
conditions the DNA should be half dena- 
tured at about 72?C (13). Thus, the pri- 
mary cause of thermal death in T. acid- 

ophilum could be DNA denaturation, 
which is not usual with other thermophil- 
ic organisms (14). Nevertheless, our cul- 
tures have remained viable even after 
having been heated up to 80?C, provid- 
ing they were then returned to the cul- 
ture temperature of 59?C. In contrast, at 
a constant temperature higher than 60?C 
it is difficult to obtain growth (1). Sec- 
ondly, another natural situation where 
the protective effect of the histone-like 
protein could be important is during peri- 
ods of osmotic shock in fresh water that 
might occur during a rainstorm or during 
dispersal to a new environment. Thermo- 
plasma acidophilum lacks a cell wall, 
and, under normal conditions, is in os- 
motic equilibrium with its environment 
(7). Nevertheless, it can withstand sus- 
pension in distilled water and remain 
viable (1), apparently by releasing intra- 
cellular potassium ions and other small 
solutes. Similar mechanisms have been 
described in other prokaryotes (15). 
Since very low ionic concentrations 
destabilize DNA (13), the histone should 
also help protect the DNA when the 
organism is subjected to osmotic shock. 
This protein can be of significant sur- 
vival value to T. acidophilum, and a 
similar function might have accounted 
for the original evolution of eukaryotic 
histones (16). 
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Adrenocorticotropin (ACTH) and /3- 
lipotropin (J3-LPH) are derived from a 
common precursor glycoprotein mole- 
cule (1) of approximately 31,000 daltons, 
and fi-LPH may be an obligatory inter- 
mediate for the synthesis of /-endorphin 
(2). Immunocytochemical studies have 
demonstrated the presence of ACTH and 
3,-LPH or /3-endorphin (or both) in the 
same pituitary cells (3). The major opioid 
peptide of rat pituitary extracts is f3- 
endorphin (4), and concentrations of this 

peptide rise in the plasma during acute 
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stress. However, others have reported a 
higher content of f3-LPH than of f8-en- 
dorphin in rat anterior pituitary (5), and 
we have previously reported that /3-LPH 
is the major opioid (6) peptide in human 
and rat anterior pituitary (7). 

We now report that ,8-LPH is the ma- 
jor opioid peptide in normal human 
plasma. However, 8/-endorphin is pres- 
ent in high concentration in the plasma of 
patients with abnormal ratios of ACTH 
to /-LPH. 

We measured 8/-endorphin (8) and 3- 
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endorphin 2.5 fmole. Hence, if ,-endorphin were present it would comprise less than 6 percent 
of the /3-LPH activity. 

0036-8075/78/1013-0221$00.50/0 Copyright ? 1978 AAAS 221 

\b 3-LPH 3-EP Vo 3-LPH r-EP Fig. 1. Sephadex G-50 gel fil- 
l 4 1 I I 1 tration of human plasma ex- 

s50 50 tracts from (A) normal sub- 
';\ A B jects at baseline conditions 
E \ A j (110-ml pool); (B) normal sub- E 

| / \ / 1 jects at time of peak /3-LPH 
~~I?~~~ If \ |I~\ Ilevels after vasopressin ad- 

>^~~~ I~~~ I L1 / \ ~ ministration (30 to 60 minutes; 
. 25 25 50 ml); (C) a patient with 

u t \ C \ Cushing's disease associated 

o / \ I \ with macroscopic pituitary tu- 
1 mor; and (D) a patient with 

E o VO_O--o_-oO 
?' -0o-o-0-o- Nelson's syndrome. Method 

E-'"~~~~~~~ ~~~of quantification of immuno- 
-.- .-.' .-.- . . . . . reactivity is described in the 

18 24 30 36 42 18 24 30 36 42 legend to Table 1. Arrows in- 
dicate the void volume (V0) 

o Vo -LPH -EP o -LPH EP (bromophenol blue-bovine 
E 200 i i 400 I serum albumin), and the elu- 

E c D tion volume peaks of 125I-la- 
. I \ beled human /-LPH and 125I- 

2\ : \ labeled human /3-endorphin 
? I\ I 1 (f3-EP). Immunoreactivity is 

t 100 200 expressed as femtomoles per 
o5~ ,~ \ A A\~ / X\ ~ ~fraction. The limits of detec- 

c I \ 1 e / \ / \ tion for /-endorphin activity in 
E \ (A) and (B) was 9 fmole per 

E~~ . * *~~ / -Y~ ~fraction and is indicated by 
18 24 30 36 42 18 24 30 36 42 the open circles. Fractions 

Fraction Numbr 
30 

that eluted in the area of the 
synthetic f-endorphin marker 

were pooled and assayed for /3-endorphin activity, making the effective detection limit for /3- 
endorphin 2.5 fmole. Hence, if ,-endorphin were present it would comprise less than 6 percent 
of the /3-LPH activity. 

0036-8075/78/1013-0221$00.50/0 Copyright ? 1978 AAAS 221 



LPH (7, 9) by radioimmunoassay. Plas- 
ma samples were obtained from normal 
subjects under baseline conditions and 
after vasopressin stimulation and from 
patients with Nelson's syndrome, Ad- 
dison's disease, and Cushing's disease 
(secondary to macroscopic pituitary tu- 
mor). Both peptides were extracted from 
the plasma (9). The recovery of added 8- 
endorphin and f,-LPH to 2 ml of plasma 
was 70 to 80 percent. Extraction efficien- 
cy was independent of peptide concen- 
tration over the range of 3000 to 12,000 
fmole/ml for both peptides. Concentra- 
tions less than 3 fmole/ml could also be 
successfully extracted, albeit at reduced 
efficiency (52 to 61 percent for 1 fmole/ 
ml). The 31,000 molecular weight pre- 
cursor, also called pro-opiocortin, has al- 
so been quantitatively extracted from 
human pituitary glands and ectopic 
ACTH-producing tumors by this tech- 
nique. 

Extracts were subjected to gel filtra- 
tion on a Sephadex G-50 fine column (1 
by 50 cm) and eluted (10). Total immuno- 
reactivity of extracts before gel filtration 
and column immunoreactivity were de- 
termined by utilizing antiserum to 3- 

endorphin (Table 1). 
After gel filtration, extracts from nor- 

mal subjects taken under both baseline 
conditions and after vasopressin exhib- 
ited only one peak of immunoreactivity 
(Fig. 1, A and B), which eluted with 125- 
labeled human 3-LPH. In all cases the 
activity in these peaks was equal to or 
greater than 95 percent of the total im- 

300 
E 
0 

G, 

200 

u 

? 100 

E 

- 150 
- 

E 
o 

F 
I. 100 

.. 

l0 m 
0) 
0 

._ 

c C 

E 
E 

50 

Vo O-LPH 
I 1 

20 30 

20 30 
Fraction Number 

munoreactivity that had bee 
mined on the unchromatogra 
tracts with antiserum to /3-LI 
endorphin activity had been pr 
comprised less than 6 percent o 
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terns (Table 1 and Figs. 1 and 2 
noreactivity in fractions coelu 
125I-labeled /3-endorphin const 
and 34 percent in two patients w 
ing's disease having pituitary 1 

PIEP Fig. 2. Sephadex G-50 gel filtration patterns of 
I human plasma extracts (A) 5 minutes or (B) 30 

minutes after intravenous bolus injection of 
human /3-LPH. Fractions that eluted in the re- 
gion of synthetic human /-endorphin (3-EP) 
were pooled before the assay, making the ef- 
fective detection limit for /3-endorphin 2 fmole. 
If/3-endorphin were present in these chromato- 
graphs, it would constitute less than 2 percent 
of the P-LPH activity. When these filtration 
patterns were assayed with the antiserum to 
,/-LPH, identical peaks (similar Kd and molar 

-o-o-o-0-0oo activity) were detected (data not shown). 
40 

PrEP 
1 percent in a patient with Addison's dis- 

B ease, and 61 and 71 percent in two pa- 
tients with Nelson's syndrome (Fig. 1, C 
and D). No immunoreactive peak was 
detected in the void volume (correspond- 
ing to pro-opiocortin activity) on any of 
our chromatography patterns. 

To see whether peripheral conversion 
of 3-LPH to /3-endorphin occurred in - 0-0-0-0-0-0- 
plasma, we administered 200 /tg of high- 
ly purified natural human 3-LPH intra- 
venously as a bolus to a normal subject. 
Gel filtration of plasma extracts obtained 

:n deter- at 5, 30, 90, and 120 minutes after injec- 
Lphed ex- tion was performed. No measurable con- 
PH. If /- version of 3-LPH to /3-endorphin was 
:esent but observed at any time. Filtration patterns 
f the total of the 5- and 30-minute extracts are 
vould not shown in Fig. 2. Plasma 3-LPH concen- 
: gel pat- trations at 5, 30, 60, 90, and 120 minutes 
1). Immu- were 12.4, 5.9, 1.0, and 0.7 ng/ml, re- 
iting with spectively. 
ituted 23 These results agree with our previous 
4ith Cush- report (7) that demonstrated the absence 
tumor, 57 of significant /-endorphin activity in nor- 

Table 1. Immunoreactive /-lipotropin (3-LHP) and /3-endorphin (j3-EP) concentrations. Three separate pools of plasma were obtained from 
normal subjects under baseline conditions and from each of two studies (with three patients) at the time of peak l/-LPH after vasopressin 
administration. Baseline plasma pools 1 and 2 were each obtained from four normal subjects, while pool 3 was derived from the plasma of a single 
subject, sampled on two successive mornings between 9 and 11 a.m. Single plasma specimens were obtained in patients with endocrine disease. 
Total immunoreactive B-LPH was determined on the unchromatographed extracts with a 3-LPH antiserum that did not cross-react with 3- 
endorphin but did react with y-LPH. Immunoreactivity of gel filtration patterns was determined with the antiserum to /3-endorphin that reacted 
on an equimolar basis with ,3-LPH but not at all with y-LPH. Molar ratios were obtained by summing the activity in the fractions coeluting with 
the appropriate labeled reference peptides. This calculation was justified since recoveries of 3-LPH and /3-endorphin added to the column were 
similar. In all cases the 3-LPH-like activities 
obtained with antiserum to /3-LPH was greater Activity from 
than the values for ,-LPH obtained by gel fil- Sephadex Molar 
tration with antiserum to f3-endorphin. The per- iil i o Plasma G-50 rati 
centage difference for baseline values of normal Clniicalon smplig -LPH column ratL 
subjects between those values was 12.5, 8.3, and (fmole/ml) fmole/ml)?LP 
5.0 percent; after vasopressin administration, ---EP 
they were 26 and 20 percent; for patients with B-LPH /3-EP 
Cushing's disease, the values were 42 and 59 
percent; for the patient with Addison's dis- Normal Baseline 
ease, the value was 177 percent; and for the Pool 1 4.5 4.0 N.D.t 
patients with Nelson's syndrome, the values Pool 2 6.3 5.9 N.D. 
were 242 and 106 percent. The increased ac- Pool 3 4.2 4.0 N.D. 
tivity with the antiserum to f3-LPH was prob- Normal After vasopressin 25.2 20.3 N.D. 
ably due to the presence of NH-termin frag- Normal frag-After vasopressin 38.5 32.1 N.D. 
ments of the /-LPH molecule (for example, y- Cushing's disease Baseline 185.0 130.3 38.9 3.35 
LPH) that reacted with the antibody. When Cushing's disease Baseline 59.1 37.2 19.2 1.94 
the /-LPH and 3-endorphin activities are Addison's disease Baseline 225.0 81.2 108.0 0.75 
summed, the values obtained closely approxi- Nelson's syndrome Baseline 500.0 146.0 356.0 0.41 
mate the total plasma /3-LPH activity (3-LPH Nelson's syndrome Baseline 360.0 138.5 216.0 0.64 
plus y-LPH). The available plasma volume in - -. plus y-LPH). The available plasma v lume in 

*All results are corrected for extraction losses, column recoveries, and volume of plasma extracted and the patients studied was insufficient to further expressed as activity per milliliter of original plasma. tNot detectable. Our limit of detection for a-en- 
characterize this immunoreactive material. dorphin was 0.3 to 0.48 fmole/ml. 
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mal human pituitary, and also agree with 
the report (4) that hyperplastic pituitary 
fragments from a patient with Nelson's 
syndrome simultaneously secreted 
ACTH and /3-endorphin when incubated 
in vitro. Others have suggested (11) that 
,3-LPH is released in significant amounts 
in normal human subjects in response to 
insulin-induced hypoglycemia. We have 
reported that plasma ACTH and /3-LPH 
rise in parallel in response to insulin-in- 
duced hypoglycemia and vasopressin 
stimulation in normal subjects (9). Our 
results support the hypothesis (12) that 
ACTH and /3-LPH are secreted in the in- 
tact form from the pars distalis of normal 
pituitary. These data also suggest that 
there is either no significant peripheral 
conversion in plasma of /3-LPH to /3- 
endorphin in normal subjects or that the 
half-life of plasma /3-endorphin is so rap- 
id as to make its presence undetectable. 
The possibility still remains that periph- 
eral conversion may occur in tissues or 
at receptor sites. 

In patients with pituitary disease 
(Cushing's disease, Nelson's syndrome) 
or excessive ACTH production (Addi- 
son's disease) who manifest both ele- 
vated plasma 3-LPH and /3-endorphin 
concentrations, there may be either in- 
trapituitary or peripheral conversion of 
/3-LPH to /3-endorphin. Intrapituitary 
conversion is supported by the study of 
Guillemin et al. (4). The half-life of hu- 
man /3-endorphin is longer than that of 
human /3-LPH in the rat (13). If similar 
findings apply to the human, in condi- 
tions where increased chronic secretion 
of ,8-LPH occurs, the apparent rate of 
conversion of /3-LPH to 3-endorphin at 
unknown sites in these endocrine pathol- 
ogies would be overestimated, and de- 
tectable plasma endorphin concentra- 
tions might be expected. 

The physiological role of secreted /3- 
LPH in the human is not known, nor is 
the role of,/-endorphin in states of addic- 
tion and psychiatric disease (14). Wheth- 
er stresses other than those we have test- 
ed can be associated with increased 
plasma /3-endorphin concentrations in 
the human has not been yet investigated. 
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in normal human subjects in response to 
insulin-induced hypoglycemia. We have 
reported that plasma ACTH and /3-LPH 
rise in parallel in response to insulin-in- 
duced hypoglycemia and vasopressin 
stimulation in normal subjects (9). Our 
results support the hypothesis (12) that 
ACTH and /3-LPH are secreted in the in- 
tact form from the pars distalis of normal 
pituitary. These data also suggest that 
there is either no significant peripheral 
conversion in plasma of /3-LPH to /3- 
endorphin in normal subjects or that the 
half-life of plasma /3-endorphin is so rap- 
id as to make its presence undetectable. 
The possibility still remains that periph- 
eral conversion may occur in tissues or 
at receptor sites. 

In patients with pituitary disease 
(Cushing's disease, Nelson's syndrome) 
or excessive ACTH production (Addi- 
son's disease) who manifest both ele- 
vated plasma 3-LPH and /3-endorphin 
concentrations, there may be either in- 
trapituitary or peripheral conversion of 
/3-LPH to /3-endorphin. Intrapituitary 
conversion is supported by the study of 
Guillemin et al. (4). The half-life of hu- 
man /3-endorphin is longer than that of 
human /3-LPH in the rat (13). If similar 
findings apply to the human, in condi- 
tions where increased chronic secretion 
of ,8-LPH occurs, the apparent rate of 
conversion of /3-LPH to 3-endorphin at 
unknown sites in these endocrine pathol- 
ogies would be overestimated, and de- 
tectable plasma endorphin concentra- 
tions might be expected. 

The physiological role of secreted /3- 
LPH in the human is not known, nor is 
the role of,/-endorphin in states of addic- 
tion and psychiatric disease (14). Wheth- 
er stresses other than those we have test- 
ed can be associated with increased 
plasma /3-endorphin concentrations in 
the human has not been yet investigated. 

TOSHIHIRO SUDA* 
ANTHONY S. LIOTTA 

DOROTHY T. KRIEGER 
Division of Endocrinology, Department 
of Medicine, Mount Sinai School 
of Medicine, New York 10029 

References and Notes 

1. R. E. Mains, B. A. Eipper, N. Ling, Proc. Natl. 
Acad. Sci. U.S.A. 74, 3014 (1977); J. L. Roberts 
and E. Herbert, ibid., pp. 4826 and 5300. 

2. P. Crine, S. Benjannet, N. G. Seidah, M. Lis, 
M. Chretien, ibid., pp. 1403 and 4276; R. E. 
Mains and B. A. Eipper, J. Biol. Chem. 253, 651 
(1978). 

3. F. Bloom, E. Battenberg, J. Rossier, N. Ling, J. 

SCIENCE, VOL. 202, 13 OCTOBER 1978 

1. R. E. Mains, B. A. Eipper, N. Ling, Proc. Natl. 
Acad. Sci. U.S.A. 74, 3014 (1977); J. L. Roberts 
and E. Herbert, ibid., pp. 4826 and 5300. 

2. P. Crine, S. Benjannet, N. G. Seidah, M. Lis, 
M. Chretien, ibid., pp. 1403 and 4276; R. E. 
Mains and B. A. Eipper, J. Biol. Chem. 253, 651 
(1978). 

3. F. Bloom, E. Battenberg, J. Rossier, N. Ling, J. 

SCIENCE, VOL. 202, 13 OCTOBER 1978 

Leppaluoto, T. M. Vargo, R. Guillemin, Life 
Sci. 20, 43 (1977); G. Pelletier, R. LeCleric, F. 
Labrie, J. Cote, M. Chretien, M. Lis, Endocri- 
nology 100, 770 (1977); M. P. Dubois and L. 
Graf, Horm. Metab. Res. 5, 229 (1973). 

4. R. Guillemin, T. Vargo, J. Rossier, S. Minick, 
N. Ling, C. Rivier, W. Vale, F. Bloom, Science 
197, 1367 (1977). We have confirmed the pres- 
ence of a large peak of immunoreactive f3-endor- 
phin-like activity in the plasma of stressed rats, 
activity which coelutes with synthetic human 
f3-endorphin on gel filtration. This peptide may 
be of intermediate lobe origin, since the rat pars 
distalis does not contain significant amounts of 
f8-endorphin (5, 7). 

5. M. Rubinstein et al., Proc. Natl. Acad. Sci. 
U.S.A. 74, 3052 (1977). 

6. In this study we, like others, use the term opioid 
peptide to refer to a peptide (j8-LPH), which 
contains the /8-endorphin or methionine-en- 
kephalin sequence or both. This designation 
does not assume that the entire molecule has 
any intrinsic opioid activity in vivo, or that the 
molecule serves as a precursor for any of the ac- 
tive opioid peptides. 

7. A. S. Liotta, T. Suda, D. T. Krieger, Proc. Natl. 
Acad. Sci. U.S.A., in press. 

8. R. Guillemin, N. Ling, T. Vargo, Biochem. 
Biophys. Res. Commun. 72, 472 (1976). The 
antiserum to fi-endorphin reacts with ,-endor- 
phin, f3-LPH, and the 31,000 molecular weight 
precursor on an equimolar basis. No cross-reac- 
tivity was noted with a-endorphin or with leu- 
cine- or methionine-enkephalin. Synthetic hu- 
man f,-endorphin and highly purified natural hu- 
man ,8-LPH were used for both standards and 
for iodinations. 

9. D. T. Krieger, A. S. Liotta, C. H. Li, Life Sci. 
21, 1771 (1977). Blood samples were collected 
into previously heparinized plastic syringes, 
transferred to polycarbonate tubes, and centri- 
fuged at 6000g, at 4? to 10?C for 20 minutes. N- 

Leppaluoto, T. M. Vargo, R. Guillemin, Life 
Sci. 20, 43 (1977); G. Pelletier, R. LeCleric, F. 
Labrie, J. Cote, M. Chretien, M. Lis, Endocri- 
nology 100, 770 (1977); M. P. Dubois and L. 
Graf, Horm. Metab. Res. 5, 229 (1973). 

4. R. Guillemin, T. Vargo, J. Rossier, S. Minick, 
N. Ling, C. Rivier, W. Vale, F. Bloom, Science 
197, 1367 (1977). We have confirmed the pres- 
ence of a large peak of immunoreactive f3-endor- 
phin-like activity in the plasma of stressed rats, 
activity which coelutes with synthetic human 
f3-endorphin on gel filtration. This peptide may 
be of intermediate lobe origin, since the rat pars 
distalis does not contain significant amounts of 
f8-endorphin (5, 7). 

5. M. Rubinstein et al., Proc. Natl. Acad. Sci. 
U.S.A. 74, 3052 (1977). 

6. In this study we, like others, use the term opioid 
peptide to refer to a peptide (j8-LPH), which 
contains the /8-endorphin or methionine-en- 
kephalin sequence or both. This designation 
does not assume that the entire molecule has 
any intrinsic opioid activity in vivo, or that the 
molecule serves as a precursor for any of the ac- 
tive opioid peptides. 

7. A. S. Liotta, T. Suda, D. T. Krieger, Proc. Natl. 
Acad. Sci. U.S.A., in press. 

8. R. Guillemin, N. Ling, T. Vargo, Biochem. 
Biophys. Res. Commun. 72, 472 (1976). The 
antiserum to fi-endorphin reacts with ,-endor- 
phin, f3-LPH, and the 31,000 molecular weight 
precursor on an equimolar basis. No cross-reac- 
tivity was noted with a-endorphin or with leu- 
cine- or methionine-enkephalin. Synthetic hu- 
man f,-endorphin and highly purified natural hu- 
man ,8-LPH were used for both standards and 
for iodinations. 

9. D. T. Krieger, A. S. Liotta, C. H. Li, Life Sci. 
21, 1771 (1977). Blood samples were collected 
into previously heparinized plastic syringes, 
transferred to polycarbonate tubes, and centri- 
fuged at 6000g, at 4? to 10?C for 20 minutes. N- 

We showed previously that the con- 
sumption for 3 to 11 days of a diet sup- 
plemented with choline chloride (ChCl) 
sequentially increases the concentra- 
tions of serum choline, brain choline, 
and brain acetylcholine (ACh) in rats (1). 
Such precursor-induced changes in brain 
(2) and adrenomedullary (3) ACh con- 
centrations are probably associated with 
parallel alterations in neurotransmitter 
release. That similar increases in brain 
ACh occur after humans ingest choline is 
suggested by choline's utility in treating 
tardive dyskinesia, a brain disease 
thought to be associated with inadequate 
ACh release (4). 

Less than 1 percent of the choline nor- 
mally present in the diet occurs as the 
free base; most of the remainder is in the 
form of lecithin (phosphatidylcholine) 
(5). The metabolic fate of choline con- 
sumed as lecithin apparently differs from 
that of free choline: A major fraction of 
orally ingested choline is rapidly de- 
graded in the human intestine by a bacte- 
rial enzyme to yield trimethylamine (6), a 
compound with a marked fishy odor (7); 
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in contrast, the consumption of choline 
as lecithin does not give subjects the 
fishy odor (8) and causes much greater 
increases in plasma choline, per mole 
consumed, than does ChCl (9). We have 
examined the effects of choline adminis- 
tered as lecithin, its usual form in the 
diet, on serum and tissue choline and 
ACh concentrations in the rat. 

Groups of male Sprague-Dawley rats 
(Charles River) weighing 150 to 250 g 
were acclimated to our facilities for 1 
week prior to experimentation (10) and 
allowed free access to food (Charles Riv- 
er Rat, Mouse, and Hamster Mainte- 
nance Formula) and water, except as 
noted. In experiments on the effects of 
single meals containing lecithin, rats 
were fasted overnight, and the following 
morning they were allowed free access 
to the experimental diet for 2 hours. 
They were killed 3, 6, or 10 hours after 
presentation of the food. Groups of fast- 
ing control rats were killed at 0 hour 
(when the meal began). In the 3-day 
study, rats consumed all of their daily 
food intake within a 3-hour period begin- 
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