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ELECTRICAL DISCHARGE FRAGMENTATION OF RACTERIA

Irwin Krull and James Sternberg

1. Introduction

The employment of fragmentation methods for the identificatimn of substances
was initiated by the use of mass spectroscopy and has increased many fold during
the past several years. Much of the recent increase is due to the development
of atmospheric pressure fragmentation instrumentation based on gas chromatography
or infrared analysis. Originally, the use of this atmospheric pressure frag-
mentation process was concerned primarily with non-life associated materials
such as polymers. The extension, however, of this system to life-related materials
was spurred by the increased biochemical research and the space programs. Because
of its speed, sensitivity, and capability of separating complex mixtures, such
as those obtained from fragmentation, gas chromatography has been employed in
virtually all of these investigations of life-related materials. Since one hour
or less identification time is required in fragmentation methods, whereas days
are often required in biological Methods of identifying life-related materials,
it is easy to understand the interest in developing the fragmentation system.

One of the most tedious and perhaps the most difficult identifications involving
life-related materials is the labeling of unknown bacterial substances found in
our environment.

The extremely interesting, and yet unanswered, question of whether life
exists on heavenly bodies other than our earth can onlf be investigated with a
rapid system. Fragmentation at atmospheric pressure is now being investigated
and is the object of this study for use in the identification of life in space
and in the identification of bacteria., The tremendous advantage of being able
to identify bacterial strains shortly after obtaining them from a patient can

be of extreme importance in diagnosis and treatment,
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To date, most of the investigations for detecting extraterrestrial life
as well as bacterial identification have employed thermal fragmentation. Therc
are essentially two forms of pyrolysis exhibited by the work of Garner (1) and
Reiner (2) (2a). Garner, as reported in C and E News, operated at very low
temperatures, almost as a distillation procedure. Reiner employed more usual
thermal pyrolysis temperatures of approximately 800°C. In the present study
both of these techniques have been translated to fragmentation with electrical
discharge, which has been demonstrated to be equivalent to thermal pyrolysis in
fragmentation patterns but easier and faster to handle.

2. &Eratus

2.1. Chromatographic Apparatus. Because of its versatility, reliability,

and its precision and sensitivity, the Beckman GC-4 gas chromatograph utilizing

a hydrogen flame ionization detector was employed. The electrical discharge
fragmentation accessory was employed in the analysis of the life-related materials.
The upstream electrode was modified by installing a .025'" diameter piece of
platinum wire in the gas passage hole to serve as a point whereby the discharge
could be more reproducibly located.

In the initial stage of the investigation an 1/8'" 0.D. 3% S.E. 30 on chromo-
sorb W colum of 20 feet in length was employed for separating the fragmentation
products. The SE-30 colum was chosen because of its tremendous temperature
range capabilities, The colum temperature was programmed from 0°C to 250°C,
employing a liquid carbon dioxide cooling accessory unit to obtain the initial
temperature of 0°C. The colum was held isothermal at 0°C for 4 min. and
programmed linearly at 12.5°C/min. up to 250°C, where it was held isothermally
for the duration of the rumn.

During a second stage of this study, a Carbowax 20M capillary colum .010 inches
I.D. and 200 feet long was used with a 40:1 splitter; however, the capillary yielded

inferior results for this application due to the fact that a large quantity




of material is dumped onto the head of the colum and spreads down the colum,
even at a temperature of 50°C, because of the low sample capacity. This effect
leads to irreproducibility of retention times as well as badly spreading the
first few peaks in the pattern. Because of these factors the capillary colum
was removed and replaced by a 3% Carbowax 20M on chromosorb W colum, 1/8' 0.D.
and 20 feet in length. The Carbowax column was programmed from 50°C to 200°C.
The change of state of Carbowax 20 M that occurs at approximately 50°C prevented
going to lower temperatures, for at this transition retention times are difficult
to reproduce. Again, the liquid carbon dioxide cooling unit was employed in
obtaining the starting temperature. The first few minutes of the run was iso-
thermal at 50°C, and the program was linear at 7.5°C/min. until 200°C, and iso-
thermal thereafter.

2.2, Recorder. The Beckman 10" recorder was employed. The ease of chart
speed changing made possible the use( of various speeds depending on the number
of peaks occurring within a given time interval. During the initial stages of
the project the recorder was employed in its normal linear response mode. It
was found, however, that attenuation changes had to be made several times during
the run in order to keep large peaks on scale and still enable possible quan-
titative measurements of smaller peaks. For this reason, the recorder was
modified to provide a readout giving a compressed scale for large signals,
while retaining high sensitivity and linearity for small signals; this was
accomplished by installing a retransmitting slidewire in the recorder as shown
in figure I, The actual function produced was Y = X/(Egg + X) where Y is the
recorder position, X the electrometer output signal, and Egg the full scale
voltage of the recorder which was 1 millivolt so that Y = X/(1 + X). Thus a
1 millivolt electrometer output yielded a half scale reading and a 3 millivolt
output yielded a recorder position of 75% of full scale. This function made
possible the observation of all peaks, large or small, with a single scale
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setting of 5 x 10 amps full scale an the electrometer.

3., Flow Patterns

Several flow configurations were employed, all involving the use of a
gas sampling valve. At first, the sample loop (see figure 2) was switched
into the colum carrier flow system which was fed through a flow controller.
This unfortunately had the adverse effect of producing a flow upset, for the
sample loop was at atmospheric pressure and the colum carrier stream was at
colum head pressure; thus, some of the flow from the controller was required
to increase the pressure of the sample tube, and consequently the flow through
the colum fell appreciably until the pressure in the sample loop reached colum
head pressure. Since the effect of this flow upset could impair the repro-
ducibility of retention times, a system was employed (see Figure 3) which com-
pensated for the sample loop being at atmospheric pressure and made it possible
to achieve retention times reproducible to better than 1%. If the pressure
controller is set at or slightly below colum head pressure, when the colum
is at the starting temperature, and the flow controller set to the desired flow,
the pressure controller will immediately increase the pressure in the sample
loop to column head pressure when the loop is injected into the column carrier
line, thus keeping the flow constant. After the sample loop is in the column
carrier line, sample is swept onto the colum. Before the colum temperature
is raised, the pressure controller is switched out of the system to prevent
subsequent flow from the flow controller into the pressure controller during the
temperature program as colum head pressure increases with colum temperature.
The flow system used for the capillary column does not involve this previously
stated problem of the sample loop pressure, since the flow through the capillary
column is produced via a pressure controller (Figure 4). The problem involved
in employing a capillary column is one of sample capacity; thus one must split

the effluent of the sample loop before it reaches the colum. For this purpose
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FIGURE 3.
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a time delay loop of 10 cc and a restrictor equivalent to 1/39th of the colum
restriction was installed immediately after the valve to provide a 40:1 split
ratio. The 10 cc time delay loop was employed to insure that the entire sample
was split before any reached the restrictor, to avoid the possibility of non-
linear splitting.

While it is possible that weight limitations may dictate the use of capillary
colums for studies on possible life on other planets, there appear to be no
advantages and, in fact, there are rather serious disadvantages to their use
for earth-based investigations of bacteria.

4. Fragmentation Procedures Employed

4.1. Normal Solids Fragmentation Procedure. The usual procedure for solids

fragmentation was employed during the initial and final stages of the project

and will be described in the following. The colored end of the sample tube is
pressed down on a piece of carbon felt, rough side up, cutting out a piece which
just fits the tube, the cutting action is facilitated by rotating the sample tube.
One electrode (with gaskets on both sides) is placed in the uncolored side of

the sample tube (see figure 5 for orientation of sample tube components). The
carbon felt is pushed down with the tool provided or with a glass rod until the
carbon felt rests snugly against the electrode, The upstream electrode (con-
taining the platinum wire) is placed in the sample tube. The sample tube is
placed in the fragmentation inlet and the discharge is fired for a minimum of

90 seconds to eliminate possible contaminants appearing in the sample fragmentation
pattern.

The sample tube is then removed from the inlet and the upstream electrode is
removed. A weighed sample is dropped on the carbon felt. The sample is covered
with a small amount of silica wool, pressing the wool down onto the sample with
the tool or a glass rod. The upstream electrode is then inserted and the sample

tube is placed and pneumatically sealed in the fragmentation inlet.
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A discharge current of one hundred milliamps is normally used for a
duration of 30 seconds to fragment the sample. Fifty seconds after the start
of fragmentation occurs, the sample loop is switched into the colum carrier
stream and the program is started. Before this switching is accomplished, the
pressure controller is opened to the colum carrier stream; approximately one min-
ute after switching, the pressure controller is closed.

In order to achieve the initial temperatures employed, a carbon dioxide
cooling accessory was utilized with an automatic function accessory to provide
reproducible shut off of the CO, cooling unit. This combination proved needed
to produce reproducible retention times,

4.2, The Carbon-Carbon Sandwich Procedure. The accepted procedure was

found to produce fragmentation patterns which were highly similar for the various
bacteria thus providing very little discrimination by means of which the various
samples could be identified. After reviewing the work of Garner (1), it was
thought that the bacteria patterns obtained by a milder heating of the sample
instead of a thorough pyrolysis might be more distinguishable.

For this purpose, lower currents (20 milliamps) were employed; the results,
however, were no more distinguishable than the ones obtained using 100 milliamps.
The sample was then placed between two carbon felt pieces in an attempt to use
the heat generated by the current to produce a milder breakdown. This procedure
produced fragmentation patterns that were highly distinguishable, but the re-

producibility was extremely poor, probably because of the irreproducible location

of the sample between the carbon felt pieces from run to run. Further investigation

of this procedure was warranted but prevented by lack of time.

4,3, Restriction of Pre-Fragnentation Time in Heated Zone. In order to avoid

the deposition of less volatile fragmentation products within the sample loop,

valve, or connecting tubing before the colum, it was considered necessary to

operate the valve compartment at 250°C. Since the fragmentation inlet is positioned
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within the valve compartment, it also is in this high temperature environment.
The strikingly greater differences in patterns for different bacteria found by
Garner (1) at low pyrolysis temperature as compared to the very minor differences
found by Reiner (2), Oyama (3), and in the early runs in this study suggested
that loss of sample components in the high temperature environment before frag-
mentation tended to decrease the distinguishability of the patterns obtained.

The procedure was therefore modified by keeping the sample in the Fragmentation
Inlet only 30 seconds before firing the discharge. This modification produced
distinguishing features that were not previously observed.

Up to this point only helium was utilized as the fragmentation gas atmosphere;
since previous results obtained with the fragmentation inlet had indicated that
use of other gases could produce pattern changes that were extremely helpful in
identification, runs were made with both hydrogen and nitrogen in the fragmentation
chamber. At first only 10% of each of these gases in helium was used as the
discharge atmosphere, but no significant changes in pattern were observed. Runs
were then made in pure hydrogen and pure nitrogen atmospheres to insure adequate
gas for reactions that might occur between the discharge gas and the sample, but
again no appreciable changes in the patterns were detectable. Helium was therefore
again employed throughout the final stages of the investigatim.,

4.4. Fragmentation Inlet in Room Temperature Surroundings. Since more

distinguishable patterns were found when the sample was limited to thirty seconds
in the heated zone before fragmentation, it was decided to remove the fragmentation
inlet entirely from the heated region of the valve compartment to permit adequate
time for purging the sample tube with carrier before fragmentation without heating
the sample significantly above room temperature. The fragmentation inlet was
accordingly re-mounted on the cover of the valve compartment, with a heating tape

placed in the downstream line from the inlet to avoid condensatian of the frag-
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mentation products on their way to the sample loop; a 110 volt, 400 watt heating
tape operated at about 50 volts was found adequate to heat the line to 250°C.

With this modification, it was found possible to obtain nicely distinguish-
able fragmentation patterns for each of the species of bacteria sampled.

5. Computer Program
With the complex patterns obtained from bacteria fragmentation and the use

of the X/(1+X) function on the recorder, it was advantageous to employ a computer
program for the tabulation of the peak heights and for the normalization process.
Since the patterns are obtained employing temperature programming, which gives
nearly constant peak widths, it is acceptable to employ peak heights as a measure
of the quantity., The normalization factor used was simply the total millivolts
obtained from all of the measurable peak heights. Figure 6 shows the program
employed. The variables FLIM, SLIM, and TLIM are the limits between division
values where corrections were applied because the recorder did not obey the

X/ (1+X) function perfectly. DEL 1, DEL 2 and DEL 3 are the corrections applied
to the observed peak height after the appropriate limit, i.e. DEL 1 and DEL 2
applied if a peak height is greater than SLIM. NR is a stop variable., NP and
NV are the number of peaks and minima observed on the fragmentation pattern. TF
is the time function providing a print out in either seconds or minutes when the
retention time is reported in inches. A is the full scale voltage of the recorder
and B is used to adjust this if attenuation changes are made.

6. Comparison of Fragmentation Patterns

Some typical fragmentation patterns obtained for bacteria are shown in Figure
7. Table 1 lists the results obtained from duplicate runs of the eleven types of
bacteria investigated: relative peak heights in millivolts normalized by dividing
by the sum of peak heights for the particular chromatogram are tabulated as functions
of observed peak retention times.

The results were obtained on a 20-foot, 3% Carbowax 20M on Chromosorb W column

12




Figure ©

C PYRDLYSIS CHROMATOGRAM ANALYSIS
DIMENSION TP(50),TV(30),PKI{50),VI{30),MS(300) (MSG(15)
100 FORMAT(F10.1,F10.3,F5.2,6A5)
101 FORMAT {2F10.3,F5.2)
102 FORMAT{1H1,23H PYROLYSIS ANALYSIS/15A5//51H PEAK NO. RET. T1
1IME MVOLTS NORMAL COMMENT/)
103 FORMAT({1I8,F12.3,F11.4,F9.4,5X,6A5)
104 FORMAT{/F1l0.4,17H MILLIVOLTS TOTAL)
105 FORMAT{6F5.1)
106 FORMAT{315,2F5.1)
107 FORMAT{(15A5)
READ({1,105)FLIM,DEL1SLIM,DEL2,TLIM,DEL3
7 READ{Ly106)INR¢NP NV TF,A
READ(1,107) (MSG(J)eJ=1,415)
K=1
L=6
DO 1 I=1,NP
READU1,100)TPI{I)PK(I) B, (MS{J),J=K,yL)
ADD=0.
IFIPK{T).LT.FLIMIGO TO 2
ADD=ADD-DEL1
IF{(PK{I).LT,SLIM)GO TO 2
ADD=ADD-DEL2
IF(PK(L).LT,TLIMIGO TO 2
ADD=ADD-DEL 3
2 PK{I)=PK(]I)+ADD
IF (8 .EQ. 0.) B=A
PK{T)=B+PK{I)/1100.~-PKI(I))
K=K+6
1 L=L+6
DO 3 I=1,NV
READ(1,101)TVv(I),Vv(]),B
ADD=0.
IF(VII).LT.FLIM)GO TO 4
ADD=ADD-NEL1
IF(V{I).LT.SLIM)GO TO 4
ADD=ADD-DEL?2
IF(VII).LT.TLIM)GD TO 4
ADD=ADD-0EL3
4 VII)=viI)+ADD
IF (B .EQ. 0.) B=A
3 VI(I)=BsV(I})/(100.-VI{I))
SUM=0,
M=0
DO S5 I=1,NP
IF{TPLI)GT.TVIM+1) ) M=Ms+1

13




Figure 6 con't,

DBASE=VI{M)-V{M+])
DTB=TV(M+1)1-TVIM)
DTP=TVI(M+1)-TP(])

PK(I) = PK{I) - VIM#1) - (DTP«DBASE/DT8B)
SUM=SUM+PKI{])

K=1

L=6

WRITE(3,102)({MSG(J),4J=1,15)
DO 6 N=1,NP

T=TP(N)»TF

PNDORM=PK(N)/SUM
WRITE(3y103)N,T,PK{N) yPNORM, (MS (M) ¢M=K,L)
K=K+6

L=L+6

WRITE(3,104)SUM
IFINR.EQ.100)STOP

GO T3 7

END
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held isothermal at 50°C for four minutes, then programmed to 200°C at 7.5°C/min.
and finally left isothermal at 200°C for approximately ten minutes. Helium flow
rates were 5 cc/min. through the fragmentation inlet and 25 cc/min. through the

colum,. The discharge was fired for 30 sec., at 100 mamps; the inlet was mounted
on top of the valve compartment cover for these runs.

It can readily be observed that significant differences in the peak patterns
do occur, superimposed upon a structure of highly similar peaks for all of the
bacteria. For example, the peak at 19,28 minutes appears in only six of the eleven
bacteria. The peak at 22.08 minutes appears only in the case of Azobacteor vine-
landii. The presence of such unique peaks, as well as changes in peak height in
the commonly occurring peaks, offer considerable information for the characterization
of the bacteria. Retention times of component peaks are found to be reproducible
to within 1%, which permits positive identification of a peak even in a pattern as
complex as those obtained for the bacteria.

7. Mesoporphyrin IX and Gelatin vs. Bacterial Patterns

Table II shows comparison runs of bacteria, gelatin, and mesoporphyrin IX,
The species of bacteria, Serratia marcescens, chosen was known to contain porphyrin
derivatives. The patterns obtained however, as indicated by the table, demonstrate
a stricking resemblance between bacteria and protein patterns, while the fragmentation
pattern of mesoporphyrin IX exhibits very little resemblence to either. The results
in Table II have been normalized by the total millivolts observed in the fragmentation
patterns. The patterns were obtained on a 20-foot 3% SE 30 colum on Chromosorb W,
run isothermally at 0°C for four minutes, then programmed at 12.5°C/min. to 250°C.

It appears that all protein-containing materials display considerable similarity
of fragmentation pattern, and provide patterns far different from those obtained in
non-protein substances. This fact in itself is probably the strongest argument in

favor of fragmentation chromatography as a life-detection tool.
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8. S_u_g_ggstims for Further Work

Many parameters concerning fragmentation of life-related materials employing
either electrical discharge or thermal fragmentation have yet to be investigated
and are cited here as suggestions for possible future work.

Two operational parameters which should be studied in a further application
of the discharge fragmentation technique are discharge gas flow and sample size.
When the fragmentation inlet was removed from the valve compartment, it was noted
that sample vapor diffuses back into the discharge, producing a bright blue color
during the initial stages of fragmentation. This situation can lead to destruction
of some portion of the highly characteristic most volatile portion of the frag-
mentation pattern. A larger helium flow through the discharge, e.g., 15 cc/min.,
should be employed for only these initial seconds of fragmentation with the flow
switched back to the normal 5 cc/min. after this initial stage. This extra flow
should prevent sample from backing up into the discharge zone while only slightly
diminishing the sample collectiaon efficiency of the sample loop since the higher
flow would be employed for only a very few seconds. Probably the most important
further work with the fragmentation inlet should be the investigation of the effect
of sample size on the fragmentation pattern. In this study samples were weighed
to a tenth of a milligram and repeated samples were held only to three tenths
of a milligram on an average san\pie size of 1.3 milligrams. This probably hurt
the reproducibility of peak heights in the patterns obtained. Reiner (2)(2a)
reported controlling sample weights to one microgram, and reproducing, at least
on the one duplicated run he exhibited, to five micrograms on an average sample
of one half a milligram. The remarkable reproducibility of his runs are at least
in some portion due to this controlling of sample size. Unfortunately, his reso-
lution was poor and slight changes in heights may have been missed. If varying
sample size changes the fragmentation pattern, it may be necessary to produce
standard patterns at several sample sizes to insure a positive identification of
the unknown bacteria. The ability to detect bacteria in exobiologicai applications
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should not be hampered by peak height irreproducibility, since the unique
qualitative behavior of all bacteria and protein patterns is sufficient to
recognize a life-related substance. An aspect of bacterial identification that
was not investigated is the function played by the growth medium. One may
obtain differing patterns from identical bacteria if a different culture media
were employed.

Throughout this study lyophilized bacteria were employed; however, whole
bacteria may not only produce differsnt fragmentation patterns but they may
indeed produce more distinguishable patterns, since it has been shown that the
relatively volatile portion contains the most significant differences.

Of major importance to fundamental bacterial investigations is the in-
vestigation of the fragmentation patterns of amino acids, low molecular weight
polypeptides, proteins, of known structure and other life-related compounds in
an effort to determine the origin and identity of the peaks that have consistently
appeared in all bacterial fragmentation patterns., With the fragmentation inlet,
introduction of an injection port in place of the sample tubes facilitates mea-
surement of retention volumes for reference components, so that fragment peaks
can be assigned retention index values on different colums and can be compared
with desired reference materials,

When a standard procedure for the fragmentation of bactefia has been adopted,
it would be highly desirable to compile a reference library of fragmentation
chromatograms of as many known bacteria as possible.

9. Summary

The characterization of bacterial species has long involved highly-trained
personnel applying considerable time and effort. The determination of bacteria
through fragmentation gas liquid chromatography would diminish the time and effort
required for a positive identification. The speed factor should play an important

role in the diagnosis and treatment of illnesses. The investigation for life on

planets other than the earth is an extremely interesting problem which requires,
20
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a completely automated rapid system. Both of these requirements are met by
fragmentation chromatography. 2 n 73’4

In this study an electrical discharge fragmentation device has been success-
fully applied to the determination of fragmentation patterns for eleven species
of bacteria. Operating parameters studied include the effects of discharge
current, discharge gas composition and the choice of chromatographic colum on
the patterns obtained. Procedures were developed for obtaining highly repro-
ducible retention times. It was found that the greatest differences in patterns
for different bacteria occur in fragments which can be lost even under conditions

of mild heating (to 250°C) and purging before fragmentatian, the instrument and

procedure were accordingly modified to prevent this loss, and distinguishable patterns

were then obtained for the eleven species of bacteria studied, It has been found

that approximately 10 peaks can be labelled as steming from protein substances.

/;/M/Lp
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