
Fig. 1. Phylogenetic tree for 6. r BSPHIGSR DNA into our laboratorv 

cabinet in which the amber is processed, then 
from the lahoratory at large, then from the 
building, and finally from the grounds sur- 
rounding the buililing. We have processed 
more than 80 amber specimens, both before 
and after the recovery of BCA16. During 
those recoveries we hax~e sampled the ster~l- 
ized amber itself before processing as well as 
representative sites of the safety cabinet, the 
laboratory, and the building itself (including 
the filters on air ducts). We have cataloged 
potential contaminants on the surface of Do- 
minican and Mexican ambers; these include 
collforrns, diphtheroids, pseudomonads, endo- 
spore-forming rods, and other Gram-positive 
bacteria, hut not B. sphnericzis. Similarly, we 
have not recovered B. sphaericus from any of 
the sites tested to date. O n  the bass of these 
results, the only plausible source of BCA16, 
we have concluded, is from within the amber 
incl~~sion (Proplebeia dominicann) itself. We 
continue to sample the laboratory environ- 
ment for B . sb~iaeric~~s . 

-. -~ 

sphaericus. GenBank access~on BCAIGCG 

numbers for B. sphaericus are as BACRRNAGA 
BACRRNAGC 

follows: BACRRNAGF (L14015): BACRRNAGG 

We and other colleagues have noted the 
sequence discrepancies pointed out by Beck- 
enbach. The sequence published in figure 2 of 

BACRRNAGD (L14013); BACRRN- 
AGE (L14014); BACRRNAGB 
(L14011): BACRRNAGC (L14012); 
BACRRNAGA (L14010); BACRR- 
NAGG (L14016): BSPHl6SR 
(X60639); S. ureae (L38654); B. 
pasteurii (X60631): B, giobisporus 
(X60644): B. cereus (X55063): B. 

our report is the correct sequence. We have 
updated our initial GenBank submission 
(GenBank accession number L38654) to re- 
flect the actual sequence data, which now 
includes 1482 bases of the 16s rRl\iA gene of 
BCA16 for further scientific scrutinv. The 

- 

Bronchofhr~x 

discrepancies noted by Beckenhach hhtween 
the sequences in figures 2 and 3 in our report, 
although disturbing, do not affect, in essence, 
the secondarv structure of the rRNA lnolecule 

~ ~ b t i l i ~  (X60646); B, pumilu~ carnpestris 

(X60637); B. megaterium (X60629): 0.1 o 
and BCAI 6CG. the putatively ancient B. sphaericus solate, BCAI 6 (L38654). Sequences were a~gned 
manually w~th the use of Genetc Data Environment (GDE 2.1) text editor. Trees were constructed by the 
maximuln Ihkel~hood method with the use of the DNAML prograln of PHYLP 3.5 (4) and a least squares 
algorithm for fittng addlive trees to proximity data (5). Bronchothrix campestns (X56156) was used as the 
outgroup. w~th 2000 bootstrap repl~catons, randolnized data Input. and global rearrangement of data. SIX 
independent runs were evaluated. All resulting trees were ident~cal. Branch lengths were drawn to scale, 
with the use of branch lengths obta~ned from maxmuln Ilkelhood analyss and TreeTool (6). 

illustrated i n  figure 3 of our report. This is 
supported by the reconstruction of the sec- 
ondary structure of the entire 16s rRNA mol- 
ecule obtained from BCA16. 

Beckenhach suggests that a better test of 
antiquity \vould be to compare the putative- 
ly ancient strain (BCA16) with the modern 
strains growing in our laboratory, presum- 
ably to eliminate the possibility that 

BCA16 was a n~odern contalnlnant from our 
lahoratorv. We had no strains of B .  sbhnericus 
growing our laboratory before tl;e recov- 
ery of BCA16 (B. sphnericus). It was not 
until much after we recovered and identified 
BCA16 as B. sphaericus that we endeavored 
to isolate B. sphaericus from bees (NM13, 
PJ23, and PJl8 in table 1 in our report) or 
obtain them from the American Type Cul- 
ture Collection (ATCC 13805 and ATCC 
17932). Even then, the cultivation and char- 
acterization of all six B .  sphnericus isolates 
were conducted in another laboratorv (in , , 

another floor of the building), eliminating 
the likelihood that one of them could serve 
as a source of contamination from which 
BCAl6 co~lld originate. We performed 
DNA sequence conlparisons \vith sequences 
published in nucleic acid databases, primar- 
ily because we wished to introduce no extant 

Our conclusion that B C A ~ ~  was an an- 
clent isolate 1s not based solely on sequence 
comparisons, but on several lines of evi- 
dence that include phenetic and phyloge- 
netic analysis. Furthermore, a compelling 
case can he made by comparing the puta- 
tively ancient B .  sphaericus isolate (BCA16) 
with the sequence of the arnplicon PD-Ex6 
(GenBank accession number L38655) ob- 
tained fro111 the abdominal tissue of bees in 
the same amber speclrnen. These sequences 
were essentially identical (figures 1 and 2 of 
our report), which suggests that the BCAl6 
DNA (or that of a similar organism) was 
present in the amber inclusion before the 
organlsm was cultivated in the laboratory. 

Although further tests must be done, 
when all the evidence gathered thus far 
are evaluated and weighed, they appear to 
support our claim that BCA16 is indeed 
ancient. 
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The Effect of Sodium Salicylate 
and Aspirin on NF-KB 

Elizabeth Kopp and Sankar Ghosh find that 
activation of the transcription factor nuclear 
factor-KB (NF-KB) is inhibited by aspirin 
and salicylate, which suggests an explanation 
for the anti-inflammatory nature of these 
drugs (1 ). Because the conclusion has signif- 
icant ~mplications for the development of 
novel anti-infla~nmatory agents, we explored 
the phenomenon further. We found that at 
concentrations required for inhlbltion of 
NF-KB-dependent transcription, sodium sa- 
licylate inhibits activation of a variety of 
transcription factors. This appears to result 
from the ability of sal~cylate to nonspecifi- 
cally inhibit cellular kinases. 

Consistent \vith the previous report (1 ), 
we found that sallcylate inhibited phorbol 

12-myristate 13-acetate (PMA)/ionornycin- 
dependent induction of NF-KB DNA bind- 
ing activity (not shown) and similarly in- 
duced transcription from an NF-KB-depen- 
dent enhancer (Fig. 1A).  T o  ascertain the 
nature of this event, we examined the spec- 
iflcity of sa1icylat.e. Salicylate inhibited 
transcription from an AP-1-dependent en- 
hancer induced by PMA/ionomycin (Fig. 
1B). This effect is not secondary to the 
inhibition of NF-KB, as in these cells the 
immunosuppressive drug FK-506 also inhih- 
its induction of NF-KB-dependent promot- 
er activity by PMA/ionomycin, but has no 
inhibitory effect on  induction of AP-1- 
dependent activity (2 ) .  As acti\:ation of 
NF-KB and AP-1 share the same stimuli, 
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Fig. 1. Effects of salicylate A NF-KB B AP-1 

on promoter actvity and c e -  100 
lular klnase actlvity. Jurkat 
cells were transfected (5) 
wlth plasmlds containing a 
luclferase gene (Promega) 40 
transcribed from artiflclal 2 
promoters dependent on SIX 2 20 .- $! 20 
NF-KB blnding sltes (A), 0 0 

(2), or three CRE blndlng 
three AP-1 binding sites (B) $.,oQO 

l ' 2.5 20 I $ +& oQ" 

CJO;+$ Sodium salicylate (mM) i~;.$@ Sodium salicylate (mM) 

sites (C). After 24 hours the 
cells were left untreated CRE D + Kinase activity 

ed and assayed for lucif- Sodium salicylate (mM) 

erase activity as suggested 
by Promega (Madison, Wisconsin). Each bar indicates the average and standard deviation of assays from 
three independent transfections, normalized for protein concentration (D), Jurkat cells (5 x 1 07) were 
harvested at 5 x IOVml, washed wlth cold PBS, lysed by 1 x freeze-thaw in 100 yl of a buffer containing 
25 niM Hepes (pH 7.7). 300 mM NaCl, 1.5 mM MgCI,. 0.2 mM EDTA, 0.05% NP-40. 0.5 tiiM dithioth- 
reitol (Dm, 20 mM P-glycerophospliate. 0.1 mM Na,VO,, 2 yg/mI leupeptin. and 1 mM PMSF. The 
kinase activity in 5 pi of'lysate was assayed in 25 yl buffer containing 20 mM Hepes (pH 7.7). 20 mM 
MgCI,. 20 mM P-glycerophosphate, 0.1 mM Na3V0,. 20 mM PNPP, 2 mM D n .  20 p.M ATP, 3.75 p.Ci 
[y33P]ATP (2000 Ci/mmol). and 0 to 20 mM salicylate. After 15 min at 30°C. the reaction was centrifuged 
through a Pierce (Rockford, llllnois) SpinZyme Basic Separation Unit according to the manufacturers 
instructions and phosphotylated material was quantitated by liquid scintillation counting. Each bar 
indicates the average of two assays; individual data values are Indicated (+) In (D). 

they might also share a coininon activation 
pathbvay that inight contain a component 
uniquely sensitive to salicylate. We therefore 
exainlned the effect of salicvlate (In an inde- 
pendent signal transduction pathway, activa- 
tion of a CAMP (adenosine 3',5 '-monophos- 
phate) Responsive Eleinent (CRE) (3). 

Salicvlate was as effective at inhibit ill^ 
transcription from a CRE-dependent en- 
hancer induced bv dib~~tvrvl-CAMP as it was , , 
froin the other pkomoters tested (Fig. IC). 
To our kno~vledee there is no specific com- - 
ponent shared by the PMA/~onoinycin- and 
CAMP-dependent signal transduction path- 
ways. Sallcylate affects neither transcription 
itself nor the translation or actlvity of the 
reporter enzyine (1). Thus, our observations 
suggested some general effect of salicylate on 
the activity of independent signal transdiic- 
tion pathways. These pathways are activated 
by numerous kinases that inight all be targets 
of salicylate. To  assess whether salicylate 
nonsnecificallv affects cellular kinases, we 
measLired bulk transfer of phosphate froin 
[y'3P]ATP (adenosine triphospate) to basic 
inaterial in lysates of nonstiinulated, prolif- 
eratine lurkat cells. Salicvlate inhibited 90% -, 
of all kinase activity detectable in these ly- 
sates; one half of its effective dose (ED*,) in 
this assay (2.5 to 5 mM) is idelltical to its 
ED,, on activation of DNA binding and 
induction of transcription (Fig. ID).  

From these results we conclude that the 
report by Kopp and Ghosh ~:astly under- 
estiinates the effects of high concentra- 
tions of salicylate on  cellular physiology. 
T h e  data they presented, while unques- 
tionably accurate, do not support the con- 
tention that activation of NF-KB plays a 
~lniiliie role in illflalnmation or is a unique 
target of high- dose salicylate. Inhihition 
of NF-KB activation is not a unioue effect 
of this anti-inflaininatory agent, since 
other cellular e\,ents are eauallv sensitive . , 
to its action. Rather, sallcylate given in 
high doses appears to exhibit nonspecific 
pharinacological effects on  cellular ki- 
nases. Salicvlate collcentrations of 1 to 2 
mM 111 seruin are required to achieve an 
anti-inflammatory effect, and concentra- 
tions of 6.5 mh/l are extremely toxic (4) .  
Because salicylate collcelltrations that 
cause nonspecif~c inhibition of kinase ac- 
tivity in vitro are close to concentrations 
reported to be required for both clinical 
effect and broad toxicity, we belleve that 
the lack of specificity may explain both 
the clinical effectiveness and the toxicity 
of salicylate. 
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Resbonse: Frantz and O'Neill raise a concern 
that sal~cylates are not specific for the inhibi- 
tion of NF-KB and instead suggest that they 
nonspecifically inhlbit all cellular kinases. 
F-Iowever, we find that in cells in tissue cul- 
ture, 2 inM sodium salicylate (arhich ~nhibits 
NF-KB induction on average by 70%) has no 
effect on cellular viability and growth kinetlcs 
( I ) ,  indicating that even if salicylates Inhibit 
cellular kixases, they do not affect general 
cellular metabolisin or growth. Since NF-KB is 
an iinportant transcription factor that is clear- 
ly invol\,ed in inflammation, it was reasonable 
to speculate that these drugs work in part hy 
interfering with the pro-inflainmatory actlvity 
of NF-KB. Our Intent was not to suggest that 
salicylates are uniquely specific for NF-KB ( ~ t  
is well-known that aspirin inhibits prosta- 
glandin production), we were merely demon- 
strating a possible relationship betareen a 
kno~vn inflammatory mediator, NF-KB, and a 
family of known anti-inflammatory drugs, the 
salicylates. Recently, taro other groups have 
identified NF-KB as one of the cellular targets 
of another class of widelv nrescribed anti- , i 

infla~ninatory drugs, the corticosteroids (2) .  
Like the salicylates, these drugs do not specif- 
ically target NF-KB, howel~er, the inhibition 
of NF-KB is at present a persuasive explana- 
tion for their therapeutive effects In viva. 

As described in our report, the presence 
of salicylates blocked the degradation of 
IKB, which suggests that they arere interfer- 
ing with a component of the signaling path- 
way, most likely a serine-threonine kmase. 
Although we did not f~lrther examine the 
mechan~sm of this interference, we dispute 
the co~lteiltlon of Frantz and O'Neill that 
there is no precedence for the CAMP-de- 
pendent pathway and the PMA/ionoinycin 
pathway converging y i th  the activation of 
NF-KB. In Drosobhila, the CAMP-depen- ' ,  

dent protein kinase activates the NF-KB 
hoinolog dorsal by phosphorylating it (3). 
Furthermore, the activation of NF-KB by 
CAMP allalogs and forskolin have also been 
reported (4). Also, all lneinbers of the re1 
protein family share a conserved, canonical 
PKA site which has not yet been adequately 
investigated for f~lnction. 

Finally, we hope that our results and the 
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newer results ~71th dexalnethasolle will Elizabeth Kopp 
spark an interest in the developi~~ent of Departn~ent of Cell Biology, 
potent and speclflc NF-KB inhibitors. Since Yale LTniversity School of Medicine 
NF-KB is involved in the production of a 
large number of cytokines, acute phase re- 
sponse proteins, and adhes~on molecules, it 
1s an ideal target for inhibitors of an inflam- 
matory reaction. 
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Neurotrophins and Exci totoxici ty 

T h e  results obtained by Jae-Young Koh et 
al. (1) on neurotrophin-mediated potentia- 
tion of excitotoxic necrosls are not consis- 
tent nl th  other findings (2) ,  but are consis- 
tent with our previous observation (3). We 
found that glutarnate neurotoxlclty IS in- 
creased in cerebellar neurons pretreated 
with i~eurotro~hins such as brain-deri\,ed 
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receptor antagonists (4 ,  5), and spontane- 
ous toxicity in cerebellar neurons after glu- 
cose deprivation can be delayed by NMDA 
receptor antagonists (6) .  The latter result is 
consistent ~ i t h  the finding that cultured 
cerebellar neurons release endogenous exci- 
totoxins that induce NMDA receptor-me- 
diated neurotoxicity (5, 7) and agrees with 
data presented l3y Koh et al. on the role of 
NMDA receptors in necrosls after glucose 
and oxygen deprivation in cultured cortical 
neurons. 

Thus, NhlDA receptor-mediated exci- 
totoxic necrosis probably  underlies the po- 
tentiation of neurotoxicity by neurotro- 
phins that we observed. Such potentiation 
may not be selective for NMDA receptor- 
mediated necrosis. NT-3 but not BDNF or 
NGF potentiated non-NMDA receptor- 
mediated donloate toxicity in cerebellar 
neurons (3) ,  suggesting a specific action of 
BDNF on NMDA receptor-mediated tox- 
icity, while NT-3 may also affect neurotox- 
 city via non-NhlDA receptors. 
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Response: .We admire the study of Fertlin- 
dez-SBnchez and Novelli, which focused on 
the neuroprotective effect of basic Gibro- 
blast growth factor IbFGF) on cultured cer- 
ebellar granule cells exposed to glutarnate 
agonists (1 ) .  We are intrigued by their ad- 
ditional observation that BDNF and NT-? 
~ncreased glutamate agonist-induced gran- 
ule cell death, and agree that it pro\,ldes 
additional general challenge to the conven- 
tional wisdom that neurotronhins are hen- 
eficial (or at least not harmful) for injured 
neurons, regardless of injury type. However, 
further study will be needed to determine 
the exact relationshiv between this ohser- 
vation and our recent report (2 ) .  

Our study was focused on a new proposal 
that the neuroprotective effects of neuro- 
trophins may be restricted to apoptosis, 

with the factors potentiating necrosis death. 
Femindez-SBnchez and Novelli did not 
originally address the nature of the gluta- 
mate-induced death they observed (1). 
Thelr favored explanation for the protec- 
tive effects of bFGF on this death was en- 
hancement of CaL+ influx. an ~ d e a  111ost 
consistent with the death icing apoptosis. 
Apoptosis is easily evoked in cerebellar 
granule cell cultures, and can be blocked by 
depolarization or other methods for raislng 
the collcentration of CaL+ ions ([Ca2+],) 
(3).  In our lleocortical cultures, excitotox- 
ins induce a CaL+-overload ilecrosis death 
that is Increased by measures which in- 
crease Ca2+ influx of [CaL+],. 

Mediation by NMDA receptors does not 
resolve whether anovtosis or necrosis oc- 

A 

curs, as both forms of death can be triggered 
by glutarnate receptor activation (4). Un- 
derstand~ng the relationship between our 
recent study and that of FernBndez-SBnchez 
and Novel11 is also complicated by the find- 
ing of Lindholnl et al. that BDNF did pro- 
tect cerebellar granule cells against gluta- 
mate-induced death (5).  NT-3 increased 
death associated with dolnoic acid exposure 
In the study of Fernsndez-SBnchez and No- 
velli, whereas neurotrophins did not affect 
AMPA- or kainate-induced excitotoxicity in 
our cortical cultures. 

In any case, we hope that our collective 
in vitro observations will spur further exam- 
ination of a potential "dark side" of neuro- 
trophins in animal nlodels of brain or sp~nal  
cord injury. In recent experiments, we have 
found that intracerebral injection of NT- 
415 in adult rats increases the volume of 
brain infarction after transient middle cere- 
bral artery occlusion (6). 
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