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Previously, we identified an immediate-early gene, RL-14,
rapidly induced in regenerating liver and mitogen-stimulated cells
(1). Complete DNA sequence analysis of the full-length RL-14
clone corresponding to the 1.8 kb mRNA, showed that RL-14
encodes a 314 amino acid protein containing 5 notch-like repeats.
RL-14, which we then designated RL/IF-1, regenerating liver
inhibitory factor-i, is the rat homolog of human MAD-3 (2) and
probably of chicken pp4O (3) which have IKB-like activity. IKB
proteins are cytoplasmic inhibitors of p5O/p65 NF-KB and Rel
family transcription factors that mediate inhibition by binding to
Rel and NF-KB subunits. Upon cellular stimulation, IKB is
released from NF-KB and Rel which then can move to the nucleus
and activate transcription (4, 5). RL/IF-1 and MAD-3 share 80%
nucleotide and 90% amino acid homology, and RL/IF-1 and
chicken pp4O protein share 63% nucleotide and 70% amino acid
identity, including some nucleotides in the 3' untranslated region.
We have demonstrated that RL/IF-1 has IKB(3-like activity in
that it inhibits the DNA binding of NF-KB, c-Rel and RelB, and
is likely to be identical to IKB3 (6, 7, 8).

In data bank searches RL/IF-1 and MAD-3 have greatest
homology with notch-like repeat proteins related to the NF-KB
family of transcription factors. These include the repeat region
of p105, the precursor to the p5O subunit of NF-KB (9, 10, 1 1),
and the precursor protein for p49 or p5OB, an NF-KB-like protein
(12). Two other highly related proteins are BCL-3, a repeat
protein found at the chromosomal translocation break point in
B cell tumors (13) and Fem-1, a C. elegans protein involved in
sex determination (14). The alignments of RL/IF-1 with this
group of proteins (Fig. 1) indicate that not only the consensus
sequences in the repeats are similar, but the order of highly similar
repeats is conserved. Although there are only five true repeats
in RL/IF-1, there is the beginning of a sixth repeat which shares
homology with the corresponding repeat in the other proteins.
Within the repeat regions the overall amino acid identity of

-Repeat 1-

RL/IF-1 68 kqqltE5&sfLML&UlaeekaLtm, vlrqYk--a-2 Laf

plOS NF-_B 537 tavqdEn.pivLHLATTHlhsqLvrdllevtsglisii di
p49/50B NF-XB 481 1taqdEnitpLL&IIqqtsvri-&qlvyvihhaqIi Lgv
BCL-3 128 atradEDGDtpLgiAvvqqnlpavhrlvnlf-- gre
Fee-1 41 cfnsdq2rypLrviarnghanvv-Eyllei---jaa. psvrgvve f

-Repeat 4-

RL/IF-1 phlhsi
plO5 NF-%B 11
p49/50B NF-KB avpql
BCL-3 gtld
Fem-1

LkAtInGlXZCLAlihgyLGBZMLLyes1ia
Ldhpqlgd4lnaiifL&esnsLpcll1 LM aa
LhmpdffilypvL&AvrarspecId4LLds"e
LeArlXdSilZlvAvntecqetyqa.LLlera
phiplrhZELeT-niAiyrnkvBIY-Llktifiij

RL/IF-1 with p105 NF-KB, p49/p5OB NF-KB, BCL-3, and
Fem-1 are 41%, 37%, 33% and 31%, respectively. Additionally,
like RL/IF-1, both p105 NF-KB, p49/p5OB NF-KB have an
acidic carboxy terminus of unknown function. These findings
suggest that this group of repeat proteins are derived from a
common ancestor, and may have similar IKB-related functions.
Much less similar are ankyrin, notch and other repeat proteins
with structural roles (15). However, like ankyrin, it is likely that
notch-like repeats in the IKB proteins are involved in the
dimerization of IKB with Rel family members.
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-Repeat 2- -Repeat 3-

LifqHNfO-2HLn MfnQMEaaLLg-AacR ZeLrfaf rG iqicLAsy-gvLtqsctt
illerH4LyZ=-PTHI.-VThTMk2edvvLdLLr-hBa, 1 Ll1ar 1NsvLakeahdkvl s i lLkhkkaa
vEltLLhflQ-PtHL gtsvvsfLLr-va PaL112rhfid.ameeAlra.agApI Ilra I lq3g&p
Ldiy=Lr Z-P Tt lZsvvrtlLvt-Agas* maUlbrhaqZaaBLAihrsptc1ralLd--3sop
dlN--e-iQglpkLwAsaaghiLAvk1LiekAnafl vnqatntrsL rgA ydLihLdiMky1L--ekgad

-Repeat 5-
3laLNpcn2BZALYadlqNpdLjI-sLL*Ifcifd
MNhQLqksif3ZALMMehdIiiLagcLLLegdhh
vCatE.rqgKILHIAtee-elgLithLvtllrAn

-Rep.at 6-

3.rv$YQXySEyqLtwipUR iqqqLgqlt-e 213
YdstzXdfittElhieaagRSlzaalLkaagad 745
VNarZfaintElhLaaqilgyptltrlLlkaqad 693

lid&BdikeOepLihhMenns1 sm3-qLLL h IZ.I3eqeXlelhsa...gigplrtLp Cdlt 34
--kktrilvd-agkvvi-kiL5-s ylmkdigvdllmgaalsgfldvlnvLadqmps 246

Alignment between notch-like repeat regions of RL/IF-1, p105 NF-KB, p49/pSOb NF-KB, BCL-3 and c-Fem-1. Identities are capitalized and underlined, and
notch-like repeat regions are indicated.
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