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Fig. 2. Conserved

motif containing the *

acetylation site ly- acg 600 DSLEKTRS I MR 612
sine residue among p, 583 SQLEBXKTR S M LR 595
representative mem- N

bers of the AMP. ~CS2P0 628 RDOLERTRSEM I MR 640
forming family of Luciferase 520 DEVEXGL TEERL DA 532
proteins. Acs, acetyl- CTSA 508 DKMBELTSN I DR 520
CoA synthetase (gi; CepA Al 470 D A L L TANEES VDR 482
16767525, S. enterica); CepA A2 1490 DALEBLTAH I DR 1502
PrpE, propionyl-CoAsyn-  Cepa A3 3022 D A L LTTNE Vv DR 3034
thetase (g 14917034, S.  -3a psT Al 1059 PRLEV T P NG L D R 1071
enterical; AﬁZP- acety  qq pst a2 2169 DVLEL TP NEEIL DT 2181
ggg‘mssgntssggflgmm(jg/'_' cda PST A3 3234 DALBLTLNEEELDR 3246
ces cerevisiae), GrsA, Cda PSI A4 4731 DA LBL TP NEE{ L DR 4743
gramicidin S synthetase] cda PSI A5 5771 DA LEL T P NEE L DR 5783
(g 3334467, Brevibacil- cda PSI A6 6853 DA LEL T P NE L DR 6865

lus brevis); CepA, one of

three subunits that synthesizes chloroeremomycin (European Molecular Biology Laboratory accession num-
bers X98690 and S46968; gi: 7522085, Amycolotopsis orientalis); cda PS|, calcium-dependent antibiotic
peptide synthetase | {open reading frame SCO3230, Streptomyces coelicolor). We used the motif PX,CK to
identify putative substrates of sirtuins. gi, Geninfo Identifier.

residue of a conserved motif in the family
of AMP-forming enzymes (Fig. 2).5 Lys>®?
of propionyl-CoA synthetase, Lys®?® of lu-
ciferase, and Lys®!” of gramicidin syn-
thetase 1 (equivalent to Lys®®® of Acs) are
essential for synthesis of the corresponding
AMP reaction intermediate but not for the
thioester-forming activity of these enzymes
(10-13). We propose that acetylation mod-
ulates the activity of all the AMP-forming
family of enzymes. How these enzymes are
acetylated remains an open question.

We provide evidence for a broadened
role of sirtuins in cell physiology that in-
cludes intermediary metabolism. Our re-
sults suggest a mechanism for linking the
physiological state of the eukaryotic cell
with the acetylation state of histones, a key
factor in chromatin silencing and chromo-
some stability. Several studies implicate
sirtuins in life-span control in yeast and
metazoans (/4, 15). Similarly, manipula-
tion of NAD ™ biosynthetic mechanisms has
been shown to affect life-span (/6). A re-
cent study documenting the effect of calor-
ic restriction on yeast mother cell longevity
suggested that the increased longevity was
causally associated with increased respira-
tion; this life-span extension was sirtuin
dependent (/7). As the Acs enzyme pro-
duces acetyl-CoA, a key metabolite of the
Krebs cycle, Acs may represent a target for
life-span extension.
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A Distinct Signaling Pathway
Used by the IgG-Containing B
Cell Antigen Receptor

Chisato Wakabayashi,'* Takahiro Adachi,'*
Jiirgen Wienands,?t Takeshi Tsubata'}

The immunoglobulin G (IgG)—containing B lymphocyte antigen receptor (IgG-BCR)
transmits a signal distinct from that of IgM-BCR or IgD-BCR, although all three use
the same signal-transducing component, Iga/igB. Here we demonstrate that the
inhibitory coreceptor CD22 down-modulates signaling through IgM-BCR and igD-
BCR, but not that through IgG-BCR, because of the IgG cytoplasmic tail, which
prevents CD22 phosphorylation. These results suggest that the cytoplasmic tail
of 1gG specifically enhances IgG-BCR signaling by preventing CD22-mediated
signal inhibition. Enhanced signaling through 1gG-BCR may be involved in ef-
ficient IgG production, which is crucial for immunity to pathogens.

B cells express the membrane-bound form of
immunoglobulin (mlg) on the surface as a com-
ponent of the B cell antigen receptor (BCR) (/,
2), and distinct isotypes of mlg are expressed by
B cells, depending on their developmental
stage. Naive B cells in the peripheral lymphoid
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organs express both mIgM and migD, whereas
memory B cells in spleen and lymph nodes
express mostly mIgG. B cells expressing mlgG
show an enhanced response to antigen stimula-
tion compared with those expressing mlIgM
and/or mIgD (3), suggesting that IgG-BCR
transmits a signal distinct from IgM-BCR or
IgD-BCR. However, all mlg isotypes associate
with the common BCR signaling component
Igo/IgB, indicating that all BCRs activate the
same signaling pathways (/, 2).

IgM-BCR signaling is negatively regu-
lated by inhibitory coreceptors such as
CD22 and CD72 (4-15), and these corecep-
tors are suggested to set a signaling thresh-
old for ligation of IgM-BCR. However,
little is known about whether these core-
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ceptors regulate IgD-BCR and/or 1gG-BCR.
K46pm\, K46dm\, and K46y2am\ are
transfectants of the B lymphoma line K46 that
express mlgM, mlgD, and mlgG, respectively
(16, 17). These mlgs of different isotypes con-
tain identical antigen-binding variable (V) re-
gions, specific for the hapten nitrophenol (NP).
We first tested whether inhibitory coreceptors
could regulate BCR signaling depending on
mlg isotypes. Because K46 cells express CD22
but not CD72, the CD22-negative variants
K46pv, K463v, and K46yv were isolated by
repeated cell sorting. Subsequently, expression
of CD22 or CD72 was reconstituted by trans-
fecting expression plasmids for these molecules
(fig. S1). In the transfectants, expression of
CD72 reduced antigen-induced phosphoryl-
ation of both extracellular signal-regulated ki-
nase 1 and 2 (ERK1 and ERK?), regardless of
mlg isotypes (Fig. 1A and fig. S2, A and B). In
contrast, CD22 expression reduced ERK phos-
phorylation in both K46pv and K463v, but not
that in K46yv, suggesting that CD22 fails to
down-modulate ERK activation induced by

REPORTS

IgG-BCR ligation. The isotype-specific regula-
tion of ERK activity by CD22 was also con-
firmed by in vitro kinase assay (Fig. 1B). Ad-
ditionally, antigen-induced Ca®* mobilization
was also regulated by CD22 in the same iso-
type-dependent manner (Fig. 1C and fig. S2C).
Indeed, expression of CD22 reduced BCR-me-
diated Ca?* mobilization in both K46p.v and
K4638v, but not that in K46yv, whereas CD72
reduced the Ca?" mobilization in K46vyv, as
well as K46pv and K463v. Taken together,
CD22 but not CD72 regulates BCR signaling in
an mlg isotype—specific manner, and signaling
through IgG-BCR, but not that through IgM-
BCR or IgD-BCR, is resistant to CD22-medi-
ated signal inhibition in K46 cells.

Both CD22 and CD72 contain immunore-
ceptor tyrosine-based inhibition motifs (ITIMs)
in the cytoplasmic region and negatively regu-
late IgM-BCR signaling by recruiting Src
homology 2 domain—containing tyrosine phos-
phatase—1 (SHP-1) to their phosphorylated IT-
IMs upon IgM-BCR ligation (8, 19). Consis-
tent with this, both CD22 and CD72 were

phosphorylated (Fig. 2), and these phosphoryl-
ated coreceptors coprecipitated with SHP-1
upon ligation of IgM-BCR in K46p.v transfec-
tants (Fig. 3). When IgG-BCR was ligated on
K46vyv transfectants, CD72 was efficiently phos-
phorylated and coprecipitated with SHP-1. In
contrast, CD22 was weakly phosphorylated
(Fig. 2), and only a small amount of phospho-
rylated CD22 was associated with SHP-1 (Fig.
3). This is not due to defects in CD22 in
K46yvCD22 cells, because retrovirus-mediated
expression of NP-specific IgM-BCR (20) re-
stored BCR ligation—induced CD22 phospho-
rylation and SHP-1 recruitment (fig. S3). Rath-
er, phosphorylation of CD22, essential for
SHP-1-mediated signal inhibition, is specifical-
ly prevented upon ligation of IgG-BCR on K46
cells. To determine whether this observation is
restricted to K46 cells, we reconstituted expres-
sion of NP-specific IgM-BCR and IgG-BCR
using retroviral vectors (20) in other B cell lines
such as WEHI-279, BAL17, and A20 (fig.
S4A)y—all of which express endogenous
CD22—and primary mouse spleen B cells (fig.

A K46uv B K46uv
vector-1 CcD22-1 CD72-1 vector-1 CD22-1 CD72-1
NP-BSA: 0 1 3 10 0 1 3 10 0 1 3 10 (min) NP-BSA: 01 310 0 1 3 10 0 1 3 10 (min)
il 2 B B -4—ERK1
e W 5 -4— MBP
Feesses 9t 10, .19,_10__12_. 08 .09
phospho-MAPK blot 1.6 1.7 11 11 0.6 0.8
oo e ®ee s < tubulin in vitro kinase assay
p~tubulin blot LR TR R .2 FE2 2 F L B it
ERK2 blot
K46yv
vector-1 cD22-1 CD72-1 K46yv
NP-BSA: 0 1 3 10 01 310 0 1 3 10 (min) vactor-1 CD22-1 €D721
Vo " ¢—ERK1 NP-BSA: 01 3 10 0 1 3 10 0 1 3 10 (min)
—En - .- - - <4—ERK2 - - <¢— MBP
phospho-MAPK blot 1.0 2.1 3.7 3.0 13 1.9 3.6 24 13 0.7 1.5 0.6
Tewwew®ss e e w < ftubulin in vitro kinase assay
B-tubulin blot S hadaseseisi e -<+ERK

Fig. 1. CD22 fails to down-modulate ERK
activation and intracellular Ca?* mobiliza- o
tion induced by ligation of IgG-BCR. (A) Phos-

phorylation of ERK. Indicated transfectants 200
were treated with 0.2 pg/ml NP-bovine se- 180
rum albumin (NP-BSA) for the indicated .

times at 37°C. Cells were subsequently lysed I 160
and subjected to Western blot analysis with i

antibody to phospho-ERK (anti—phospho-
ERK). The same blots were reprobed with

120 ‘

ERK2 blot

K46uv K46yv

170
160

anti—B-tubulin to ensure equal loading. Rep- 1’ o

resentative data from at least three experi- 0 A ———— — [ e e BESELANEY SEu S s e s
ments are shown. Two independent lines 0 60 120 180 240 300 0 60 120 180 240 300
were examined for each transfectant, but time (sec)

data on only one of them are shown because

essentially the same results were obtained | ——vector1 — —vector2 ——CD221 —-CD222 ——CD721 ——CD722

for the other lines. Dose-response analysis is

shown in fig. S2A. (B) In vitro kinase assay for ERK2. Indicated
transfectants were treated with medium alone or with 0.2 pg/ml
NP-BSA for the indicated times at 37°C. Cells were lysed, and ERK2
was immunoprecipitated. Half of the immunoprecipitates were sub-
jected to in vitro kinase assay, using myelin basic protein (MBP) as a
substrate. Relative ERK2 activity is indicated. The other half of the
ERK2 immunoprecipitates were subjected to Western blot analysis for
ERK2 to ensure the presence of ERK2 in the immunoprecipitates.
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Representative data from three experiments are shown. (C) Ca?" mobiliza-
tion. K46pv and K46+yv transfected with the empty vector (black curve), the
vector containing CD22 (red curve), or the vector containing CD72 (blue
curve) were loaded with Fluo-4/AM, and intracellular free Ca2* was
measured by FACSCalibur (Becton Dickinson, Franklin Lakes, NJ). Cells
were added with 0.2 pg/ml NP-BSA at 30 s (indicated by arrows), and
measurement of free Ca’* was continued for 300 s. Representative data
from three experiments are shown.
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S4B). In these cells, both CD22 phosphoryl-
ation and SHP-1 recruitment were strongly in-
duced by IgM-BCR ligation, but poorly by
IgG-BCR ligation (Fig. 4 and fig. S5), in agree-
ment with the results on K46 cells. Moreover,
IgG-BCR ligation induced enhanced ERK phos-
phorylation compared with that induced by
IgM-BCR ligation. These results strongly sug-
gest that ligation of IgG-BCR fails to phosphor-
ylate CD22, thereby silencing CD22-mediated
signal inhibition by keeping SHP-1 inactive.

IgG, but not IgM or IgD, contains a long
cytoplasmic tail, which is conserved in se-
quence among IgG subtypes and among species
(21). The cytoplasmic tail of IgG is crucial for
efficient IgG production (22) and is responsible
for the enhanced response of mIgG™ B cells to
antigen stimulation (3). To assess the role of the
cytoplasmic tail of IgG, we infected BAL17
cells with retrovirus to induce expression of
chimeras of IgM and IgG (fig. S4A and fig.
S5D) because of efficient retrovirus infection of
this cell line. Ligation of the IgG/M-BCR con-
taining the extracellular and transmembrane re-
gion of IgG and cytoplasmic region of IgM
induced strong phosphorylation of CD22 and
marked recruitment of SHP-1, as is the case for
IgM-BCR ligation (Fig. 4A), suggesting that
the cytoplasmic tail of IgG is responsible for
preventing CD22-mediated SHP-1 activation.
This is confirmed by the finding that ligation of
IgM-BCR containing the cytoplasmic region of
IgG (IgM/G-BCR) resulted in weak CD22 phos-
phorylation and poor SHP-1 recruitment, as is
the case for IgG-BCR. IgG-BCR thus appears
to be protected from CD22-mediated signal
inhibition by containing the conserved cyto-
plasmic tail.

‘We have demonstrated here that CD22 neg-
atively regulates signaling through IgM-BCR
and IgD-BCR, but not that through IgG-BCR.
B cells deficient in CD22 alone exhibit hyper-
reactivity to ligation of IgM-BCR (//-14),
demonstrating that lack of CD22-mediated neg-
ative regulation alone can make B cells hyper-
reactive to antigen stimulation. Thus, the ab-
sence of CD22-mediated signal inhibition of
IgG-BCR signaling may be involved in the
enhanced response of mIgG™ B cells. Remark-
ably, the conserved cytoplasmic tail of IgG is
responsible for both prevention of CD22-medi-
ated signal inhibition and the enhanced re-
sponse of [gG™ B cells. It is likely that the IgG
tail prevents CD22 phosphorylation essential
for signal inhibition, thereby causing IgG-BCR
to become more excitable to antigen stimula-
tion. However, the distinct function of IgG-
BCR may also involve other, yet unknown
properties specific to [gG-BCR. CD22 is ex-
pressed on activated B cells such as germinal
center B cells and memory B cells (23), as well
as naive B cells (4). Hyperresponsiveness of
IgG-BCR may thus confer upon mIgG™ B cells
a growth advantage over mIgM*migD* or
mlIgM™ B cells in both activated and memory
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Fig. 2. Ligation of IgG-BCR
fails to induce phosphoryl-
ation of CD22. CD22 trans-
fectants and CD72 transfec-
tants of Kd46uv, K463y,
and K46yv were stimulated
either with the indicated
amounts of NP-BSA for 3
min or with 0.2 pg/ml NP-
BSA for the indicated times
at 37°C. Cells were lysed,
and the lysates were immu-
noprecipitated with either
anti-CD22 or anti-CD72.
Immunoprecipitates  were
subjected to Westem blot
analysis with anti—phospho-
tyrosine (4G10). The same
blots were reprobed with
anti-CD22 or anti-CD72 to
ensure equal loading (lower
panels). Representative data
from at least three experi-
ments are shown.

CD72 blot
IP: SHP-1
Ka6uv Ka6sv K46yv

vector-1 CD22-1 CD72-1 vector-1 CD22-1 CD72-1 vector-1 CD22-1 CD72-1
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ﬁ “Je— cor2

fHahwes - P e edpee way < SHP

SHP-1 blot

Fig. 3. Ligation of 1gG-BCR fails to recruit SHP-1 to CD22. K46p.v, K463v, and K46+yv transfected
with either empty vector (vector) or vector containing CD22 or CD72 were treated with 0.2 pg/ml
NP-BSA for 3 min at 37°C. Cells were lysed, and the lysates were immunoprecipitated with
anti-SHP-1. The immunoprecipitates were analyzed by Western blotting with anti-phospho-
tyrosine (4G10). The positions for CD22 and CD72 are indicated. The positions are determined by
the size and presence of the bands specifically in the CD22 or CD72 transfectants. The blot was
reprobed with anti—-SHP-1 to ensure the presence of SHP-1 in the immunoprecipitates (lower
panels). Representative data from at least three experiments are shown.

B cell pools. The growth advantage of mIgG™
B cells may be involved in the efficient switch-
ing from IgM to IgG production at the cellular
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level and the efficient response of mIgG*
memory B cells. However, the improved re-
sponse of memory B cells may also be attrib-
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Fig. 4. CD22 regulates BCR

laM l9G signaling in an isotype-

NP-BSA: .= .t = + specific manner in the B
IP:CD22 S :tyrosl'ne'b;'m‘—cozz cell line BAL17 and mouse
B .p 2 <—CD22 spleen B cells. (A) NP-

CD22 blot specific IigM-BCR, 1gG-BCR,
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IP: SHP-1 phosp::—tyroslw blot<— e chimera was reconsti-
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— <—ERK{ vectors. Infectants were
lysates -~ <@—ERK2 stimulated with 0.2 pg/
phospho-MAPK blot ml NP-BSA for the indi-

~+ -<@—ptubulin cated times at 37°C. (B)

B-tubulin blot

Alternatively, NP-specific

1gM-BCR or 1gG-BCR was
reconstituted on lipopolysaccharide-stimulated spleen B cells from
C57BL/6 mice with retrovirus vectors and then stimulated with 10
pg/ml NP-BSA for 1 min at 37°C. Cells were lysed, and the indicated
molecules were immunoprecipitated. Inmunoprecipitates were subject-
ed to Western blot analysis with anti-phospho-tyrosine (4G10). The
blots were reprobed with anti-CD22, anti-CD72, or anti-SHP-1 to
ensure equal loading. Alternatively, the phosphorylation level of ERK was
examined by Western blotting of total cell lysates with anti-phospho-
ERK. The same blot was reprobed with anti—B-tubulin to ensure equal

loading. Representative data from at least three experiments are shown. Dose-response analysis on BAL17 cells is shown in fig. S5A.

uted to other factors such as their increased
affinity to antigens as a result of accumulated
somatic mutations of immunoglobulin during
the generation of memory B cells (24).
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Photosynthetic Light Harvesting
by Carotenoids: Detection of an
Intermediate Excited State
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H. Hashimoto,?t R. J. Cogdell®

We present the first direct evidence of the presence of an intermediate singlet
excited state (S,) mediating the internal conversion from S, to S, in carotenoids.
The S, to S, transition is extremely fast and is completed within approximately 50
femtoseconds. These results require a reassessment of the energy transfer path-
ways from carotenoids to chlorophylls in the primary step of photosynthesis.

Light harvesting by carotenoids is a fundamen-
tal part of the earliest reaction in photosynthesis
(I-3). Light energy that is absorbed by carote-
noids is rapidly and efficiently transferred to the
chlorophylls, thereby allowing photosynthesis
to harvest energy over a wider range of wave-
lengths than would be possible with chlorophyll
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alone. In some marine environments, major
primary producers such as dinoflagellates sur-
vive solely on light absorbed by their carote-
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els for conjugated polymers (5) and are candi-
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Over the past decade, stimulated by the deter-
mination of several high-resolution structures
of photosynthetic antenna complexes (6), there
has been great interest in understanding the
detailed mechanisms involved in the carote-
noid-to-chlorophyll  singlet-singlet  energy
transfer reaction (3, 7). By using ultrafast spec-
troscopy to probe the very early events of en-
ergy relaxation in carotenoids, we directly dem-
onstrate the existence of an intermediate excited
state. This requires a reassessment of the cur-
rent mechanistic description of the accesso-
ry light-harvesting function of carotenoids.
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