
cate that the changes in heme-protein in- 
teractions produced by the optical triggers 
are insufficient to do this. These optical 
triggers do, however, provide a unique op- 
portunity to investigate the nanosecond- 
microsecond dynamics of the unfolded pro- 
tein prior to surmounting the free energy 
barrier that separates the unfolded struc- 
tures from the native state (9). 
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Response: In our report about the electron- 
transfer (ET)-initiated folding of ferrocyto- 
chrome c (cyt c") (1), we noted rapid changes 
in the visible absorption spectrum corre- 
sponding to a process with a time constant of 
-40 ,us. We indicated that this observation 
was consistent with studies of cyt cll folding 
initiated by CO dissociation where the fast 
dynamics were attributed to changes in heme 
ligation (2). We also suggested that these 
dynamics might correspond to the collapse of 
the protein into a compact denatured state, as 
has been proposed for apomyoglobin on the 
basis of laser-temperature-jump measurements 
(3). Our transient absorption data could not 
distinguish between the two possibilities, and 
these fast folding dynamics were a relatively 
minor component of the study described in 
our report. Chan et al., with the use of tryp- 
tophan (Trp) fluorescence as a probe, found 
no significant collapse of tlhe protein on the 
submillisecond time scale following dissocia- 
tion of CO from unfolded cyt c11. Clearly, 
multiple spectroscopic probes must be em- 
ployed to study protein folding; accordingly, 
we are currently developing time-resolved Trp 
fluorescence as a probe for ET-initiated fold- 
ing of cyt c11. 

A particularly significant difference be- 
tween our work and that of Chan et al. is the 
nature of the unfolded form of the protein. 
The initial state in ET-triggered cyt cll folding 
is guanidine hydrochloride (GuHCl) dena- 
tured ferricytochrome c (cyt c"') (1, 4); in 
contrast, Chan et al. start with CO-ligated cyt 
c" in the presence of GuHCI (2). Higher 
GuHCl concentrations are required to unfold 

CO-bound cyt c11 than cyt c111. Apparently, 
the positive charge on the heme in cyt cl1 has 
a significantly greater destabilizing effect than 
does CO binding to the ferroheme. Given 
these differences, it is reasonable to question 
whether the two unfolded states are the same. 
Investigations of cyt cl1 folding using stopped- 
flow kinetic spectroscopy have been interpret- 
ed in terms of a minor collapse during the 
mixing dead time (-2 mns) (5). Nevertheless, 
the reduction in Trp fluorescence observed in 
this burst phase is measurably greater than the 
changes found by Chan et al.; this reduction 
has been attributed to a decrease in the Trp to 
heme distance of -5 A. Given the possible 
differences between the unfolded forms of the 
proteins, we must use Trp fluorescence as an 
additional probe in our studies of ET-initiated 
cyt c11 folding. 

The complex process of protein folding 
is believed to involve dynamics that span 
more than 12 orders of magnitude in time 
(picoseconids to minutes). The power of 
optical triggering methods (such as photo- 
induced CO dissociation and ET chemistry) 
is that they lay open a large part of this time 
regime for direct examination. 
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Complementary DNA for 1 2-Kilodalton 
B Cell Growth Factor: Misassigned 

The 12-kD B cell growth factor (BCGF), 
also known as low molecular weight- 
BCGF or BCGF, is a cytokine produced by 
activated T lynmphocytes (1-4). Several 
functions have been implicated for this 
factor. Most importantly, 12-kD BCGF 
has been suggested to be a common pro- 
gression factor for human B lymphocytes 
and to have an autocrine role in B cell 
neoplasms (5). Twelve-kilodalton BCGF 
was purified to homogeneity in 1985 (3), 
and cloning of the corresponding cDNA 

was reported 2 years later (4). However, 
these studies have not been confirmed, 
and the exact molecular connection be- 
tween the widely used commercial BCGF 
(purified from the supernatants of mito- 
gen-activated lymphocytes), natural 12- 
kD BCGF, and the reported cDNA has 
remained ambiguous. Recently, a genomic 
segment that clearly corresponds to the 
reported cDNA sequence was identified 
(6, 7). Sequencing of the genomic DNA 
of 12-kD BCGF by Ziqtkiewicz et al. (6) 
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Fig. 1. Schematic pre- 1 300 599 
sentation of the nucleo- ATG TAA 
tide probes used to de- M15530 A _ 
tect 1 2-kD BCGF mRNA ALU Acci ALU 
expression and their re- Probe 1 
lation to ALU sequences Probe 2 
present in Ml 5530. Probe 1 was used by Sharma et al. (4) and probe 2 was used in this study. Open 
boxes represent ALU-denved sequences. ATG marks the start codon in Ml 5530 ORF, and TM the 
translation stop codon. 

revealed four errors in the published (4) 
cDNA sequence, which resulted in a dif- 
ferent open reading frame (ORF) within 
the 37 amino-terminal amino acids (7). 
An unusual, although not unique (8), fea- 
ture in this sequence is the presence of 
ALU sequences that contribute to approx- 
imately two-thirds of the predicted pro- 
tein. The ORF, when translated as a glu- 
tathione-S-transferase fusion protein in 
Escherichia coli, has B cell growth factor 
activity (7). 

To study the expression pattern of 1 2-kD 
BCGF, we used the ALU-free portion of the 
nucleotide sequence to synthesise DNA 
and RNA probes (GenBank accession num- 
ber M15530) (probe 2 in Fig. 1). The spec- 
ificity of the probe for M15530 12-kD 
BCGF has been verified in Southern blots 
of genomic DNA (7). Unexpectedly, we did 
not detect any M15530 mRNA expression 
in mitogen-stimulated human peripheral 
blood lymphocytes (Fig. 2). The experi- 
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Fig. 2. Northern (RNA) blot analysis of 1 2-kD 
BCGF expression in mitogen-stimulated PBMC 
cells. (A) Total RNA (50 'g) from PHA-, Con A-, or 
LPS-activated PBMC cells of two donors (a and b) 
was hybridized to an ALU-free probe derived from 
the published sequence for 1 2-kD BCGF/Ml 5530. 
First lane (outermost left) contains as a positive 
control 1 ng of potyadenylate RNA derived from Sf9 
insect cells infected with Ml 5530 mRNA-express- 
ing baculovirus. (B) Same Northern blot hybridized 
to IL-2Ra probe and (C) to glyceraidehyde-3-phos- 
phate dehydrogenase (GAPDH) probe. Molecular 
size standards are indicated at the left in kilobases. 

mental procedures were similar to those 
reported by Sharma et al. (4, 9). Peripheral 
blood mononuclear cells (PBMC) were 
stimulated for 18 hours with phytohemag- 
glutinin (PHA), concanavalin A (Con A), 
or- lipopolysaccharide (LPS). Total RNA 
was isolated from the cultured cells, run in 
formaldehyde-agarose gel, transferred onto 
nitrocellulose membrane, and hybridized to 
a randomly primed ALU-free fragment of 
Ml15530 sequence. The filter was washed in 
low-stringency conditions and exposed for 
autoradiography. A strong hybridization sig- 
nal was detected with the positive control 
(1 ng of M15530 polyadenylated mRNA 
expressed under baculovirus polyhedrin 
promoter in Sf9 insect cells), but no signal 
was present in the lanes containing RNA 
from activated lymphocytes (Fig. 2A). The 
cells were properly activated as shown by 
the interleukin-2 receptor oa-chain (IL- 
2Ro) mRNA expression (Fig. 2B). We also 
made significantly more sensitive ribonu- 
clease (RNAase) protection analyses with 
similar results (10) (Fig. 3, A and B). Re- 
verse transcription-polymerase chain reac- 
tion (PCR). analysis was not attempted be- 
cause the genomic sequence could not be 
distinguished from the proposed cDNA se- 
quence (6, 7). 

Our results show that mitogen-stimulat- 
ed lymphocytes do not synthesize sufficient 
quantities of M15530 mRNA to be detect- 
ed by Northem blot or by ribonuclease 
protection analyses. The apparent discrep- 
ancy with previous studies showing M15530 

A 
e. 

B 

Fig. 3. Ribonuclease protection analysis of 1 2-kD 
BCGF mRNA expression in PHA-stimulated 
PBMC cells. Total cellular RNA (50 ,ug) isolated 
from PHA stimulated lymphocytes of two donors 
(c and d) was hybridized to ALU-free Ml 5530 
anti-sense RNA probe and analyzed on denatur- 
ing urea gels. (A) Full-length probe (probe -), 
nbonuclease-digested probe (probe +), 1 ng of 
Sf9 insect cells-derived RNA (control), and 50 ,ug 
of total RNA (c and d). (B) Five micrograms of total 
RNA from the same samples (c and d) were hy- 
bndized to 0-actin anti-sense RNA probe. 

mRNA expression by activated T cells is 
most probably explained by the unusual 
features of the sequence, namely the pres- 
ence of ALU-sequences. In the original 
cloning paper (4), a probe with approxi- 
mately 50% of its nucleotides derived from 
ALU sequences was used for RNA analysis 
(probe 1 in Fig. 1). In our experiments, the 
same probe gave artifactual hybridization 
signals (data not shown). This can also be 
demonstrated by a BLAST-search ( 11) 
against the database of expressed sequence 
tags (dEST, National Center for Biotech- 
nology Information) with the nucleotide 
sequence that was used as a probe iri the 
original report. Such a search yields numer- 
ous highly homologous ALU-containing se- 
quences from the dEST-database, but not 
one identical sequence when the database is 
searched with the ALU-free portion of the 
sequence (probe 2 in Fig. 1). Taken togeth- 
er, there is currently no evidence that 
would link the originally described 12-kD 
BCGF to the cloned cDNA, and we find 
that, for the present, 12-kD BCGF should 
be excluded from the continuously growing 
list of cloned cytokines. 

Panu E. KIovanen* 
Leena Harju 

Tuomo Timonent 
Department of Pathology, 

Haartman Institute, 
University of Helsinki, 

Post Office Box 21, 
Fin-00014 Helsinki, Finland 

*Present address: Unit of Molecular Immunology, Insti- 
tute of Medical Technology, Post Office Box 607, FIN- 
33101, Tampere, Finland. 
tPresent address: Department of Biochemistry, Imperial 
College of Science, Technology and Medicine, Wolfson 
Laboratories, London SW 72AY, United Kinqdom. 

REFERENCES AND NOTES 

1. R. J. Ford et al., Nature 294, 261 (1981). 
2. A. Maizel et a/., Proc. Natl. Acad. Sci. U.S.A. 79, 

5998(1982). 
3. S. R. Mehta et a/., J. Immunol. 135, 3298 (1985). 
4. S. Sharma, S. Mehta, J. Morgan, A. Maizel, Science 

235,1489(1987). 
5. A. Maizel et al., Proc. Natl. Acad. Sci. U.S.A. 80, 

5047 (1983); D. F. Jelinek and P. E. Lipsky, J. Immu- 
nol. 139, 1005 (1987); F. M. Uckun and J. A. Led- 
better, Proc. Natl. Acad. Sci. U.S.A. 85,8603 (1988). 
C. G. Sahasrabuddhe, S. Sekhsaria, L. Yoshimura, 
R. J. Ford, Blood 73,1149 (1989), S. Foumier et al., 
Eur. J. Immunol. 22,1927 (1992). 

6. E. Zietkiewicz, W. Makalowski, G. A. Mitchell, D. 
Labuda, Science 265, 1110 (1994). 

7. P. E. Kovanen et al., FEBS Letters 361, 233 (1995). 
8. T. R. Barnett, L. Drake, W. Pickle II, Mol. Cell. Biol. 

13,1273 (1993); J. P. Yeo, F. Alderuccio, B. H. Toh, 
Nature 367, 288 (1994); S. Tugenreich et al., ibid. 
370,106 (1994). 

9. Peripheral blood mononuclear cells (PBMCs) were 
prepared by Ficoll-Isopaque density gradient centrif- 
ugation. Monocytes were not depleted. The cells (2 
x 1 o6 per milliliter) were suspended in culture media 
(RPMI 1640 supplemented with 10% fetal calf se- 
rum, glutamine, and antibiotics) and stimulated for 
18 hours with PHA (2.5 pLg/ml), Con A (5 pg/ml), or 
LPS (1 pg/ml) (all from Sigma Chemical Co., St. 

630 SCIENCE * VOL. 274 * 25 OCTOBER 1996 



TECHNICAL COMMENTS 

Louis, MO). Total cellular RNA was isolated from the 
cells using the acid guanidium-isotiocyonate-phe-
nol-chloroform-extraction metr * * [P. Chomczynski 
and N. Sacchi, Anal. Biochem. 162,156(1987)]. Fifty 
micrograms of total RNA was fractionated by aga
rose gel electrophoresis, blotted onto nitrocellulose 
filter, and hybridized to a randomly primed 32P-la-
beled probe derived from the ALU-free portion of 
M15530 (nucleotides 112 to 240 from the ATG 
codon of the ORF, probe 2 in Fig. 2). The filter was 
washed in low-stringency conditions (3 x SSC and 
0.1 % SDS for 15 min at 65°C) and exposed to x-ray 
film at -70°C for 3 days. Polyadenylated RNA (1 ng) 
from Sf9 insect cells infected with M15530 express
ing recombinant virus was included as a positive 
control. Afterward the filter was probed with human 
IL-2Ra probe and GAPDH probe. 

10. Ribonuclease protection assays were carried out by 
using the RPA II ribonuclease protection assay kit 
according to the manufacturer's instructions (Am-
bion Inc., Austin, TX). The same 120-bp ALU-free 
insert of M15530 that was used for Northern analysis 
was cloned into pBluescript and used as a template 
for in vitro transcription. The 150-bp human p-actin 
control probe was purchased from Ambion. T7 poly
merase was used to transcribe the anti-sense 
probes (Transcription in vitro system, Promega Inc., 
Madison, Wl) in the presence of 32P-labeled UTP. 
Forty thousand cpm of gel purified probes were used 
in overnight hybridization at 52°C with 50 |xg (Fig. 3A) 
or 5 |xg (Fig. 3B) of total RNA. The following day the 
samples were digested with ribonucleases A and T1 
for 2 hours, then precipitated and fractionated in 6% 
urea gels. The gels were exposed to x-ray film for 12 
hours at -70°C. Longer exposure (1 week) did not 
reveal specific signals. 

11. J.J. Lee and N. A. Costlow, Methods EnzymoL 152, 
633(1987). 

12. We thank J. Lohi, I. Lahtinen, and S. Vainikka for 
advice with regard to ribonuclease protection analy
sis and T. Helander, E. Holtta, H. T. Jacobs, and 0. 
Silvennoinen for helpful discussions. 

26 June 1996; accepted 27 August 1996 

The findings of the mRNA analyses de
scribed above by Kovanen et d. (I) agree 
with our previous conclusion, based on phy-
logenetic analysis (2), that the reported 
M15530 cDNA (3) does not encode 12-kD 
BCGE In their answer to our 1994 com
ment, Sharma et d. (4) proposed that the 
12-kD BCGF was encoded by the originally 
reported cDNA, but in another reading 
frame starting from an AUG codon at resi
due 7 of the Ml5530 sequence. However, 
our phylogenetic comparison indicated that 
the newly proposed ORF not only had dif
ferent lengths in all primates analyzed (121, 
135, 59, 53, 71, and 71 amino acids in 
human, chimpanzee, gorilla, gibbon, baboon, 
and macaque, respectively) but also, as a 
result of frame shifts found only in certain 
species, differed in the amino acid composi
tion. For example, the chimpanzee ORF was 
identical with the human for the first 101 
codons, while in gorilla, gibbon, baboon, and 
macaque, a single A insertion changed the 
ORF after the first 45 codons in gorilla and 
gibbon, and after the first 47 in baboon and 
macaque. In the haploid human genome, a 

120-codon-long ORF following an ATG 
codon would occur more than 105 times by 
chance alone, assuming an equal probability 
of all codons. Although our findings (2) do 
not formally eliminate the Ml5530 as 12-
kDa BCGF coding sequence, they seriously 
call into question its functional nature, espe
cially with no further evidence for the pres
ence of transcriptional, translational, or 
RNA processing signals suggesting that the 
Ml5330 sequence was actively expressed. 

Our criticism is supported by the work of 
Kovanen et d. (I). With the use of sensitive 
assays, they do not detect M15330-specific 
mRNA in cells known to express 12-kD 
BCGF. In agreement with these research
ers, our search of the EST database (a total 
of 460,000 fragments of human mRNA se
quences) using the BLASTN program re
sulted in no single relevant hit with their 
probe 2 sequence, and numerous (over 
3000) hits with the Alu-containing probe 1 
sequence. This is not unexpected because 
over 5% of human mRNAs contain an Alu 
sequence in their untranslated regions (5). 
Although Alu elements may in some cases 
provide the sequence for functional ele
ments in proteins (6, 7), the finding of 
Alu-related sequences in the coding regions 
of cDNAs raises the possibility of artifact 
and should be treated with caution (8). 
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Response: The comment by Kovanen et d. 
accurately describes both the biological and 
molecular characteristics of a cDNA previ
ously reported to putatively represent low-
molecular-weight BCGF (12-kD BCGF) 
(I). The apparent verification of sequence 
by Southern analysis and confirmation of 
biological activity of the translated protein 
(2) substantiates several of the original ob
servations, yet particular conundrums re
main unresolved. The apparent inability of 
the Alu-free cDNA to hybridize to mRNA 
from activated human peripheral blood 
mononuclear cells brings forth the question 
of whether this cDNA accurately encodes 
the 12kD B cell proliferative activity previ
ously isolated from normal activated human 
T lymphocytes and detected by distinct B 
cell proliferative assays. The sequence un
derlying the translation of an apparently 
functional B cell proliferative protein war
rants investigation. However, it is evident 
that the presence of the Alu-encoding se
quences may have led to the data originally 
compiled. For these reasons, we concur with 
the observations reported by Kovanen et d. 
and believe that the cDNA appropriately 
associated with 12-kD BCGF activity re
mains to be determined. 
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