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Thl(Charles Darwin, 1809-1882)9] zIsl2ol QlojA] Al o]&e A AAed
ojty. g} wx AAMEe Ad2 o] vl ofHell FEe] o'l AEol ARt
UhlS 0k dEs Foto] A g o] AR AEES SAAE e ol
g F A5S AN A E ) g AskEe] 58 o]FE & she] 3
HAYSe] EAMololt. FAMo] sk 1901 vge= A& = B~
(Hugo De Vries, 1848-1935)] Jaf EAWoe] d&e] frHo] F4EHA o= A
AlE et dgtol oA FAWoe] F& AT = Helaes A= oAl &
Aol wAEkaL Aol JHA Tl A el F A&7 JjATL dopgod 1 Y
Zo] A& Al s A2 Fog Xsighttal Wsigith thele] Al eyt
crgxo Fddold s Agsle] st WAYSS AEdhs xstelEE &
H15-9] (Neo-Darwinism)2taL 21, o] o]go] &= &t} Istralee] Edizt HUch

AuklFel7 T vkl dQlel el Al e v 2k FAe1A
EW ol (random mutation)7} 7+ ZHAl] dojuar, 13l A R ARIE A
Avp A=Al o] vepdth Trgfar o] AL AANES Falf Sl 7 A
3t Lo Adeulo] Az Fo] FdsH Ak o] HAL ofF Sl ARt AAA
dojup= dolug Sg7h A% sk 3lo] wrbssith wiEel zstE e
o] S AFAANA Asbr] 8l el A RES AREsigke=d 1 5 shut
AAAMEL] B Ao Asapgolnt. W & Zpox ME= B Ao A5argelA
B Alx= 5ol dglo] whgste] 54 FrApE dEUA 42t Bolgk IR E
(immunoglobulin) &4, & FAE FAst] AE W] =ZA71A Hedl, vt
& o] B A2} AsetiA At Adol SHE e RdR Alob #
AxLe] W3ES F-535ta JrHMax, 2001; Neubueger, 2002). THA| @A, B A%
Ao A AME FEA o] (somatic hypermutation, SHM) &7go] doju} A
TR v ol FAHEH, o] 71zte] AlnelFte] Edol-AA M 735}” A
AN Q)= AolthRajewsky et al, 1987). ©]2 4] SHME &3 B Al
=dolol AtAdE ] J3} viAUSE R AAee ISR T Tjrfi}ﬁﬂ th&
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engineering) 71%¢] Pl W A7 817 )< (directed protein evolution)oll B A 3]
SHMe| 4215 Agstir 1 Aedes sdHel-Adage] [y WAYFe
AL It Wang et al, 2004; Brindle et al,, 2013). =, B A|¥ <3149 SHM
S AstEA Mezge] mdz dAsa = Aolth 23y B AlE A
S A vz Sl EAEElA B A B AAl HEA, o Zlo] Altkl
FoJo] HElRA AL g ool AZEA HUrk _’7“1]"1" B Alxze| 3
A AT gt 24 WAUSS ASEoEA B AlXE J&igo] Atk
Rag ol §¥al e o] el wmelA o FEeAE nEFH A, 25 A
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CDR

N
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7 // 7/ % Q \V\\FV
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Fc

[29 2] SAEA] FLX, V; variable region, C; constant region, H; heavy chain,

L; light chain, CDR; complementarity determining regions,

Eo]?ﬁ' e}e] ZAst 1?__?4

rir

7PA Y A(variable region, Fv) B 329 A (antigen
binding region, Fab)o.& Fi-o] =t SW¥3] 1 FToA% g tig] x4l
TZE 2= ARAZAAES) (complementarity determining region, CDR)7} -1 3}¢]
X8kEs AA3A "k CDRY ofnliit MEe A F2Ah oA {34k Al
el os] de ¢ gle AR B Ao 75 /M 7] wiEel Fglol
o FAE0] tEd & A He etk = B AlES] dadnAolA HYERE
g ghldol FAx} Aol EA)8= V(variable), D(diversity) 2 J(joining) 34+ %
Z} & 9 FAEY] 7o) ghEolA Ty A fr 1Y 3l
olglgt V, D, J frHat 22l Amjds F8 7P adds SoistArle

5 V(D)J AZ%Hrecombination)o]2} 314, V(D)] AZES T AlE FHo| ax
S w3 BAYE 2 $ 399 A= BE TA X helper T cel)9] =502 o]
TEoldl Al B S Hs SVl Hed, Aol viE CSR A8
SHM #}ge]thChaudhuri and Alt, 2004). ©] F S AXHA F24F x5 74
o= whEoxl R mudle] S 1As= U RS TR A A &

= Zo|tiAbbas and Lichtman, 2011; Villartay et al., 2003).
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(2% 3] 9228 FAe 44 AuE. v(D)J AzFo] WA oy 1
% CSR % SHM o] APH o] WHIZEARA) FAAe] Aol Sdjste
of Ay V(D)J A= T BAE A

SHM #A-& 32k AxF F4golA wHEofxl Al A dAREe] 7
EodHo|(point mutation)”} & HIER dojul= dAto|t) 1 FofA
T 53] gA1AgE-99 CDRIL, CDR2 ¥ CDR3 #¢jo #sHt} o3 SHM ¥4
= 9 Hup =2 sk A Ailels B AlEEe] AEEA ok B AR
4l 344 Ael 7 (positive selection) S 3l &-l3}e] ﬂﬂa o ofsf A4
™ 2p7|(self) 9Fe] H3HEE 7AW e W A5k S ke S Aitele B Al

& Al EAPE 7] ZHprogrammed cell death 3= apoptosis) S F38] A A1, 2
Qs S 2t FAIE Akshs B AXERt dopds wrlog o]Fojrint SHM A
A EdWol= lﬁiﬂ DNA A Al 1/1000 HA] 1/500 Aol HER dojdtt

rE
o
12
=2
o
o

& ES FEol7] ui JjPﬂ%ﬂ%‘ﬂ(hypermutatlon) —riﬂ] wouck 2t B /‘ﬂﬁtﬂ}
o 7 9S dEskelal e Ak 7007 @719 MAR Hefgl=d|, B A2t
@ vttt o] Gl FARo)} dojubM EARe} X EH o SHEH 1
2lste] A A(germ line) AEo] A4 A7IM At vlalstd 2w, B Al F29
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FAFAARE 5% AE7HA Db an, Aol 10719] opw]Ate] vRAT Villartay et al.,
). 3l o]g3t Zelol: Eg) argmine—glycme—tyrosine—tryptophane REX
(motif)oll F==o] vepdtl= EAw Ay 1 9tHarginine®] glycine =+ alanine
O 2 tyrosine®| threonine Hi= cysteine®. =, tryptophane®] alanine %+= threonine

o)
3, gzl AaAd Rdex SHM 34 o RAEY 24

3-1. SHM -1} L&k

E
i
e
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o
3
3
=1
2
o
=3
1o
=

SHM 299 Al Qsfolee] 5
AY PAFAAE Eduolsl AAMEe] o) }Ae EaN ALurt B A3
e

2ol 2o FAF U

A AEAZE ol thadate] =L ol FAE A ’&‘H Hﬂ ﬂ—ro]?/}i TFre.
aga g =2 FEY =W Aolp A7) ~xg WA
a5 FHAst sk #go] glvkar Anskal gtk Rk o® EdWol= DNAZE &
A W G71e AerE dojuprn, AZ AL e o]l o8 DNAY] &4
U= Aolrk 1L %ﬁt‘ﬂou fﬂ o] Adk= Al a7t fvk eu A
e e A B L e i SAE = FAol= YA A Fosljof gt 1
7] wie] % ﬂioﬂfﬂ—t—, AR AEAAA HE O Bol Yol =AMl
oA ol ThHE g ARE Yoyl EdWoeld o AWAlE XsksiA "t
st vk 1efvk SHM #4o] zhe 548 1ok IstE el w=ejdl ds
A Fe5S & T AUtk A4S WA (adaptive immune system)oll A FAE THE=
g Foll dojuk= SHM #82 Hg Sdolrnt 441 o @o] ok
Aol A A S AslA Gtk Rk ofyel, SHM #do] v& Edeolsd= &

EAEo| F53 Doyt ek 94 SHM 4L 22 B Aol vt
o, 2% B AlE Axadel 54T DA, 12 #

Zx2 g (germinal center, YA B AlES] FAo] dojuh= F-9))oleh=
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543 ool N 0101 U= A4olehJacob et al, 1991). EA%, SHM 4L B A
O] BE DNAZE opd, Q24 Al | ARt doju= wiebs] ddelth & B
Axe] the FHAE SHM 349 d3ks ws & Stk ARl Huxglov
(Shen et al, 1998) SHM 24 #A|e] S04l vied & o ds] FAlfdztel] A5
wol ok AAE, Al SrellM = Ajzzgte] vHrelE V4 FAHCDR)<IIA
gk Aoy C 9% (constant region) +HAHLebecque and Gearhart, 1990) ©}2]
Azgro]l dojupA] 42 V. 9 FHA M= HE dojubA] F=rHGorski et al,
1983). o]A® SHM #7g# F qu o] 219 X}O]@EQ T3] =
SHM #4o] HojF= ole|gh SAES skeolA et 3l
FgorAMe] FdMolehs Ao tavs s U
AL v ol tigk FAe] Ato] Theetes sk o MAUSESY v, A
EAE HRHE HEs|Te Wolr|dte® 2gsly] wiio| 2l

Ut 238l ZradisiEo] ol AAlE AFow ofsjEofok gk =7t ] B
ik

3-2. SHM 1pdo| HSHLZ dojLts 2E[Zo| EXY

SHM 4ol dojul= F9= V #3442 ZZ R H(promoter) 25 1.5 kb=
ozl d(exon) F-tolth IHA o R o REe EQiwole] gA o] HX| e
gy SHME 9E Foik fgste] Zdwol7h doful= @do]tHKim and
Storb, 1998). 5=k rloﬂfﬂ AFgh vpe} o] SHM #4-L FARe Al o] A erow 9
2 B Aol AT
= a9 E‘OVJ% HolF= diol7|ke stk H Tt WEW, SHM #go]
CDRY-91ellA EdReolE do)= 218 2914l whe] ofek= Zlo] AA= W
A aL AtHRogozin and Diaz, 2004). =, SHMe 9] dojus Sl F2H9]
Hog FxEol A @i, 54 EHIA FJFAom wHddEth Vg
RGYW/WRCY(R=A/G, Y=C/T, W=A/T; C¢ G+ =dHol7t HAssHe 5%
WA/TW(AS T Eddol7t Hesls Fabolx] x| oz EAwoel7E dojdth
ol ofujz} o] WA/TWE] EdWoloi= DNA polymerase n7} 7]oJ8h= 2oz
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106 TAlokak SRR, 19(1),

ERth 123 RGYW o] Wl dod)e FAlE AlZEY gopuega
[activation-induced cytidine deaminase(AID)]Q] Aoz I tKDiaz et al,
2003). AIDE DNAC] = Alo]EAl(cytosine) 715 Eop|=sir|z] 024 = o]
& doZith AD7F V. F9S FAeER st ke AR uracl DNA
gIYCosylase( )5 AEARD FA AR Vg BEto R BRIHY

3} tHRogozin and Diaz, 2004).

_4

SHM #4o] dubow dojupe= A4 Ewole the T shte] 54
s ZAske g4t vt EAgte otk 1990 th7RA]RE &t
=dHol7F e AERY o el e Y
SHM #A& fFEshe 533k g9 g ot slojepr|iths, EAMel7E dof
W DNAE 3|EAAFTE 7es Aoz gAg7] witeletar 748t thPeters
and Storb, 1996). 2 DNA 538 Ax(error-prone DNA polymerase) = &A1 A}
o EdRo)7F dojubal DNA 3]5 7]zbo)] o3l ofghe] EAWoel= 3]drtal A
g} AlfrAAtel daE DNA 3EAAgo 2= 72 Q= A3 E(nucleotide
excision repair, NER)¥} @723 3]E(mismatch repair, MMR)©] It} NERS #Fe]4
TOoR =4 DNAE 35A7IE Aow d#A stk Zeuh NER¥Y} #edd #xizt
Yokg-(knock-out) A7 PH-2E 7HAaL g 23 F8) NERZ SHM Atolol
Avtdol W= gloke= Zlo] ezl vp JIPHKim and Storb, 1998). o]t AR W
APE FEA MMRE Azl Ed¥olE HFoz sl dolv 2
AN AFow vHEoxl FAWMolo Ao FofshHA EdWolES Eo
Aoz FAE 1 QtHKim and Storb, 1998). ¥q+ oluzl 2000 thol Eofs}
TEo] E¥siA Y= SHM 43 e gaEo] &% weA i gl
THMasuda et al, 2005). 94 153 ZAAH, SHM 34 B AlZoAnt wds=
RAoz Ad¥7l AIDER= &2 93] AFFEtHDiaz et al, 2003). ©] §4% B AlX
Ao A ggslslojorgt sl B AlEoA o] 2uke 3= oz uhElK]
ol 28] o3 7je] DNA S8&E4(DNA polymerase)e] E4 o2 E¢lio]rt dof
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T
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ot dE =Y DNA 884 rL(PolrL) A-Te] E<d¥iolE do7|m, DNA
AR oPio)E C-Goll EdWolE dozithMasuda et al, 2005). AH7HA|
DNA ZF3aaE gz 10714 457t BAE e, giie] 2 DNA 38540 E
Aol BE AzdA BdE= v, AR FollA] Polog dste AR Polgd]
mRNAE A< el B AlEoMut FR5A A=A 5 Polg= AR 79

WAL Foloz WHuE 542 AHn ow nedEele] 5412
Qe AT o B 5 Ak old@ @] PSS FPHRA PAGARY
Solvlolsl SHM shgoleh= dAake Az FA94om 13 B dako] oby
S 41 9 ST F By Aadd AsEds AHgE 5 ks sl 23
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Bl(selection) 57 A ES H

A FAE o] fAPdo] v =t ARl T Bt
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&(broad selectivity)S 7FAaL

(Manivel et al., 2000).
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ABSTRACT

A Christian Critical Perspective on the Application of
B—cell Maturation Mechanism to the Evolution Theory of

Improved Fitness

Na—Yeon Lee(Mississippi State University)
Chang—Kee Hyun(Handong Global University)

As a favored model for explaining the evolutionary mechanism
associated with improved fitness, somatic hypermutation (SHM) and
selection of antibody genes in the process of B cell maturation are
being suggested. However, based on the fact that SHM process is
composed of many specific reactions and components, it cannot be an
example of successive round of mutation and selection, which is the
main theme of evolution theory of neo-Darwinism. Recent researches
on SHM have showed that the process of somatic mutation in B cells
is not only cell-specific but immunoglobulin-gene specific and is the
mutations of immunoglobulin variable genes restricted to the
rearranged V regions. It has been also found that a specific enzyme,
activation-induced cytidine deaminase (AID), is responsible for SHM at
specific motif within boundaries of rearranged immunoglobulin genes and
DNA polymerase 6 (Pol@ ) is specifically required for the AID-triggered
process. All of these findings suggest that SHM process in B cell
maturation is a typical example of ‘designed (intended)’ mutation with
a specific purpose, not random mutation, which indicates that SHM
shows a characteristic of intelligent design and is not suitable for
being used as an evidence model of improved fitness in evolution
process.

Key words: B cell maturation, somatic hypermutation, neo-Darwinism,
natural selection, mutation, intelligent design



