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Length Diversity in CDR3 Domain of Immunoglobulin Kappa Chain during the
Human Development

Jisoo Lee, Chang-Ho Song, Chan-Hee Lee and Soo-Kon Lee

Division of Rheumatology, Department of Internal Medicine, Yonsei University College of Medicine,
CPO Box 8044, Seoul, Korea

The third complementarity determining region (CDR3) of the immunoglobulin (Ig) kappa (k) chain is
known to be located at the center of antigen binding groove and critical for antibody specificity. Ig x chain
has been characterized by limited junctional diversity due to the absence of N-region addition resulting in
relative conservation of CDR3 lengths with 9 or 10 amino acids. CDR3 region of 11 amino acids is only
possible with N-region addition. Recently, x transcripts with 11 amino acids CDR3 was found to be
expressed in normal individuals, and in autoimmune disease such as rheumatoid arthritis, the fraction of 11
amino acids CDR3 of humkv325-derived x chains was overexpressed compared to conventional adult
peripheral B cells. However, the significance of this bias is difficult to interpret without a clear understanding
of normal repertoire of CDR3 length during development. The purpose of this study is to determine whether
developmental regulation of CDR3 amino acids codon lengths exists in x chains expressed in the fetal liver,
cord blood, and adult peripheral blood lymphocytes (PBL). Lymphocytes were seperated from fetal liver,
cord blood and adult PBL and cDNA was generated from extracted mRNA. PCR-based CDR3 finger-
printing assay was performed with Vi-IV family specific primers. CDR3 length diversity of Ig x chain
increases as the development proceeds. The length diversity most frequently occured in Vil family derived
transcripts including 11 amino acids CDR3. x transcripts with 11 amino acids CDR3 were consitently
expressed in both fetal and adult Ig repertoire.

These results support the hypothesis that x chain CDR3 length is developmentally regulated and
implicates the diversity of antigen-antibody specificity generation. Korean J. Immunol. 20, 3: 309~316, 1998
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inal deoxynuceotidy! transferase) & A7} &8t Wy
(DWn A E-91 9 G/IC E7]7F &5 o] &5 &= N-region 3
7V ge] dojur AR A FIE L B8] 97
otk weol Ao AEF AP M= TdTe Td
o] X Yel 2 ¢ A o] N-region 7t Aol
gon” mebs Vi-d 2919 ofn At $29] Wole
Aol drka i g’

WA Z2EYU9 AIYBAIFAPEY (complementarity
determining region 3, CDR3): &4 A3 99 294
ARG 8 FH BAF2EY {FHAL A2Ee
Ao ot YAH = 9o YRl 5H3) 727
¥ 37} chaksioh? « 4 4 9] COR3E 898 5] codonel A
97¥A codonZhA e BAZ HolHoiA N, x B
CDR3 o}nj it == x FAAEAEY A2 33 F ex-
onucleasee] A ojste] AxF FHzte] IR
dl A nucleotidert B A4 AGHA F2g ¥R 9
9] olm|xAte g FTAE M nucleotidert A x|
ol el 2 AZA A =A 1070 ofn) AL & A BHA
gt} (Figure 1). makbd 7+ EakA B3 = « 249
CDR3 oju| Al 4= 972 A Ew Zojok 10724
CDR3¢9] olnj =t =71 117} o)Ak 7 %o+ N-region
A7ke) 71x o] B dha] gue Brbssio.

2 BAJQAM Vi-d A H-9l 9] o}n| x4t S22 o)
7b vl E3tA #EED RN TdT FAEE A
3t N-region A717F A 3e) #E et ~2. =8 »
ZtAG A Frle]x BAY Ao B JET A5
A9 x FsflM Nregion F717} Aol #AHY
90 3, At Y A8 Felels P g9
x2 2] B FEFoA Nregions] <& BAe v)g 34
o2 A xAHY Hd8o| FUtE] e o€ AHe
E84 WAL 3 dE Ao FAHAG. o]
AAEL x A4 FA2 2EE9) Wo)rt 7 & Lo
AW A B} 8 cheksiny o) sl 21 COR37F 3-8 )
EolAde o] d& daoA Aty A6 AT = UL
Ao g F3% ¢ Uk 22t o)A WY Ao g
olal = A1 A A Ea]d hg o)s) glole B
stk "ozl g Ry ddd &5 e 4A7%
£ 2 At del gt & e AV E AR
teFge] AA7leke Aolrt Ug Rez et 13
U ojell gk A= ol 7] MAH R o] Fo] A ut
7t itk £ A BgAelA x A 2859 o
¥ BAAARE L Bk A8 olaiEy] fa) AAGAE
glotr] 9 41712 viFo] CDR3 ofu] -4t 429] WMol &
e A=

E AT = B 79 AlRolM CDR3 oju] =4t
9] Wol& &4 245 whEQl 294 2 E4AEH
¥k2 (polymerase chain reaction, PCR)& ©] £ & CDR3
finger-print ¥ & o] &-3lo] Ejo}r) e} Aelrvlel B P Tr
BE Vd-VV FH- 2 A-50] AldA (primenz $EZX)7)
A ZZEY A4 COR3 oln| it Lol E 5o R
259 & E48 3, ol x4t 4= 117]9] CDR3E
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7t x ZAE A3t HHH 22 Nregion Hrte] &
A #FE ek
ME Wy
1. X2

dob 224, AN, B4 YA 22U B Yx7
& oz sidh 44 dlo} xFel B Y= FE
dord Fe gy A% 37} sle AmaA e
Hok 224 Selol4 Aglem, AU B YxTE 3
4 ANETE & AT AR vt AE Sdol &
oAtk B4 4o 22 B YZTE AR Ao
Mol gl A48 49 5ol Agic

2. g=Feo| gef

Uz d AB- zhzk 20ml s} 3 &b o). elop 3+
Z2 2 ZA ZE F meshell F3HA|7) 3 Q1A 32419
F (PBS, pH 7.4)82 Ao 1123 A¥XE A} #2¥
4, ANE, o} 22 AEE heparin A& F T
T& Ficoll-Hypaqgue density gradient centrifugatione] ¢}
o] Rl

3. & RNA E2|

T2, A HY, Hol It 2Ho2RE B P
TE2FE #+ RNAE Rneasy Total RNA Kit (Qiagen,
Chatsworth, CA, USA)E o] &3t B3yt £33
%A (spectrophotometer) 260nMell A 381l =2} (O.D.)
£ £33l RNA 5538 &33g 1, d¥7& formal-
dehyde& X 33l RNA A agarose Ao} A7]d %3}
o] 18S 9 28S 5 7] geo]XZ RNA (rfRNA) o & #3+
3te] RNA £8] ¢t &4 H =8 g3y}

4. 2t X DNA (cDNA)e| AN

MMLYV reverse transcriptase kit (BRL, Gaithersburg,
MD, USAYE 1831 oligo d (T)E A 2H 2 8l] T2
dd, A, "ol FxFozHE 2§ F RANA 10ug
ol tisle] first strand cDNAZ FA3tg k. A =34}
(BRL, Gaithersburg, MD, U.S.A)9] protocoldl] &3} ut
SEGH L 20ule] gF o7 37THA 60F 3 ¥HSAIA
t}. First strand cONA2] A B2 A8} 98t ac-
ting FZA1Z ). Acting ZZX]7)7] Y3A primer ac-
tin 1, 28 A}&-3}% 1 hybridization2 ¢35} actin 32 A}
431t} (Table 1). PCR 21 & w34 3032 =X
B 94T oA WA NLS (denaturation) 18, 50 ol A
AF7] ¥g (annealing) 18, 72T A 4492 (exten-
sion) 1§, 2811 HFAAWSE 72¢N 78RR

Bkl ot
5. M1ekA PCR
Ztzte] PCR 932 19 first strand cDNAS 3o 7
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Table 1. Nucleotide sequences of PCR primers

5-CGGGATCCATGGACATGAGGGTCCYCGCTCAGC-3'
5'-CGGAATTCATGAGGCTCCCTGCTCAGCTCCTGG-3'
5'-CGGAATTCATGGAARCCCCAGCKCAGCTTCTCT-3'

5'-CGGAATTCATGGTGTTGCAGACCCAGGTCTTCA-3

LSK-58 Hu V1
LSK-59 Hu V.2
LSK-60 Hu V.3
LSK-61 Hu V.4
LSK-62 Hu C,
L. SK-64 Hu V1,34
LSK-65 Hu V.2
LSK-66 Hu C,
Actin-1

Actin-2

Actin-3

5-GCTCTAGATTTCAACTGCTCATCAGATGG-3'
5-CGGAATTCACTCTCACCATCAGCAG-3'
5'-CGGAATTCACACTGAAAATCAGC-3'

5'-GCTCTAGACAGATGGTGCAGCCAC-3'
5-CACAGAGCCTCGCCTTTG-3'

5 -TGGATAGCAACGTACATG-3'
5'-GCGATATCATCATCCATG-3'

AL883 25 Unite] Tag DNA polymerase (Boeringer-
Mannheim, Manheim, Germany)& A}&3 . Mg &
1.56mMe] Fx 2 3l 1 Ztzhe] Aleral= 100pmol ¥ &
AbgstgTh w834 30 cycle (Perkin-Eimer, Model
9600, U.S.A), 94TColl A ¥MAAWS 18 67 CNA AF7V)
uhg 18, 72T @RS 18, gz HF e
2 72N 7R g en, o949 H5AdE FA
8171 st FHo] gle FE (ube)E FAlo TFAA
ok Vi, Vidll, Vil ViV F A Al -Fo] A2 58 f2
H AAHE ZFZAF]7] Y3t LSK-62 (anti-sense C«
oligonucleotide, Table 1)} Vil, Vill, Villl, VIV vjo}-5-2
A2l leader 2 A 1ZFF- (framework 1)2] 471 E &
o] &38la] A&k LSK-58, LSK-59, LSK-60, LSK-61 (sense
5' oligonucleotide, Table 1)& A1 & A 2 A3t o}

6. M2ctA| PCR

Vidl, Vidl, Vielll, ViV 8" 2} -E-0] A AL 2] CDR3 o}nj
4 HolE ¢Vl gl A2dA PCRE Al a)slg ot
LSK-58, LSK-60, LSK-612] 3'd] nestingd}+= Vi, Villl,
VilV Bljo} § A2 55 feid A3THE 9 471M4E
S o] &3 AzZH LLSK-64 (Table 1), LSK-592] 3¢
nestingdl= Ville] 324 RN A7 M EE o] &3t
A ZE LSK-65 (Table 1), LSK-622] 5'¢f| nesting3dl+ C«
oligonucleotidegl LSK-66 (Table 1}& A&z A}&-5}
o §AA FEL A} oju LSK-66 Al T4
kinase (Gibco-BRL, Gaithersburg, MD, US.A)E A}-&3}
o] Pz end labeling &t} #1224 PCRE 5ule] A
124 PCR AHE& A&t 1, A4 X9 LSK-662
LSK-64+ 2} wkg-3 10 pmoled] & A&38tgtt. wkg
5= 1532 S E3Y 0 94ToA] HAdeE 18 50T
AN A2F7] ¥hg 18, 72Col 4 43RS 1& 222 F
Z Agukg2 72 M 7E 7} ). DNAY 298 9
7Vat7] 93t F3 o) gle FHE 549 PCR 3%t

7. Z2jojzglotojoj= A MI|HE (polyacrylamide
gel electrophoresis) & CDR3 oto| =4t =2 84

A2¢3A PCR % 4mie) wALA] A 22 6% WA Za|o}
Adotutol= Ao H7] FEstL AL AZAZ Foi
Fuji IP MP filmel] 4217F A = &7} WAL 7123 F Phos-
phor Imager (BAS-2500, Fuji, Japan)& o] &3l W&
T&EA k. ojm) CDR3 oju|icat o] EX A2 A o]u]
CDR3 olu) At 2 &3 9l humkv3259 4 S-#€ A
AlR] 2828 293 2A0E A2%HA PCRE A8 &lq]
CDR3 Zold] thgt =7] TA| A} (size marken) &2 A}8-8+9
t}. 65102 871, 28512 97}, 582+ 107}, 10S2+= 11789
ofu] x4t 42} CDR3E 7Hd FE&Eo|UT}H?.

2 I
1. Efo} ZE=ZX|, MiciE, FAMAQlel UYEHM B =
T o222 « 24 CDR3 o Zo| 84

224 nested PCRE o] 83l elo} 7+x3], |,
AN TERYE Y 212} 5o 25 Vo, Vill, Vlll, VIV
AZA-Eo] Ve AAAE WHE & CDR3 Y& X3
A oA 4l e st #EHey 2 ne
CDR3¢] ofn| x4t Ao] 8,9, 10, R 1174 & F =& o
Ak (Fig. 2). ol A& £ F 4 F= 7o THE x
AR AxF BAFL inframe Y& & F AU FH
o+ 97l olu|xAF Zole] CDR3 Y 1074, 870, 117
o2 WAHUY CDR39 ojmjnit Zolo R Ee
Table 20} A Al ¥ e}

2. MEctAof g HYyF2E2l « Z4 CDR3 ola|
L4 Zole ok

Vi, Vi, Villl, VeV 82 2} A) -] Vi A A3 CDR3 o}
it ol & Z AR o) whel EAF Fa F ) ol
2] CDR3 Zeo]o] i< Kol Ve AAA= "o} 2tz
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f— Humkv325 —> |e— Jk —>
le— CDR3 —>{ [« prg —>
89 90 91 92 93 94 95 96 97 Codon number
CAG CAG TAT GGT AGC.TCA CCT |CC G| TGG ACG... Jki
CAG CAG TAT GGT AGC TCA CCT |CC TG| TAC ACT.... Jk2
CAG CAG TAT GGT AGC TCA CCT |CC A|TTC ACT... Jk3
CAG CAG TAT GGT AGC TCA CCT |CC G| CTC ACT.... Jk4
CAG CAG TAT GGT AGC TCA CCT |CC G| ATC ACC.... Jkb

Fig. 1. Nucleotide sequences of germline humkv325 (3’

portion) and 5 J x s (5' portion) at the recombination junc-

tion. Nucleotides in the box represent sequences that may be cut during recombination. If the boxed sequences are
deleted, CDR3 with 9 amino acids are formed, and if no nuclectide deletion occurs, CDR3 with 10 amino acids are

formed.

Table 2. CDR3 length distribution of kappa transcripts derived from fetal liver, cord blood, and normal adult PBL

Family Vv, AL Vlll VvV
Samplo Ien(;[t)hﬂc(”a.a) 9 10 11 8 9 10 11 8 9 10 11 8 9 10 11
25wk X X X X X X X
34wk X X X X X X X
Fetal 32wk X X X X X X
Liver
23wk X X X X X
18wk X X X X X X X X X X X
1 X X X X X X X
2 X X X X X X X X X
Sord 3 X X X X X X
4 X X X X X X X X
5 X X X X X X
25/F X X X X X X X X
31F X X X X X X X X X X X X X
N:éz"?' 31/F X X X X X X X X X X X X
33/M X X X X X X X
38/F X X X X X X X X X X X
Z] o) M 40% (8/20), A th& A 50% (10/20), B4 A<l CDR3% ejo} k23] 9 73% 10% (2/20), Ade] AL
Tx oo M 85% (17/20)2 ejobr]ell A 472 A 5% (1/20), 441 A% 15% (3/20)2 elo}7| 9k A<l
oA 7t e gl ohet CDR3 Zo| o] thekido] Zr}sle 7]e A R 1%51915} 117}1 oln| Ak 422 CDR3=
Re & 5 U}t (Fig. 3). F7H 0|22 COR3 Zojo] tf BT Villl f-H4 2 A -5-o] A AR o A g b =] ] o}
U E Hole Ve FAHAE 7 famﬂyoﬂ ube} ¥A% Ao}
CDR3 Aol9) ek VIl §AXA-Eo] & A} oA
AR EahA JERE o™ VAV, Vill, Vid $ol it} (Fig. 4). il =
3 CDR3 Ofel=th £ TIHE! x a4ke) 2 e o) ROl « 24 COR3 dole) ¥olE B2
REE28d « ZAdA 11749 opvlwedt £5 710 87] 945ty & dFoM e 294 PCRE o] &3 CDR3
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Fig. 2. Polyacrylamide gel electrophoresis of second round PCR products derived from fetal liver (A), cord blood
(B), and normal adult PBL (C). As a CDR3 size marker, cloned x cDNA with CDR3 of 8, 9, 10, and 11 amino acids
were used (left column). Each of the CDR3 bands seen on the gel were always 3 base pairs apart. The majority was
k chains containing CDR3s of 9 amino acids but the CDR3 lengths for k chains ranged from 8-11 amino acids.
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o] ALgEolA gtttk sy o) & W L A2t
2 g Azt go] Aa5E A]low B $9 Alg9)
Ao A&7l oj3l o] Bt B Ao AlL
& CDR3 finger-print & 42 2A-E0] « A2 d7]4
& AEAZ g nested PCRE o] &3l o7 Yo
RNA A 804 7HH3IA CDR39 ofjujwal 42 2§
T 3L, T3 HH 22 Nregione] A 2AHE 4= )
t}. CDR3 finger-print ¥ 2} el34-2 Z93}7] 3 7| Zo)
CDR3 5-919] ofu| it 8 431 e x A9 clone &
< o83 BT A8 A Zzte) ne 7tzte)
CDR3 oln| At =8 g8 g dicte AL 4 5 AU
o (At 7 Holx] ¢Fg) wats CDRS finger-print ¥ & 7t
H3HA 2z} ofn]i4t 429] CDR3E 744 2 Yl k AALA)
€ 53E 5 ol & 59 A5x4 CDR3 299 o}
U4t 8 BM3te Ao 8" 5 gt

2 dFeME « 24 CDR3 Zo)e) thokrdo] A
oA &3] #aE = ddoln Holrlda Ariz AR
SAZL R el we} 2 thFA o] Fotste AL B}
Fth Kabat o] B 18 165709 A1y wigzara 2
A A7 Bl M= dFE (83.0%) 97) o}mj =t Zo] e
CDR3 & 7}A 31 g1l CDR3 o} x4k 47} 11709 A
F FEHA g 2y 2 F A AN Ve
AT Hojst 71ZEe) YA A Bk WA ghars}
e el o8 7S o8 BRAHQADG. Victor
< Hol T A F4Ad9 T2 o 2444 PCRE
Vil &t Vd AAAE SZAZ e 417) 28 2 147)
(34%)ell 4] CDR3 Zol9l tjdAgd & BaAsh}? 2 o
TAM 5% COR3 Aolo) thabAd & Hol& Ve HAME 7} A
38U B2 YoM 85%2 HA2Ae] x AMANHE V-
J 2599 dgde] ByEtE 2 2RSS A
A& F3 9l

Hobrl& Fd 9% o =25t AUV g
2l A7t =25 e A712 V(DM 2R
GFE = 4A719ke Ao)7l & Aoz oie 5 gle
v, glolrle] M2 28Y V (DN 28599 oy
AR AT F2 FHE FAHe2 Bugo ga A
Me A9 Hag bl git}. wlolr)o] 4 VuDdy AgE
99lE N-region #7171 A2 glo] 2%%9 34 PHE
e Had AgEe] e Aoz dejA Y. Gu
5ol vtz FE AETA Al7loA Al B
HI T F&A F39 N-region 3718 BAsg & |
o}7lel& N-region 717} A 9] #&= ) ggton, Aol
712 AP E Frtste AL 2AAD. Homberg
X 7t "Blojd BALB/C ml- 20 x] ©tE B gz hybri-
domasl EMolA Gu 53 H|%g AAE Hnsgu}®.
Blob7] 9] Vde 259 B8 QAT 2= Ramsden 5
of m}¢-2 o} k24 B LT RE AL 133749
Ve 287919 2E2ES E489Ed Nregion 37}
E 2 2. b, Weber 52 Aty Yz
B2HE AL 38709 x A FEF 167] (42%) M, A
A 28 467) F 167) (42%)oll A F A T FA9

—

Q
Lis
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FEC] AYUE A& BRI Viede 2E2 99 TheFA o
71E0 Bng A 2o g AL sBEeg o gol
71¢} 4<17] 3] Aol BaAFHA FRP. gy, B
T M e elo} 2FEZ| A 40%, A YoM 50%, A
A T Ao 85%=, FHNMY nfAstAZ « A
CDR3 o] thF4e] gloprlo A Aeoirlz AAaA 7}
APl et F718te RS ¢ 5 UATh o)H T A
= A8 AN d& EMez ddsizle] B @z
RNA Al & 2 7§ cloningdld k 4] 4714 E S %A}
g oA dFAnEE F2HQ B4o|t} o Aol
onl & Hobr] o] Ve-dx A7 299 thdiol] B3 A7
7hug- =Eo] dwtale FH S AAE $E= oy, 3
E A7t =250 e Holrlde &4 g3 e
o] P& ol AAE 2R ALt ot Q el W
o & o] FARBE ViJe AR Y thFAo] | 3hs o]
e, 9 gelo i wFo] ZriEE Hriz 2
BT E S ol wHgets A Ao "o
o Vide Z2F29 dFAYE Z7tstes Aoz duyg
F A

BEIFE2EY « AgoA 117 opnjedt $2 717
CDR3% Hio}7ist Aol BE vieE wiaul x)&
Hog AAH[AYG. £ A7 A7E « 34 CDR3 #A
Ao TdTe] &A4o] g17) W&l « A2 CDR3 HA
7l N-region A7b7t gtk 71E9] Aaete apo)z}
ATH). olei gt 3ol 2P Y oA CDR3S o}
i F7 1109 « A0 2 E QA4S o2
dgs B+ Sl AAZ u FH9) Az doljd &
x A9 Azgo] dolvte pre-B AE SAoA] AR
2 N-region H7H8 4o + e 83 %o TdT7}H
EAst o} TdTe] BH 7} Ro} 7|29 SHE &
Holu}t Northern blot 2.2+ A& UL 7154
o)}, Fluorescence-activated cell sorting & ©] &3+ &
TollA #e] TdTo MEAe] p S8 S0 S stn
e AL pre-B N X Ego] ghitg v o) x4 2,
2% pro-B AT GAA AA p FHEG « A7}
HA AZY 2 FE Qo o] el TdT7F 849 AHe
olB® x ZH A Nregion H7}7} Yok CDR39] o}
ol qt 7E 11702 « AAMR 7 84" 4 ok Aol
Kubagawa §o] A&o2 x B9 A2 dojytor}
THE Wobdel E=x DHUH A 29 Aol pro-B cell
line€ Bu3lH i, o] ¥ cell linee B Y= Al 24
o] X7 2 (alternative pathway)e] Z2t2 wrAysicin
Azt 3 9o Neregion A717F = k AA = o)A
WA B =22 F& (progeny)o 2 Fzhs 2 lob,

B AT Ve AALE 7} $AAA H2 B8 2
3 CDR3 Zo)o] ¥ Vulll §ARA A 713 &3t
A BFHAT 117 o=t 50) CDR3E 25 Villl &
AZA-5e] AAR Mgt HAL A} oo it A
€ 383 F F+ gov %714 stsAe] A A=
Vell7l B2 89 B 7oA 714 E34A BAHE Ve
FAAA | BE B3] Ho] ALEHE AN BF
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o 2 CDR32) thafido] &3] A, 117) ofn| At
ZAol9 Ve AAMAZE BREHAE Holth Vil f-AAA =
Q) wxgd BYZ T o 30%e A HEE 1 Y
B e 5L pre-B cell BAINA F2A BN
A7 AEgol 2 Vil Al §-A7F A7t 34 o
olF HEZZEY YAELE FA}e E5F 84
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