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Chart 4. HPLC purification using a Supelcosil LC-18 reverse-phase column. The
absorbance scale is in arbitrary units; arrows, single peaks of mutagenic activities,
a, Peak I; b, Peak II; c, Peak III.

system described in "Materials and Methods." At 254 nm, Peak

I appeared to be 50%, Peak II appeared to be 6%, and Peak III
appeared to be 79% of the total absorbance (Chart 4). Since
these results indicate that the samples partially purified on the
NH2 column are not adequate for mass spectrometry, further
purification was accomplished by collecting only the active frac
tions from the Ci8 column. This corresponded to retention times
of 9.5 min for Peak 1,16.0 min for Peak II, and 5.5 min for Peak
III. A portion of these samples rerun on the amine column showed
that Peaks I and III were greater than 97% pure while Peak II
was still only 36% pure.

Mass Spectrometry. The mutagenic fractions from the third
run on the amine column with mutagenic activity were collected
and concentrated to approximately 100 pi. and one-tenth of this
was analyzed by direct-probe mass spectrometry. The fragmen

tation produced at low resolution and 70 eV is shown in Chart
5. The base peak for the Peak I sample was the molecular ion
at m/z 213. Elemental analysis was determined by exact mass
measurements using high-resolution mass spectrometry, and

the results are given in Table 2, with the formula CnHnN5
corresponding to the molecular ion. The spectrum of the Peak II
sample shows the molecular ion as the base peak at a mass:
charge ratio of 212 (Chart 5). Only the M+-15 fragment is reported

because of the high intensity of contaminant fragments (~25%

of base peak). Because of the impurities and insufficient amounts
of Peak II, no high-resolution mass measurements were con

ducted.
The mass spectrum of the Peak III sample is shown in Chart

5 and appears to be virtually identical to that of the synthetic IQ.
Two possibly important differences, however, should be noted
on comparison of these 2 spectra. The intensities of the frag
ments at m/z 155 and 129 in the mass spectra of Peak III are
significantly greater than for the synthetic IQ. These differences
appear to be due to contaminant fragments which amount to
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Chart 5. Low-resolution mass spectra, a, Peak I fractions occurring at 9 to 11
min from Supelcosil LC-18 column (M* = 213). Fragmentations occurring at less

than m/z 100 are not shown but are less than 2% base peak, b, Peak II fractions
occurring at 15 to 17 min from Supelcosil LC-18 column (M* = 212). Fragments

with less than 25% intensity of base peak are not shown because of contaminant
fragment; c, Peak III fractions occurring at 4.5 to 10 min from Supelcosil LC-18
column (M* = 198). Fragments at lower masses and less than 10% of base peak
are not included; d, synthetic IQ (M* = 198). All fragments below m/z 99 are less

than 2% of base peak.

1470 CANCER RESEARCH VOL.43



Identification of Mutagens from Cooked Beef

about 10% of the base peak. For this reason, the fragments
occurring at a mass less than 129 were not included in Chart
5c. The fragment occurring at m/z 156 corresponds to C9H6N3+

and, according to mass measurements by high resolution, rep
resents a loss of [ Hâ€”CH3CN] or [ CHaâ€”HCN] from the molec
ular ion. Because [CH3CN] will not be lost from a 2,3-disubsti-
tuted imidazole (2), this prominent fragment appears to involve
the loss of a methyl and HCN from opposite ends of the molecule.

Food-Grade Beef Extract and Fried Ground Beef. The total
mutagenic activity of the food-grade beef extract was about
5500 revertant colonies/g which is about one-fourth that of the
Difco beef extract. The fractionation of the mutagenic compo
nents on the Adsorbosil silica gel can be seen in Chart 6a. The
2 peaks of activity were purified as for the Difco beef extract
and identified by mass spectrometry to correspond to the com
ponents of Peaks I and III of the Difco beef extract, i.e., to
apparent MelQX and IQ.

The fractionation of the fried ground beef extract using the

silica gel system can be seen in Chart 60. Only 2 major peaks
of activity have been found, and only Peak I is common to
commercial beef extract. This peak has been purified according
to the same scheme as that for beef extract and was found to
have a molecular ion at m/z 213 as well as identical retention

Table 2
High-resolution mass spectrum ol Peak I

Measuredmass213.1015212.0935198.0839197.0812185.0831171.0728159.0809145.0630144.0571%
of inten
sity100.049.17.73.311.53.22.412.86.0FragmentC,,H,,N5tCiiHioNs*c,0hwC,,H9N4*C,0H9N4*C,H7N4*C,H9N3tCeH7N3tC,H,N3+fvT-fragmentâ€¢Hâ€¢CH3â€¢NH2â€¢Hâ€”

HCNHâ€”

CH3CN,orâ€¢CHsâ€”
HCNHCNâ€”

HCNHCNâ€”
CH3CNHâ€”

HCNâ€”CH3CN,orâ€¢CHaâ€”
HCNâ€”HCN

16.0

Chart 6. Fractionation of the basic mÃ©thylÃ¨nechloride extract of
food-grade beef extract (a) and fried ground beef extract (b) on
Absorbosil-5 silica gel columns. The retention volumes relative to the
absorbance peak (which is composed mostly of nicotinamide3) are a,

first peak, 0.94 Â±0.02 (3); second peak, 1.33 Â±0.03 (3); b, first
peak, 0.96 Â±0.02 (9); second peak, 1.83 Â±0.08 (6), in which the
numbers in parentheses are the number of independent determina
tions.
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times to Peak I from beef extract in all Chromatographie systems
(e.g., apparent MelQX). The second peak of activity (designated
Peak IV) has not yet been purified, and the structure is unknown.

DISCUSSION

The mutagenic activity isolated and purified from the 3 sources
utilized in this work varied considerably both quantitatively and
qualitatively. MelQ, which has the highest mutagenic activity
(~600,000 revertants/Mg) (8-10) of these mutagens, was ap
parently found only in Difco beef extract. IQ (~400,000 rever-

tants//*g) was found in both types of beef extract but varied from
50 Â±4% of the total extracted mutagenic activity in the Difco
extract to 35 Â±5% in food-grade beef extract and was unde-

tectable in fried ground beef. The only extracted mutagen com
mon to all samples was apparently MelQX (~ 100,000 rever-
tants/^g) which varied from 64 Â±1% in food-grade beef extract

to 26 Â±7% in fried ground beef and to 21 Â±2% in Difco beef
extract. Based upon the known specific activity of MelQX (8),
the concentration of this mutagen ranges from about 28 ppb in
food-grade beef extract to about 0.45 ppb in fried ground beef.
Recovery from the silica gel column was good, and no additional
mutagenic components were observed in subsequent purifica
tion steps. We conclude that these estimates are accurate for
the extracts which were analyzed, but since mÃ©thylÃ¨nechloride
appears to extract only a portion of the mutagenic activity
present in the samples, these estimates must be regarded with
caution.

It is not yet possible to assess fully the potential health
significance of mutagens in moderately cooked foods. It has
been suggested that such substances may initiate colon cancer
(16), but Sugimura (14) and we (11) have urged caution to avoid
the possibility of overinterpreting bacterial mutagenesis data not
supported by positive cancer tests in animals. It is very important
that the mutagens in foods be unambiguously identified and
quantified so that animal feeding studies, to be conducted with
pure compounds, can be properly designed and interpreted.
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