
gans that secrete proteins (pituitary, 
pancreas, thyroid, thymus, liver, and 
salivary gland) was incubated under 
conditions identical to the parathyroid 
incubation, less than 0.5 percent of 
the radioactive protein in the medium 
had the electrophoretic mobility of 
PSP. If PSP is unique to the parathy- 
roid gland, it may be the basis of a 
new assay for parathyroid gland activ- 
ity. Since PSP is a large protein, it is 
likely to be highly immunogenic. A 
radioimmunoassay for PSP might be 
developed to complement that for 
PTH, a situation analogous to the sensi- 
tive radioimmunoassay for neurophysin 
which measures the secretory activity 
of the posterior pituitary gland (19). 
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Polycyclic aromatic hydrocarbons 
(PAH's), which cause cancer in ex- 
perimental animals, are found in the 
atmosphere, waterways and oceans, 
soil, marine life, and in the food chain. 
Sources of these pollutants include emis- 
sions from transportation, heat and 
power generation, refuse burning, in- 
dustrial processes, and oil spills (1). 
Mammals and many lower organisms 
metabolize polycyclic hydrocarbons, 
primarily by enzymatic oxygenation, 

Table 1. High-pressure liquid chromatograph- 
ic separation of benzo[a]pyrene metabolites. 
The following are abbreviations used: BP, 
Benzo[a]pyrene; 9,10-diol, 9,10-dihydro-9,10- 
dihydroxybenzo[a]pyrene; 7,8-diol, 7,8-dihy- 
dro-7,8-dihydroxybenzo[a]pyrene; 4,5-diol, 4,5- 
dihydro-4,5-dihydroxybenzo[a]pyrene; 3-OH, 
3-hydroxybenzo[a]pyrene; 9-OH, 9-hydroxy- 
benzo[a]pyrene; 1,6-quinone, Benzo[a]pyrene- 
1,6-dione; 3,6-quinone, benzo[a]pyrene-3,6- 
dione; 6,12-quinone, benzo[a]pyrene-6,12-dione. 

Retention 
Metabolite time MW* 

(min) 

9,1 0-diol-BP 8.5 286 

4,5-diol-BP 15.5 286 
7,8-diol-BP 18.0 286 

1,6-quinone-BP 25.5 282 

3,6-quinone-BP 26.0 282 

6,12-quinone-BPt 28.0 
9-OH 35.0 268 
3-OH 37.0 268 
BP 48.0 252 

* Molecular weight (MW) determinations were 
performed on a Jeol JMS-01SG-2 at 70 electron 
volts, with a solid probe; the temperature ranged 
from 90? to 150?C. t Insufficient material for 
complete analysis, and therefore tentative. 

Polycyclic aromatic hydrocarbons 
(PAH's), which cause cancer in ex- 
perimental animals, are found in the 
atmosphere, waterways and oceans, 
soil, marine life, and in the food chain. 
Sources of these pollutants include emis- 
sions from transportation, heat and 
power generation, refuse burning, in- 
dustrial processes, and oil spills (1). 
Mammals and many lower organisms 
metabolize polycyclic hydrocarbons, 
primarily by enzymatic oxygenation, 

Table 1. High-pressure liquid chromatograph- 
ic separation of benzo[a]pyrene metabolites. 
The following are abbreviations used: BP, 
Benzo[a]pyrene; 9,10-diol, 9,10-dihydro-9,10- 
dihydroxybenzo[a]pyrene; 7,8-diol, 7,8-dihy- 
dro-7,8-dihydroxybenzo[a]pyrene; 4,5-diol, 4,5- 
dihydro-4,5-dihydroxybenzo[a]pyrene; 3-OH, 
3-hydroxybenzo[a]pyrene; 9-OH, 9-hydroxy- 
benzo[a]pyrene; 1,6-quinone, Benzo[a]pyrene- 
1,6-dione; 3,6-quinone, benzo[a]pyrene-3,6- 
dione; 6,12-quinone, benzo[a]pyrene-6,12-dione. 

Retention 
Metabolite time MW* 

(min) 

9,1 0-diol-BP 8.5 286 

4,5-diol-BP 15.5 286 
7,8-diol-BP 18.0 286 

1,6-quinone-BP 25.5 282 

3,6-quinone-BP 26.0 282 

6,12-quinone-BPt 28.0 
9-OH 35.0 268 
3-OH 37.0 268 
BP 48.0 252 

* Molecular weight (MW) determinations were 
performed on a Jeol JMS-01SG-2 at 70 electron 
volts, with a solid probe; the temperature ranged 
from 90? to 150?C. t Insufficient material for 
complete analysis, and therefore tentative. 

mann, J. Jacobs, J. T. Potts, Jr., D. V. 
Cohn, Proc. Natl. Acad. Sci. U.S.A., in press. 

19. K. W. Cheng and H. G. Friesen, Endocrinol- 
ogy 88, 608 (1971); M. J. Martin, T. Chard, 
J. Landon, J. Endocrinol. 52, 481 (1972). 

20. J. W. Hamilton, F. W. Spierto, R. R. 
MacGregor, D. V. Cohn, J. Biol. Chem. 
246, 3224 (1971). Losses of PTH occur during 
column chromatography at neutral pH, but 
not in the 8M urea solutions containing acetic 
acid or hydrochloric acid which are used in 
polyacrylamide gel electrophoresis. 

21. Supported in part by NIH, NSF, and John 
A. Hartford Foundation grants; by PHS 
research career development award K04A 
M70532-01 to J.F.H.; and by a PHS trainee- 
ship and a fellowship from the Medical 
Foundation and the Charles E. and Carolyn J. 
Adams Trust (Boston) to B.K. 

6 August 1973; revised 12 Novemlber 1973 * 

mann, J. Jacobs, J. T. Potts, Jr., D. V. 
Cohn, Proc. Natl. Acad. Sci. U.S.A., in press. 

19. K. W. Cheng and H. G. Friesen, Endocrinol- 
ogy 88, 608 (1971); M. J. Martin, T. Chard, 
J. Landon, J. Endocrinol. 52, 481 (1972). 

20. J. W. Hamilton, F. W. Spierto, R. R. 
MacGregor, D. V. Cohn, J. Biol. Chem. 
246, 3224 (1971). Losses of PTH occur during 
column chromatography at neutral pH, but 
not in the 8M urea solutions containing acetic 
acid or hydrochloric acid which are used in 
polyacrylamide gel electrophoresis. 

21. Supported in part by NIH, NSF, and John 
A. Hartford Foundation grants; by PHS 
research career development award K04A 
M70532-01 to J.F.H.; and by a PHS trainee- 
ship and a fellowship from the Medical 
Foundation and the Charles E. and Carolyn J. 
Adams Trust (Boston) to B.K. 

6 August 1973; revised 12 Novemlber 1973 * 

a process which converts the hydro- 
carbons into organic solvent-soluble 
polycyclic phenols, dihydrodiols, qui- 
nones, and water-soluble conjugates 
(2, 3). Some of these metabolites are 
formed through epoxide intermediates 
(2). These PAH's are also covalently 
bound to cellular macromolecules (4). 
Oxygenation is primarily catalyzed by 
a microsomal enzyme complex aryl 
hydrocarbon hydroxylase which con- 
tains cytochrome P-450. This enzyme 
complex has a major function in both 
the detoxification of PAH's (5) and 
the activation of some to toxic deriva- 
tives or to active carcinogens (6). In 
order to understand the relation be- 
tween the formation of specific metab- 
olites and the induction of cancer, it 
is necessary to describe for each PAH 
its profile of metabolites and to charac- 
terize the biological activity of each 
product. Thin-layer chromatography or 
column chromatography have been the 
usual methods of separation (3, 7). Al- 
though useful in specific cases, these 
methods are often inadequate. The sep- 
arations are often incomplete; because 
the metabolites are often labile when 
exposed to light and air, they are 
easily destroyed. Gas chromatography 
has been used successfully for the sep- 
aration of the parent PAH, but is in- 
adequate for the hydroxylated metab- 
olites, which are destroyed by pyrolysis 
during the vaporization stage. Recently, 
trimethylsilylation of methylcholan- 
threne metabolites has permitted their 
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Separation by High-Pressure Liquid Chromatography 

Abstract. High-pressure liquid chromatography can separate eight metabolites 
of benzo[a]pyrene formed by rat liver microsomes. This method offers major 
advantages over previous techniques used for the separation of oxygenated poly- 
cyclic aromatic hydrocarbons. 
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prepared from rats that had been 
treated with methylcholanthrene. The 
organic solvent-soluble metabolites 
produced by incubation were extracted, 
concentrated by evaporation, and in- 
jected into the liquid chromatograph. 
The various peaks obtained by liquid 
chromatography were isolated and 
identified by their mass spectra and ul- 
traviolet absorption spectra, and by 
comparison with metabolites isolated 
and characterized by thin-layer chro- 
matography (TLC) (7). 

The distribution of the ultraviolet ab- 
sorption at 254 nm and radioactivity in 

LE I I | - Fig. 1. Separation of metab- 
. 2[0 6,2-quinone] 

B' 
. BP > olites of benzo[a]pyrene. 

tc 15 .,diot 3,6-quinone g9-H Male Sprague-Dawley rats 
la ; E 8dol , r' in . -3 (160 to 180 g) were inject- 

I i 4,5-diolt 
l 

tu onet t'. -ed intraperitoneally with 5 4,5 -. 4~-dio' ? 
:i 5^ %l ii U -f \ A: 

^ mg of 3-methylcholanthrene 
in 0.5 ml of corn oil; 40 

30 B. ] BP hours later the rats were 
25 killed. Liver microsomes 

20 . l were prepared as described 
(7). The metabolites were 

15 formed by incubating rat 
10 - liver microsomes with rH]- 

5 V Y benzo[a]pyrene (specific ac- 
tivity, 70 mc/mmole) or 

10 - [lClbenzo[a]pyrene (21 me/ 
mmole; Amersham/Searle) 

8' 3-0H. ' 
as follows. Each flask con- 

c6 taltained in a total volume of 
1.0 ml: 1 to 2 mg of micro- 

4 somal protein, 0.36 ~mole 
of reduced nicotinamide 

--2 9-OHA 
' adenine dinucleotide phos- 

E --- phate, 3 Aumole of MgCI2, 
." 6 

6 -qnone+ 50 umnole of tris-HCl buffer, 
4. 

2. 3,-quinone pH 7.5, and 100 nmole of 
.2. /2___ 8 benzo[a]pyrene dissolved in 

0? 8g -."---"-J ----~: 0.040 ml of methanol. The 8 E. 
6 - 7,8.-diol flasks were incubated for 30 
64 mmminutes at 37 C under red 

2 |\light illumination, and the 
....~ ............_ 1 reaction was stopped by the 

8 F. 4,5-di. addition of 1.0 ml of ace- 
6 A tone. The mixture was then 

^~2~~~~ 1 \~~~~\ * extracted with 2.0 ml of ethyl 
acetate; five extracts were 

20 I G91;0-diol pooled and dried over 1.0 g 
<K~~~~~~~15 I~~ 

' 
of anhydrous magnesium sul- 
fate, the solvent was evap- 

10 l l orated under vacuum, and 
the residue (metabolites) 

k1~~ ~~ ,^~~~~~~ . ^was dissolved in 0.1 ml of 
1^^8 6t3c 5 '| 48 rmethanol. Isolation and 
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>characterization of the "C- 
labeled metabolites by TLC 

Retention time (minutesi has been described (7). The 
high-pressure liquid chromatography was performed on a high-pressure liquid chroma- 
tograph (Dupont model 830) fitted with a permaphase column (1-m ODS). The 
column was eluted with a reverse phase gradient system, with methanol and water 
(30: 70 initially, and 70: 30 at the end). The gradient rate of change was 3 percent 
per minute; the column temperature was 50?C; the pressure was 350 pounds per square 
inch; flow rate was 0.6 ml/min. The eluate was monitored by ultraviolet absorption 
at 254 nm. Fractions were collected at 20-second intervals, and the radioactivity was 
determined in a Beckman 350 scintillation counter with Aquasol (New England Nu- 
clear) as the counting medium. (A) -, 3H-labeling, measured by 10a disintegrations 
per minute; --- , ultraviolet absorption. (B to G), 14C. 
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Fig. 1A shows eight distinct bands in 
addition to the parent benzo[a]pyrene. 
None of these bands except the benzo- 
[a]pyrene band appeared in the analy- 
sis of unincubated preparations. Figure 
1, B to G, shows the distribution of 
[14Clbenzo[a]pyrene metabolites that 
were isolated by TLC and injected with 
the mixture of [3H]benzo[a]pyrene me- 
tabolites. The ultraviolet absorption 
and 3H-labeling profile in Fig. 1, B to 
G, were identical to those of Fig. IA 
and they have been omitted in order to 
facilitate the reading of the 14,C-labeled 
peaks. As is shown in Fig. 1A, the 
9,10-diol, 4,5-diol, and 7,8-diol are com- 
pletely separated by liquid chromatog- 
raphy, whereas they are often incom- 
pletely resolved when TLC is used. The 
3-OH and 9-OH metabolites are not 
separable by TLC; however, the single 
spot obtained from TLC is separated 
into two distinct peaks by liquid chroma- 
tography !(Fig. 1C). Thus, the two 
phenols are easily distinguishable. The 
1,6- and the 3,6-quinones are com- 
pletely separated from the phenols and 
diols, but not entirely separated from 
each other (Fig. 1D). 'Figure 1A also 
indicates a third quinone not previously 
seen. We have tentatively identified it 
as the 6,12-quinone by co-chromatog- 
raphy with an authentic sample. Table 
1 summarizes the retention times and 
mass spectral data for each of the 
peaks and, together with Fig. 1, indi- 
cates the basis for their identification. 

The method reported above offers an 
important advance in this field and 
should substantially increase the pro- 
gress in this area of research. 

JAMES K. SELKIRK, ROBERT G. CROY 
HARRY V. GELBOIN 

Molecular Carcinogenesis Section, 
Chemistry Branch, National Cancer 
Institute, Bethesda, Maryland 20014 

References and Notes 

1. Anonymous, Particulate Polycyclic Organic 
Matter (National Academy of Sciences, Wash- 
ington, D.C., 1972). 

2. D. M. Jerina, J. W. Daly, B. Witkop, P. 
Zaltman-Nirenberg, S. J. Udenfriend, Bio- 
chemistry 9, 147 (1970); J. K. Selkirk, E. 
Huberman, C. Heidelberger, Biochem. Biophys. 
Res. Commun. 43, 1010 (1971); P. L. Grover, 
A. Hewer, P. Sims, FEBS (Fed. Eur. Biochem. 
Soc.) Lett. 18, 76 (1971). 

3. P. Sims, Biochem. Pharmacol. 16, 613 (1967); 
19, 795 (1970); A. H. Conney, E. C. Miller, 
J. Miller, J. Biol. Chem. 228, 753 (1957); H. L. 
Falk, P. Kotin, S. S. Lee, A. Nathan, J. Natl. 
Cancer Inst. 28, 699 (1962); L. Diamond, C. 
Sardet, G. M. Rothblat, Int. J. Cancer 3, 838 
(1968); E. Huberman, J. K. Selkirk, C. Heidel- 
berger, Cancer Res. 31, 2161 (1971). 

4. P. Brooks and P. D. Lawley, Nature (Lond.) 
202, 781 (1964); C. Heidelberger and M. G. 
Moldenhauer, Cancer Res. 16, 442 (1956); E. C. 
Miller, ibid. 11, 100 (1951); S. A. Lesko, H. D. 
Hoffman, P. 0. P. Ts'o, V. M. Maher, Progress 
in Molecular and Subcellular Biology, F. E. 
Hahn, Ed. (Springer-Verlag, New York, 1971), 

SCIENCE, VOL. 184 

separation by gas chromatography (8). 
We now report that high-pressure 

liquid chromatography is an efficient, 
rapid, and reproducible method for 
the separation of metabolites of benzo- 
[a]pyrene. Benzo[a]pyrene is found 
throughout the environment and is used 
as the prototype for the presence of 
PAH (1). Our results with this tech- 
nique indicate that it will be generally 
useful for the separation of metabolites 
of other PAH's. 

Metabolites of benzo[a]pyrene were 
formed by incubation of i[3H]- or [14C]- 
benzo[a]pyrene with liver microsomes 

,30 -O I 3-NH 

c 

4 



vol. 2, pp. 347-350; T. Kuroki, E. Huberman, 
H. Marquardt, J. K. Selkirk, C. Heidelberger, 
P. L. Grover, P. Sims, Chem.-Biol. Interactions 
4, 389 (1971/1972); A. Borgen, H. Darvey, N. 
Castagnoli, T. T. Crocker, R. E. Rasmussen, 
I. Y. Wang, J. Med. Chem. 16, 502 (1973); 
H. V. Gelboin, Cancer Res. 29, 1272 (1969). 

5. L. W. Wattenberg, Cancer Res. 26, 1520 (1966); 
H. V. Gelboin, Adv. Cancer Res. 10, 1 (1967). 

6. H. V. Gelboin, E. Huberman, L. Sachs, Proc. 
Natl. Acad. Sci. U.S.A. 64, 1188 (1969); H. V. 

vol. 2, pp. 347-350; T. Kuroki, E. Huberman, 
H. Marquardt, J. K. Selkirk, C. Heidelberger, 
P. L. Grover, P. Sims, Chem.-Biol. Interactions 
4, 389 (1971/1972); A. Borgen, H. Darvey, N. 
Castagnoli, T. T. Crocker, R. E. Rasmussen, 
I. Y. Wang, J. Med. Chem. 16, 502 (1973); 
H. V. Gelboin, Cancer Res. 29, 1272 (1969). 

5. L. W. Wattenberg, Cancer Res. 26, 1520 (1966); 
H. V. Gelboin, Adv. Cancer Res. 10, 1 (1967). 

6. H. V. Gelboin, E. Huberman, L. Sachs, Proc. 
Natl. Acad. Sci. U.S.A. 64, 1188 (1969); H. V. 

cytochemical treatments. 

As has been demonstrated for the 
chromosomes of the mouse (1), the 
correspondence among the Feulgen 
banding patterns of human chromo- 
somes (F bands) and those produced 
by other methods in general use- 
quinacrine fluorescence (Q bands) and 
Giemsa chromaticity (G bands)-is 
sufficiently close for pairing and identi- 
fication of F banded chromosomes 
to be made in terms of the standard 
karyotypes and idiogram established for 
the Q and G bands (2). On analysis, 
the correspondence proves to be based 
principally on certain negative regions 
that are constant and so characteristic 
that they have been designated as 
"landmarks" (2). However, there are 
some chromosome segments in the 
complements of both mouse and man 
where the tripartite correspondence 
does not persist. Those regions in the 
chromosomes of man are well defined 
in the Feulgen banded karotype and 
have been identified as heterochromatin 
(3) or highly repetitious DNA, a frac- 
tion that has been found by biochemi- 
cal analysis to display considerable 
heterogeneity with respect to base 
ratios (3, 4). With the parameter of 
DNA density established by the speci- 
ficity and stoichiometry of the Feulgen 
reaction, a study of the instances of 
correspondence and disparity in the 
banding patterns produced by the three 
cytological stains allows for localization 
of different classes of chromatin and 
provides a basis for their cytochemical 
characterization. My observations pro- 
12 APRIL 1974 

cytochemical treatments. 

As has been demonstrated for the 
chromosomes of the mouse (1), the 
correspondence among the Feulgen 
banding patterns of human chromo- 
somes (F bands) and those produced 
by other methods in general use- 
quinacrine fluorescence (Q bands) and 
Giemsa chromaticity (G bands)-is 
sufficiently close for pairing and identi- 
fication of F banded chromosomes 
to be made in terms of the standard 
karyotypes and idiogram established for 
the Q and G bands (2). On analysis, 
the correspondence proves to be based 
principally on certain negative regions 
that are constant and so characteristic 
that they have been designated as 
"landmarks" (2). However, there are 
some chromosome segments in the 
complements of both mouse and man 
where the tripartite correspondence 
does not persist. Those regions in the 
chromosomes of man are well defined 
in the Feulgen banded karotype and 
have been identified as heterochromatin 
(3) or highly repetitious DNA, a frac- 
tion that has been found by biochemi- 
cal analysis to display considerable 
heterogeneity with respect to base 
ratios (3, 4). With the parameter of 
DNA density established by the speci- 
ficity and stoichiometry of the Feulgen 
reaction, a study of the instances of 
correspondence and disparity in the 
banding patterns produced by the three 
cytological stains allows for localization 
of different classes of chromatin and 
provides a basis for their cytochemical 
characterization. My observations pro- 
12 APRIL 1974 

Gelboin, F. J. Wiebel, L. Diamond, Science 
170, 169 (1970); H. V. Gelboin, N. Kinoshita, 
F. J. Wiebel, Fed. Proc. 31, 1298 (1972). 

7. N. Kinoshita, B. Shears, H. V. Gelboin, Cancer 
Res. 33, 1937 (1973). 

8. T. A. Stoming and E. Bresnick, Science 181, 
951 (1973). 

9. We thank Dr. Peter Roller for performing the 
mass spectral analyses of the metabolites. 

28 November 1973 N 

Gelboin, F. J. Wiebel, L. Diamond, Science 
170, 169 (1970); H. V. Gelboin, N. Kinoshita, 
F. J. Wiebel, Fed. Proc. 31, 1298 (1972). 

7. N. Kinoshita, B. Shears, H. V. Gelboin, Cancer 
Res. 33, 1937 (1973). 

8. T. A. Stoming and E. Bresnick, Science 181, 
951 (1973). 

9. We thank Dr. Peter Roller for performing the 
mass spectral analyses of the metabolites. 

28 November 1973 N 

vide support for the hypothesis (1) 
that the mechanism of banding, ana- 

lyzed in terms of the Feulgen method, 
is bimodal. The negative bands are 
those inherently sparse in DNA or 
those from which the DNA has been 
removed by one or several steps of 
the cytochemical procedure, while the 
dark bands result from precipitation 
in situ of a selective group of chro- 
matinic proteins with the consequent 
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condensation of their associated DNA. 

Lymphocytes were harvested after 
3 to 4 days of culture with and with- 
out a 2-hour incubation with Colcemid. 
Chromosome spreads were prepared 
as described (1). Some of each set of 
slides were treated prior to Feulgen 
staining to induce banding (1). Karyo- 
types were assembled from micrographs 
of well-spread metaphase sets of vary- 
ing degrees of compaction. Designation 
of chromosome number was made by 
reference to the standard karyotype 
(2) and to those appearing in original 
publications (5-9). Of the preparations 
obtained from seven series, represent- 
ing four subjects, 40 complete meta- 

phase sets that had been treated for 

banding were analyzed for the presence 
of the characteristic negative bands. 
Those included preparations that had 
been treated with Colcemid and prepa- 
rations not treated with Colcemid, with 
values for total length of the chromo- 
some complement ranging from 163 to 
335 units (10). 

The parallelism between the promi- 
nent negative regions of the Feulgen 
banded preparations and those of the 
standard Q and G banded chromosomes 
is reported in Table 1. With one ex- 
ception, 2q distal, each of the negative 
regions designated as "landmarks" (2) 
of the Q and G bands (Table 1, col- 
umn A) was detectable in one or both 
homologs of each chromosome pair 
of all Feulgen banded sets examined 
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Table 1. Characteristic negative bands of human chromosomes. (Column A) Characteristic 
and consistent negative bands of both G and Q patterns of human chromosomes. No marking 
(no asterisk) indicates designated negative landmarks (2). The (*) indicates other regions 
consistently seen as negative (21). (Column B) Negative regions detected in one or both 
homologs in 40 Feulgen banded human karotypes (Fig. 1). (Column C) Negative or pale 
regions seen in a nonbanded Feulgen stained set (Fig. 2, series b). 

Arm A B C 

lp Distal (tip)* Distal Distal 
q Proximal Proximal Proximal 

2p Median Median Median-distal 
q Proximal Proximal 

Distal 
3p Median Median Median 
q Median Median-distal Median-distal 

4q Proximal Proximal Proximal 
Distal Distal 

5q Distal Distal 
6p Median Median Median 
q Median Median 

7q Median* Median Median 
8p Median Median Median 
9q Median* Median 

lOq Proximal* Proximal Proximal 
llq Median Median Median 
12q Proximal* Proximal Proximal 
14q Median-distal* Median-distal Median 
15q Median' Median Median 
17q Proximal* Proximal Proximal 
18q Median Median Median 
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Human Chromosome Banding by Feulgen Stain 

Aids in Localizing Classes of Chromatin 

Abstract. The band patterns of human chromosomes displayed by the Feulgen 
stain are similar to but not identical with those of the conventional quinacrine 
and Giemsa preparations. The parallelism among the three is principally that of 

prominent negative bands that appear consistently at characteristic loci throughout 
a wide range of chromosome compaction. The correlation of those bands with 

regions of low optical density in nonbanded Fuelgen-stained chromosomes suggests 
that they are loci of DNA that is inherently diffuse or readily labile. The instances 

of disparity among the patterns of the three modes of banding occur at the 
telomeres and at known regions of heterochromatin, and are interpreted here as 

reflecting the heterogeneity of the protein moieties in their reactivity to the 

Human Chromosome Banding by Feulgen Stain 

Aids in Localizing Classes of Chromatin 

Abstract. The band patterns of human chromosomes displayed by the Feulgen 
stain are similar to but not identical with those of the conventional quinacrine 
and Giemsa preparations. The parallelism among the three is principally that of 

prominent negative bands that appear consistently at characteristic loci throughout 
a wide range of chromosome compaction. The correlation of those bands with 

regions of low optical density in nonbanded Fuelgen-stained chromosomes suggests 
that they are loci of DNA that is inherently diffuse or readily labile. The instances 

of disparity among the patterns of the three modes of banding occur at the 
telomeres and at known regions of heterochromatin, and are interpreted here as 

reflecting the heterogeneity of the protein moieties in their reactivity to the 


	Cit r194_c263: 


