X1

X3 -

14'ﬁ

EaEBORILZEEIDF

ENeR/AN

CZR T E%k%#%ﬂﬁa%%wiﬁ
o .

ZOWE T, EMOIA L 7 B R
EANER) 9% AL LD

DHETE & HERE oM DR TS 1= >\ C 2
U, fE2echdy il & 4 P U &5
Y YEESE (% %’é’fff%ﬂ\i@“

<
75) 5
V5o 5 X FALLD » S L T
& ﬁ%%,M%®ﬁﬁ#

r

TZAMAN
&
Y

DNA = >\ T L x4,

ST, DNA 2T 5= F o

ISl LTS T Ed, —ok oA
2 B LT 5 DNA & 75 L
fﬁ/A&ﬁmiﬁ it,%@%#%&
LRy B ORI 2 5 TV B By %
BA S & PO

27

S1-

S2-

S3

S4 -

S5 .

S6 -

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

—#%8% (DNA RNA)-

Let me start the introductory lecture for
biochemistry.

In this lecture, we will study the structures

and functions of biomaterials and cell

structures. Finally, you will see life as a

chemical phenomenon.

- All living organisms are composed of

chemical compounds. To view organisms in

the chemical way, it is very important to

study the mechanisms and origins of living

things to understand biology.

Today, we will study nucleic acids, which

are central to all life.

First, I will explain DNA which is very

famous for carrying genetic information.

Genetic information is stored as sequences
of units that are composed of DNA. The

DNA containing genetic information is
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called “genome”. In addition, a sequence of
DNA in the genome that codes for a protein
is called a “gene”.

S7+The concept of the gene had been known for
a long time, that is, Mendel’s law, but it
was in the 20tk century that its identity as
DNA was determined.

S8 - DNA is found in the nucleus of eukaryotic

cells. It is highly folded and forms a
chromosome. The width of a chromosome
1s approximately 1400 nm.

S9 + Chromosomes were discovered in the 19th

century; however, as chromosomes are
composed of proteins and DNA, there was
no way to determine if the protein or DNA
carried the genetic information. The fact
that DNA was the source of genetic
information was proved in the 1950’s.

S10 - If we unwind the chromosome, it becomes

This fiber is

composed of a cord with a diameter of 30

a chromatin fiber, like this.

nm and it uses proteins as a scaffold with

a width of approximately 300 nm. However,

many things about the structure of
chromosomes are still not known, so a lot
of researchers are still studying it.

S11 - If we then unwind the chromatin fiber, it
becomes gatherings that are composed of
nucleosomes with a width of
approximately 11 nm.

S12 + In the nucleosome, DNA is wrapped twice
around a histone, which is a disk-shaped
protein, and is very densely packed by this
aggregation.

S13 - If we then unwind the nucleosome, we
observe the DNA with a double helix

structure and a diameter of 2 nm.
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S14 - Finally, if we observe the DNA duplex at
the atomic level, the monomer units have
hydrogen bonds between their base pairs.

S15 ¢ In this way, the DNA in cells of higher

organisms is highly folded in the narrow
space of the nucleus, which has a diameter
of 10 um. For example, what is the length
of the packed DNA? If you link the entire
DNA in a human cell linearly, its length is
approximately 2 m!

S16-Living things can control the expression of
genes using different kinds of regulation
to ensure that the DNA is correctly used
at the right moment, even though the
DNA is densely packed.

. Lo WoT AL LA m NS NS
VNN S OAVA WS - (o SN N St/ B D)
iz Ltwd T WVWEFOZS FAED
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So, let’s see the structure of DNA, that is to
say deoxyribonucleic acid, in detail. This
illustration shows the molecular structure
of the DNA double helix.

The DNA duplex forms a right-handed
double helix structure and has a large and
a small groove, which are the major groove
with a wide width and a minor groove with

a narrow width, respectively.

+ What is a right-handed helix? For example,

if you compare DNA to a bolt, this is the
pattern that it bolts when you screw it in
the clockwise direction.

The illustration in the center depicts the
DNA double helix.

DNA is a molecule with ‘direction’ and its
two independent strands couple in an
anti-parallel manner and forms the double
helix structure. This orientation depends
on the angle of the ribose sugar, which is

one of the structural units of DNA that I
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will explain about in detail later on.
S6 ¢+ In addition, DNA is composed of four kinds
of units (bases): 4, 7, G, and C. The back
bone of DNA is composed of sugar and a
phosphate that are located on the outside
of the helix. The genetic code (4, 7, G, and
O lines up longitudinally inside the helix.
S7 - The A, 7, G, and C sequences form the
genetic code and the code language.
S8 - A always pairs with 7'and G always pairs
with C. These pairs are called “base pairs”
and are formed by hydrogen bonds. These
bonds enable the assembly of the two

independent strands.

opl
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+ So, let us take a look at the chemical

structures of the A, 7, G, and C units that

form the genetic code.

« A monomer unit of DNA is composed of a

base, 2'-deoxyribose, and phosphate.

The 2'-deoxyribose is a scaffold for the base
and is a common unit in the four kinds of
bases. We can find the direction of the
DNA chain by the difference between the
5'- and 3'-ends of this ribose.

There are four types of bases: A is called
“Adenine”, 7 is called “Thymine”’, G is
called and C is called
“Cytosine”. They are the four letters of the
DNA alphabet in which the genetic code is

“Guanine”,

written. All genes are written using only
these four letters.

Each base is introduced to the 1 position of
N-glycoside
called

2'-deoxyribose through an
bond this

“Deoxyribonucleoside”. Their names are

and unit 18
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EbYET.
X6 - SBICY VENER ST b OETFAF Y
ARX T LVAFRE %b\iﬁ“ . “Adenosine”, “Guanosine”’, “Thymidine”,
w7 KRNI, S0 U SRS 3 ot and “Cytidine”.
TW51H o5 DNA @%}Uﬂ) L [/“C%zb;hi S6 -Moreover, if a phosphate is connected to it,
T, INLEFLEDTTAF VX VAT it is called “Deoxyribonucleotide”.
K3 ‘/ﬁg%(dNTP) L %b VET. S7 - In vivo, molecules with three phosphates
8- ‘/ﬁz%ﬁiéfo %%\fiﬁ;{&:{%b YCWAZ EITK bonded to deoxyribonucleoside are used to
T, Fox fg:*/vﬂ?~ﬁ§f§)i HITWE form the DNA. These are called
ER “Deoxyribonucleotide Triphosphate
%9 - ANTP 725 DNA 2 EB N BT, Z0 (dNTP)”.
2DV /ﬁé‘%ﬁ\}%ﬂcﬁ’éﬁ” ) E%O):J:*/I/ X — %12% S8 + To incorporate two more phosphates
o “C)%fﬁﬁi‘ﬁ: DFET. requires a lot of energy.

S9 - When DNA is made of dNTPs, the reaction
proceeds by the elimination of the energy

from these two phosphoric acids.

+—"J—k(Key words)

DFAFLIR=R UM 7Ty cvhvr UTEY F NZUIURES
TARLVRRIVALR  TT v T TFVr TT vy TV TARVURRIVATFR
P AR YA F BB
hARAESZ . .
BE:&E Fi & (Related terminologies)

FTAFVRX T LAF R : Deoxyribonucleotide

TEXTT /)3 ‘/Eﬁ% : Deoxyadenosinetriphosphate
FTEHxFT3) ‘/Eig% : Deoxycytidinetriphosphate
TAXTT )3 ‘/Eﬁ% : Deoxyguanosinetriphosphate
TAEXFIVL3Y ‘/Eig% : Deoxythymidinetriphosphate
I21F A ZhLED

H AR

L1 R~ s TZRZNRD (each) | &\ 5 BEOHEHE (prefix) T

Y3 TR TR, 50 (end) & T & T,
) - ;EM;EG (weekend) . jﬂoéfg(end of the month)

4 TEK] 1EAL 50 (true) % (form)
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In the monomeric units of DNA, A couples
to T"and G couples to C. These pairs are
called “base pairs”.

The coupling of these DNA bases is the
result of hydrogen bonds between them.
The A-T pair has two hydrogen bonds and
the G-Cpair has three hydrogen bonds.

By these hydrogen bonds, A and 7, and G
and C can recognize each other. This is

called “complementary” base pairing.

- Aand G are purine bases, and 7'and Care

pyrimidine bases. The reason for this
grouping 1is that these structures are
respectively similar. In addition, purine
bases are larger than pyrimidine bases
and base pairs must be composed of a pair
of purine and pyrimidine bases.

For instance, in the case of an A-G pair and

a T'C pair, these pairs do not form the

right base pairs because the size of the
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Lo e E A,
76 - AC, T-G DT Tix, 7Y LR ey

I ‘/fﬁhﬁcz o TWADTHYH A X gj/;} base pair does not fit due to the attempted
STWVETR, ;Jk;; %32-7{ o){bj\% ﬁi/jb\;bf pairing between two purine bases or two
E LV \i/aﬁxf ;5_»#3%%@— AZ LN TEXEH pyrimidine bases, respectively.

Ao S6 - In the case of an A-C pair and a 7@ pair,

X7 - ZDLDIZ, DNAI;C% E»’d‘/u@iéfé‘)f I, these pairs cannot form base pairs because
4%%“ /E'f:foc 5 #ﬁ&i’ﬁ % H 1?8%%9’3 7}(%?5 z the locations of the hydrogen bonds are not
72%}%‘?6 L “CEI/ \%wfwu& L, i/‘ A %L%; complementary, although the size of the
(#2}% LCWET. base pair conforms.

T8 CAD H?t IT & 5%@:, %%ﬁx&iﬂgj S7 + In this way, four different nucleic bases
%ﬁio) %/é\vﬁlj ?ﬁjﬁx » 3 ﬁﬁ{&) AT ELMNT recognize each other through
xF7. Eﬁi%f“&i Dk %wf%lfﬂ% LT complementary hydrogen bonds and form
DNA @%ﬁfi %k}f?o TWET. base pairs in the DNA double helix.

X9 - F£7=, ;th?%;,z:ﬁ-/\ ko “(f/c"/ﬁ; ﬁ}; 7N ﬁjbj S8 + As A always pairs with 7, then if you know
iyﬁj:v -/:E SNnb72®, DNA @W{EIJT one base, you can determine what the
v \73;%4;% 0)%3_ LA LR TXFE other base is on the complementary strand.
7. In vivo, DNA is replicated by using this

L0 EMSbLANHIY, HIEHETEHT 5 feature,

LU R—ZDNT U 5{jﬂ’u’J 23 180° T S9 - Additionally, base pairs form an orderly
RoTWERA. 20D, UR—A OD%F;%E bedded structure inside the DNA helix
BN H R EIROTNE, b~ A T because they are fixed on the same plane.

— T —T L, ;ﬁﬁﬂﬁ&i} T — I S10 + As shown in the figure, when bases form
— 7R £, base pairs, the direction of the ribose to
the base pairs is not 180°. Therefore, two
grooves with different sizes are made, that
is, the “minor groove" and the “major

groove”.

*+—"—F(Key words)
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B8:&E FAEE (Related terminologies)
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Z X
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Next, we will look at how each monomer
unit is linked.

Each monomer unit is connected by a
phosphodiester  bond the
phosphate at the 5'-side and the hydroxyl

between

group at the 3'-side.

Consequently, DNA has a ‘direction’ and
DNA is normally depicted from the 5'-side
to the 3'-side.

- As DNA consists of polymers of nucleotides,
it 1s also called “polynucleotide”.

The genetic code is composed of the
one-dimensional sequence of the A4, 7, G,
and Cunits.

In addition, the DNA sequence is very
important as the genetic code and because
some DNA sequences are recognized by
proteins for the induction of various
functions.

A good example of this is the 7A7TA box
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binding protein. This protein is used when

necessary information is copied from the

£ 912 DNA %#i# < EHBH “C,ﬁ.‘é}ﬁ“é LM TxFE DNA. This protein recognizes the A-7T rich
K sequence in the TA7TA box
8 - ﬂﬂ 4, DNA %@jéﬁ%é‘%% {K%%\éfﬁé‘; and strongly binds to and bends DNA, like
3/FD_W?5%%QE DNA*%L this.
#5 g < DX LI 7 717 DNA 0)@35[] & S8 - The DNA sequence can also be recognized
;h\ﬁﬁé EMRTEET. ThIEoED, by various DNA binding proteins such as
EE%TJ%;N&?% LIZEH->TDNADED enzymes that cut DNA and proteins that
;,,—fﬁ“@ @J FIELVvonLomn %\75:«3 < control gene expression. This fact indicates
W5, W) Z LT that the protein is targeted to a specific
X9 - HEO)%K ) ‘/ﬁ% ‘/“:EX?‘/I/%“C-X“CO& DNA sequence.
N 57 DNA @%é%ﬁ {K %g: LT S9 « As can be seen, DNA bonded through a
<<, %EA%LO)%%EEO) g)ﬁ] Ep foc Zlizd j( phosphodiester bond does not only work as

F<HBLTVET

a genetic code but also as a controller of

gene expression.
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h . §ozo .
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*TATA Ry 7 A

t;l/\/:bi‘ifib h-o L.
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Ezkﬁn L3
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- As we have seen, each monomer unit of

DNA is linked through phosphodiester
bonds, and two independent DNA strands
assemble in an anti-parallel manner to
each other by complementary base pairs,
such as the A-7"'and G-C pairs, and forms
a double helix.

That is to say, the longitudinal links in a
double helix are phosphodiester bonds and
the transverse links are complementary
hydrogen bonds.

The formation of the double helix is called
“ NA 7Y H A ¥ —3 3 (hybridization)”,
or ‘A 7 V3% (hybridize)”.
Additionally, a strand that can recognize
and form the correct base pairs to a
specific single-stranded DNA is called the

“complementary strand”.

+ Although this double helix is constructed

by the formation of base pairs through
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hydrogen bonds, to tell the truth, there is
more to the story than that. As you can
see, the structure of DNA has the
hydrophobic nucleic bases inside the helix,
conversely, the hydrophilic sugars and
phosphates are on the outside of the helix.
When DNA is dissolved in water, the
hydrophobic parts try to assemble with
each other by hydrophobic interactions.
This is the same phenomenon as oil in
water. In water, single stranded DNA
does not form a fiber and instead creates
a cracked form by the aggregation of its
bases.

S6+DNA is a polyanionic polymer because the
phosphates in the DNA backbone have a
negative charge. This negative charge

allows DNA to dissolve in water. When two

single-stranded DNA molecules hybridize,

a repulsion exists between their negative

charges, but they can form an orderly helix

structure  because the hydrophobic
interactions compensate for this
destabilization.

S7+So, the double helix of DNA is formed by
hydrophobic interactions and hydrogen
bonds, but the hydrogen bonds are very
important for the construction of the
orderly helix.

S8 « Moreover, the hybridization of DNA is
reversible. For example, if you heat a DNA

DNA  helix

dissociates and separates into two single

solution 1in water, the
strands. However, if you then cool this
denatured DNA solution, the DNA strands
form the double helix again.

S9+The temperature at which DNA dissociates
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%3 DNA 73 B LA T W A B 0 (i e 1

[N Pp]

E’j DNA 75\@4:%&@* BYVENRHY | does not change for very long chains of DNA,

ELHKV%“C A/ ’?fot il A e s o4 but there are differences in this
5EAD F'ﬂEJ MIVET. temperature for DNA of a certain length.

X1 DNAiéﬂ) DX 7‘;%22{1 E%) & 7 The melting temperature of a sequence
fg;i - 272> TUNVET. containing many A-7 pairs is relatively low,

conversely, a sequence containing a lot of
G-C pairs has a high melting temperature.
This also increases in aqueous DNA
solutions with a high salt concentration.

S10 - While DNA is dissociated by thermal
stimulation in vitro, DNA can also be
dissociated in vivo. DNA needs to be
dissociated when proteins make copies of
DNA or when they access genetic
information; therefore, the double helix is
opened by proteins.

S11 « These structural changes of the DNA
strand are one of the most important

factors.

+—"J—k(Key words)

ATV EAL Ry S AU T=d -
hARAESS . .
BE:&E Fi & (Related terminologies)

U7R X277 F R :Ribonucleotide

VR X7 4K : Ribonucleoside

7T/ 3Y /ﬁi :Adenosinetriphosphate
T3V ﬁk Cytidinetriphosphate
T30 @&“ :Guanosinetriphosphate
FI3Y /ﬁ%{ :Thymidinetriphosphate

I 1F /u=: 75\;:\15‘?

HAR:EAZE

SO CAREL NARCEE T ENSLCR TR Bk s 0 £
Bl % 0Ly THET S

45



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

w3 AT VF D) (g T Y| 135 5EE (Foreign words) TFA8, =0k 5 7blskatic 145
o, %ﬁ%ﬁj (verb) IZCTE £,
Bl KSATF5, at—F5, a—t—7F3

w5 TEE - NEAE I LW D eTF, TE)] 13 TR Lbangd, 1% 1< b0 (Fruit)

PDERBNDG L ZAD D T,

S5 THOKAG) & TBUKI) : TEL 1 TRLO 2R ET, s close) = & & K LET,
DTl Kmater) Eo L xic/z 0030 &oF, T8 13 T8 o
KRt = L 1ETT,

1

I

X5 IS Leo): ZOXH 72T LTI, T%é?n(mlmetw word)}:mb\iﬁ”

Ep<

Jifé F%U X r%Imﬁé(possible)J tWHZLTd, 22T, T (reverse) | & [T 5]
LWy Z LT,

I
0]
Aw

ngﬁngf%rjkaM (& | OFLE (degree) TF, & 13 M) 2L TETNS S
e = G I W}EU\J iiﬂ}ﬁ(context) ko T, WANWATT,
B . = > (color) 1L (deep).,
::OD:zb—E:b—fiﬁ%b‘(strong)o
= DY (solution) 1KY (thick),

46



X4

2 IBIE, DNAémk<Ut

Y
RNA (25 CTai] L% 3. RNA i3
RiboNucleic Acid @ 5 T, U ARk L &
SVET

- RNA 13 DNA & [l 4fifin® ) <—=

=y FBEPRTVETR, Tofby i
URbhET. U, vy
LEVET. URT OB D 2 F M
BLolbOTT. D0 X FAIITKE

5 bk
AN

R BEE LT, U0t A L
KEFED BT 5 - N TxET

bok

S1-

S2

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

Now we will discuss RNA which is very
similar to DNA. RNA stands for
“RiboNucleic Acid” and is also called
WE S

- RNA, as DNA, is composed of four

kinds of monomeric units, but U is
used instead of 7. U is called “uracil”
or “uridine”. U is 7T in which the
methyl group at the 5'-position 1is
removed. Since this methyl group does

not form hydrogen bonds, U can also

- B %)jé =72 DNA & RNA 0)%:1/ X, VAR form hydrogen bonds to A.
— 2D 2’0)%?5&% 17 ¢9. DNA “Cai;kbé% S3 « The major difference between DNA and
272> TWET 2, RNA Gigﬁﬁ%ﬁ% 12785 RNA is found at the 2'-position. At this
TWET. position, DNA has a hydrogen atom,
. RNA 13, *@%@ﬁ%%ofmézgm but RNA has a hydroxyl group.

J o> TDNA LV ijJlUk ﬁ %éﬁ*@’& <, S4+-RNA hydrolyzes and breaks easier than
BT < 7o TV DNA because of this hydroxyl group.
52D X HIZDNA & RNA @%b\éig\ VAN S5 ¢ In this way, although the differences

WD TR, ﬁv%é @%%?&&i%% < ;%'f: between DNA and RNA are few, they
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have very different stabilities.

S6 - Their roles are decided by their stability,
for example, RNA acts as a disposable
middleman due to its instability and
the more stable DNA stores genetic
information.

S7 - However, RNA is not unimportant
because of its instability.

S8 - RNA also takes a unique higher-order
structure and has catalytic activity
like an enzyme. RNAs with such
properties are called “ribozymes”.

S9 - So, RNA stores information and has
catalytic activity.

S10 - By these features, many researchers
propose that primordial life used RNA
as a store of genetic information and as
a catalyst.

S11 -+ In this hypothesis, RNA-based
organisms evolved the more stable
DNA to carry genetic information and
proteins with various functions and
catalytic activities. This is called the
“RNA world”.

S12 - Recently, studies on RNA are
attracting tremendous interest

because some experimental results

indicate that short RNAs that are not
used as genetic code have an effect on
gene expression, such as RNAi (the
study of which received a Nobel prize
in 2006). So, this is one of the hot

issues in biology.
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- RNA also forms a right-handed double
helix structure like DNA. But, in vivo,
RNA rarely forms a double helix, and
rather is often in a single-stranded state
and sometimes forms  complicated
higher-order structures.

The RNA double helix is different from
DNA in various points, for example, the
base pairs tilt from the DNA base pairs,
and the major groove is deeper and the
minor groove is shallower than DNA.

The width of the base pairs is slightly
larger than that in DNA; therefore, its
radius is slightly broader than that of
DNA.

Moreover, the length of one turn of DNA is
3.4 nm and that of RNA is 2.6 nm. So, RNA
has shorter strands and a tighter helix.

To convert their length to the number of
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base pairs per turn, DNA contains 10.5
base pairs and RNA contains 11 base
pairs.

I have prepared an animation of that
here, so, please look at the differences
between them. Do you understand that
they go upward if you turn a downward
screwdriver to the right? This is a
right-handed helix.

DNA forms a slim shape, but RNA has a
thicker and tilted shape.

Here is the major groove and here is the
minor groove. If you compare these
grooves, you can see that the grooves of
the RNA are much deeper than in the
DNA.

As shown in this figure, there appear to be
interspaces between the base pairs, but in
reality, there i1s hardly any interspace
between the base pairs and they are in
with other. The

sugar-phosphate backbone has flexibility,

contact each
so, if you unwind the DNA, you can relax
the DNA strands with interspaces.

Conversely, if the base pairs have
interspaces, it 1s associated with a
disadvantage in terms of thermodynamic
energy. Thus, they form the helix structure

to prevent the occurrence of interspaces.
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If you look at DNA and RNA from above,
you can easily see their differences.

The base pairs of DNA stack vertically in
layers down the axis of the helix.
Conversely, the RNA double helix has a
pore in the central axis and its base pairs
are wrapped around the axis.

The DNA base pairs form an orderly
cylinder in the central axis, while the RNA
base pairs tilt and wind slightly from the

horizontal direction.

+ A DNA double helix is called “B-DNA” and

an RNA double helix is called “A-DNA”.

A-DNA has a larger diameter than B-DNA:
the diameter of B-DNA is 2.4 nm and that
of A-DNA is 2.6 nm. The reason for this
difference is that the base pairs of A-DNA
are wrapped around the axis. By contrast,
B-DNA forms an orderly structure because

its base pairs form the central axis.
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S7 + As shown in the chemical structural
formula, there are only a few differences
between DNA and RNA, but actually, if
you compare their structures, you can see
how large the differences are!

S8 « DNA can form wvarious other helical
structures and they change by differences
in the amount of water present.

S9 -In vivo, DNA generally takes the B-DNA
structures, but DNA with specific
sequences have important roles in the
formation of particular structures. The
type of helix is one of the important factors

in the activity of living organisms.
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Finally, I'll explain how DNA and RNA

work 1n vivo.

- DNA stores and saves genetic information,

and in the case of higher organisms, such
as humans, is highly folded in the nucleus.
In addition, DNA is copied and inherited
by the next generation during cell division.
Genetic information of DNA contains the
design of proteins and the necessary
information to control gene expression.

directly
synthesized from DNA. First, RNA is
copied from the appropriate parts of the

However, protein 1is not

DNA. This process is called “transcription”
and the subsequent RNA that contains the
necessary genetic information is called
“mRNA”.

If these mRNAs are transferred outside of
the nucleus, proteins are synthesized from

the gene carried by the mRNA by a
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ribosome, which is one of the cell’s
organelles. Organisms require a

variety of reactions performed by these
proteins to survive.

Genetic information contained in DNA is
converted to protein via RNA. This rule
can be applied to all living things and is
called the “central dogma” of molecular
biology.

Most parts of the ribosome involved in the
synthesis of proteins consist of RNA and
each RNA molecule is called “rRNA”.
rRNA is made in a nuclear body, which is
located in the nucleus, and is transferred
outside of the nucleus.

Moreover, the amino acids that are the
building blocks of proteins are transferred
by “tRNA” tRNA
single-stranded RNA which has a

complicated structure. Which amino acids

molecules. s a

are used is decided by three bases in the
tRNA. So, one amino acid is determined by
three bases in the mRNA, and the tRNA
transfer the specific amino acid that
matches this code.

Although there are only four nucleic acid
bases, protein can form many various
structures because there are over twenty
types of protein monomers. We will study
proteins in depth in another lecture.
Although the nucleic acid is written in
the of

translation converts this code into proteins

only a few Iletters, process
written in twenty letters with a wide

range of functions.

S10 - To give you an overview of the central

mechanism, first, DNA is copied during
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cell division without errors to preserve
important genetic information. After that,
gene which is design of protein is taken
from DNA, and next, transcription, which
is copy of genetic information as mRNA,
and translation, which is transforming of
genetic code as protein, happen in order.
In this way, various reactions occur in
vivo.

S11 - Moreover, some kinds of viruses have
RNA as a genome and they synthesize
DNA based on RNA. This phenomenon is
opposite to transcription, so, it’s called in
“reverse transcription”.

S12-As observed above, nucleic acids like DNA
and RNA are very important molecules
because they work as center of life
activities.

S13 - As can be seen, DNA and RNA are
composed of a few monomer units.
However, complicated life activities work
by genetic codes which consist of only a
few letters.

S14-With that, we come to the end of today’s

lecture.
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