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Back to the Ends: Chromosomal DNA

Mi-Hyung Lee, M.S. and Dongchul Suh, Ph.D.

Department of Biochemistry, College of Medicine, Pochun CHA University, Bungdang, Korea

Nucleic scids transfer the genetic information for serving a central biological purpose. The nu-
cleic acids are polymers of nucleotides and they are mainly ribonucleic acid(RNA) and deoxy-
ribonucleic acid(DNA). The nucleotides are stoichiometrically composed of five-carbon sugars,
nitrogeneous bases, and phosphoric acids. The chemistry of nucleic acids and characteristics of
different genomes are decribed for further study. Most of DNA genomes tend to be circular in-
cluding bacterial genomes and eukaryotic mitochondrial DNA. Eukaryotic chromosomes in cells,
in contrast, are generally linear. The ends of linear chromosomes are called telomeres. The
genomes of different species, such as mammals, plants, invertebrates can be compared with the
chromosome ends. The telomeric complex allows cells to distinguish the random DNA breaks
and natural chromosomal ends. The very ends of chromosomes cannot be replicated by any
ordinary mechanisms. The shortening of telomeric DNA templates in semiconservative replica-
tion is occurred with each cell division. The short telomere length is critically related to aging,
tumors and dieases. (J Korean Soc Pediatr Nephrol 2008;12:1-10)
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1. HAA DNA

AlEE 23 AHAELS 98 ARES
Paled YoM AR EAS 715 g
Airolgte F 71A] BAE FoitA ot o)™
A Tl k3t d44 A om dojupn A7
BE9 wal, AXU F8 DNAY g -y &
< RAQ 45 FAHEA S THssdEn
1,17]. A< 20073 Gorbunova 5[18]+ DNA<&
gl ohek thEH B (repair) 71HES Bas}
A 3ot ABAFE AAbst ek FE R AL
Zol AXUe F8 Ax(genome)s TAIHE
DNAdl= oA o2 ¥ F44 DNASH 73
o] n|EZ=gol DNAE B7& 4 o <A
ATH19-22]. ©}5 Edo] A3 EAlxe dolof
T2 Ay S, =3 @Y, /A 88T A%
#@4dol ol Hastie (2319 Ruxd 71 F
23 Aol gtk sl= FHlo] ofd Aol

—

ok RE 2579 A E(genome)d] S4173¢ 429
FEY e e AY BE ZHA HEY SF
o #st=d], 53] Ads-8Y W, AyA A
o, AIX W A% A, Tl BYY e
gt FEHQee]me AEAE] Yoz
DNAS RNAE 4 BRe A3 A3 73
T8¢ EF B0t wEY gl = HAES o]
FUA FZ(double-stranded structure): ©l-$-
FastA AR KA Jqst 222 Fujje
St dol16,24]. wFHLE|=
Alge] Pert AR dojAE BETH PRE o
DA A =HE=AE Fig. 1904 432 o2 ve}
Y1 9ok DNAS F 7192 93 3)(antiparallel)
o] FAFANZE TR, Z+2+9] Jhe(strand) 2 £
2% weoz AR yAdgo|rt 7k FE9
71 £24% vITHEAF2E Bpain)S
P HA AAHA T2 HFPYE HEo 4
ZH o 4R FRE FAGE 9rle 9F o4
(alphabet)# Zo] F3A HRE A= ¢
(Fig. 2B). <& E°|A Fig. 1o1A4 ZdH ‘ol
vietel da] A (Alice in wonderland)’ ol Y2= #
g A48 BEE 3tk Wt B O30 mgol
At 8? (Was it a cat I saw?)” 2H& V& H7)

V&

\

Wasitacat | saw (?)
(?) was ltacatisaW
é

Fig. 1. Two DNA strands form a double helix.
The base pairs in hydrogen bonding represent as
vertical bars. The sugar-phosphate backbones are
linked by the phosphodiester bonds. As the se-
quence in the upper strand denotes a certain mean-
ing(“Was it a cat I saw?”), the sequence in the
lower strand goes the opposite way(“?was I tac ati
saW”) since these are antiparallel and complemen-
tary.
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Fig. 2. DNA backbone of a tetranucleotide. (A)
The DNA chain is written in a simplified form that
emphasizes the phosphate-ribose backbone. The
bases written in 5-3° direction representing the
simplest form by excluding the phosphates. (B) The
chemical structure of a 2'-deoxyribose tetranucleo-
tide. This is a segment of a polynuclectide chain
written in the 5-3° direction. The DNA chain can
be linked with more nucleotides at the 5'- and 3'-
ends. Each phosphate group contains one negative
charge and four different kinds of bases are linked
to 2‘-deoxyribose sugar molecules.
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2A), AXHphosphate, P)el Z2%¥ <14:H2 $Hpho-
sphodiester)®] &7 (backbone)& YERIH F%
ARl ol 9l I4HE Alefste] drivteg §
Algk Roltt. o] hRsHAM L de] AMSEHE o

fr

_3_



oMY AFH : QA By

7] Mg FA gelr1E st =3 Fig. 2BolA
© & o FAHLE HEF fSAgelrn 7
2 E}o] E(tetradeoxyribonucleotide) & ofdld
(adeny1)-3',5"- A€ E(cytidyl)-3',5'- Tl d(gua
nyl)-3’ 5’-Eju|t} g o] E(thymidylate) & el
Aot 2 o] ZEx1 9l 4717t Q& <] 57 ol el
9] 3" Wgo g I ANXrjo]oAH E(phosphodie-
ster) o] FRHAYLE A4HE B5S 3 7199
o FAEATE Ve SolA oflE oldid
(adenine), AFe]EA (cytosine), oty (guanine),
Ele]Rl(thymine) 8] M2 Add 2ol 2z
9] FZ& Fig. 2Bl A3t gtk 53] RNAS
2 DNAdE 3 Fx9 35 2'-0H 4l 2'-
deoxy-H 7|12 o] B A(ribose) 7t FA Dok 2
ol7} At

3. DNA §4 & 28

WRE wrEA)

3

d71 WEE& XY= DNA9
< °o]&3std, B Hol2 745 DNAE &
T, A HE, A3 2ol 1, guA 2F
13 DNA 54 #38% 48 a7 23
[27-30]. ¥EdLEl]== RNA ¥ DNA
#2 1 AHpolymers)E TEY) 9139 M=
o2 dAZ"ANFig. 2B). o]¥ ZRF

2 @ B}o] =(polynucieotide) 9] AAHE wEo
e AAH o= S oA "k 2 A
pHZZA e Be go)j2s et &4
Y EolE Alo]9) A2 X ANTo|dAEH A
FHphosphodiester bond) 2.2 ¢8A Y&d)], o
RAE Aibe] 5 /9] gholr 2 g9 o o 2|5}
7] WEo|thFig. 2B). EwEHSElol=g
T8t 2 wEULEEE FEHLEE B
7(nucleotide residue)8ti o}, wpz|ek 7)<
Co'oll & wEalLElo]l=r Add5A] o 5
25’ terminal)olg 3tz C3'o & FEH L
Elol=7l @AHA god 3 Di3’ terminal)©)
2 o #F5Ho2 iy FEEQElel=
Z7189 MEL Fig. 2B A g dBoM QEFO

i
O

off fo M owE > m
¥
o)

Ho
in
%

2 z2lx 5'9A 3’2 ®7i9t3l, 32).

1) REE3 7|2 o?l ¥ §4

FEHLE = 97lE E(purine)olt} I
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3o AR G L, ekl YE MEE AL
g 7k g714] 92 YeRdtkFig. 2B). =
2o ARl DNAE 2% S(-)3stE d Edo]
o olZupd el Attty Bge ZHEa e, old
23 28] SAdMe 2 7k el shsdt
4. FEUALBREE f2dA 2 &3 RNA,
DNASH 2 1EAE THE7] Astq A= &

o FHAEFeE dAd. HUEL ”ﬂfﬂloE}

o]z o] ¢Jato] o] -3t gholw At 3 5 KY
oM AdE Alzgolrh 2 BA pH 2
A AT B £ golA HAT ofd vy

o) moglo) mEW WNE BE HolLL 2E T

Sold 239 A B E dHE 54 F
shitolt,

3) M8 DNA & 78 DNA

$4222 DNAE A o] wed AAZ
A Aeage) A4S ARG ZeATE(plas

mid)g 5 9A4A 9 (extrachromosomal)
ARl F(circular) DNAZ B&3t} Fig. 3%
Fig. 491X ¢} ko] A 5 ATAEY A9 4%
(linear)® F¥(circular)y F 7FA g2 74

16569/1 Hmcll
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Fig. 3. Human mitochondrial genome. The genome
of mitochondria is circular, double-stranded, self-
replicating DNA. The internal circles represent the
encoded genes. The genes encode 13 proteins, 22
tRNAs, and 2 rRNAs. The restriction map of human
mtDMA is schematically indicated as well.

(Fig. 2A). FVFAE AHHS £8¢ A4 E
FARTE Ax e FAe Fol x=EE o gl
¥ (linear) DNAZ T4 o] 9n(Fig. 4), AlE
Z=got FARE B =294 ¥ d53 2
2 d49 g9 F¥(circular) DNAZ SA%
TH33, 341.

4. DEEE=E| 0 FEA

AZ¥ DNA(nuclear DNA)SF -85 T o
£ DNAZAM, r|EEZ=2]o} DNA(mtDNA)= §
AEF A8 MY copyE EAsH= T+ (circular)
9] e]FUloln 27t BAlSS Ady. HvEZE=
glo} DNAE 9] F342¢ Agia o959
9] EAS Adh(Fig. 3). 20073 Asin-Cayuela
9} Gustafsson (21]°] <31 mtDNANA L&
e 37709 fHAE 156 kbpel Z7)0)H, ol

o= ¢ 1kbp A X9 noncoding FHE B3t}
°l& 37719 fHxte 13719 d EFEPHE,
nEZ=gol gl g I4AQ 22 tRNA
oF 2 rRNA & X33} 8 §34 X 2 -
94 H9= Fig 3904 2+eFs] BAlsta o)

53 w3le} BEE A7 Rurt nEEEgole]

Chromosomal DNA

Fig. 4. Human chromosomal DNA in structural or-
ganization. Nucleosomes are formed by winding
around DNA helix with histone proteins. The ends
of eukaryotic chromosomes are known as telomeres.
The telomeres are responsible for maintaining ge-
nomic stability.
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2ol Wl xEHol 7] wEolrh. 2007d

Vermulst 5[34]2] RzoA Y47 (mice)s 7
£ A3t AEdA(oxidative stress) & w3}
2H d¥adve 7 2t dd 2y vE
Zego} FHApHol7E wale] 2 PAL ofd
FE Q0= d8E R uErH33-35] E2 A
o] Aol Y H&371e AHA, ojeF VB
Z=gol 7 3A Holg BN L Fo]
713 Zz2 8 Hpremature aging)® o] =
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5. M Y

A A2 E o F3 F2) 0 g
| BE AMgEo] EEstae AR obd X9
AX A 1 dutelrt FE $E ohd o] E=3
A gl otolziuzt obdrt Atk AW S A
RAES o 9A AlZro] Avd =7 “}33011:}.
# < 2007d Heacock T[361& &S £3¢ 2
EEL AT Fde 28 a8 79 94A
AYed, 2 ZEHA Aoz AT Z¢-AH
T 989 A (circular chrornosome)E A
YA &3 EE 4F Bo] A2 dFEHA &
289l gAA|(linear chromosome)E At}
ZAo]tHFig. 4). o]$} o] 1% AEEL FAAMY
o GAAE ZA =Hol, A5 ZF A F 2w}
o EAste Bx FAd " Hof(telomere) &
T A BA3HA FH36,37]. AHAPE FNH
DNA=(Fig. 4) AA Ul 2304 FH3E g
otmlizito] X &E 3] AE(histone)d) & &I
HQl I3t ggude dgo RN FIYH &

# ol =(solenoid) T2E FAsH FIFHF
(nucleosome) B2 FNAE TG o]E Y
e EE oFyie DNA 715E gty
vehd Aoln, Az d49 FF Dok
DNAE A4g9 DNAZAM Hl2 "E=20]|o(telo-

[*]

&'
L

f m}m ot By

f
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gzojole) 233 9L 19999 Greider [38]
o] FAYZ =¥ (recombination) o]yt A (fu-
sion), €4(damage)2.2 HE G L chro-
mosome ends)& B33 Aolt} Azt AME
(somatic cell)olA E=Zwv]o)7} 2001 Blackbum
(20l =39 AZE Jteyle Ax=a sych
AXE £EA 50-200719] €=2vlo) FEE|LE
o] =(telomere nucleotide)®) & %A Hoh
olFA dZulole] Fol Holr} goz ME7}
Aoty o B4 F AeAE AT 5 UA &
F ‘AXE B4 AA(mitotic clock)'s] d&& 3
03 2 5 vk E=3 83 Fopx diujoj=
BEHEL Y o] REE F Qe AL HAE
o g A E2u]o{7} fate] b A (stability)

2 A3 DNA H&2 2 5 J=AS 47
29 34 Wulol ARERLL G Lo
€ HasE AUE T8 0L oF Y=o

o AeE @ﬁ‘&‘ﬂ’%-% Fof we} Z&E(capp-
ing)® :Z(uncapping). AHZ UrojA &=y 7
984 ° €2v]o] ©@=(shortening)S X3

#t} B3 o|EL wuk-2y H3(end-to-end
fusion) & TolFE 7]%S st vd, @2 ot
EEH J&WE AXF HEds @8 dav

ol9] & (termini)ol =&l Qiu (4019 F%
A2 FAA TERA7E Fau] el FolA ©
th gZuojE A9 ZE JIAE Yol EAstn
°]E< DNA ¥ ¥ (sequence)& F2 Fold-Elo]
(G-T)9 ¥H23< 9712 TAHEth Kellerst
Oppenheimer[41]1E @2 v]o] Zoj7} &4 Fo] ¢
o]de MERAC] dojtR] & W HESL FA
Ao Bttt § FHA 54 HHd A gt
Z DNA EA 7143 EAlo|F9 A @gald
gt d2ujoirt Aagn A drH42-45]. o
AR 87t 23 sle 3 XFHok & dirivt
B2 dajnjol el F4d<l Aot} givkstd DNAY
ANE T BE o AHELZ AE7 BEA F
FEok st o gFed "Enloje A2
2 FAH FolAA He Aolth viE o]d o]
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Fr= daznloje] Ho] Wzs} -2 &9 A AA
(Cellular Clock)Z #Hg8 4 vty && A Atk
[46-48].

6. Mejygo| =00y

g, A7 o, A dA5d sk
2 &1 dth ol #AHZY FES wF
o} & Aol utE & Zuloi(telomere) o] 0|t} &
2rjojo] HA¥(linear) 7FE EE JIHAZA
AAGstA vebdoh =3 d2ojoje] AP T+
ZE TP gol(T)E7|7F ol 3=
WEHQ FZE o]F 3 JTH49-52]. HEv|A &
Tetrahymena®l A (TTGGGGNE Fold3} Elo]
7 @719 BEEAQl F2E i, OxytrichadlA
E(TTTTGGGG)NY F+2& zte=tl Caenorha-
hditis elegans® (TTAGGC)n, ¢1z7tel} # 59
FEX(TTAGGGNY FZE o|F 1 UtHTable
. 22rog A3t d doA it A3
(nucleic acid biochemistry)9] 7123 #4& &
olatAl Ad7lslol & /S 7HE 4 el e
°] fri, 22907 dAaAE FAEste S8 &
oja ERE HAstaL Yo Wikl DNAR
A= A7) HEo|h AHYES] 2] d27]
gz

AAF Zole urEA ol ulA(sequence)E

¥ e
k1) 1.9_
LA =

=)

1}

Table 1. Telomeric DNA Sequences in Different
Species

Organisms DNA Sequence
(5" to 3")

Vertebrates = Human TTAGGG
Plants Arabdopsis TTTAGGG
Fungi Oxytricha GGGGTTTTGGGG
Invertebrates Bombyx TTAGG

Caenohabditis TTAGGC
Protozoa Tetrahymena TTGGGG

The repeating units of telomere are running 5’ to
3’ from the left end of the molecule. The sequence
represents the telomere DNA in one strand. DNA
sequence of the other strand is complementary.
Telomeric DNA of all organisms forms the 3’ end
of the chromosome with short repeats of clustered
G residues.

dgolalF et g - A 128 A 13 2008

FAHH o]E wjd& Fig. 2A%A 9 22 w4
o 5-39 wWgoz H[E sigute VR
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o}t @z wjoj9} & X DNA wigel) Ay A
3}&1 g E vEE 7o) A&AHR JdE =
I Qo bR FEE A AHTt o) F
011]1] & Holth, FZ 2008d Arauzo-Bravo
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F= LA
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