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intrinsic membrane protem that contains

multiple metal cofactors.

These studies resolve many outstanding
issues, but, as with any breakthrough, they
lead to several conundrums: Does FET3 or
ceruloplasmin transfer the product of the
enzymatic reaction, Fe(IlI), to the acceptor
site under physiological conditions, or are
these biochemical activities more indirectly
related to metal-ion movement? If they are
the key physiological reactions, how—and
more importantly, why—is catalytic oxida-
tion of Fe(II) to Fe(III) necessary. Having
the structure may allow identification of the
substrate for the ferroxidase reaction: Is it an
aquo iron complex, a protein-bound Fe?*,
or an iron complex with a low molecular
weight ligand? If it is free Fe(Il), how does
the ferroxidase transfer the oxidation prod-
uct to the physiologically relevant acceptor
protein, such as transferrin or FTR1? These
naive questions indicate that the relation
between cell biology and transition metal
chemistry, like that between war and love,
is still enigmatic.
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V(D)J Recombination and Transposition:
Closer Than Expected

Nancy L. Craig

In a recent Perspective, I outlined the
similarities among different transposition
reactions—the movement of bacterial
DNA segments and the replication and
integration of certain bacteriophages and
of retroviral DNA (1). All are mediated
by recombinases of related structure that
execute DNA breakage and joining by
transesterification reactions. Now, in a
report in this week’s issue (2) V(D)] re-
combination, which underlies the ability
of the immune system to assemble many

transposition. V(D)] recombination ini-
tiates with double-strand breaks, which
cut the intervening segment away from
the coding sequences; a hairpin is formed
along the coding sequences, and subse-
quent imprecise processing of the hair-
pin provides additional genetic hetero-
geneity to the assembled coding seg-
ments. Van Gent et al. have now shown
in vitro that hairpin formation proceeds
through a two-step process. In the first
step, the recombinase introduces a single-

V(D)J recombination
Coding Coding
segment i segment
#1

-:ﬂ‘g OH :%—OH e”ds/f—%’l.é;“ &

Hairpin

Retrovirus, phage Mu, Tn7 D114A

oy Tm——

Tnl0, Tn7, etc.

508

Transposon

Intervening 4 ‘- & & New joint
segment Lost coding
from cell segment
Transposition

S ) 3_5%%\&0“ =

= -3 -OH
3 -OH- ]

Transposition products
+ Target

Y d

+ Target

Similarities. In V(DJ) recombination flanking DNA is joined to create a novel coding joint; in
transposition the mobile segment is joined to a new target site. In retroviruses the flanking
donor sequences are only several nucleotides in length.

different antigen-specific genes from sepa-
rate gene segments, joins the family of
transposition reactions.

The recombinases for both V(D)] re-
combination and transposition find their
targets by recognition of specific DNA
sequences. In V(D)] recombination, these
sequences define the ends of a DNA seg-
ment that is excised to allow formation
of a “coding joint”; the excised DNA
segment is subsequently lost from the
cell. In transposition, the mobile ele-
ment, bounded by specific recognition
sites, moves to a new target site.

Van Gent and co-workers (2) found a
fundamental similarity in the chemical
mechanisms of the DNA processing re-
actions of V(D)] recombination and

The author is at the Howard Hughes Medical In-
stitute, Department of Molecular Biology and
Genetics, Johns Hopkins University School of
Medicine, Baltimore, MD 21205, USA. E-mail:
nancy.craig@gmail.bs.jhu.edu

strand nick, exposing a 3'-OH, which in
the second step performs an intramolecu-
lar attack on the complementary strand of
the nicked duplex to generate the hairpin.

This intramolecular attack proceeds
by a direct transesterification: The 3'-OH
exposed by the breakage step is the nu-
cleophile that directly attacks the other
strand. This reaction—direct transester-
ification—is the mechanistic link be-
tween V(D)] and transposition,(3).

The subsequent steps of V(D)] recom-
bination—hairpin processing and join-
ing—require other cellular proteins (4).
Will transposition-like reactions also as-
semble these new coding joints?
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