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1. FnTiIonns, Ei-:: b@f E%O) Uég‘i . 7&% ) 1. Now, we start the biochemistry class.
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2. }E%jzj: {ﬂgt% yin {ﬂgﬁ L/%jj T A D . 2. It is necessary for the successive existence of
é%\ ﬁ{g rﬁ ;z& %{%ﬁ Lﬁﬁfg@ ZTHFD living things to have the ability to store and
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3. SREzodE rﬁ AR UfsEd 58] 3. Today, we will study nucleic acids, the
%g:jﬁo W F“ﬁg‘g Lo trF E’; ZHoOWT ﬁ; 3@ substances that store and transmit biological
LET, information.
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Biological information of living things are
stored and transmitted by deoxyribonucleic acid
(DNA).

A segment of the DNA molecule that contains
information required for the synthesis of a
functional biological product is referred to as a
gene.

Therefore, a gene functions as a blueprint for

creating living things.

The characteristics of parents are transmitted to
their children by the transfer of their genes.
Nucleic acids contain not only DNA but also
ribonucleic acid (RNA).

RNAs have a broader range of function than

DNA, and several classes are found in cells.

For example, messenger RNAs (mRNAs) are
intermediaries, carrying genetic information for
one or a few genes to a ribosome, where the

corresponding proteins can be synthesized.

Ribosomal RNAs (rRNAs) are components of
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ribosomes, the complexes that carry out the
protein synthesis.

Transfer RNAs (tRNAs) are adapter molecules
that faithfully translate mRNA information into

a specific sequence of amino acids.
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1. Now we will study the structure of nucleic acids
in detail.

2. DNA and RNA consist of nucleotides.

3. Nucleotides have three characteristic
components: a base, a sugar, and a phosphate.

4. The molecule without the phosphate group is
called a nucleoside.

5. The bases are derivatives of two parent
components, pyrimidine and purine.

6. A nucleotide base is covalently joined in an
N-p-glycosyl bond to the 1’ carbon of the sugar
at N-1 of pyrimidines and N-9 of purines.

7. The phosphate is esterified to the 5’ carbon of

the sugar.
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Both DNA and RNA contain two major purine
bases, adenine (A) and guanine (G), and two

major pyrimidines.

In both DNA and RNA, one of the pyrimidines
is cytosine (C), but the second major pyrimidine
is not the same in both: it is thymine (T) in

DNA and uracil (U) in RNA.
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1. *}E ﬁ% %%E}%ﬁ“ A ;f,zﬁici 52o0M fﬁ};%‘:% jﬁ/ 2 fgﬁo% 1. Pentose, a simple sugar containing five carbons,
if‘é“( HAHR h—RATT, is the sugar of nucleic acid.

2. *}“iﬁzé %%}%ﬁ” AR h— A% 2%%@ HY . 2. Nucleic acids have two kinds of pentoses: the
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%Ejﬁf HIYRX7 VAF RE D-UAKR—R% ribonucleotide units of RNA contain D-ribose.
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one nucleotide unit is joined to the 3’-hydroxyl
group of the next nucleotide, called a
phosphodiester linkage.

Phosphodiester linkages have the same
orientation along the chain, giving each linear
nucleic acid strand a specific polarity and
distinct 5’ and 3' ends: the 5’ end lacks a
nucleotide at the 5’ position and the 3’ end lacks

a nucleotide at the 3’ position.
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. p-395 [X] 8-14, p.396 [X] 8-15(a),(c) —HBehE

In the early 1950s, the DNA molecule was
deduced to be helical by X-ray diffraction. Then,
Watson and Crick postulated a
three-dimensional model of the DNA structure.
In this model, the backbones of alternating
deoxyribose and phosphate groups joined by
phosphodiester links are indicated in light blue
in the slide and bases are indicated in yellow.

DNA modules form a double helix in the model.

The bases of both strands are stacked inside the
double helix, and the bases are joined with
hydrogen bonds.

The stacked bases inside the double helix are 3.4
A apart.

There are 10.5 base pairs per turn of the helix or
3.6 A per turn, and its width is 20 A.

The two strands create a major groove and

minor groove in the surface.
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1. The ©bases have the property called
complementarity; each of the four bases
connects to a specific other base by hydrogen
bonds.

2.  When adenine occurs in one chain, thymine is
found in the other; similarly, when guanine
occurs in one chain, cytosine is found in the
other, and specific hydrogen bonds are formed
between these pairs, creating base pairs.

3. This permits the complementary association of
two strands of nucleic acids.

4. Two hydrogen bonds form between adenine and
thymine, while three hydrogen bonds form
between guanine and cytosine.

5. The two polynucleotide chains with specific
base pairs are not identical in either base
sequence or composition; instead, they are

complementary to each other.
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1. V) 2%@ DNAf% 75)%9}%[3%(3@ HZ . 1. Complementarity of the two DNA strands is the
DNA %%Eifg{ L/ 113 r,E, )$|§’( ;‘g{z\: @“5 J:*C ﬁlé%‘)’ essential feature for DNA duplication and
Iz E g 7 % ﬁﬁ <9, transmission of genetic information.
2. 2%0) DNAf% %%’iﬁ’& Iy Jdr%sﬁé%%‘ﬁi@ LT 2. DNA is replicated and transmitted to the next
0 ;E}% £é & %ﬁ 7~ 1z é}%ﬁff HZrlizcxy generation by separating the two strands and
DNA fi%ﬁ%ﬁ <Y LN /JL/YFEFV\ L ﬁ) FHk T synthesizing a complementary strand for each.
WS Z LI ET,
3. Z DL 97 DNA 0)@%&(“({%% t’/f( /Cjz %bﬁﬁ 3. This type of DNA replication is called
EVnET, semi-conservative replication.
F—J—H|
A ARGE#E S
X1 r~twc)
EET 5 EC) 0k B 0ER (dictionary form) & TS & [~F 2 wic) [~ 3
YEIT) B 5%‘&% 20 £,
~ Tl iz Tl 580K & ROZFICHRRY £,

75



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

nw D 5 M < 72 PR Lok
Bl . Brass BT T,
I
nw D 5 M < 72 PR &z
Bl B s ECOREE 20 F9,
L 4

¥o T~zklzky]
:@f~V£UJMT~&ioTJ&Hbf?o%ﬁxﬁé %ﬁ%%t&fo:@%%m\%ﬁﬁé

Ly7ZA &5<7 2 E A2
- L

BB ERT B &5 FEE - FiET.) DNA RS nE . s @RI B A

X2 T~Ti< ]

[~ T EE I~ 1< ] &V 3 Bk TES 0 EtA, BRI T4 205 TREK Cmd THifE
MFE . e L5 kT,

B« A7 H B A D SR oW LTV

i - %ﬁf;j%ﬁ 7‘“(1/\ FiE. B LOWEHRR T DY LiEH A,

S0d o SE
SRR ICK LD E K

Sk [FA

X3 ¥~
PR S LS R, TR~ 1 ATV, BEAL] L) BRICRY £,

Fazn&Ew

Bl BRI > KK oz ThBRbUACHES L) EIRV RN, 1EE ALK AT

76



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

10. RNA
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RNA is the other major nucleic acid found in
cells.

RNAs have a broader range of function than
DNA, especially in gene expression.

Proteins are synthesized by ribosomes in the
cytoplasm, although eukaryotic DNA is located
within the nucleus.

Therefore, protein synthesis cannot occur unless
some molecules carry genetic information from
the nucleus to the cytoplasm.

Among all of the RNA species in the cell, the
RNAs that carry genetic information from one
or a few genes to a ribosome, where the
corresponding proteins can be synthesized, are
called mRNA.

mRNA enters ribosomes and chains of amino
acids, that is, proteins, are synthesized on the
basis of genetic information carried by the
mRNA.

rRNAs are components of ribosomes, the
complexes that carry out protein synthesis.

tRNAs are adapter molecules that faithfully
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B~ o T % %]] p)i'é“ BT DDT X T — translate mRNA information into a specific
2‘7& L r L“C{ @J WTINET, sequence of amino acids.
F—7—F

*mRNA (A% —RNA)  rRNA(UZRY—LA RNA)  tRNA(FF2 A7 7—RNA)

B A&

X2 (82<0)
B A (B0 v 2T, (S oMie) & RS < o) i CEkTT

Xa MHSH0)
F%wjk%uﬁﬁf%bmfwiﬁ;fﬁjaméz@wr%@J%ﬁﬁbiﬁ*r%%wm%”Jk
H. EONTRESEY EEH 2 LIRTERVA, TIADNT] &) BT,

X6 MMayrzh.
(B 05ATe) X hoBzfic Ang) L) Ekcd,
Wil - mRNA 12U &Y — AR AR
ST 57 mRNA 1, VARV —AOTICER D AERT,

§6F~§%EJ
MralEs = b5 b0kt HA (basis) &£ LT, (EH 2 ERbOETF, 20O L XIC [~% i)
LNnES, (~%H0) bW HERES L b h 0 EF. ObRROEALZNTT,

v

Bl LR L Lo, SFEEEY EZ S,
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11. ZDMOE AR BERILAFROHEE

[L—=2 Py —#FE bl B84 p.423 [X 8-40, p.242 [X] 8-41, p.425 X 8-42 —FRekZE

1. X7V FF KR 12% PR T /\“Cl/\yb i) 1. Nucleotides function as the subunits of nucleic

**&@T%EEEH L LT OmEE &S T acids, as mentioned before.
i D

2. FLTED ﬁﬁ WHE X7 UAF RiZ ; e 2. In addition to that, nucleotides have a variety of
f%g}l?é % ?% STWET, other functions.

3. {ﬁ] ZNWETT v 5’—% J /ﬁ% (ATP) 1%, 3. For example, adenosine 5'-triphosphate (ATP)
%ﬁ}ﬂi@ﬁj BT S %% P )L ¥ — ﬁ%fﬁ/@;?zit & is the central carrier of chemical energy in cells.
LCHEAREE R LTOET,

4. Flhraxz oA LA =aF o TIRTT= 4. Coenzyme A,  nicotinamide  adenine
VVRX I VAF R (NAD) . 7T T = dinucleotide (NAD"), and flavin adenine
YU X VAF K (FAD) | i%%;; 7 @%}% 0)%% dinucleotide (FAD) are components of many
.% @T%Ejz}%z yE o TWET, enzyme cofactors.

5. ZLTCHA 2T VI TT v 3'—5'—“: y 5. Adenosine 3',5'-cyclic monophosphate (cAMP
&% (cAMP [V 1 7 U v 7 AMP]) &i{ﬁlj"% A [cyclic AMP]) has regulatory functions in every
Uy —¢EL T%ﬁﬂg’ﬂ)% D ?i.ﬁjiﬁ v ?}%E&’ﬁﬁ A cell as a chemical messenger.

Lo R AR S T ET

F——F

S AT

ATP(TF ) v v 922U VR xRl cmm s A
‘NAD (=2 F U7 I RT7F=v VX7 LAFR) FAD(Z TV TTF=0 VX7 LAT R)

20 A L Sh A R
“fHIKF cAMP(3-5-— VU VEE)  AbFAVELTVY—

79



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

B A&

X1 TREEFTRRTOEES )
HEOLXIZ i:@i5ﬁ%ﬁﬁ;<%bmiﬁﬁbb%if%b1wk;mQkwﬁzkfﬁ

COEIRER R LoEBE v — s L0 £, S ONE & BT 5 72 510 b RIS
Oc. HEALELE .,

X3 T~I281+5]
~EBNT) IR A E L E T
il - ﬁ%%’ﬁwféﬁﬁyﬁ%ikbiﬁo

SHINARN & S BT e R A Rl A s L
BB 1. AT ET

%anNA@%ﬁ% B 5 EE AR, WA R LT,
SHIHP LS T, mRNA 78 17 5 8 S fE i A 5 2T

X L E 2 E Az

IR B AR

X4 TefoTET)
Fkﬁ@ifJ&FmﬁwiﬁjuﬁwtwﬁuéﬁﬁﬂF%ﬁﬁ~mﬁéjkwbéﬁffo
EEL, [~& Ao TOWET] 1 [~TF) LRUE D RERELE 2 TrEnEti,
RN o [ AR

X5 Tt 45
F%i?kﬁ“% CEF ) D rE THET S PvonET, Bl RORES HET 5 X
TI/ZL@E%EFE}EM”ESJ &1,

e

80



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

3= »<SA

S RAYEL S —E LT B

1. FILTIX %?é@’;@ﬂ:%){ vty —&E LT

ﬁ@m®éﬁ%ﬁ%¢ékw9% o
THLCRTOEEL L,

2. Hi. AAE LR oM oM O

L ARSI A A

3. —ok kol s kA
B Uy —) A E B D E R
WEER T2 L. LELEEREZ T
W CIEF I Sk A v o U — 2R
SAVET,

5%&%£*wi¢o
LA ITADH

5. :@iaﬁ ﬁ@ﬁm%/ﬁfwm L

6. ZLTELOHE X7 LAFRB KA
TrUr—L LT VT ET

F——F

I

@ Lo

DB ; Lok kL
— Wk AE D — RS W AYEB Y —

81

Now, we will study the regulatory functions of

nucleic acids as chemical messengers in detail.

Cells respond to their environment by taking
cues from hormones or other external chemical
signals.

The interaction of these extracellular chemical
signals (first messengers) with receptors on the
surface often leads to the production of second

messengers inside the cell.

These, in turn, lead to adaptive changes in the
cell’s interior.
A chain of events like this is called signal
transduction.

The second messenger is often a nucleotide.

. /7“?‘/1/{2%
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13. cAMP
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One of the most common second messengers
derived from nucleotides is cAMP.

cAMP is formed from ATP in a reaction
catalyzed by adenylyl cyclase, which is
associated with the inner face of the plasma
membrane.

cAMP has regulatory functions in virtually

every cell outside the plant kingdom.

BT,



MUY

fv—

CAMP &I L 7= o 7 F M ni s DA 4 72 1o &
LT, 2B 7Y v 05 BRI 5 K6
PRF B ET,
iH*7)Vi7FV%)V&%ﬁfﬁT
VAT, RS - ISR o =%
% — A R AR L. e e
WHEE L CHISEL TV D 2 L b hT
WET,
TR TV OERIEIERT Y L
ﬂ?Fv+)y§%%e@@ﬂé&yﬂy
kot sz bick-TlhED £,
FIUCE - THIN TR R 2 v P
—MEBR. TERT Y T kB A
W5 &V S RS A 2 0

BT RLF U v ERkiEo 57U v b
BREICHES LT E X7 Y v ol & A
FBIER & S MR GEE LT B 2 v
i ’E’ff“ﬁ“o

TAhT=D

14. cAMP L= T FIVIEEZE (B-TRLF) >

85

1.

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

l_i__@:)_:jf:l,\
TEK)

=2V — DAL BT AR p.621 X 12-11, p.622 [X 12-12 — &Rk ZE

The reaction to epinephrine is the prototype for

signal transduction by cAMP.

Epinephrine, also called adrenaline, is released

from the adrenal gland and regulates
energy-yielding metabolism in the muscle, liver,
and adipose tissue. It also has a role as a
neurotransmitter in adrenergic neurons.
Epinephrine action begins when epinephrine
binds to S-adrenergic receptors.

This leads to the production of second
messengers inside the cell, which in turn leads
to adaptive changes in response to the
extracellular stimulus by epinephrine.

The p-adrenergic receptor is a protein within the
plasma membrane that epinephrine specifically

binds to and mediates the effects of epinephrine.
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4hR) p.624 [X 12-14 —ERELZE

A G protein has a nucleotide-binding site in its a
subunit.

A G protein with GDP, a guanine with two
phosphates, is inactive and it cannot activate

adenylyl cyclase.

The binding of the hormone to its receptor
causes the displacement of bound GDP by GTP,
a guanine with three phosphates, at the
nucleotide-binding site on the a subunit. The G
protein is then dissociated into its a and Sy
subunits.

A G protein with GTP bound is the active form,
and its conversion to the active form enables the
G protein to bind to and activate adenylyl
cyclase.

GTP bound to the G protein is quickly
decomposed into GDP.

After the inactive G protein dissociates from
adenylyl cyclase, the G protein re-associates

with its § and y subunits and forms trimers.
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Now, we’ll study the flow of epinephrine signal
transduction in more detail.

The binding of epinephrine to the f-adrenergic
receptor causes a conformational change of the
receptor and displacement of bound GDP by
GTP, converting the inactive G protein to its
active form.

After this reaction, the a subunit dissociates
from the Sy subunits and moves to adenylyl
cyclase in the plane of the plasma membrane
from the receptor.

The association of the active G protein with
adenylyl cyclase stimulates adenylyl cyclase to
catalyze cAMP  synthesis, raising the
concentration of cytosolic cAMP.

cAMP affects cAMP-dependent protein kinase
(PKA [protein kinase A]), which catalyzes the
phosphorylation of cellular proteins, and causes
the cellular response to epinephrine.

cAMP is quickly degraded,

reversing the

activation of PKA and the intracellular signal.
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