EMERHE B
20184F4A23H

$2l@ MHREROPDHF
(BFHE F23 HMBEOILERS)

Y FIEZRIG TR AT LIZTEGL

Essentialfif@ &£ Y)F [RE F4hR
H2E WiIDILERS BEE (p.39)

Al - HRFI9HR—D DA AT RE

OF;:} 5
EMLEBES FEME b0 EE+ o @ ELOEHE
. OF: LTEL 0
/A =]
B - BEE065R—SDA (ORI
MR (ER) ZHERT 55 F
® A#x
) . inorganic ions,
somicnumber bait:';'al small molecules (4%)
q‘ phospholipid (2%)
G atomic weight DNA (1%) :
s fciniol'F h3°l.% :
1 12 14 16 19 cnemicals RNA (60/0)
mn 12 14 15 16 17
Na Mg Si |P S |d
23 24 28 ER 32 35
'k ca ‘v Cr Mn Fe Co Ni ‘cu Zn Se MACROMOLECULES
39 40 51 52 55 56 59 59 64 65 79
Mo ”)
70%
96 127 H
H,0 protein (15%)
Essential Cell Biology, 4th ed.(©Garland Science 2014) 44p.
_ polysaccharide (2%)

AEZEZERTHLIRFHDIY% !
(KEIZT5E96%)
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® Jﬁl%i serine

(Ser,orS)
H O

cysteine
(Cys, orC)

SH
Essential Cell Biology, 4th ed.

(©Garland Science 2014)75p.

Selenocysteine

1ZBEDO7I/BIELFEEN TN

5 6 h 8 9
B €C N|O|F
1 12 14 16 19

14 15 16 17

Si P| S|l

28 N 32 35
34
| Se
79

53

1

127

REXTFRIL-EEERT
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@ EILDFHE

BIVHOATED X THIES, * 4
1 mol BZDMNED X g [CHED.
1 mol CETOBEDHFH 6x

M NaCl Ki&#%% 05 L 55T 3
% A LR

102 @ZFNTVS. <

1 mol DFFElF 12 g
1 mol ®Z)LO—AIF 180 g L
1 mol DIFE{EF FUDAIXS58 g

1M OBREICIF 1 Uy RLETED 1
mol DMBHEIF TS, lcE UL,
FI3=ZD 1 ELBRAN M) I
180 g/l @, 1 SUEILER( mM)
[Cl& 180 mg/l DI I—ABZE
ncuwa.

|
5844 - 09 = 4

[mol] (L] [mol/L]

[M]

* RILbo (FILb) &2

g @IS LOBAEES, | Uy MUY
DE{IIS.

dalton, Da

TRIVA U KRR FIEOEECXIFFLL

E2-3 EIER? TILETILEBRDSRA.
Essential #ifatE4%, EEF4AM (BTE 2016)41p.

WA TRV ROBEXDEE(X35 kDaTHB |

©OR [ 2 -5

KEGFIR2BDKRRRFUIHREHLELTTED

H2

1t$nn€|~

HEFH#E (covalent bond)

A7 4%E&E (ionic bond)

KE=HES (hydrogen bond)

EEKEHEESER (hydrophobic interaction)

— I9IN—T

@ L#H#EE - HEHE

atoms

00

SHARING OF
ELECTRONS

molecule

covalent bond

Essential Cell Biology, 4th ed.(©Garland Science 2014)43p.
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T L

Q L#HEE - HEHESE

Two atoms connected by a covalent bond may exert different attractions for
the electrons of the bond. In such cases, the bond is polar, with one end
slightly negatively charged (85°) and the other slightly positively charged (5*).

electropositive

—N— - si P s region
0= | | 2 Lsidss 4 58 9
oxygen nitrogen carbon 34
(A) ' Se
=il | 55 3
53
1
127
teel 2 water (H,0)
electronegative . .
region Essential CelliBlology, 4th ed.
Essential Cell Biology, 4th ed.(©Garland (©Garland Science 2014)45p.
Science 2014)44p. Essential Cell Biology, 4th ed.(©Garland Science 2014)68p.
(1)
water (H,0) H :0 : H
(1)
(B) propane (CH;-CH,-CH;)
Essential Cell Biology, 4th ed.(©Garland Science 2014)45p.
At A D A et A ~ A
@ LS - HEHS @ LFEE - 1A #EE (BF)
ME#E4 ]
sodium atom (Na) chlorine atom (Cl) 3 sodiumion (Na*)  chloride ion (CI')l

[—E#E)

(B) ethene

Essential Cell Biology, 4th ed.(©Garland Science 2014)45p.

(A) sodium chloride (NaCl)

(B)
Essential Cell Biology, 4th ed.(©Garland Science 2014)47p.
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* BT/ EBRRLTOBNES

SR @ |V =RV ) DAY

- 7z,{5¥>@\
TIVESUEE

TBUKMEHEBEERILER

- 19IR—T

Essential Cell Biology, 4th ed.(©Garland Science 2014)48p.

Q LEHE - KRES

5" &
H H

5 5* /
O TTTTTTITTTTTOTTTEN | —“ &

|
hydrogen bond

H
6+

Essential Cell Biology, 4th ed.(©Garland Science 2014)48p.

Essential Cell Biology, 4th ed.
(©Garland Science 2014)68p.

BREHUKRH EEHRN), R (0), JvR(F) DETELS

@ LS - KRS

TABLE 2-1 LENGTH AND STRENGTH OF SOME CHEMICAL BONDS

Bond type Length* (nm) Strength (kcal/mole)

Covalent 0.10 90 [377]** 90 [377]
Noncovalent: ionic bond 0.25 80 [335] 3[12.6]
Noncovalent: hydrogen bond 0.17 416.7] 1[4.2]

*The bond lengths and strengths listed are approximate, because the exact values
will depend on the atoms involved.

**Values in brackets are kJ/mole. 1 calorie = 4.184 joules.
Essential Cell Biology, 4th ed.(©Garland Science 2014)48p.

JEHFHES (Noncovalent bond)

@ LS - KRES

G=C

X IITCOFREIEFES
EWSEBRTIEALY,

’ |
H
phosphate
backbone
N\ /
/
H

3’

1nm
Essential Cell Biology, 4th ed.(@Garland Science 2014)177p.
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BEREHRUIKEMEERN), BFEO).Z9RF)DHBITELS

H

/1)

‘- | O O
B C|IN 1O BE
n ] 1. . 1

14 [z
Si | PSS Cl

28 3 32
34

1 Se

79

35

53

127

5-2)0AA95 )L (bt AF)

.0 0

‘HY Fa

"'\f‘\NH "\[‘LNH
o H,&o

IV 5-2ARI5 VI

“RHAH  REHERAD. RIS OEOHR~FPIEEF X b,
https://kusuri-jouhou.com/pharmacology/antimetabolite.html (£882018-12-10)

RISOVERRFHREEND LI LLHSD

EWEER BR
201744 A 24RH

F2E HEOPDOHNF
(HEE F25 MEADILERHS)

BT - HEEIVSOR—SDA AR
{EZEDOEE+ o

®Bg - HFE05R— DA AT R

Essential Cell Biology, 4th ed.(©Garland mﬂﬂ (i%) i*ﬁjﬁ?éﬁ?
Science 2014)44p.
- MR D IND FEERDF
. inorganicions,
baite‘:lr al small molecules (4%)
phospholipid (2%) small organic building blocks larger organic molecules
DNA (1%) of the cell of the cell
30% SUGARS POLYSACCHARIDES, GLYCOGEN,
chemicals RNA (6%) AND STARCH (IN PLANTS)
FATTY ACIDS - FATS AND MEMBRANE LIPIDS
MACROMOLECULES AMINO ACIDS - PROTEINS
NUCLEOTIDES - NUCLEIC ACIDS
:IOQS protein (15%)
2 Essential Cell Biology, 4th ed.(©Garland Science 2014) 51p.
HEAE/ ) Z2EAGRY)T—)
e =) Wy
H 0,
B Polpsccharide(Z) | BeRiE:  w»  (AERCMASE)
Essential Cell Biology, 4th ed.(©Garland Science 2014) 59p. 75/@ ‘ 9 sj, {9 E
MEMBOXEN AR (BRL)ERT . BRRBOMRLTAERHTH L., RILAFE  mh  i%E (RNA, DNA)
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HMIRRAO/NFEERSF

SUBUNIT MACROMOLECULE
8088
:r polysaccharide
90000
ago protein
acid
nucleotide nucleic acid

Essential Cell Biology, 4th ed.(©Garland Science 2014) 59p.
- =) LHELy
F91%. Bk m) (BRALIEREE)
73/ ) A NHE
XOLFFE  mp  ZE (RNA DNA)

IERAERIZDLNT

FATTY ACIDS Hundreds of different kinds of fatty acids exist. Some have one or more double bonds
in their hydrocarbon tail and are said to be unsaturated. Fatty acids with no double

r m ﬁ y; llt J All fatty acids have carboxyl bonds are saturated.

groups at one end and long o o o o
hydrocarbon tails at the other. \c s \c 4
ﬁ 7}(1& COON COOH  COOH L 1
/ éu, M, o, L

éu) CH, CH, This double bond

| | is rigid and creates

i R oleic )/ akink in the chain. S
(l'n, CH, ™, < add The rest of the chain acld

is free to rotate

[ M, M,

g ( about the other C-C |

‘;—"1 ™, o, i bonds. {

oo o \

i 3
CH, CH, H S
ﬁ 7.k ﬁ éN; ™, o space-filling model  carbon skeleton

| | | UNSATURATED SATURATED
?“ ™, N,

c]n, [P

ol ol gafnfE iR

clu, [ <N

o - t

M, CH,  CH,

g F AR R
clu, acid (;"‘

N o, G,

stearic oleic
acid acid °___ o Sl =:
{Cuah (Cad - 54R—U I—HIVDEE

Essential Cell Biology, 4th ed.(©Garland Science 2014) 72p.

MRRIVEEE-EBTHEASNS

- polar
hydrophilic group
head
phosphate water
~ glycerol
00000000000000
phospholipid
bilayer,
§ % or membrane
two E E ‘
"',:;;;P:;:" & = 0000000000000 0
tails
i [
phospholipid molecule

Essential Cell Biology, 4th ed.(©Garland Science 2014) 55p.

* FHEFENEED#EE)

HRAD/NTFEEXRSF

SUBUNIT MACROMOLECULE

@ O06e6e

sugar polysaccharide
amino protein
acid
nucleotide nucleic acid
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BEEDOH: FIILa—X

CH,O0H
H/c' o\oH o CH,O0H
C6H1206 c' H 1 i
| ?H H /|
HO N 7 HO OH
H OH
(A) (B)

() . (D)

Essential Cell Biology, 4th ed.(©Garland Science 2014) 52p.

HILa—RDRERE

ISOMERS

Many monosaccharides differ only in the spatial arrangement
of atoms—that is, they are isomers. For example, glucose,

galactose, and mannose have the same formula (CgH,,04) but
differ in the arrangement of groups around one or two carbon

atoms. CHZOH
HO °, oH
H
OH H
H H
CH,OH H OH CH,OH
(o) alactose (o)
H OH 9 H OH
H H
OH H OH OH
HO H HO H
H OH H H
glucose mannose

Essential Cell Biology, 4th ed.(©Garland Science 2014) 70p.

it ;-

DISACCHARIDES aglucose  (H20H B fructose

The carbon that carries the aldehyde

or the ketone can react with any H + HO
HO
hydroxyl group on a .second s'ugar OH HO CH,OH
molecule to form a disaccharide. OH OH
Three common disaccharides are H.0
H,OH 2

maltose (glucose + glucose) o HOCH, _©

lactose (galactose + glucose)

sucrose (glucose + fructose) H H

" < " HO o

The reaction forming sucrose is CH,0H
shown here. OH OH

sucrose

Essential Cell Biology, 4th ed.(©Garland Science 2014) 71p.
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HRAD/NFEEXRAF
SUBUNIT MACROMOLECULE
sugar polysaccharide

Essential Cell Biology, 4th ed.(©Garland Science 2014) 59p.

—R.EMICRAFETA ..

HFY)a—5y: FILa—AhnibE 58

branch points glycogen
CH,0H
CH,OH
CH,0H HO o 2 5
HO 9
o
OH o 2
o
NH

e ——0 o

=9 CH, §

CH, CH; g

HO
PE(T AR

OH
Essential Cell Biology, 4th ed.(©Garland Science 2014) 71p.

TE/BOHI: 75=

amino carboxyl
group group

H H

~+-
—COOH — H;N—C— —C00

N—C—
pH7 |
/c CH,

|

l

a-carbon ! Z
side chain (R)

nonionized form ionized form

Essential Cell Biology, 4th ed.(©Garland Science 2014) 55p.

S RMEE

OPTICAL ISOMERS

The a-carbon atom is asymmetric, allowing for two
mirror-image (or stereo-) isomers, L and D.

Proteins contain exclusively L-amino acids.
Essential Cell Biology, 4th ed.(©Garland Science 2014) 74p.
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NONPOLAR SIDE CHAINS
alanine valine methionine tryptophan
(Ala,or A) (Val, or V) (Met, or M} (Trp, or W)
H O H O H O H ©
| 1 [ | | |
-—vlq—c—-c— —N—C—C— —-N—-(i—f.‘— —N—-C‘-—c—-—
| I
H CH, CH H CJH, H CH,
CH, CH, ™ =
g p . -—
|
$—CHy \/D\N.ﬂ
leucine isoleucine .
(Leu,orL) (lle, orl)
i teine
T ? T ? glycine cys
| (Gly, or G) (Cys, orC)
—N—C—C— —N—C—C— o Y
11 | H O H 0
H CH, H CH ] |
{N —N—C—C— —N—C—C—
M CH; CH, | 1]
oy, CH, CH, H H H CH,
SH
proline phenylalanine Disulfide bonds can form between two cysteine
side chains in proteins.
(Pro, or P} [Phe, or F} — O S — 8 iy =
H O H O
[ | 1
—N—C—C— —N=—C—C—
A0 |
CH, CH,y H CH,

(actually an CHJ

imino acid) E)

Essential Cell Biology, 4th ed.(©Garland Science 2014) 75p.

7S/ B(20%8)

UNCHARGED POLAR SIDE CHAINS

asparagine glutamine
(Asn, or N) (Gln, or Q)
H O H O
! 11
—N—C—C— —rla—cl—c—
H CH H CH;
G CH,
7\ |
o NH, c
7\
o NH;

Although the amide N is not charged at
neutral pH, it is polar.

Essential Cell Biology, 4th ed.(©Garland Science 2014) 75p.

* VUBREERITST7S/BIECD3D !

serine threonine tyrosine
(Ser,orS) (Thr,orT) (Tyr, orY)
H O H O H O
| 1 [l |
—N—CI—C— —nll—cl—c— —N—cl—c—
H CH, H CH—CH; H CH,
|
OH OH
OH

The -OH group is polar. /

Panel 2-5h Essential Cell Biology, 4th ed. (© Garland Science 2014)

73/ (2058)

BASIC SIDE CHAINS
lysine arginine histidine
(Lys, or K) (Arg, orR) (His, or H)
H O H O H O
[ [ [
T R i
H Cle H CH, H C[H 2
|
CH, CH, c
| . . l T Sen
cH, Thisgroupis CH, \ y
| very basic | /HC i
cl“z because its "I‘“ / . \
foy,* BoRIvS chatg S reltielpweskel fikyforan
is stabilized by Y Sl Y 4
resonance (see *H, NH, H* and are only partly positive
Panel 2-1). at neutral pH.

Essential Cell Biology, 4th ed.(©Garland Science 2014) 74p.

£73/B(2058)

ACIDIC SIDE CHAINS
aspartic acid glutamic acid
(Asp, or D) (Glu, orE)
H O H O
[l [
T T
H c|H2 H cle
C CH,
7 N\ [
(o] o C
Y 4
(o] (o

Essential Cell Biolcgy; 4th ed.(©Garland Science 2014) 75p.
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RIFE

B o FVIROME) - BHE

T3/ — RIFF

(FVIRFFE, RURTFR)
2~101&

r im N-terminus of
N* fﬁJ polypeptide chain
|
',“H V.
Phe H-C—CH,~{ Y

RIFFHEE— =%

H
RIFEHEE— 258
Glu =
RIFREEE R .
| /
Lys H—lecle(HZ CH,-CH, -N-H'

o:cI H

by C-terminus of
rc*ﬂiﬁJ polypeptide chain

— AVINDE

Phe-Ser-Glu-Lys
or
FSEK

Essential Cell Biology, 4th ed.(©Garland Science 2014) 56p.

RIFRERIRVE DB LI

amino protein
acid

Essential Cell Biology, 4th ed.(©@Garland Science 2014) 59p.

neppsrn | AVTRIFRRTS/BBHII0BELTOLOEEL.
an FhLUEDEDERYRTIFREBIFTIEMZLY,

-
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FEELER e R FRARED T S E O ot E . AU BEE SR,

9 FRYDKHITT (130R—>)
RFEWE BISEBED

HOES AR
@000 m.m

LETE N

* FHMIXEARE (3 /O EDEEEHRE]

i (DNAERNA)

nucleotide

Essential Cell Biology, 4th ed.(©Garland Science 2014) 59p.

nucleic acid

dATP, dGTP, dTTP, dCTP mp Deoxyribonucleic acid (DNA)

ATP, GTP, UTP, CTP ® Ribonucleic acid (RNA)

(rATP, rGTP, rUTP, rCTP)
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XOLAFROEE

CLEOTIDES

A nucleotide consists of a nitrogen-containing
base, a five-carbon sugar, and one or more

hosphate groups.
phosp group BASE

NH,

N

PHOSPHATE |
o /l\
(]

I
"0—P—0—CH,
L ) (o) |—]

Nucleotides
are the

subunits of
the nucleic acids. SUGAR

Essential Cell Biology, 4th ed.(©Garland Science 2014) 76p.

nucleotide

Essential Cell Biology, 4th ed.
(©Garland Science 2014) 59p.

R—R & THFIIR—X

SUGARS

HOC!
B-o-ribose
cs o ; used in ribonucleic acid (RNA)
B E G 1 two kinds of
afive-carbon sugar - S pentoses are used
HOCH, OH
B-0-2-deoxyribose
Each numbered carbon on the sugar of a nucleotide is usedin deﬂnb_onuclei: acid (DNA)

followed by a prime mark; therefore, one speaks of the
“S-prime carbon,” etc.

Essential Cell Biology, 4th ed.(©Garland Science 2014) 76p.

de-: T BN T, BYRRS

defrost CRBELEDT/EED)
decaffeinate (Th7x. h7xz12%R<)
deoxygenate (BiERFRILT B)

XOUAFROEE

NUCLEOTIDES

A nucleotide consists of a nitrogen-containing
base, a five-carbon sugar, and one or more

hosphate groups.
phosp group: BASE

NH,

X

PHOSPHATE |
o /K
Il o

“0—P—0—CH,

| 5 =
o o
nucleotide
Nucleotides Essential Cell Biology, 4th ed.
are the (©Garland Science 2014) 59p.
subunits of
the nucleic acids. SUGAR ATP, GTP, UTP, CTP

Essential Cell Biology, 4th ed.(©Garland Science 2014) 76p.

RNA

XOLAFREDIEE

NUCLEOTIDES

A nucleotide consists of a nitrogen-containing
base, a five-carbon sugar, and one or more

hosphate groups.
phosp group: BASE

NH,

Y

PHOSPHATE |
o /K
(¢

Il N
“0—P—0—CH,

| 5 =
o o
. nucleotide
Nucleotides Essential Cell Biology, 4th ed.
are the (©Garland Science 2014) 59p.
subunits of S dATP, dGTP, dTTP, dCTP

the nucleic acids.
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NUCLEIC ACIDS

o
Nucleotides are joined together by ‘o—lvl~o—cu
phosphodiester bonds t 5'and ) P
3’ carbon atoms of the sugarring, viaa 9 sugar
phosphate group, to form nucleic acids.
The linear sequence of nucleotides in a OH

abbreviated by a one-letter code, such
as AGCTTACA, with the 5" end of the “0—P—0—CH,
chain at the left. |

nucleic acid chain is commonly + @
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example: DNA
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PHOSPHATES

The phosphates are normally joined to the C5 hydroxyl
of the ribose or deoxyribose sugar (designated 5'). Mono-,
di-, and triphosphates are common.

1
-0—pP—0—CHy asin
| | AMP
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“0—P—0—P—0—CH
| [©  ADP
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[ Il Il asin

The phosphate makes a nucleotide negatively charged.
Essential Cell Biology, 4th ed.(©Garland Science 2014) 76p.
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NOMENCLATURE The names can be confusing, but the abbreviations are clear.

three capital letters. Some examples

BASE NUCLEOSIDE ABBR. Nucleotides are abbreviated by a

adenine adenosine A

follow:
BASE + SUGAR = NUCLEOSIDE
guanine guanosine G A= 55 2 phosph
cytosine cytidine C dAMP = deoxyad: i phosphat
UDP =uridine diphosphate
uracil uridine u ATP =adenosine triphosphate e z
thymine thymidine T

BASE + SUGAR + PHOSPHATE = NUCLEOTIDE
Essential Cell Biology, 4th ed.(©Garland Science 2014) 77p.
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