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The inorganic precursors:
(18—64 daltons)

—. PR FEZ T | Nk doyancas et

A4y S YRGS B Charssom ticceise

Metabolites:

(50-250 daltons)

Pyruvate, Citrate, Succinate,
Glyceraldehyde-3-phosphate,

(—) 4 Tain 28 Ay 5 - & B A,
BPRG AR AT LA i R RO
) = (100550 dattons)
;/% 1 8? E/Iﬁ\\%*‘}é‘% ( 1 H FL @ H 9 r\lnin(‘: acids, Nucleotides,
’ H N\" @ @ = Monosaccharides, Fatty acids,
H (& Glycerol
), g (1F) | &8 5
Alanine (an amino acid)
B (b&x) | B8 (4%F) . i \

iR (4%) ehsErFashie, o oo

({ 103—] 09 daltons)
Proteins, Nucleic acids,
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reticulum, Golgi apparatus,
Vacuole

Protein
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1 Bulk elements
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(a) Amino acid Amino acid
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1id of DNA
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\ polypeptide segment

Phe| {Ser| {Asn| {Lys P::J—|Thrj' E
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Four Types of Noncovalent (“Weak™) Interactions
among Biomolecules in Agueous Solvent

Hydrogen bonds i

Betwsen nautral groups ;“':'1'

Illll-\.-E' .l el E “"|'Iu_'- — I —

lomic interactions

Attraction

Repulsion

{"II_,;L"II_:
Hydrophobic interactions -EIJI-i

[i“. H.

Van der Waals interactions Any two atoms in
www . kaoyancas. net close proximity




Some Examples of Polar, Nonpolar, and Amphipathic BiomoleculesWWW . kaoyancas.net
(Shown as lonic Forms at pH 7)

Polar
Glucose

D Polar groups

E Nonpolar groups

go \NOH H 74
H Oon

Glycine +*NH;—CH,—COO~
Aspartate +I|\TH3
~00C—CH,—CH—COO~

Lactate CH3;—CH—COO~

|
OH

Glycerol C|)H
HOCH,—CH—CH,OH

O
Nonpolar [

Typical wax CH3(CH2)7—CH=CH—(CH2)6—CH2—C\
(0}

|
CH3(CHg);—CH=CH—(CH,);—CH,

Amphipathic
Phenylalanine *NH,

I
@CHQ—CH —COO~

Phosphatidylcholine (”)
CH;(CH,);5CH,—C—O0—CH,

CHS(CH2)15CH2—(”3—O—(|JH (”) *N(CHjy)3
O CHZ—O—I|’—O— CH,—CH,
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Bonded atoms

O—H——— O
O —H——— O
O —H——IM
N —H-——0
MNE—H——— O
N—H———N

*Lengths given are distances

covalently linked to the H to the atom

H-bonded o the hvdrogen:
y—H ——— )

F_'} 27 :I'll'llﬁl

Funcrtional groups which are
bond donors and acceptors:

Domnors

LB ]
.»//

.kaoyancas.net

Approxin
bond le z;kélo\/f:ln(

O.2F mim
0. 26 mm
O. 29 i
O .30 mrn
0. 29 nm
.31 mm

from the atormm

important H

Acceptors
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NH., Histone-DNA r.'nmplt:xr.mr_;k&avaﬁﬁags_ net CH

Magnesium ATP 2
N » o
Mgt ¢ f““w o il —\j
o5 e her N N'; . o
fidmma e [ 4
O=P=0=P=-0-=-P=-0-LH, . B /
'-FHL

| I
O 0 O

HO OH

Intramolecular ionic bonds between oppositely
charged groups on amino acid residues in a protein

=k e T
,—’ﬂ HyN (CHag)y
H,C—C

O
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reion of
lipids in HaO

Eaeh lipid

malecile forces
surreunding HgO
malernles to become
highly ordered.

Clusters= of lipid
s lescraa Jar s

Only Hpid portions

at edze of

the cluster force the
ordering of water.
Fewar H2O moleciules
are ordered, and

entropy is increased.

Micelles

All hyd rophabic
ﬂ:l'ﬂl.llm- Arre
sequestered firom
water; ordered
shall of H2O
maolacules is

& minimized. and
E-Il.-tl"ﬂ-m 1B ﬁ]].'thEl'
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A BACTERIAL CELI

E. colt bacteria

e = —

— " Ribosomes

M . -
Nucleoid (DMNA)

| '.;1p--;ul4'




Rough endoplasmic reticulum (plant and animal}
; www . kaoyancas . net

AN ANIMAL CELL

Smooth endoplasmic retculum

Nuclear membrane
Rough endoplasmic reticulum

Muclealus

Lysoisomme

Smooth endoplasmic reticulum {plant and animal}

Nucleus

Plasma
e e

Mitochondinon

Mitochondrion (plant and animal)

Crolgi houdy

Caoplasm

Filamentous evioskeleton
{microtunbules)

W kaoyam'jaﬂﬁ'.ﬂetﬂ & This figure diagrams a rat liver cell. a wvpical higher animal cell in which
4 the characteristic featres of animal cells are evident, such as a nucleus, nucleolus, mito-




Chloroplast (plant cell only)

Nucleus {plant and animal)

g A e

Miutochondrion

.kaoyancas.net
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Smooth endoplasmic
reticulium

Lysosome

Muclear
membrane

MNucleolus

Mucleus

Rough endoplasmic
reticulum

Golg body

Plazsma membrane
Cellulose wall Cell wall

Pectin
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Protein coat
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e — Host cell
Entry of virus™ /
genome into cell

o

Transcription Replication

(:('IH'ITi('
material
(DNA or RNA)

~~——~— RNA

'

Translation

o
i

Coat proteins Assembly

Release from cell
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(a) In an aerahic cell b) In a bomb calorimeter

Clycolysis

ATP
ATP

ATF

2870 k]

AT’P AT'I.‘ CTIETE

as heat

ATP

ATF

ATP ATP
ATP

Citric acid cycle ATF ATP
and oxidative

phosphorvlation ATP ATP

B, + L 1L 30-38 ATP G6C0 + 6HLO
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Energv-vielding nutrients Cell macromaolecules
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ML leene TellL
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SADPH

Ad¥

NADPH Chemical NADPH
energy

.'I.IIF '|LE1|

AaP

b 4 SADPH

oo

“ADFH
I Nergy-poor end |1|'-Him'h Frecursor molecules
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Fatty acids
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l. ST ARUrEL .

MRS RFFHREAR (alchemy) , EX, HREFIRILSFEYATR,
“ chemistry” —igtskealchemy, 7malchemy = al (the) + chem,
faychemskB P EY ¢ &7 HEFRXIFLAET, BFERESZSTETKXEAS B
SEENMER, FAEPEITAH, —HKMNMsSEBEOTTIHEIE, 35, BRI E,
SR SRR AS 6, TS, SEARASTKATIVHFRITHE 714
@yak, 322 T5 20004 ; EPEALLEFT ERSREMEKEYETE,

FEHFERRT TR RTEREUAIN, BRE DTN EERETZIL ¢ &
7 W, PEHEEARODKSEAITICE TGS CRNEARIR,
P EHSRERELAISTERI T FTITENIKE, AreAH T alchemyiX 4>

T, |

FRESRUAERR MG 2 b — R TE, F4FPTiiTa Ak R T 55 (7-14 |
t22) 1113+ R eSS IEFT LT R P A F A XL A B T
BRI, ALIRTENS P ELYIFERBANT TH XA, WIS, THFHEERE
P EIMBEFEKE, FFNETER, R, RTINS RAE T H Y
B9 Zo iR AR R
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2. NIREARB 1.

|7y N EEEFTEalchemy B EM I K Y chemistryLIE,
BEFEYIE R, B4 Bk, T4 RLRERSTF, E5IEONewtonsEl eFHAay
#%Robert Boyle (1627-1691) W FoBmL =TT HR, BT “ The
Sceptical Chymist (1661)” —45, EFKFBIMHASREEIEER,
LAIRE R FBEYRBERFARKS:, TLRILTRLEARSEN PV=Const, =SRBErR-LZK
REIIMKpIB SRS, 160623LEXLT Royal Society, 1666# Paris

Academia ZBIXKIL, HFSHFRFORXN VIR T R, X EKSFS5F SRR

I ERE
S, R PEHRNEHAS17644C0, (Black), 17664H, (Canvendish),
1772#0, (Sheele), 1772#N, (Ratherford) , 1774#Cl, (Sheele), 4azt &
REI, 17745LavolisierBAL T AR EIR, |71 1FHFFAILT MR IT,
WISy s IR Ry e BisEN (Joseph Louis Proust, 1799) A1k =D

WMWBHHFOEIR, AV KSH BRI RT KA,
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3. IS8 B

ey, ANk SEED C N, Oad1ks:, HERBRELIKRE,
YNNG E T T AR BT IRAEA T TR R, KEZTITHFE ARG,
BB ARG AN BT, BRI SEFHF B a4 BTLE 9, K9
A4 S B GBI AR SR,

AMKSFEBHIRR, ERARFTEESHITLHEE,

18284~
18314~
18404~
18484~
18584
18654
18694
18744~
18844~

Wohler (&) MARMMEKRT RE
Liebig (78) F#4pRFZ A -B5e9 K 9
FHIMEE (group) EHIRAEIFZAK

Pasteur (3%) SEGEREY I FFPTREY K I
Kekule (#2) CHRS-#HmurIeic

Kekule (i) Benzen3R&&5i9ah I

RER ARG BAIL

van ‘t Hoff (f9r) C4#HiEm@@EHLE54
Fischer (i#) ##ay1kstebie R T4
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4 EPUFEREZRERT

18975
190245
19264
193045
19444
190345

19584~
19704
19724~
19784

19904

Buchner % M @%4F2mA0 2 AR RACTENS K BEE
Fischer AK$2IRit

Sumnerss suis-= 3 ARES, JECATE R B iR
Schneider:¥&Jal i = B A T~ 1K 589 55 52
AveryEFHF ANIEBA R TR 15 2 2 AXER
SangeriR B ERAKEREY F I)NE
Waston—Crick#2 B DNASK S SR 4L Y

PerutzZF AR BA AL B 9 BY L TR 4549

X I DNABR 4RI £ At Big

DNAE 4R IR ARay3E L

DNASR At 28 S0 J5 S B9 38 5L

AN R A LRIy R4, 2003 F A, N
EAFELASTC



www . kaoyancas . net

EPUFEPRIRBRAR

Bk (1923) : ARG FHITE 73873

L (1925) EAK. RERERNSTE X9+
JRERIHE;

AR IE (1934) : YIRAREEE. £V RD TSl

5E 3
Bt (1944 ) : YR TR B4k,
_ X-fi75. NMR: i%j:én\?é%ﬂm%

L
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3. EE W ARG D, ARG T Ay e R
RS BISLEAS, S0 A IR — AN S — SRR B s )] 28 4 38 AR
KRR, foBALIRDBAP, RAEAGHBIK ey FERE, F
BT 2k SRS ARG IR AR, I VIRA RS AR E AL
EYIMISHIT —REY I, EBA N AR EAREN RS
Pr— R EY RS, KBS AR TR RGD, HEIK, 3R
FliRA R D B A EE,

4. EFSHFIH S LB T HIERITINAE, LS

S F AN R — )R s R g R EPS A0 iR F0 IR o 2B R IR
RIS K, TAREEFSEIE DI EERE, FFE
SRS AL R IR RE D FOBIITRE D+ B, DIRTRAVI: | o
SIS N B~ AE, FHLEIIRF S BTN, 3
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FliRAa S BFE, BIT B S2IE IR AL VIR,
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