
described here are intended to lay the 
groundwork for the amplification of selec- 
tivity between neoplastic and normal cells. 

REFERENCES AND NOTES 

1. Cancer: A Cmnprehensive Treatise, F. F. Becker, Ed. 
(Plenum, New York, 1977), vol. 5, pp. vii-viii; L. 
A. Smets and W. P. Van Beek. Bwchim. Bio~hvs.Acta 

A ,  

738, 237 (1984). 
2. The Pha171~1~lgical Baris of Therapeutb, A. G. Gil- 

man, L. S. Goodman, A. Gilman, Eds. (Macmillan, 
New York, ed. 6, 1980), pp. 1249-1313. 

3. R. M. Bohmer and G. Morstyn, Cancer Res. 45, 
5328 11985). 

4. k ~ . ' ~ a d a k a v u k a r e n ,  J. J. Nadakavukaren, L. B. 
Chen, ibid. ,~;  6093. 

5. G. Abel et Eur. J.  Cancer 11, 787 (1975). 
6. Molecular Biology of the Cell, B. Alberts et al., Eds. 

(Garland, New York, 1983), p 750-753. 
7. The Phamzacological Basis ofT!eiapeutics, A. G. Gil- 

man, L. S. Goodman, A. Gilman, Eds. (Macrnillan, 
New York, ed. 6, 1980). 

8. W. W. Stewart, Cell 14, 741 (1978). 
9. The Merck Index, M. Windholz, S. Budavari, R. F. 

Blumetti, E. S. Otterbein, Eds. (Merck & Co., 
Rahway, NJ, ed. 10, 1983). 

10. The synthesis of N-amino-N'-octylguanidinium io- 

dide will be described in detail elsewhere. Decanal 
(Aldrich) was used as purchased without further 
purification. When chromatographically pure de- 
canal was used in the erythrocyte experiments, the 
results were qualitatively the same. 

11. Error limits represent a range of two standard 
deviations. The standard deviations were estimated 
from K2 values: [D. P. Shoemaker, C. W. Garland, 
J. J. Steinfeld, Eds., Experiments in Physical Chemir- 
hy, (McGraw Hill, New York, ed. 3, 1974), p. 341. 

12. R. Schwartz, B. Knie J Muthing, P. F. Muhlratt, 
Int. J .  Cancer 36, 60?(i985). 

13. Blood was collected and stored with potassium 
EDTA at 4°C. Erythrocytes were pre ared within 
48 hours of collection by centrifuging &ree times in 
PBS (pH 7.4). Suspensions containing 3 X lo7 
cellsiml were prepared in PBS containing 1% etha- 
nol. The PBS used for erythrocyte experiments did 
not contain divalent cations. Suspensions were incu- 
bated at 37°C with various concentrations of the 
cytotoxins. 

14. Hemoglobin release was followed at 400 nm by 
monitoring the supernatant. Counting was carried 
out b hand with a hemacytometer. Concentrations 
of A ~ G  and decanal were 20 @. 

15. The synthesis of N-decylidenimino-N'-octylpani- 
dinium acetate will be described in detail elsewhere. 

16. K. C. Murdock et al., J. Med. Chem. 25,505 (1982). 
17. C. R. Cantor and P. R. Schimmel, Biophysical Chem- 

i s t ~  (Freeman, San Francisco, 1971), part 3, pp. 
862-866. 

18. H .  Arkin and R.  R. Colton, Statistical Method 
(Harper & Row, New York, 1970), pp. 100-111. 

19. F. Kurzer and K. Douraghi-Zadeh, J .  Chem. Soc. (C) 
747 11 967) ,-' -' ,' 

20. AYE. Gad, B. L. Silver, G. D. Eytan, Biochim. 
Bwphys. Acta 690, 124 (1982); M. Levin, M. D. S. 
Walters, C. Smith, P. Gascoine, T. M. Barratt, 
Lancet 1985-11, 239 (1985). 

21. F. P. Lindberg, B. Lund, S. Narmark, EMBO J. 3, 
1167 (1984). Bacterial cultures were provided by 
Carolyn Deal. 

22. Bacteria were incubated at 37°C in PBS containing 
magnesium and calcium with 1% ethanol and vari- 
ous concentrations of the cytotoxins. Reported val- 
ues are based on averages of loglo (colonies per 
milliliter) for three determinations. 

23. HeLa cells were provided by Joseph Icenogle. K. C. 
Medap a C McLean, R. R. Rueckert, Virology 44, 
259 ( lgf l) . '  

24. The portlon of the work carried out at the Rockefel- 
ler University was supported by a Damon Runyon 
Walter Winchell Postdoctoral Fellowshi and an 
NIH ostdoctoral f e~owsh&( l -~32-~!7723)  I 
thank% T. Kaiser for help discussions concern- 
ing this roject and for providing laboratory space at 
RockefeEer Universitv. I thank R. Lerner, A. 
Schwabacher, and D. ki~vert for helpful discussions 
and J. Jaworski for his skillful laboratory work. 

25 February 1986; accepted 28 May 1986 

Hydrogen Sulfide Oxidation Is Coupled to Oxidative 
Phosphorylation in Mitochondria of Solemya reidi 

Solemya reidi, a gutless clam found in sulfide-rich habitats, contains within its gills 
bacterial symbionts thought to oxidize sulfur compounds and provide a reduced 
carbon food source to the clam. However, the initial step or steps in sulfide oxidation 
occur in the animal tissue, and mitochondria isolated from both gill and symbiont-free 
foot tissue of the clam coupled the oxidation of sulfide to oxidative phosphorylation 
[adenosine triphosphate (ATP) synthesis]. The ability of So1em;ra reidi to exploit 
directly the energy in sulfide for ATP synthesis is unprecedented, and suggests that 
sulfide-habitat animals that lack bacterial symbionts may also use sulfide as an 
inorganic energy source. 

ANY MARINE INVERTEBRATE ANI- 

mals live in sulfide-rich habitats, 
including the deep-sea hydrother- 

mal vents where geothermally produced sul- 
fide is present (I) ,  and reduced sediments 
where microbial degradation of organic 
matter leads to the reduction of sulfate to 
sulfide (2). The high sulfide concentrations 
of these habitats pose a significant threat to 
these animals because sulfide is a potent 
inhibitor of aerobic respiration through its 
effects on the cytochrome c oxidase system 
(3, 4). Despite its toxicity, however, sulfide 
is important for the energy supplies of these 
animals. Sulfide is a highly reduced com- 
pound that can be oxidized by bacteria to 
yield energy for driving net carbon dioxide 
fixation. Some, but not all, of the inverte- 
brates of sulfide-rich habitats harbor symbi- 
otic sulhr bacteria in their tissues, and these 
bacteria are thought to provide their hosts 
with a substantial source of nutrients (2). 

The gutless clam Solemya reidi, which is 

found in reduced sediments near sewage 
outfall zones and pulpmill efluent sites (5), 
contains large numbers of chemolithoauto- 
trophic sulfur bacteria in its gills (6) and has 
a high capacity for aerobic respiration (7); 
nevertheless, the initial steps in sulfide oxi- 
dation occur in the animal compartment of 
the symbiosis, not the bacterial (6). This 
finding led to the present study in which we 
report that mitochondria of gill and (symbi- 
ont-free) foot tissues of S. reidi can use 
sulfide as an inorganic energy source for 
oxidative phosphorylation. Sulfide oxida- 
tion in mitochondria thus protects the aero- 
bic respiration (6) of the clam and allows it 
to exploit, without the direct assistance of 
bacteria, the energy of the sulfide molecule. 
This is the first report known to us of an 
animal that can use an inorganic energy 
source directly. 

To characterize the mitochondria of S. 
reidi, we first examined their ability to use 
substrates previously reported for marine 

invertebrate mitochondria (8). With succi- 
\ ,  

nate and malate as substrates, mitochondria 
from both tissues respired at rates similar to 
those re~orted for mitochondria from other 
marine invertebrates (a), and showed typical 
mitochondria1 acceptor control [stimulation 
of oxygen consumption by adenosine di- 
phosphate (ADP)] (Fig. 1 and Table 1). 
Acceptor control, a widely used indicator of 
the intactness of mitochondria (9), is de- 
fined as the rate of oxygen consumption 
when ADP is present divided by the rate 
when ADP has been consumed. High accep- 
tor control ratios are indicative o f  intax 
mitochondria. Our value of 2.5 with succi- 
nate as the substrate is in the range reported 
for marine invertebrates (a), which is lower 
than values common for vertebrates (9). 

The addition of 20 p l 4  sulfide (10) as the 
sole substrate to mitochondria isolated from 
gill and foot resulted in oxygen consump- 
tion and in acceptor control (Fig. 1 and 
Table 1). Control experiments without sub- 
strates added showed no acceptor control. 
and control experiments without mitochon- 
dria present showed no consumption of 
oxygen when concentrations of 20 or 50 

sulfide were added to the system. No 
oxygen consumption was observed with 
thiosulfate or suffite (sulfur compounds 
more oxidized than sulfide) as substrates. 
The acceptor control value of 1.8 for sulfide 
was slightly higher than the value of 1.7 
reported for ascorbate plus tetrarnethyl- 
phenylenediamine (1 1 ), which, like sulfide, 
are coupled through site I11 (see below). 

Marine Biology Research Division, A-002, Scripps Insti- 
tution of Oceanography, University of California, San 
Diego, La Jolla, CA 92093. 
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Table 1. Oxygen consumption expressed as mean t SD (number of samples). State 3 is the rate when 
ADP is present, state 4 is the rate when all ADP has been phosphorylated. For inhibitors and uncoupler, 
+ means >SO% inhibition or uncoupling, and - means <20%, blank means not determined. 
Abbreviations: R, rotenone; A, antimycin A; C, cyanide; and D, DNP. 

Oxygen consumption (nmol 0 min-' mg-') Inhibitors and 
uncoupler 

Tis- Sub- State 3 State 4 Acceptor 
sue strate control ratio R A C D  

Gill Succinate 13.9 t 2.9 (8) 5.5 t 1.2 (8) 2.64 t 0.88 (8) - + + + 
Sulfide 8.4 t 2.4 (7) 4.7 t 1.3 (7) 1.84 t 0.14 (7) - + +  
Malate 5.9 * 0.2 (3) 2.7 t 0.3 (3) 2.14 t 0.08 (3) + 

Foot Succinate 24.3 t 3.6 (3) 10.2 t 1.0 (3) 2.40 t 0.56 (3) + 
Sulfide 19.4 * 4.6 (4) 11.1 + 2.1 (4) 1.75 t 0.20 (4) + 

The rates of oxygen consumption observed 
with sulfide as the substrate were higher 
than with all other substrates tested except 
succinate. Substrates tested but not shown 
were glutamate, citrate, pymvate, proline, 
and glutamate plus pymvate. These sub- 
strates yielded low rates of oxygen consump- 
tion (less than 20% of the rate found with 
succinate). 

The use of sulfide as a substrate required 
special precautions: above 20 pJ4, sulfide 
reversibly inhibited oxygen consumption. 
To initiate oxygen consumption, we added 
20 pJ4 sulfide, which was consumed very 

Fig. 1. Oxygen consumption by mitochondria 
isolated from gill and foot of S. reidi. Tracings 
show the decrease in the oxygen concentration of 
the medium as a function of time. The slopes used 
for calculation of the acceptor control ratio are 
shown (dashed lines). The slope labeled 3 was the 
state 3 oxygen consumption rate (ADP present), 
and the slope labeled 4 was the state 4 oxygen 
consumption rate (after all ADP was phosphot-y- 
lated to ATP). Mitochondria were prepared by a 
modification of the procedures described in (8). 
The optimum isolation buffer was 0.5M sucrose, 
0.15M KCI, 20 mM Hepes (pH 7.4), 0.5 mM 
EGTA, and 0.5% defatted bovine serum albumin 
(BSA). Centrifugation procedures were: (run 1) 
10 minutes at 10008; (runs 2 and 3) 10 minutes 
at 90008. Run 3 was omitted from some foot 
mitochondria preparations if the pellet was small 
after run 2. The following factors decreased the 
acceptor control ratio: decreased or increased 
sucrose or KC1 concentrations, omission of 
EGTA, or omission of BSA. Oxygen consurnp- 
tion was assayed with a Clark-type oxygen elec- 
trode as described in (9 ) ,  with modifications 
described in the text for use with sulfide. The 
optimal assay medium was 0.5M glycine, 0.15M 
KCI, 20 mM K2HP04, 1 mM MgC12, pH 7.4. 
The reaction volume was 0.5 ml. Gill m~tochon- 
dria. (A) Additions were 20 phi sulfide plus 20 
nmol of ADP. Sulfide was added so that the total 
sulfide concentration (10) never exceeded 20 )*M; 
1.43 mg of mitochondrial protein was used. (B) 
Additions were 5 mM succinate, 50 nmol of 
ADP, 100 nmol of ADP (excess), 20 4 sulfide, 
1 mM sodium cyanide, 1.12 mg of mitochondrial 
protein. Foot mitochondria. (C) Additions were 
20 pT4 sulfide, 20 nmol of ADP. Mitochondrial 
protein, 0.24 mg. (D) Additions were 5 mM 
succinate, 50 nmol of ADP (first addition) and 
100 nmol of ADP (second addition). Mitochon- 
drial protein, 0.24 mg. 

rapidly (Fig. 1, A and C). Subsequent 20 
pJ4 additions were made only after the 
initial sulfide was consumed. Because multi- 
ple additions of sulfide were required, accep- 
tor control was measured by comparing 
oxygen consumption rates when sulfide was 
added just after ADP was added with rates 
measured when sulfide was added after the 
ADP had been consumed (Fig. 1, A and C). 
When sulfide was consumed, no oxygen 
consumption was observed unless more sul- 
fide or another substrate was added (Fig. 1, 
A and C). 

Ratios of ADP phosphorylated to oxygen 

consumed (Pi0  ratio) observed with succi- 
nate as the substrate were 1.72 k 0.24 (SD, 
n = 7). P i 0  ratios for mitochondria with 
sulfide as the substrate were 0.76 L 0.21 
(n = 6). This finding suggests that coupling 
of sulfide-based electron transport to oxida- 
tive phosphorylation was only through site 
I11 of the electron transport chain (the cyto- 
chrome c oxidase site) (1 1 ) . 

Inhibitor studies also indicated a site I11 
coupling of sulfide oxidation (Table 1) (12), 
although the redox potential of sulfide sug- 
gests that coupling through sites I1 and I11 
would be possible in theory (10). The site 
I11 inhibitor cyanide blocked both sulfide- 
and succinate-dependent oxygen consump- 
tion; the site I1 (cytochrome 6) inhibitor 
antimycin A did not block sulfide-depen- 
dent oxygen consumption, but did block 
succinate oxidation; and the site I (NADH 
oxidase) inhibitor rotenone had no effect on 
sulfide or succinate oxidation, but did block 
malate oxidation. Succinate oxidation by 
mitochondria from marine invertebrates is 
coupled through sites I1 and 111, while 
malate oxidation is coupled through sites 
I, 11, and I11 (8). The mitochondrial uncou- 
pler 2,4-dinitrophenol (DNP) stimulated 
oxygen consumption with both succinate 
and sulfide as substrates to state 3 levels 
(those found with ADP present) in the 
absence of ADP. This finding is characteris- 
tic of mitochondrial oxidative phosphoryl- 
ation (12). 

To determine if the oxidation of sulfide 
was coupled to adenosine triphosphate 
(ATP) synthesis, we measured the produc- 
tion of ATP by mitochondria with a contin- 
uous assay system involving a hexokinase 
trap of the ATP produced (13). Sulfide, 
succinate, and malate all stimulated ATP 
synthesis (Fig. 2 and Table 2). Control 
experiments with no added substrate or with 
no coupling enzymes showed no ATP pro- 
duction. Thiosulfate or sulfite did not serve 
as substrates for ATP production. Twenty 
micromolar sulfide produced the maximal 
rates of ATP production, as well as maximal 
oxygen consumption; ATP formation was 
reversibly inhibited by sulfide levels above 
20 pJ4. The ratio of sulfide added to ATP 
produced ranged from 0.5 to 1.2. Thus, 
electron transport from sulfide oxidation 
probably generated a single ATP per sulfide 
oxidized. 

The effects of the inhibitors cyanide, rote- 
none, antimycin A, and DNP on ATP pro- 
duction (Table 2) paralleled the results 
found for oxygen consumption (Table 1): 
cyanide completely inhibited ATP produc- 
tion from sulfide, antimycin A inhibited 
ATP production from succinate, and rote- 
none had no effect on ATP production from 
succinate, but blocked ATP production 
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from malate. DNP prevented ATP produc- 
tion from both succinate and sulfide. These 
findings support the hypothesis that sulfide 
oxidation is coupled to oxidative phospho- 
rylation only through site I11 of electron 
transport. 

To test the possibility that sulfide could 
be used as a substrate by mitochondria from 
animals that do not encounter high environ- 
mental sulfide concentrations, we isolated 
and examined mitochondria from rat liver 
(14). In the presence of 20 pkf sulfide, rat 
liver mitochondria did not exhibit acceptor 
control or ATP production. Moreover, with 
succinate as substrate, ATP production was 
completely inhibited by 20 pkf sulfide. In 
the absence of sulfide, with succinate as 
substrate, these mitochondria exhibited ac- 
ceptor control and synthesized ATP. Thus, 
the sulfide oxidation system in Solemya mito- 
chondria produced ATP and protected cyto- 
chrome c oxidase against sulfide levels that 
inhibited rat liver mitochondria. 

The findings with mitochondria from rat 
liver show that the oxidation of sulfide 
observed with mitochondria from Solemya 
was not merely a consequence of nonenzy- 
matic, sulfide-linked reduction of cyto- 
chrome c, but rather was due to a specific 
sulfide oxidase enzyme that is linked to the 
electron transport chain (probably through 
cytochrome c). Studies of partially purified 
(15) sulfide oxidase from Solemya gill indi- 
cate the presence of a mitochondrial enzyme 
hct ioning as a sulfide: cytochrome c oxido- 
reductase. Ten micromolar sulfide slowly 
reduced purified horse cytochrome c, but 
the addition of sulfide oxidase-containing 
mitochondrial fractions (10 kg of protein) 
stimulated cytochrome c reduction approxi- 
mately fourfold. These findings are similar 
to those reported for a protein isolated from 

Table 2. ATP formation expressed as mean r SD 
(number of samples). For inhibitors and uncou- 
pler, + means >80% inhibition or uncoupling, - 
means <20%, blank means not determined. Ab- 
breviations: R, rotenone; A, antimycin; C, cya- 
nide; and D, DNP. 

ATP formation Inhibitors 
(nmol ATP min-' mg and 

protein-') uncoupler 

ATP 
Sub- forma- R A c D sue strate tion 

Gill Succinate 16.9 r - + + 
2.0 (8) 

Sulfide 4.46 r+_ + + 
0.44 (3) 

Malate 8.56 (1) + 

Foot Succinate 17.9 (1) + 
Sulfide 8.94 + + t  

0.95 (3) 

Fig. 2. ATP formation from mito- 
m 
0 

chondria isolated from gill and foot 
of S. reidi. ATP formation was as- Gill mitochondria 
sayed as described in (14). The 
ATP produced was used by hexoki- 
nase to produce glucose-6-phos- 20 UM 

phate (G-6-P) from glucose. Glu- A f - 4 min 

cose-&phosphate dehydrogenase 
(G-6-PDH) then used G-6-P as 
substrate and reduced nicothamide ; 
adenine dinucleotide phosphate 2 0 

INADP) to NADPH. Increase in VI I  

NADPH was monitored photo- 
metrically at 340 nm. The assay 
contamed 0.5M glycine, 0 . 1 W  
KCI, 20 mM K2HP04, 1 mM 
MgC12, 2 units of G-6-PDH, 7 
units of hexokinase, 10 mM glu- 
cose, 1 mM NADP, and 100 pJ4 

F o o t  m ~ t o c h o n d r l a  

ADP. Reaction volume was 1 rnl. Gill mitochondria. (A) Additions were 5 mM succinate and 1 mM 
cyanide. Mitochondrial protein, 0.79 mg. (B) Additions were 5 mM malate, 100 p& rotenone, and 
0.84 mg of mitochondrial protein. Foot mitochondria. (C and D) Additions were 20 p& sulfide, 1 mM 
cyanide, and 200 (IJM DNP. Mitochondrial protein, 0.58 mg. 

a phototrophic sulfide-oxidizing bacterium 
(16). 

Several lines of evidence indicate that the 
production of ATP with sulfide as the sub- 
strate was due to the activity of mitochon- 
dria, not to bacterial contaminants. (i) No 
bacterial endosymbionts occur in foot tissue 
( 4 ,  yet sulfide-driven ATP synthesis was as 
evident as in mitochondria from the symbi- 
ont-containing gills. (ii) The finding of ac- 
ceptor control with sulfide as the added 
substrate is strong evidence for mitochon- 
drial ATP production. Bacterial oxygen con- 
sumption has been reported not to exhibit 
acceptor control (17), while this control is 
characteristic of intact mitochondria. (iii) 
Fractions enriched in bacteria from Solemya 
gills (18) did not exhibit acceptor control or 
ATP production with sulfide as the sub- 
strate. (iv) Our assay for monitoring ATP 
production detected only the ATP released 
into the assay medium; mitochondria are 
known to export ATP (19), but bacteria do 
not (17).  

\ ,  

Our findings suggest that mitochondrial 
oxidation of sulfide in gill and foot tissue of 
Solemya may play two physiologically impor- 
tant roles, the detoxification of sulfide and 
the exploitation of the molecule's energy for 
driving ATP synthesis. Thus, sulfide-oxidiz- 
ing systems in mitochondria not only can rid 
the cell of a highly toxic molecule, sulfide, 
but also can couple the energy released 
during sulfide oxidation to ATP production. 
Although the contribution of sulfide oxida- 
tion to the ATP requirements of Solemya 
cannot yet be quantified, it might be esti- 
mated through simultaneous measurements 
of sulfide and oxygen consumption by the 
whole animal 

The broader significance of mitochondrial 
sulfide oxidation in animals from sulfide- 
rich environments merits investigation. Sug- 

gestions of the occurrence of this type of 
metabolism are found in several studies 
(20). For example, sulfide oxidation by 
meiofaunal invertebrates that lack bacterial 
endosymbionts has been reported; however, 
it has been viewed solely in the context of 
detoxification, and the roles of mitochondri- 
a1 ATP synthesis have not been considered. 
Our findings suggest that, in addition to its 
exploitation by free-living and symbiotic 
sulfur bacteria, sulfide may be exploited and 
detoxified directly by marine invertebrates 
inhabiting sulfide-rich environments. 
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A Macrophage-Derived Factor Required by 
Plasmacytomas for Survival and Proliferation in Vitro 

Plasmacytoma (PCT) cell lines dependent for proliferation and survival on a factor 
elaborated by the murine macrophage cell line, P388D1, were established in vitro. 
Adherent peritoneal cells induced by pristane produced 50-fold greater amounts of 
this activity in vitro than did resident cells. The molecules responsible for plasmacy- 
toma growth were distinct from a number of characterized factors including interleu- 
kin- 1, -2, and -3, macrophage colony-stimulating factor, B-cell stirnulatory factor-1, 
B-cell growth factor 11, epidermal growth factor, transforming growth factor- p, and 
y- and @-interferon, none of which were able to support the growth of the factor- 
dependent PCT cell lines. These results suggest that PCT growth factor may be a novel 
factor that has not been previously characterized and, further, that its production is 
associated with the pristane-induced, chronic peritoneal inflammatory response that 
precedes plasmacytoma formation. 

P LASMACYTOMAS (PCT'S) ARE IN- 

duced in a high percentage of BALBi 
cAnPt mice after intraperitoneal in- 

jection of mineral oil or pristane (1). The 
intraperitoneal oil evokes the formation of a 
chronic granulomatous tissue on peritoneal 
surfaces that consists primarily of macro- 
phages and neutrophils. Plasmacytomas 
arise exclusively in the granulomatous tissue, 
which suggests that their growth depends 
on microenvironmental influences provided 
by the inflammatory cells (2). Factors in- 
volved in this process in vivo have not been 
identified; however, Namba and Hanaoka 
(3) reported a 50-kD protein, produced by 
an adherent phagocytic cell line, which was 
required by the MOPC 104E PCT cell line 
for growth in vitro. This factor relieved a 
block in the GI phase of the cell cycle. Also, 
Metcalf (4) demonstrated that cells from 
several in vivo PCT's proliferated in soft 
agar if the cultures were supplemented with 
mouse serum or with normal or mineral oil- 
stimulated peritoneal cells. Recently, Corbel 
and Melchers ( 5 )  reported that supernatant 
from the P388D1 macrophage cell line sup- 
ported the growth of several PCT's in vitro. 
Aarden e t  al. (6) described a human mono- 
cyte-derived "hybridoma growth factoi' 
that is required for the growth of a murine 
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B-cell hybridoma. To further characterize 
factors that may be necessary for PCT 
growth, we have established several new 
factor-dependent PCT cell lines in vitro. 
This adaptation requires the addition of 
supernatant derived from unstimulated rat 
spleen cells (RSS) or from the macrophage 
cell line P388D1. We report here the initial 

characterization of plasmacytoma growth 
factors (PCT-GF) produced by P388D1 
cells that are clearly distinguishable from 
other previously described growth factors. 

The TEPC 2027 and TEPC 1165 PCT's 
were induced and serially transplanted as 
ascites tumors in pristane-conditioned 
BALBicAnPt mice. Establishment of the 
T2027tc cell line was accomplished with 
medium supplemented with 50% RSS pro- 
duced by culturing 5 x lo6 rat spleen cells 
per milliliter for 24 hours in RPMI 1640 
supplemented with 1% fetal calf serum 
(FCS). A search for more defined sources of 
PCT-GF activity led us to the P388D1 cell 
line. When newly confluent monolayers of 
P388D1 cells (1 x lo6 cells per milliliter, 
50 ml per 150-cm2 flask) were cultured for 5 
days in fresh RPMI 1640 and 0% or 1% 
FCS, PCT-GF activity was found in the 
low-serum supernatant (P388D1 LSSN) 
(Fig. 1). The T1165tc cell line was estab- 
lished in vitro by using 5 to 10% P388D1 
LSSN as the source of PCT-GF activity. The 
T1165tc and T2027tc primary cultures were 
started at densities ranging from 1 x 10' to 
5 x lo5 PCT cells per milliliter in medium 

Table 1. PCT-GF activlty found In characterued factors and supernatants. 

Factor or supernatant Amount tested PCT-GF activity (Ulml) 

per milliliter T1165tc T2027tc 

Pure factors 
IL- 1, human 
rIL-2, human 
IL-3, mouse 
BSF-1, mouse 
EGF, mouse 
TGF-P, human, with 2.5 ng of EGF 
y-IFN, mouse 
P-IFN, mouse 
C3b, human 

Partially purified factors 
BCGF-11, mouse 
Macrophage-CSF, mouse 
Thpmosin F5, bovine 

Supernatants 
P388D1 LSSN 
Resident APC-SN, BALBlcAnPt 
Pristane-induced APC-SN, 

BALBIcAnPt 
Other reagents 

Con A 
LPS 
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