‘ﬁiﬁﬂ')jﬁ'ﬂ@i']!5Qﬂfﬁdﬂ?ii’ﬂ\ﬂum@ﬁwu\l%ﬁﬂﬂ (A) ﬂ'ﬂN&‘%\J%}u‘U@\i

o

i o3| . & ny '
substrate (B) guuguuag (C ) pH aU (D) 111 metabolic pathway mﬁmuulcﬁﬁﬁmwu@mqmagxm::

1w Substrate TWTunanAngatiie (Ferl ag Wallace, 1996)
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ATP : uvdandsuveasad
Adenosine triphosphate (ATP) (gﬂﬁ 4.7) gaiSendudu uvdendanuvevad M
ATP szgnlFlumsihldnsdhauduSegdas mindesmsldwdenuinn sefins1d ATp iy
ATP (ufsfignlFTasdaidianngtuny wdanuiignadiTasnsduaseduaendo
msmelagmitu PBlugdves ATP iilefiamdeamandea ATP sxldeondsnuesnu wad
awnsaazaundenu Blulwana wu arsTulanse 3fia iae Tdsiu uddeudlozamnsadends
swonTuangmaniild sefesinnldlumsduns iz ATP fou
Tassa$1aved ATP (14 4.7) Adenosine triphosphate Usznsudan 3 dau fie
1. adenine Yiznoudigrsvesmfueuuaz Tulasiou 2 29
2. ribose Huhaadilszneudas 5 msuou
3. triphosphate ﬂizﬂ@ﬂﬁ")ﬂﬂyz phosphate (PO,) 3 'mg,' céwufluﬁ’mmwm ATP ‘ﬁgﬂ 3
ijsanudigezaenenniiou
The Phosphate-to-Phosphate Bond Tugﬂﬁ 47 AIUNNYBY ATP ﬁﬂsmwué’awyj
phosphate 3 1] iFeudeiuTae bond Hideulugiveaduning Buninilinaasis bond Aozuan
naz Ifnderusenin wﬁwmﬁandn%gﬂﬂéaaaﬂﬂmzﬁa phosphate bond wils bond tAnNNAL
16194 inorganic phosphate ion (Pi) 99ANT HIAAY bond Aatuie ldndenusnmmnaminiy mne
mmImianuinnwnagnUaeseeniiiie bond dsnananaa
ATP tiaz Cellular Chemistry
wadamnsnldnienuiieglu phosphate-to-phosphate bond 484 ATP 'I& Taesududi bond
ﬁatjﬂmﬂqmmnﬂmsTﬂﬂﬂszmums hydrolysis (msa@m‘fn%’ﬂuﬂﬁﬁ?m) AQY phosphate ’ﬁag}
megaezgndnseninziivy hydroxyl (-OH) Wit naeu ATp Wiy ADP u5e Adenosine
diphosphate
iiie bond ﬁﬁwﬁmuqumﬂamaﬂz"lﬁ'wﬁamu‘v‘;m"lﬂi%'mu‘lé' 194 sodium-potassium pump
Imdanulumsvudsleseudiu gradient wiamerngameldlugdaandeou udisades 1433
umsuanves ATP Bivygaseiidien lulaun iife 1 18esenin quf 4.8)
ATP cycle °1u°ufuz17'i ATP @9 1 phosphate ion (Pi) uaznareiiu ADP ﬁ"’u ADP %zgnﬂmﬁu
11980 Tausu phosphate 19131 uaznmeilu ATP snnte
15018 phosphate bonds AenaMezlindsnudauinn ualunmsads bond Sulmi
ABIMINAIIUS IHIUNTFUAY Adaumaa1dinen 2 aszuaums Ae msmelessauimad
(cellular respiration) HAZMIFUATIEWUS (photosynthesis) FusasuniolulyInaoueSsuazly
aaeTswaad Tuiana ATP qayite phosphates (Udeendaa) uas 185y phosphates (Aoaniswds

é L N 1]
) lunszuaumslanszuaunsvilsinaiuuds Ui 4.9)
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Active site | Product binds
; X Q to allosteric
: site- causing
7 change in
! o TN the active
2 @ site.
Enzyme  Substrate Enzyme-substrate Products Product concen- Substrate
‘ interaction ; . tration builds up cannot
i : around allosteric bind

; site.

SomE ENzYMES HAVE Two DIFFERENT BINDING SITES.
The active site binds with the substrate molecule as usual, but the aliosteric site can bind with a different
molecule, here one of the products of the reaction. When the allosteric site becomes occupied, the shape
of the enzyme changes enough to render it incapable of forming an enzyme-substrate complex. This pro-
vides a built-in means to slow the enzyme down when the products reach a high concéntration.

gﬂﬁ 4.6 Active site tiéie allosterie site ﬂimmullcmf (Ferl Ling Wallace, 1996)

ATP stores chemical energy for various cellular activities.

NH,
|
Adenine N O
— Adenine : Y il N
H— G |
(G~ € H
N
Adenosine —|
(on o (})~
| |
- 0—P—0~P—0~P—0O
i I I
o} O

- Ribose

T
Phosphate groups

Z |

T
Adenosine diphosphate (ADP)

T
Adenosine triphosphate (ATP)

' ' o~ o dj w Y o
qufi 47 Tasea$raues ATP ung ADP LaRe phosphate bonds Ineldidundn (~) (Hudygydnbal

(Tortora, 1997)
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) , Substrate
" ATP, 5
ADP i
Phosrylated
substrate

Product Enzyme
freed

! o aaa i r o Yt {
s 48 nsuandives ATP : URNTeITINIENIN ATP Lag  substrate wih e udateiiiu
a A o J o 9/ aaa
phosphate LEABBNYT WANTMUYDY phosphate 3 1thfinwndes 1Ay substrate nT0 ATP 11 lutlgnse

uazuanduiiu ADP 14100 1ufeed phosphate 1A substrate (Ferl 1ag Wallace, 1996)

Sunlight

% Kindnon

resplrahon

Cellular activities
(transport, movement,
synthesis, growth, etc.)

Chloroplast
(photosynthesis)

» ATP AND ENERGY RELEASE.
As ATP provides the energy for cellular activities, it is broken down dur-
ing cellular activities to ADP and P,. These, in turn, are in effect recycled

by the actions of the chloroplasts and the mitochondria, whereby they
again become ATP.

11 4.9 ATP uagn1yapendesiu (Ferl uag Wallace, 1996)
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Coenzymes, Oxidation i8% Reduction

Coenzymes 151U organic cofactors Hvthiiunmzueslalsasuniedidnasou Tasia'lu
T nucleotides neUSIMWAN MY coenzyme Susuanuamnsaluns WeiEnaseunse
Tolsaeu WildTusumsTuse Lid phosphate bond MileuUfU ATP Coenzymes 191 1ndTafu
ou'lanfiiny substrate #90819U89 coenzymes fRTITBsTasasIiY nsadae ATP 1 3 &1 IGun
NAD (nicotinamide adenine dinucleotide), NADP (nicotinamide adenine dinucleotide phosphate) Ung
FAD (flavin adenine dinucleotide)

Tns9ar¥19vsd NAD', NADP' uaz FAD

NAD oz NADP fidnwmzmaniindiefy ATP (Uil 410) Ao Uszneudan adenine

¥
. [ “ M H o <4 1 '
(nitrogen base), U1A1A ribose 2 YUY AT NY phosphate VIUIUNUI (NADP ﬁmg phosphate 410N

b4
L]

NAD ‘ag,i 1 mg: )Tmaqamdﬂmn nitrogen-containing ring 3¥n31 nicotinic acid (nicotinamide 11
' 2 4 ' . 2.
31 4.10) Fuludrumuniififinissiramves Coenzyme visaaedail
¥ 3/
a3ulu FAD 1 nitrogen-containing ring 58771 riboflavin 119 nicotinic acid (M38IF8NN
niacin) U0 riboflavin iasunilaswinniaiiu B
Coenzymes  Tausaufiueu lnfednlndFalasiudidnasounazdede lilfsTuanadu
a g v [] S Qs 0
N15ABIANATBUIN substrate 138031 Oxidation auATANBENATOUIRAY substrate Fund
Reduction
& ad < = oof 1 1 9/ @ A
ioBIANATOUYNAIEENIN  substrate  dlanAToUsTgNAeAB Ul  coenzymes Vufle
« g 3 5 Ao v o/
substrate §0 oxidized ¥ coenzyme 9N reduced VIAUU coenzyme seaadidnasoude Ui
7 9
substrate #29UBE1959A153 TUAIE oxidized, coenzymes 14 3 #3vzgnifeulugil NAD', NADP’
itag FAD a1 1un132 reduced 921¥uuiiu NADH+H', NADPH+H iy FADH, Taen2'1/ reduced
NAD i1a2 NADP 3ini@ouegnsdiee) i1 NADH 1ag NADPH

Electron Transport Systems (ETS)

NADH, NADPH !lag FADH, annsodesiinaseunnz Tsaeu lfedumisfirmuuie
Huvesane Isnaaduaz luTnaewese 1} fusnuilTus@udiGondt electron carrier gn reduced
Taoft carrier S1aumnnifiuTsdufifindned®reion carrior MA1il41 cytochromes (Uit 4.10
ung 4.11) Seazdaisssifudrdvegluderunauiiy electron transport system ETS) Fuflu
sruuvosTsAufivzafandsrenddnaseumaniuiazaiie ATP oonu

ASaued ETS duiuddnaseuiidnludaondenuan carier nite§dn carrier nile
Fud1UY04 reduction 110 oxidation TuvnizAsEnaTewAReuR NiIzgnLdsseen lUiile1d
TumsindeuTusaeuriuier qaihedidnaseuszgasensin ETS (Ut 4.12) wiamaauann

syngaay 1y ATP
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Nicotinamide . o
# N\~ CONH;z g
\\ / \N
AN Flavin
Q== PﬁgH ° N ~ N J
l Ribose 'i\'
Phasphate o Carpon
groups chalm NH,
f o o
P I i
O=P—0—P— O'(‘Hz
Phosphate é ([3
Adenine
HO OH
(a) NaDY ) FAD
Nicotinamide C‘JHS
-l — CONH, CH; CHwe-5—CH,
A o) \N+
Q== P—0OH . HsC
l Ribose -
Phosphate 5 NH, ~00G— CHy=CHy— ’
groups l HO OH C’ﬁ
Q= P:OH c
[@] CHQ CH3
N~ O~ L,
Wy
Ribose Adenine s
COO™
HO - OH (d) Cytochrome
< P/O
O/ No-
Phosphate
(b) Napp* Other molecules important in cellular energy teactions.

31 4.10 Tnseard1eues NAD', NADP', FAD Wa¢ cytochrome (Lewis, 1998)

hocaeu

Fe¥*  Fe?*  Fedt

317 4.11 Electron transport system (ETS) 8idnnsouszindoullamluanamin (Fe Lag Fe™) fifnfy
I . o a g
cytochromes imaniegTugd ferric (Fe™) 185 uBAnnsauIaz 929 reduced 131U ferrous (Fe™') cytochromes

Heogluboriu (Lewis, 1998)
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nsade ATP luwad

msade ATP Tuwadifaiuiees Ao phosphorylation ¥8e ADP il ATP (TP 19y
phosphate unTumnady) Feentzuanaawnduidiu ADP uaz ADP ansagnidiounduiiv
ATP 18 2 me1Aun substrate-level phosphorylation 1182 chemiosmotic phosphorylation

Substrate-level phospharylation 1un 158519 ATP Taoase sniusTAlve umaudemAs
Tuadisu nglaa

Chemiosmotic phosphorylation

Chemiosmosis 15un5a310 proton gradient SiMefiuin (UN?!‘?Q!?EJﬂ chemiosmotic
gradient) szwiwﬁmﬁﬁtﬁﬁ@f‘izuiuaafumuaﬁmwﬁﬂ lumsadhe gradient mail Tdsaou (H"
snnunnezgadenieiiudr W lutesdidderty falimeuenestimmnduduves B duazdl
hydroxide ion (OH) $1u2umn dunalfife potential energy ifiesninlovouditissgaseduiud
i Teuozid 1330/ potential energy voelopaugnultesedindinldfulfasoifiozadre AT
Tasase nsfheendenuuazmsadis ATP dananiifatuly ATP synthase 1u'luInasumse
(CF1 particles Tunae Tswarad) n1319wa91u91n chemiosmotic gradient iitoa$1e ATP 990 ADP

¥ H
uaz Pifl (58A71 Chemiosmotic phosphorylation ¢ 1N 4.12)



Quter compartment —
inner membrane —

Innier compartment —— ==

Sac-within-a-sac
membrane
arrangement

i //
inner
compartment

Outer
compartment

Both mitochondria

(in animal cells) and
chioroplasts (plant cell)
have the sac-within-a-sac
membrane arrangement.

When an electron carrier becomes reduced

(gains an electron), its potential energy level is raised
considerably. As it reduces the next carrier in the
sequence, that carrier's energy level is also increased.
Because no transfer is totally efficient, each

transfer results in a loss of energy.

THE ELECTRON TRANSPORT SYSTEM (ETS) aAND CHEMIOSMOSIS.
Electron transport is the process of passing high-energy electrons from one carrier molecule to another,
extracting the electrons’ energy, and using that energy to form a high concentration of H* ions. The H-
gradient powers the formation of ATP as the H* ions are released through the F1 particles.

g‘ljﬁ 4.12 Electron transport system (ETS) Uai¥ chemiosmosis (Ferl 1182 Wallace, 1996)
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MSNUATIZHUES (Photosynthesis)

andaasgiiaaudunsaioundinuaddidundiond  wiuasefadgnld
Ausuduusnlunmituszdundavesdiinaseuvesnas lsflad  viniudidnaseuditindenn
m‘frﬂzvhuﬁ’h'lﬂiu electron transport system (ETS) Twdeauun profon pumps uazﬁ'mq&ﬂﬂ
reduced NADP” 1¥nareiflu NADPH dau proton pumps #319NAI91UVDS chemiosmotic systems ‘Yl
Sufinveudenisadie bond MIWdsUgeves ATP W ATP uay NADPH Twdeemdilflums
adwems 5y nglaa) snafueulasenladuazii
dimsdunsziues (dus Ay amse uueiiSoueiia uazTwshadusyiia) 19
arfuen'lasenlvduazilunsadungTnauaz Weendiouthmanaeeld  Feamnsadowiiy
aums gt
6CO, + 12H0 —=® 5 cH. O, + 6H0 + 60,

Carbon dioxide

M 1 [ ! []
sendoud Idifudamnnmivhilden co, dwmfunusiiFefiannsodunswiuae]d
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o

Aai#3aluTanuseenidly 2 nguing) 1
1. winfiahreermnaeslild meterotroph) Aosgaasdszneuduvidmnnnundedunng
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spectrum vl"’lmyn'mm radiation f19 electromagnetic spectrum (gﬂw 5.1)
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111l 1905 Albert Einstein wuimaslszneufenguuesndsnuiizendt aew (photon)
ﬂ3131;4‘?'1:11@auﬁai’f’uﬁuﬁmammmmuﬁgn@,ﬂci?msiwﬁqaﬂjamm unng Tasutinlsmawds
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yinueue uasefiaddsznaudies dsad 1 Teda (ultraviolet, UV) 4%, S9ddussusa
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¥ Iauana1enu
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wadiy Tuagaasdgaduldasu’ld sirldsdnaseu nizlantugszdundsnungaunie

ns lanesnvinazaan liing
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g 5.4 Taseadramauniives chlorophyll a 118 chlorophyll b 3914 lnesunsNIAAIRAULATIgNAANAL
Tawerad M 1¥iy chlorophyll ifu&Fe7 (Purves uazaniy, 1994)
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W’aveiength (rifn)

a e o Y J ~ A A ! A Y
31]‘“ 5.5 ﬁ'lﬁﬁﬂﬁquqiﬂmiﬂ'ﬁﬁ\uﬂi']g'ﬁliﬁ\n\lﬂ']iﬂﬂﬂauﬂauuﬁqmﬂ'nuﬂ'nﬂau@TQqﬂu (Purves 182
AU, 1994)
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Accessory Pigments Wauavaiviioliansdvaied asdueiaiaaeell vewiianuly
1egg MelmsAasiarilfannsasuanuemaiuveuas§luidendn Fufludss Tenide
A5 HUATIEHURY 195U msﬁmwﬁﬂmnﬁ'ummm’mﬁ'uumﬁ chlorophyll a laiamisoganauld
uam:ﬁawﬁwmﬁ"lﬂ"lﬁ chlorophyll a ﬁﬂﬂmiﬁmﬁﬁr’h accessory pigments 1dun Chlorophyll b
(ﬁﬁ‘muﬂnﬁu‘a‘u), Phycocyanin (ﬁfrﬁu) (gﬂ’v"} 5.5), Carotenoids (F11a9 §uIvH04), Xanthophyll (§
A4, 11180949)

d
Aalswatae
" - 4 j o
aae Tsnanadidunaiada (plastid) ¥iiawite Huseiunuadndunszimsafivazauas
o v o ] 3 o
915 Aae lsnwaradiiuundwesmsfunrzduasessiivnSoamse (U 5.6) waddunsier
uasaau Inafiidlszaa 40-200 nas Tswarad
g L4

ane Tsnaad dUszneudindefuassiudonseuaisadiofu Sondt alesut (stroma) Tu

alasuniils Tulew, DNA waziew laninlFlunsdunszims Tulamsa figaves thylakoid (Foan
' 3 w o 3 3
aoen) uvauaseeglualasut Taedl thylakoids 10-20 guezesdouduiudsgaFoni nsun
P o o ]
(grana, 1AW : granum) N1o1U thylakoids tagnsmfiane IsWad wadhiiane IsWadinozeglu
t A A o 9% 9 - d
dauvsaisiiuntudmmszeriag
9 < ti t-!‘ [ 4‘
Photosystems !i‘luﬂqwmmsﬁ@mmma:TmaQaaun (3U% 5.7) wasUvBmINgNYA
4 a & o L) {
ndudnezgnilfoudiundsnuaiilu reaction center FuiluvInusznoudy chiorophyll a
& o o v ] £, 3 [ [ .

witTunnanaz s dwmfuagquens@mdessimbifiswusiunawozdase 1 reaction

S ) v, . A [ Ulsl o A
center WU I3 71 light-harvesting antenna {j8 laaugniv PHudsnuvesTiaeusvgnganay

Qs hnd 3
18 reaction center X UITAUNAINIUTIVY
2

Photosystem I uay Il melu thylakoid i photosystems 2 7111 fio Photosystem 1 aadl

reaction center 139131 P700 UazgANAL NN 700 U TUINAT UaY photosystem IT 3 reaction

center (38131 P680 (P 6911910 pigment) HAZHANGINUUAITN 680 W1 TUINAT (314 5.7)

Electron Transport Systems (ETS) #ag Proton pumps
1 ' [ 0w . 4 y 4
Tuund 4 18na1de TS Iufludrwuues cariers nwludefuiidiudunsvesnisiafeu
A - oo Qs [ dy ¥ as t & o 9/ A 1 [V
fvssddnasoundinugs wasnutldwdsauun proton pumps FeimihiidsTdsaeu i
1 v ¥ [ ]
thylakoid space N¥M1MIAA chemiosmotic gradient AdWRYIIMUA NAYUTUAADIN TUsADUALEN
ponuazgnii llads ATP Taon131¥ proton gradient lilndndu CF1 particle 1%359u ADP 1€1AY

pi o118 ATP sRnIN
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NITUIUM THAUATITHIA (The Photosynthetic Process)

ﬂsxmuﬂ15ﬁ’qmﬂzﬁuamnmmwﬂaami‘lu 2 ldun light-dependent reactions
(light reactions) 110 light-independent reactions (dark reactions) Tﬂﬂﬁ light-dependent reactions
iunszraunsfidiimdamddazonTaeldndenuTineult oxidized 11 uéa1laos 0, a5
ATP uag reduce NADP" 1¥iflu NADPH dau light-independent reactions 4% ATP uaz NADPH u
A3 reduce CO, WiTlum§Tulainsa (ngTam) (U 5.8)

The Light-Dependent Reactions

ATP ffnduTy Gight reactions gnuit 141y 3 ma s

1. 161 un15a519 chemiosmotic ¥5® proton gradient

2. 19adw ATP |

3. reduce NADP' 1¥hilu NADPH

msasie ATP ifald 2 meldua non-cyclic photophosphorylation 102 cyelic
photophosphorylation Eﬂndwmﬂu noncyclic reactions I0% cyclic reactions

Noncyclic Reactions ﬁuﬁ’mmﬁ Photosystem II @@LITI mnifuwdawﬁwm“lﬂﬁ P680
reaction cex
U84 reaction center 1184 electron transport system (ETS) ‘ﬁﬂéiﬂﬁ’!ﬁﬂﬂ (g‘ﬂ‘ﬁ 57
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o { LY H LR . &
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as Y . &
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9/ B [} A A ] @ a ¥ o ad
gashod lileglu photosystem T TuvmiziindourudIsy (acceptors) #i1ee) NEMUYBIBIANATOU
szaatosns lUiFes wdsruusdugnldlunsiluTusaeurnudeund g thylakoid space Tagh
Siinaseufignnszdudlouaa 1 &1 museiluTusaeurugedinld 1 67
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eldsunsnrzduiluaedl 2 sulissdundsnuiugeqaiednudr 148 BTS szuvd 2 Tuga

314 9
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d‘d o
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4 o o { & . o a g
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T Cuticie
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photosynthesizing cells

T Stoma
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Thylakoids

membrane. ;
I
Photosynthesizing Cell Quiter e |

; membrane -~ }

! e e i

‘ Stroma” 7 I

! e | One
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—— Thylakoid

\\ )
Lumen

T Photosysterns (1&11

i

_ CFy particle
~" ATP synthetase

LEAF TissUE.
Tissues within the leaf contain vast numbers of photosynthetic cells, each with numerous chloroplasts.
Within the chloroplasts are membranous grana. Each thylakoid is bound by two complex membranes
that are alternately pressed together to form the famelflae and bulged outward to form the inner com-
partments, or lumina (singular, lumen). Each membrane contains many light-harvesting antennas asso-
clated with photosysterns, as well as associated electron carriers involved in chemiosmosis.

I o o

y 4 ¥ . I o .
1t 5.6 Wede Ty lidhaaanmdaunsvedlu, iadiins duaserues, chloroplast, granum, thylakoids,

1
re

photosystem 1 4ag 11 Hazd il ATP synthetase (W39 ATP synthase) THiBovl thylakoid (Ferl g

Wallace, 1996)



Energy ‘Lvévél

Energy for.
ATP synthesis

Pigments

chiorophyll a .
H,O-splitting 30, + 2H" molecuies
complex

Photosystem i Photosystem |

The light-dependent reactions of photosynthesis. The sun's energy propels electrons from reactive molecules of chlorophyll a to primary electron
acceptors. From the acceptors, the electrons flow through a series of electron carrier molecules. Electrons flow continuously from water to NADP™,

reducing NADP ™ to NADPH. Energy from the electron transport system that links photosystems | and 11 is used to synthesize ATP. The products of the
light-dependent reactions—ATP and NADPH—are the starting materials for the light-independent reactions.

g‘ﬂﬁ 5.7 Light-dependent reactions Y84AI T UAT1ZHIE4 (Lewis, 1998)

U 58 ndsnuuazmsdunswilias (Fer 1iag Wallace, 1996)
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Tispeu 2 @Taﬁ'lﬁmﬂmmaﬂﬁ’wmﬁngﬂdﬂﬂé’d thylakoid space 1ngnsq yhld
chemiosmotic gradient iy dudifinaseu 2 @ 921 reduced chlorophyll a dmyvesndioud
Ifoomiudesandiou 2 exaousansuszldMaeendiou 0,) qUA 5.9 &Whnsga noncyclic
reactions TugUmsuandavenit 1 Twana o218 2 Sdamseusinr uay 4 Tusmeuliiy
chemiosmotic gradient (2 TUs@auen ETS oz 2 Tﬂmaumﬂ‘ﬂmmaﬁwmﬁmﬂdas%'n;f thylakoid
space JABATY) LAz 1 TNinfaved NADPH &1y noneyclic reactions 2 adar i 0, 1 Tuanaun
vssemalan

Cyclic Reactions (Aa1nW1z 14 photosystem I (P700 center) ‘l&iﬁdammﬁ'x photosystem I
waz NADP dwneades Sunnnisfisidnaseudignuanszduiniensenin reaction center
i udanves ETS udnnndumnda p700 3nnse (gﬂ‘fl 5.10) nAazdAnasouRifounduse
IAABUNIRG proton pumps W1 1H e TUsmBU 1 Farudrlu thylakoid space 18 AsTLIUMIILETh
19ifn proton gradient I¥gqedudailgmsahs aTp

Chemiosmotic Phosphorylation A2dduveelsaeuly thylakoid space 8199MIADY
10,000 mvesluaTasun Tusaeuri 191y thylakoid space finuuflunsa dauntwusnlualasun
i1 hydroxide ion (OH) M 1¥Raanilwye s potential energy 70 1199 1A UNiTaiingTw

2 2 ' .
flunsa Sadnmitslinrmduua Veresdnidinun Tdugannfiszansaiu SmnTisasunga

1] ¥
980N15IUAL hydrogen ion I&Tudnwazfiimsaiugu wdsuveaduniiiszmunsah e

auld

fidunoenvesTusaeufiuonasnilemadoaniniu  fe dumefitiudrgdumis
phosphorylation ﬁagiszm'méaﬁuﬁuﬂnﬁu Tunae lsnanadd CF1 particles “)’%\iﬁ phosphorylating
enzymes 110 (gUit 5.9) Tulsaoudifindenuazanogin CF1 particles (ATP synthase) Tilsaufy
hydroxide ion Ao findsauduazhesmdsaeenly ievitlat ATP bond Wiy
gasulni Tusaeundazginensenldaunsoimlifansadis ATP bond #Ea g8 1 bond

ﬁ’ai’?u ATP ﬁzﬁwﬁu"’lu light-dependent reactions sau*ﬁa NADPH ﬁnﬁ@ﬂu noncyclic reaction
s linisaiag reducing power s uSusenisFunswingTnaly lightindependent reactions 7
nalualasun

a‘gﬂ%umauﬁnﬁﬂ%u‘lu light-dependent reactions.

1. Sifnaseufignuasnszduain P6so indeuriu ETS nagIiwdsery ifiedaTilsaousiy
i1l thylakoid space

2. BinAsEUvDY chlorophyll a Tu P60 fimeluez [dAusnTaedidnaseusinlalasiou
Vo1 fhuTﬂwmwml{wzgﬂﬂﬁawﬁ'ﬂu thylakoid space {Wo1iiy chemiosmotic gradient TAATS

3. iinaseusim photosystem 1 wWienduTusasunnalasun uay reduce NADP (ifu

NADPH
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4. Tdseeudteiu CF1 particles Ta  chemiosmotic gradient yldndeuunnig
phosphorylation 484 ADP 1918 ATP 98017

The Light-Independent Reactions
14 light-dependent reactions 01501519 ATP taz NADPH Tumf]amdwﬁﬂz‘lﬁwﬁ’wuun:
TeTasinudisuilude light-independent reactions Fevzadrenglaauazalulamsntug U5fse
fufivesnsdunreiuasfaiuludiualann uazda dialuiidfiuamsedin
aszvaumslumsihasveuleeen ledfvudiunglaa Sendt Carbon dioxide
fixation Taeflion'lasl ribulose bisphosphate carboxylase (RuBP carboxylase) &ﬂuf{‘lhﬂ Melvin
Calvin ﬁn%mﬂﬁmaﬂan?ﬁmﬂuﬁﬁ'uwuﬂszmumsi{ flagiiueSendt Caivin eycle (U 5.11)
50 C, cycle
The Calvin Cycle
lugalft 5.11 SuduIn Carbon fixation (M3aTemivew) Tneft Co, udnz Tuanaihidhld
Tu cycle 92 lsawRumsUsznoufiiamsveu 5 szasufi3onin ribulose bisphesphate (RuBP)
amefumsdsznendi ImiFeezuandiufinmaiiiu phosphoglyceric acid (PGA) 2 Tuiana (s
oz Tunnailszneuaonisuou 3 ozaew) ev'lailil catalyze URATe15e1319 RuBP uae CO, Ao
RuBP carboxylase oxygenase 138(38n418)91 rubisco NMTUNEIUN ATP 1102 NADPH 12
wavu PGA 1#iflu phosphoglyceraldehyde (PGAL) daiflumanaams Tulamsaves Calvin cycle
uay PGAL sevhifaseve lifleatreng TnmimzTimagasmsdus a1 RuBP Suln
1oziAa cycle Tnisnnte
A1 Calvin cycle TunsnSamfvousin co, gniSend1 C, Plants (s ) 1ud 2
o1 AinTuw Samdeq aaq
a7UfumeLes Calvin cycle 18T 3 $u fe
1. Carbon fixation [fuduSudud co, Tfufy RuBP Iwandmiiu pA 2 Tuina
2. Synthesis of phosphoglyceraldehyde (PGAL) (Reduction) WANUDIN ATP 1Ay
NADPH 1Aty PGA i PGAL |
3. Regeneration of ribulose bisphosphate 1u1§A3e1 PGAL 10 Tauana (10 x 3C) 9
19 RuBP 6 Tuiana (6 x 50) Faazgniinnidlun1sZudu Carbon fixation Sande
ANNFNNUS TN Light-Dependent Uag Light-Independent Reaction
Light-dependent reaction 111 thylakoid 1¥wdsunaslunmsnszdu ADP uaz NADP" 14
dlu ATP uaz NADPH Tmaqaﬁﬁwﬁwmmdwf:wﬂﬁ'aux*i’h'cjﬂmmﬁch%zﬁms"l‘i?wﬁmu“lu
asdunsiz¥inglnaTay light-independent reaction iU NADP' 1iaz ADP wnAUAUY light-

) k4 1]
dependent reaction 1i@aznduilu ATP 1iaz NADPH Bnada (31141 5.12)
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AT
tion of the Thylakmd membyrane. The
orange arrows track electron flow. As elec-
trons pass from carrier to carrier during
redox reactions, hydrogen 1ons removed
from the stroma are deposited in the thy-
lakoid compartment, storing energy as a
proton-motive force (H' gradient). There are

split by photosystem 1l on the ssde of the
membrane facing the thylakoid compart-
ment; as plastoquinone (Pg), a mobile car-
rier, transfers electrons to the cytochrome
complex, protons are translocated across
the membrane; and a hydrogen ion in the

reduced to NADPH. The diffusion of H

from the thylakoid compartment (o the
stroma (along the H' concentration aradi-
ent) powers the ATP synthase. These light-
driven reactions store chemical energy
NADPH and ATP. which shuttle the energy
te the sugar-producing Calvin oycle.

Y S an ' | o d%/ 4 . 1 oo Qs
3 59 Twweauaelisedeninaiululedy thylakoid msdewudifinaseu’life electron

v
transport system, MILeNAIve9U1 1aY photosystem 11, MIerIe ATP Lagmsine NADPH (Campbell,

1996)

gﬂ‘ﬁ 5.10 Cyclic Reactions ey photosystem 1
ia o 4 o
(r700)TavAsiRnnseui ldSunaanszduay
A . Y
[AABUDDNYIN reaction center m“lﬂ“lu electron

Y a (Y = :/’
transport system L0I0NAUNYS P 700 GG

(Ferl 1410y Wallace, 1996)

CYCLIC ELECTRON
TRANSPORT

In the cyclic light reactions,
electrons are boosted to a series
of carriers, where they provide
energy to pump protons into the
thylakeid compartment. From
here they travel back to P700.
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Photorespiration 1 photorespiration, Calvin cycle asseendiouly Co, WINAIIAT
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:‘ ! ¥ o/ d'w ~ :’ Q/ » [ d'
v hezunseennieusnnthnlugudiy aswlafddiiunnwe thalusedmaila ualuiun
0 o [ 9/ ¥
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o o any [ a ] Y o A
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. 3 % ¥ ' A Y & o )
U Calvin cycle uafieninsz gaydie Co, 1 manifizaTemfusuves co, i Funldisedniom
o ' P
YBIMIAUATIZHUAAAR (JUAN 5.13)
AT efiTuile rbisco Hn1saTsesndouununiiueuIn Co, gni3endi photorespira-
v ] 9
tion mﬁmufluﬂgnsmﬁmﬂmmmwﬁﬁum (photo) WiTunaziins 1¥eendisuuazilasy CO,
(respiration) @9z 1IN cellutar respiration (M3vwlaseduiras) Maaneluluinaewaie
& - ) W o . . = | e =S s 1 S &
#119eenForuauiu Photorespiration iffufnserinlarlss Tewfiwswiin1s14 ATP uaz NADPH
' e e qus o o & v e o & & ¢ - «
uazalaes co, Mumumnhlddnnse anfulusiiuifeunazudenimilcvesmivouiignads

14 Calvin cycle %zgﬂﬂéﬂﬂﬂ@ﬂiﬂﬂ photorespiration

C, Photosynthesis
] ’ v 1 ¥
Photorespiration 1A lurangifeumends WeRwmsuTathnlufeasaunirld Tuanne
3/ v v
wuiifserqydsniueu Avwilalafiewisovani@es photorespiration RezlinanIdiSowiy

7

1 . ’ o v 9 oM a4 . . ¥y 9
9919110 M5UTUAING N1 C, photosynthesis $28 1N UYTAIRYS photorespiration 18 dune

14
T

wuiliFendt C, pathway naeBunfivi195 il s Ay C, (C, plants) W51z3101515zn0UAY
fadausnil 4 miveu

Tu ¢, photosynthesis CO, vzumgihlulurmmathnluuazasenisuenlu mesophyl cells
a0ty o, W3t umsszneuditl 3 C fie phosphoenolpyruvate (PEP) natiily oxaloacetic
acid (OAA) Fuilsznoudas 4 miveu 0AA sxfAouiiiu malic acid 10 aspartic acid Feazgnets
11J8s bundie-sheath cells ﬁagj%’mﬁm 1814 bundle-sheath cells ﬁajﬂ malic acid U8¥ aspartic acid 9&

o1 co, nazanslsznaudii 3 miveu (Ui 5.14)
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il co, 17 bundle-sheath cells FrevIdnmduduves co, nelunnniln@de
20-120 191 Fauflunistleadiu photorespiration uaz¥ iy c, filsz@nSnmlumsdunsizies
wandilty ¢, Tudanmitemafeuntaazuansa 910t Caivin cycle vwate co, fidunly
bundle-sheath cells Tuvaiziforsumsliznoudill 3 asususzafufug mesophyll cells uaz gn
wiReunduily pEP FufumsBuduiisy Co, Tu C, photosynthesis (31 5.13 uaz 5.14) C,
aunsaads co, ufithnlueela dafuity ¢, Sufosmminiisenimiwesnamdesmsvasity
c, dmiumsdunnzfias #y C, ifuRvnanionua sanafisRtmmdidgmansygi 5y
$12Twa, millet azfanies

ity ¢, swiauluszunilnefifounasuds sz damnsondniies photorespiration i
finadeity c, usluduerdsuuudueziidy ¢, lun @y ¢, Tufunedeunduiiauden/sou
msziy C, doeld ATP Nl 2 ATP dmsuyn 1 MFuBUTOEN9IN mesophyll cell T bundle-

k4 3 ]
sheath cell AatiuTalifvainduiisamemsdunsiwiumevesity C,uag Ay ¢, Bdodu

CAM Photosynthesis

fimneriiafiowsegludunaderfintudanngesdy co, lunamnaniu azads co,
Wlu Calvin cycle Tunmnmedu S3nsmuiinuluity genus Crassulacea datiy JagniSendn
Crassulacean acid metabolism (CAM) ﬁ‘lf‘ﬁfl CAM photosynthesis 18un ATTUDAUNYS, dulzsa
a0l MF1119wiin, Spanish moss 1Az wax plant MsFaasinauuuiifumsdfuddenn
nmnw’nmmqm'ngﬁuaxmmeﬁuszijnmﬂmqﬁmmznmﬁuiummmw Tunanasdude
qmﬁgﬁnﬂmunzmm‘f;{uqﬁu thnluez@lanns co, ¥l ufxR TudreanmeTuifounnzue
thnluezafeasanirld udftsd co, Tuduudrnngansiunainatiu

Tugrenandufivdathaluh co, hdumazsan co, Whiu PEP ameiflu malic acid
#1990 C, metabolism fitAalumad 2 siiafiuandafu fie Tu CAM photosynthesis v malic acid
gradrsiunasfiu 3 vacuoles vinalnglumaddeafuiitinae Tsnatad Tugaenatedu matic
acid vzl lunaeTsnaadudnlaes co, uavdamsilszneu PEP ndufiug vacuole d1u CO,
a¢gna3alu Cavin cycle Tunne Tsnaadvearadidu (1 5.15)

anunandvesitnsdunsefurshldivannsosunas Idwdinuumefindluds
wandeununiie 18 Avdszana 5% Ay ¢, iftes 0.4% Sudits ¢, nas 10% Huiiviild cam

photosynthesis daufimdediufiaf1433n13590v84 C,, C, A CAM photosynthesis
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{a) C, Plant mesophylii cell

k-3
& Q,
o % WY -
;@%%M T ey
| A
Z,GA vﬁ% CO,
Nd )
’E CY%LE 2 much photorespiration
ko .
PGAL 4
. &
>M %

» ¥y &
ki ETTY

little cérbohydrate
synthesis

mesophyll celi

{b) C,Plant

i

A comparison of C, and C, plants

0,

M B CO;
Under hot or dry conditions, plants have their stomara closed most .
of the time, restricting both CO, entry and O, emission. In these
circumstances, C, plants fix more carbon, with less photorespira-
tion, than C; plants do. (a} In C, plants, only the mesophvil cells
carry out photosynthesis. All carbon fixarion is by the C; pathway.
With low CO, and high O, levels, photorespiracion dominates in 4
C, plants, because the enzyme that should caralyze the RuBP + much carbohydrate
CO, reaction caralyzes the RuBP + O, reaction instead. (b) In € synthesis
plants, both the mesophyll cells and bundle-sheath cells conrain I
chloroplasts and participate in photosynthesis. The initial carbon
fixation step in the mesophyll cells is a reaction berween phosphoenolpyruvic acid (PEP) and CO,, with which O, does nor compere.
A four-carbon molecule of oxaloacetic acid is produced, giving the C, pathway its name. The oxaloaceric acid then releases CO, in
the bundle-sheath cells, thus maintaining a high CO, concentration in their chloroplasts. Higher CO, levels allow efficient carbon
fixation in the Cy pathway of the bundle-sheath cells with little phororespiration. Notice thar the regeneration of PEP requires energy:
Two phosphates are removed from ATP o produce AMP (adenosine monophosphate).

almost no
photorespiration

e
s

bundle-sheath cell

510 5.3 Wisufoumsduasiziuavesiies C, uagiy C, 1azn131Aa photorespiration

{Audesirk 118¥ Audesirk, 1997)



Mesophyll cell «_

Bundle-~__
sheath cell

\sm

(a) Cy leaf anatomy

The C; anatomy and pathway. (a) Leaves of C, plants contain
two types of photosynthetic cells: a cylinder of bundie-sheath cells

surrounding the vein, and mesophyli cells located outside the bun-

die sheath. (b) Carbon dioxide is fixed in mesophyli cells by the
enzyme PEP carboxylase. A four-carbon compound-—malate, In
this case—conveys the CO, via plasmodeamau into a bundle-
sheath cell, where the enzymes of the Calvin cycle are iocated.
I effect, the mesophyli pumps CO, into the bundle sheath. This
adap‘;:rlom maintains a CO, concentration in the bundle sheath
that favors photosynthesis over photorespiration.

~ = G - ‘ o o 2
s 514 medmavedduily ¢, () uarmsdunsizinauesiy C,

mesophyll cell 4812 bundle - sheath cell {Campbell ,

SUGARCANE

PINEAPPLE

MesoPHYLL Step 1: CO,

CELL incorporated into
four-carbon
organic acids

BUNDLE-

SHEATH Step 2: Organic

CELL acids release CO,

to Calvin cycle

51t 5.15 WFeufoums Juasizvuaaluiiy C,

79
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EPY
carLoleaec
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e

SHEAJH

(b) The C, pathway

¥
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fhavulumsad
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FUA AT

9

g

1996)

C, and CAM photosynthesis com-
pared. Both adaptations are characterized
by preliminary incorporation of CO, into
organic acids, followed by transfer of the
C0j, to the Calvin cycle. In Cy plants, such
as sugarcane, these two steps are separated
spatially; they are segregated into two cell
types. In CAM plants, such as pineapple,
the two steps are separated temporally;
carbon fixation into organic acids occurs at
night, and the Calvin cycle operates during
the day. C, and CAM are two evolutionary
solutions to the problem of maintaining
photosynthesis with stomata partially or
completely closed on hot, dry days.

NIGHT

Day

A Qs o A o 45'2/ 4
wagity CAM mIdunsizd iy C, inaduluwan

. - v a g 1Y T o g ¥ . . g
0 2 wiia dauly CAM falumad@erunddanmnife Imaasinifueuliilu organic acid lunm

AANAY tazIAA Calvin cycle 1IA1MA1TY (Campbell, 1996)
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Tnalnlade uaznismele (Glycolysis and Respiration)

o A o na/‘ [ [ & o A oy
raAvedslFIaNIuaafandInIueIne s FelnvzSunszuiunisdis Inalalada
H A o ~ a4
VINTUILHIRININNTUATDUY A
wInga1s leauaz s Teavnwilasundseuwu  ATP  Tasldidumevesnismele
Qs d . . v ¥ . . .
T2AVIMAA (cellular respiration) ¥ieiTondnedenmsmelsuvul¥esndiou (aerobic respiration)
r o 3 n'ld'd a5 é ‘3‘ = v :, [
msizzinevuluiniieendioy Fenssurumsiieziimsaaigng Ina uazidey CO, Muazna
& cSde Aq @ v Aa s ' A Adaa oA ' & Aata
Sueeni AlF e l¥nsmeluruiiisendt aerobes AIUTNFInHITUAI1 anaerobes (AT In
19 v a i a o § A
hildeendioulunisniels) uazwadivinesndeutinsezlfiduniedu Fszade ATP 10
weonse linfunsdgydondsnuanudeuniedeiendsnuliun Tuagadunidnnnii atp
i UNNIININ (fermentation) (1A anaerobic electron transport idumanistasewdeaudli'lé
1deendiau (319 6.1)
o g o [y A =§; 5 i 3
mafuRsmdauludunwesnsmelessduadifaduiuduaeu (g 6.2) Tudu
; ; o 4 2 g :
it 1 e ‘lnalnlada nglaaezusneenduTumnafidnas MadululaTnnardy duil 2 Husae

3 <~ £ é

AU 59037 acetyl Co A formation (Humsinewandaveslnalaladaid g uInaewade A

¥ 4
A e o

A & ] = W SO ] Fs
INAYUN 3 AD Krebs cycle 138 Citric acid cycle ¥R 1YHANTAUYD Inaln lﬂ‘]fﬂ(’]ﬂ'mﬁuy‘im

@ @ [l A oA 3 ad
pazduwdsauusdiuld msGuduveal e (reactants) u 3 Yuasunusn sxgydesdnaseu

9 o 2 o & A ot
nozTusneuldiy coenzymes Hevzrirludasodusl 4 flo electron transport system fiSondn
v . ¥
respiratory chain SuiflusynsuvesTulsduitldregludeduduluvedinInaswaie Tusdu
v d’l| oo ¥ e . . . [ s - =
matidsdinaseun ldaueynsuveal§iTer oxidation 18z reduction TUWAITIMWBLIGIY

[

) o ad -3
ADP uagiioondnuiludiusinnseu (electron acceptor) Aagadiiy

a o A o v 9 A
siinasounaz Tulsaeudisufudenisadrs AT 1nnlaTasioulessuiinnein reactants
-d’d £ ¥ = J
Tuvngnddl§ised e Mavu
N1961ENIANTINIUDINDIHITUA ATP
3 v
padnFavuaveudunensasenasay fie msldwdsauigaiy 3 luglvesTumna
o o ¥ ' u 4 { o a ey
sun3dlunisareny phosphate 1A ADP tienldsulfifiu ATP msmeleszduadlise@ninm
14
o 7 ? é
lunszuaumsasnd i lummauudinudt ngTaanilaTumnasz1d 36 ATP luvwingmi3

Ton tax 19 38 ATP luwanldsmislen
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Glycolysis

|

| |

Aerobic Fermentation Anaerobic
respiration pathways electron
transport
Oxygen No Oxygen

d‘ 3 4 (3 :/‘ =
Ui 6.1 idunmsamengTng 3 @uma e 18 ldndanusenuiuwy 1fesndinunas

3
TiildoonFiou (Lewis, 1998)

Electron

Proton

Hydrogen

A hydrogen atom is just a proton and
an electron.

- Cytoplasm  €———__

—-Vacuole

AN

— Mitochondrion «—"

[’Glycolysis

Nutrients
" o

N
NV ¥
Glucose

-~ Smooth Y
endoplasmic reticuium 2 Pyruvic acid
) .
i Acetyl CoA A 4
—— Rough formation  Acetyl CoA
endeplasmic reticulum
) [Krebs \
Golgi body cycle
Centrioles Respiratory
chain

PPy N
A mitochontrion’s interior is a éwwwe‘ ATP synthase particles
nighly folded membrane studded Ma kel Ribosome
with enzymes and slectron = -~ DNA
carriers important in cellular
respiration. An outer membrane )
1-2 um Matrix

surrounds the organelle. ATP
synthase is an enzyme that
catalyzes phosphorylation of
ADP to ATP.

/ﬁ— Cristae
3 intermembrane compariment
Inner membrane

Outer membrane

Uil 6.2 mwsamveansmelasedumad Taef glycolysis 1oy acetyl CoA formation 1finlu

Yarlnwa®u 9% Krebs cycle Uag respiratory chain thalu luInnouaie (Lewis, 1998)
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@unmemaadia ATP
aun1Ta 1dves glucose respiration fio :
¥
glucose + oxygen —> catbondioxide + U1+ WA

CH,0,+ 60, —> 6CO, + 6H,0 + ATP

FemnearwdmdsanfiegluiussvesTunganglan oz leglunandadiumsueu-
aoenladuaziiuay ATP wie hifgalUlugdaamdey

asadae ATP Fadnld 2 mel&ud

1. Substrate-level Phosphorylation Hu33ns 5187165511133: phosphate (PO, 910015 Uszneu
Sun3d (substrates) 19y ADP ifleara ATP Tavfienlaifia substrate 1oz ADP Fawi3 a5
n3Eonen NEILYeIIENTANNNIA phosphate bond Yed substrate WaaLIeAIugay Tzl
mm%’awﬁaﬁmsﬁwmwyj phosphate

2. Oxidative Phosphorylation nflu??msﬁi’fuﬁuﬂﬁﬁ?m oxidation-reduction BIANATOU
910 NADH i lamgnlaues electron carriers (@a1hdifinaseu) uazeynsuvesfjisen
oxidation-reduction wdannnmdeuiivessiinaseuiiitifan numndevesaardidy
iiﬂﬂﬁsmu“iumiﬁzﬁ'mmwéaﬁm%u“‘lwum"IuTmaum?mmzﬁﬂﬁ'zﬁﬂ gradient vosTulsmpuTy
Folusmeundauiiadllan concentration gradient (MnduddnamuduvesTsaougallds
Snduidarmdutudn) Tsaouszsusuionlsl ATP synthase Mdmminile ildiRans
A5ZAU phosphorylation 484 ADP ameiiiu ATP Adwmsafigrefuueu laldudy

Substrate-level phosphorylation 1funalndieninazasanirlumsadie ATP ualinsadis
ATP Tagdumsdaafuessudosnnlumsmelessdumad Tasmmwzlulnalalofoune
Krebs cycle 158314 ATP 14 respiratory chain «if'amwﬁqﬂﬁﬁ"?mﬁﬂdnmuﬁqﬁu e lasduni

oxidative phosphorylation

Ynalnlade : nglamuandailu pyruvic acid

aszuaumstanuavesinalaladed 10 9w (qUit 6.3) afeusnidlunsamenglna daru
ST dandeIuen bond vesngTan 18 dauaTmdadumsafandanuediuiede

L. Glucose Activation tuusnvedinalnladald ATP 1 Twaga lumstiwneany
phosphate 19Uf glucose Fevzamedly glucose-6-phosphate $ufl 2 fnsiaieaiesasuves
glucose-6-phosphate Tniameiiu fructose-6-phosphate @e%ﬂﬁﬁ"nm‘i phosphate %ﬂﬂ%ﬂu%ﬂ“ﬁ 3
Tas ATP 80 1 Tuananmioiilu fructose-1,6-biphosphate arstlszneudaisznoneeniiues

v 9/ v ' £
Jszneufivszneudae 3 mrfvew 2 Tuanaludud 4 uay 5 uazudas Tuanatlezdl 1 phosphate
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niilunandaiide phosphoglyceraldehyde (PGAL) esrgnamiedade’llulnaln'lada dauma
HAnBndIfle dihydroxyacetone phosphate axgrufew iy PGAL éwzgnéaaaawﬁa"lﬂw%’an
i PGAL #18u n15a31 PGAL 2 TuiananinudazngTamiiugaianatcvedinalalada @uil 1
a5 Tuguil 6.3) Smsldwderu AT T 2 Twana uddalifnsadhs ATP iRady

2. Energy Extraction iui'?uﬁ 6 NAD" f1f reduced 1Wilu NADH Tagr1UNT oxidation Y84
PGAL n899 1044 6 ﬁywﬁmumedwmnngiﬂngmﬁn'ﬁ"luﬁsﬁﬂmauwﬁwmqwm NADH
M5 oxidation TidetAveNRe B WO TR phosphate nyjfineal¥iu PGAL Inaediu 1,3-
bisphosphoglyceric acid Qﬂﬁ'wwaa’ﬁw%' DUILHI 9 ATP

Substrate-level phosphorylation tﬁﬂﬁmﬁﬂﬁmsﬁﬂ phosphate ﬂﬁ@ﬁﬂ%ﬂﬁ 1,3-bisphospho-
glyceric acid 19y ADP (ﬂ?yuﬁ 7 Tmaqaﬁmﬁaaéﬁ@ 3-phosphoglycerate 3n159aFaea7 Insinaie
du 2-phosphoglycerate (%uﬁ 8) ci?wiﬂmnzqa‘;sﬁaﬁ}umzﬂmmﬂu phosphoenolpyruvate (PEP) (ﬁfu
’ﬁ 9) lfiﬂ PEP I+ phosphate (1fi ADP ﬁaﬁam PEP aznauiily pyruvic acid (pyruvate) (ﬂfu‘ﬁ 10)
udoz PGAL ninaTausnvesinalnlaFafmuindeaiiszathe ATe 2 Tumnauas pyravic acid 1
Tuiana

iiesvnngTaa 1 Tuagald PGAL 2 Tuana uazusaz Tuanaved PGAL 19 2 ATP uag 1
pyruvic acid Aty nglne 1 Tuiana 390194 ATP une 2 pyruvic acids udluaFausnveelnaln'la
§aimal9lu 2 ATp darhu seasanves ATP Suviniu'ld 2 ATP annglnaniielumna

sﬁaﬁai?umﬁwmm'lﬂﬂﬂ"la%ﬂ winuafi§audndeseveglu ATP 1az NADH us
wﬁ'wmdaumnmamg%ﬁé’emagﬂu bonds 484 pyruvic acid W91 14 bond ¥e4 pyruvic acid §0

suldelddunsizd ATP Ju'luTnnewade

Acetyl CoA Formation

Pyruvic acid fignduti i1y mawic veeluTnnewaselsi1¥gn1dlaeasaly Krebs cycle
dunsn pyravic acid iFemiven'neen’led 1 Twiana Tuwuzdt NAD' 9 reduced 1¥iflu NADH
Tmaqaﬁmﬁaegjﬁﬂﬂﬁmyj acetyl (acetyl group) 9% 1UARAY coenzyme naneiTiu acetyl coenzyme A
Weougeilu acetyl Co (317 6.4)

Moy pyravie acid 1T acetyl CoA iHluazwingonszuielnalnlada uay Krebs
cycle Tavdl pyravic acid ifunanBagaiovesinalalade uaz acetyl Coa Wumsilsznoviias

1911114 Krebs cycle
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Nutrients
e
\\ ¢ //
Glucose Ny ¥
Glucose
\/\(1r Glycolysis
T ATP % i
; 55§> (1)Phosphate transferred' Pyruvic acid
ATP to glucose ™
ADP -from ATP toglu Acetyl CoA @
formation  Acetyl CoA
Krebs
3 Glucose-6-phosphate cycle
(2) Rearrangement Respiratory
chain
c
L
S @ Fructose-6-phosphate
1 ke
o 3 &
b4 ATP L > Phosphofructokinase
[2]
= (3) A second phosphate
© ADP transferred from ATP
Fructose-1, 6-bisphosphate 0 = Carbon
— = = Oxygen
i {4) A 6-carbon:
~ . intermediate sphts into two
#}; l:(;r;;t/g;c;xy 3-carbon intermediates .
phOmhm (5) Ona of the 3-carbon Intermediates
‘is converted into the other type
Phosphoglyceraldehyde
(PGAL)
(6) Oxidation and
; : phosphorylaﬁpn
Ga* 2" o* 2C)
ADP 1 ,3- blsphospho- —
glyceric acid (7) Substrate-level - s
phosphorytation ylelds ATP
3-phospho-
e Toeee dhoore. @-@-9-® N
'?; 5 (8) Rearrangement
& @
- " We We 2-phospho- A
o glycerate :
] HQO/@ ﬁ\ H,0 l.(9) Removal of H,0 ]
Phosphoenol-g 3@
pyruvate
® (PEP) :
ADP :
WA (10) Substrate- level -
CATP
HO——C~C”)——CH3

¥
TunsuMsiAa glycolysis 10 4u (Lewis, 1998)
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Glurcose

’
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Glycolysis
Pyruvic acid

1

Acetyl CoA %

formation  Acetyl CoA

Pyruvic acid p
[ e & TN
N
Krebs {
cycle \ /
1 LJn k3 /,'
gﬁﬁ 6.4 Acetyl CoA formation 11U TWIUT DY \\;/
s . A . Respiratory Q
¥V NY glycolysis Ung Krebs cycle 118 pyruvic chain b
(‘.{'
acid Wi 1wy Tnaewe3o svgqado co, ;
; o . Y
NAD" 90 reduced (11 NADH taziaudaiy
<3
coenzyme A naedu acetyl CoA (Lewis, 1998)
Acetyl CoA .
Corig-@- Nutrients
v 7
Glucose
Glycolysis ‘@?
Pyruvic acid
- e Acetyl CoA @
s il formation  Acetyl CoA
/' // e
G-a-@-@ 8-C intermediate Krebs
(Oxaloacetic acid) o W W W Wy Wy cycle

(Isocitric acid)

Respiratory
chain

i 1(
i +
I 1=NAD 5-C intermediate

| S—
4-C intermediate
] (Alphakelogiutaric acid)

/

(Malic acid)

4-C intermediate

(Fumaric acid) (Succinic acid)

511 6.5 Krebs cycle nalna 1 Tuana axid1uTu Krebs cycle 2 500 Fausdagsouvs 1

1 ATP, 3 NADH, 1 FADH, itaz 2 CO, (Lewis, 1998)
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The Krebs Cycle

& o @ J H { 4
Krebs cycle [udginamazdugaienzadia reactants vostuusn (14 6.5) Taeh 7 1u s
& a & & v & e 2 v oA
dufayumeTugetuiuluvesluInnewnde luduaeumsameng Inastredeiiiog Krebs cycle
. . 2 : hy
za¥19mslsznoy intermediate Yunt vniuaderlFlasenemivsuvesmslsyneumanil
TumsadrTuanadunidouq 1wy nseueiiTu FeliFindlaes co, Sruamnnfiialu Krebs cycle
Whgdunadon
9
Tudutsnues Krebs cycle, coenzyme A 9218ARIIN acetyl CoA HAzNY acetyl Til§usin
oxaloacetic acid (@13U52n81 4 ASUBU) 1AATY citric acid (M3UTENBY 6 MTVBY)
:j ' . . o [ . .. . & o Y 3
Tuduge 1) citric acid taSvaluainanediu isocitric acid Fsnmeiilyu substrate dmfudu
oy [ ¢ g v S
Ao oxidation 2 duflszdamsveulasenlyd 2 Tuanaeenll dussumaitiey reduce 2
Tueanaves NAD" 1¥iffu NADH &g
1 ]
U oxidation AT MIAY CO, 98n32INA alphaketoglutaric acid 1 oxidation AFINADY
. . & . . . a8 | ¥ s 0 s
CO, gNAPaNIN alphaketoglutaric acid Fe9znaeiiu succinic acid UFATHIIFnA UG MY
substrate-level phosphorylation 493 ADP Rign ATP uag reduce NAD'1 Tumqa“lﬁ'sﬂu NADH
v a T P S oA . .
MNANTITINA succinic acid 3 oxidation INAYUBA 3 AT AD succinic acid N oxidized dhu
fumaric acid, fumaric acid 90 oxidized 14 malic acid 11ag malic acid 2N oxidized il oxaloacetic
acid A3 oxidation U84 succinic acid 8411 reduce FAD Wiy FADH, lm::?!ﬂﬁ'lﬂ oxidation U84
malic acid 151U oxaloacetic acid 9% reduce NAD' @2 3 1¥iflu NADH
A 1 \ 1 A
a8 udozngTaa 1 Twanaezds acetyl CoA 2 Taanaidng Krebs cycle #99zeig
ATP 189 1 ATP Tag substrate-level phosphorylation a9 1 acetyl CoA wa"’w1uehu°lmyjﬁ"lﬁ'mmn
9
FUABY oxidation YD Krebs cycle A 13 ludiinaseundssugaves NADH uag FADH, iwad

o P s d” . .
INUNYPINAINUUNY respiratory chain

Oxidative Phosphorylation {82 Electron Transport

ATP dulvafitialunsmaleszduradinen oxidative phosphorylation @ respiratory
chain tatrad 1118 1481Anaseundanugves NADH uay FADH, 111811910 Krebs cycle Tun1s
o 4 o ogl t 4"4 o g oA . . . A A
dunred ATP Tagase sidnaseumailiFudnieynsulfnien oxidation-reduction #itndiau
Py ] ° 1 &gl $ 1 .
SlnasouruIumna camier SHNUMIANAZAINTTULMITVUABIAAATOUNTIATY respiratory
chain (;‘ﬂﬁ 6.6)

o v ' vood d A o ,
Respiratory chain 18N¥MZARIE8YNTUVBWNUNMANYUIAIAANNAIULTUTE carrier
. !

] Qs 1) v oA ] LY v o . v Y oo
uanzdrarnnsofunazdedidnarerannnilunnadineu dalu camier uAnzAITeAeBIANATEU
o i ¢ 5 [} o v . & o 4 .
nnfmindfesfissunenimazdalddfiudausandt camier Mgadionazudenssfigalu chain fio

; A
sondiou ilegn reduced oondnuszraufuTilsaou (M) Tu mauix vesluInaounTofaiiui
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v

) = ] ' '
f1 hifleendisums InaveBiinasousynganay Wilinsade ATP §1 NADH uaz FADH, d9
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Chemiosmosis: How the mitochon-
drial membrane couples electron
transport to oxidative phosphoryla-
tion. NADH shuttles high-energy electrons
extracted from food during the Krebs cycle
to an electron transport chain, which is built
into the inner mitochondrial membrane. The
yellow arrow in this diagram traces the
transport of electrons, which pass to oxygen
at the “"downhill” end of the chain to form
water. Most of the cytochromes and other
electron carriers of the chain (see fG-

URE 9.13) are collected into three complexes,
each represented here by a purple “blob”

ATP SYNTHASE

embedded in the membrane. Two mabile
carriers, ubiquinone (Q) and cytochrome c,
move rapidly along the membrane, ferrying
electrons between the three large com-
plexes. As each complex of the chain
accepts and then donates electrons, it
pumps hydrogen ions (protons) from the ,
mitochondrial matrix into the space between
the inner and outer membranes (magenta
arrows trace H* transport). Thus, chemical
energy harvested from food is transformed
{0 a proton-motive force, a gradient of H*
across the membrane. The hydrogen ions
complete their circuit by flowing down

their gradient through an H* channel in an
ATP synthase, another protein complex built
into the mernbrane. The ATP synthase
harnesses the proton-motive force to
phosphorylate ADP, forming ATP. (This is
called oxidative phosphorylation because it
is driven by the exergonic transfer of elec-
trons from food to oxygen.) This mechanism
for energy coupling—the use of an H* gra-
dient (proton-motive force) to transfer
energy from redox reactions to cellular
work (ATP synthesis, in this case)—is

cailed chemiosmosis.

gﬂﬁ 6.6 Respiratory chain 6iZ Chemiosmosis : Respiratory chain 1ls zﬂaué’afﬂmaqmm electron carrier
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One Glucose Can Yield 36 ATPs

Tabie 7.3
Coenzymes
Pathways Reduced ATP Yield
Glvcolysis
Substrate-leve! phosphorylation: 2 ATP
Reduction of NAD™: 2 NADH
Pyruvic Acid —> Aceryl CoA (X2)
Reduction of NAD™: 2 NADH
Krebs Cyele (X2)
Substrate-level phosphorylation: 2 ATP
Reduction of NAD™: 6 NADH
Reduction of FAD: 2 FADH,
Respiratory Chain
Oxidation of 10 NADH X 3 ATP/NADH 30 ATP
Oxidation of 2 FADH, X 2 ATP/FADH, 4 ATP
38 ATP
Energy expended to actively transport
NADH from glycolysis into mitochondrion —2 ATP
Total 36 ATP

Source: Randy Moore. et al., Borany. copyright 1995 The McGraw-Hill Companies. Inc.
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gﬂﬁ 6.7 Lactic acid 118 alcoholic fermentation (Lewis, 1998)



I Glucose
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Yield:
A

Yield:
NADY Napt
Lactic acid L.actic acid
Pyruvic acid j Pyruvic acid —
Alcohol — J— Alconhol
; Acetyl CoA Acetyl CoA
NADY NADT
Yield:
Agrobic respiration Aerobic respiration
Yield: e Yield:
2ATP Krebs 2 ATP
& NADH cycle 6 NADH
2 FADH2 2 FADH9
A )

@ectron transport chaifD

10 NADH x 3 ATP/NADH
2 FADH, x 2 ATP/FADH,

10 NADH x 3 ATP/NADH
2FADH, x 2 ATP/FADH,

Extracting energy from glucose.

37 6.8 mwsamvesmsadandsnuvinaglad (Lewis, 1998)
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