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GHAPTER I.
THE PROBLEM AND DEFINITIONS OF TERMS USED

One of the major problems which has confronted
resegrchers in the development orAimprovement of any

process, especlally in therrecovery of antibiotics from

Termentation broths, has concerned the aveilaebility of a

reliable, precise, and_aocurate anaglytical method to account
for losses and determine yields'in each step of the process.,
| For many years in the penicillin industry there has
been a scarcity of any sort of absolute assay method for
determining the amount of penicillin G in fermentation
broths and in various extracts and concentrates obtained in
the: recovery process. There have been a number of assay
methods developed for determining penicillin G in crystalline
samplesﬁdﬁThe utility of such methods, however, was limited
beoause these methods were confined to. relatlvely pure
samples° In the evaluation of a recovery process, these
methoas could be used only for the analysis of final produo;s
and they have proved to be 1ndlspensable for this purpose,
LR Obviously, differentiation between penicilling in
each step of a reoovery process is highly desirable particu—

larly when attempts have been maae to separate penicillin

o‘G from the undesirable penicillins during the recovery and

A TR A




to control the production of penicillin & in the broth

o through the use of precursors or through the selection of

molds.
I. THE PROBLEM

Statement of the problem. . It was the object of this

‘research undertaking (1) to develop an absolute assay
method for the determination of penicillin G in fermen- -
tation broths by applying the pfinciple of isotope dilution
using the radioactive isotope, C1%, as a tracer; (2) to

compare the assay results obtained by this method with

results obtained by other methods available for the
determination of total penicillins; (3) to show the appli-
cation of the ilsotope method to the penicillin industry

through its use in determining the rate of production

of penicillin G during the fermentation cycle,

Importanoe of the study. The only method employéd

for the production of penicillin has been the fermentation -

method, During the fermentation process many different
types of penicillins are produced,’ The various types of
penioillins are. commonly alled penicillin F, G K X

flavicin,‘and dihydro F The general struoture of each

type will be descrlbed 1ater in this chapter under “Defi—

‘ “nitions of Terms Used“ ” Only penicillin G has been




‘method which was precise, accurate, and practical.

fﬁﬁéﬁéa Bédauééfbethe réSEmblahcerf‘thé hyphse, with their

¥

aoceptable'by the Food and Drug Adminlstration for use in

medicine and in the pharmaceutical trade. It has been,
therefore, of paramount importance that industrial fermen-
tations be designed to produce as near 100 per cent peni- .
cillin G as possible through the selection of proper

precursors and molds, Likewise, it has been of equal

" importance that the recovery process be designed to separate

penicillin G from the undesirasble penicillins when small

samounts of the latter were prodﬁced during the fermentstion.
In order to design and successfully control elther

a fermentatlion or recovery process selective forvthe

production of penicillin G, it has necessitated the availa-

bility‘of a reliagble agssay method to deferm;ne penicillin G

content. Prior to this study the assay methods at hand were

few and were elther lmpractical or were limited as %o

precision and accuracy. In this study an attempt was made

%o develop and employ an entirely new penicillin G assay

II. DEFINITIONS OF TERMS USED

_Penicillin., The word penicillin was derived from

.the Latin term "Penicillium Notatum" which is the namé of
' the mold that produces the antibiotic. = This mold was so-




"

~terminal épores, to a brush or pencil (penicillus). Peni-
'~ ¢1llin can best be defined by writing the basic structural
formula:l
GH5
R-C-NH-CH - CH C-CH

I t R
0 ¢ - N - CH

I |
0] CooH
To date there have been six known types of natural
penicillin., These penicillins differ in structure only in
the nature of the gide-chain, R. The structure and names

of thege side—chains are given in Table I,

Isotope dilution anglysis. The isotope dilution method
of analysis consists of a simple set of successive operations.
An isotopically labeled compound is added to an unknown
migture; ‘This_is allowed to come to equilibrium; then the
same. compound is isolated from the system, The isotopio
content of the original compound is then compared with that .of
the final one. The ratio of the two specific activities
depends upon the relative amounts of the substance added .

and that already present,2

- 16, w. s. Andrews anda J. Miller, Penioillin and Other
Antibiotics (London: Todd Publishing Group, Ltd., 1949),
‘('po 600; . . ’ )

‘ " 2George K. Schweitzer and Ira B. ‘Whitney, Radioactive
‘Tracer Technigues (New York. D. Van Nostrand Company, Inc.,
1949), p.. 147, ‘




TABLE I
TYPES OF NATURAL PENICILLINO

Penicillin Name Structure of the Neome of the

(American) R Group R Group
Penicillin F OH,-CH,-CH=CH-CHy-  A*-pentenyl

Penleillin Dihydro F CH5—CH2—GH2-GH2—OH2- amyl

Flavicin CH, - CH=CH-CHg ~CH,,- N\3-pentenyl

i Penicillin G <:::>‘CH2' benzyl
Penicillin X H CHg- p-hydroxybenzyl

Penicillin K ‘ ‘CHS—(GH2)5-GH2— n-heptyl

~ Phndrews, op. oit., p. 61.
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0l4 1s0tope. Cl4 is a radioactive lsotope of carbon,

This important 1sotope was made from nitrogen by N14 (n,p)
014 in the Oak Ridge, Tennessee chaln reactor. The isotope
was purchased from the Atomic Energy Commigsion gt the
price of fifty dollars per millicurie. One millicurie of

pure g4

would welgh very nearly twenty-five hundredths

of a milligram 1f the half-life were taken gs 6400 years.
In many ways this 1so£ope has been a very excellent tracer
and since it emits no gammg rayé and only soft bets rays,
1t has been easily shielded during chemical operastions.
The bets rays emitted from this isotope have been found to

have an energy of seventeen-hundredths millielectron VOltSa4

I1I. ORGANIZATION OF THE REMAINDER OF THE THESIS

Chapter II has included a discussion of g reviewof
the literature concérning other methods which have been used
Tor the assay of penicillin G as well as a survey of»a
number of applications of the isotope dilution method of
analysis. Chapter III was composed of a complete description
of the preparation of the Gl4_labeled penicillin G which was

used as the rasdiosctive standard in the analysis herein

~ described, Ghapter IV has included the complete procedure

which'Was’worked out for the analysis of penicillin G in

4G, Friedlander and J. W, Kennedy, Introduction to

fRadiochemistry (New York: John Wiley and Sons, inc., 1949),
‘ps 293, o " A ,
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broth samples using cl4_1abelea peniecillin G gs a tracer,

Chapter V has contained all the experimental results
obtained in the study. The entire research project has

been summarized in Chapter VI,




~CHAPTER 11
REVIEW OF THE LITERATURE

| | Much has been written in regard to methods of analyéis
for penicillin G. At the very Qutset of research to develop
pfdoeéées for the isolation of penicillin, befofe it became
khown thét‘sevéral different kinds of penicillih Weré
produded ih the fermeﬂtation, only those analytidal methods
which determined total penicillins were in demand. Aftef
the‘sfructure of the various types of penicillin became
known and esch type had been clinicelly tested for its
o effectiveness in destroying bacteria and infections, 1t was
found that penicillin G was the most efféctive, the most
stable, and easiest to isolate on an industrial basis. All
thege factors led to the acceptance of penicillin G by fhe
Food‘and,Drug Administration as the type to be marketed for
medi¢a1fuse. ‘Needless to say, the acceptance of penicillin
G necessitated the development of assay methods which would
diétinguish.this type from gll the other forms of penicillihu
++The various methods of analysis have been grouped
into‘three”catagdrieé: microbiological, chemical, and

1sotop§“t?acer methods,




I, MICROBIOLOGICAL METHODS

The highvcoet of analytical instruments for use in
chemieal methods of agsay seeme to have inspired resegrchers
to develop‘Other methods which did not require the use of
1estruments for the anelysis of peniciliin G. Among these
methedsvwas the microbiological assay. In genergl, this
t&pe of assay hes been quite satisfactory for estimating
"G" content in broth samples but they have all lacked the
desirable'precision and accuracy to have been gccepted as

absolute; thoroughly reliable methods°

Differential assay. Higuchi and coworkers® developed

a technique for the estimation of the relative amounts of
three penicillins in a mixture by means of a microbiologic&l
differential assay. This method was limited by the assumption
that only three penicillins were present in any sample,

Beyond three, ‘errors made practical applieation difficult.

This technique merely gave an indication of those peni—

cillins present in a eample and was not meant to be a precise

and accurate method h

%%, Higuchi and W, H. Peterson, "Egtimation of Types
of Peniecilling in Broths and Finished Products," Analytical
Chemistrx, 19 68, January, 1947 , ‘




19

- Chromatographic absorption. Johnson and Thorn®

developed an assay for the estimétion of penicilliin G in
broth samples by chromatographic absorption, This

technique was based onvthe fact that, on a column of Super
Fiitrol (en acid-treated bentonite), peniecillin G wes more
Strongly absorbed under given conditions than any other known
penicilling and could be eluted as a separate fraction. Its
application was to fefmentation broths. This assay was

also based on the agsumption thét about seventy-nine per

cent of the penicillin G was abéorbed and all values were
corrected by this factor. The values obtained were generaily

within ften per cent of the theoretical value,

Paper chromatography. The third microbiological

method has been quite widely used. Thig assay, called paper
chromatography, was developed by Kluener' in 1949, A total
time of twenty-four hours was required for a complete assay
by this technique and was based on the principle that various
penicillins possessed different distribution coefficients -
between. ether and phosphate buffer at a given pH} hence,

could be separated by paper strip partition chromatography.

67, &, Thorn and M. J. Johnson, "Direct Estimation
of Penicillin G in Small Broth Samples,“ Analvtioal
Chemistrx, 20 614, July, 1948. s o

‘ , .73 G Kluener, "A Paper Ghromatographio Method for
‘ ,the Quantitative Estimation of Penicillin Entities," Journal
of Bacteriolqu, 57 101-9, January, 1949,




A quantitative estimation of activity percentage wae obtained

1p

¥

by measuring the minor axis of the individual zones made

on an agar plate, reading the equivalent penicillin per-
centage from‘a standard curve and dividing the units of each
penicillin by the total units found The precision of the
method was estimate& at plus or minus five per cent at besgt,
with extremely good technique, and required a high-quality

techniclian to produce desirable results.,
IT. CHEMICAL METHODS

Practically all of the chemical methods reported in
the literature for the assay of penicillin G have been
designed for the essay of crystalline samples of relatively

high purity. They‘have not been adapted to broth samples.,

1ﬁ-ethylpiperid1ne method. Sheehan and coworkers
devised a chemical method for the analysis of penicillin G
1n crystalline samples oalled the N ethyloieeridine or
N E P, method.® This analysis was an sccurate one for -
crystalline products of relatively high purity and it
depended on the snaring solubllity of the N—ethylpiperidine

ealt of,penicillin G In amyl acetate-scetone mixtures,

,Ghemical Agsay Method for Penicillin G," Journsl of the

8J G Sheehan, W J. Mader, and D, J Crane, “A

‘American Chemical Society, 68 2407 November, 1946,




impurities of penicillin el which could interfere included

such menosubStituted phenyl bearing molecules as the sodium

| . e
This assay has continued to be widely used in the inQustry;

hawever, it has been applied only to crystalline samples,

Uitraviolet absorption. Herriott published 8

spectroscopic method for "G determination in orystalline
samples by measuring its ultraviolet abeorption in an aoetate
buffef solution.? kGrenfell and coworkers also worked ouf |
2 gimilar spectroseopie technique, but beth of these types

of analysis could be applied only %o orystalline samples,~°

Infrared absorption. Barnes, et. al, contributed

another spectroscopic method which depended upon infrared
ebsorption of crystslline samples.tl He found, however,
that certain impurities in some samples interfered with the

infrared analysis. The breakdown products and eogeneric

salt of:phenyleoetic‘acid@x,lt was .glso found that peni-

¢illin X interfered to some degree,

164 725, August 1946

October, 194’7°

“eillin," Analytical Chemistry, 19:620, September, 1947,

' 9R M. Herriott, "A Spectrophotometric Method for the
Determination of Penicillin,ﬁ Journal of Biological chemietrv,

10T a. Grenfell, J A, Means, nd E v, Brown, "A Study
on the Naturally Occurring Penicillins, An assay for
Penicillin G, " Journal of Biological Ghemietry, 170 527,,

11y, p, Barnes, R e Gore, E F. Williams, s, G Lineley,
and E. M. Peterson, "Infrared Anslysis of COrystalline Peni-




g~:‘,LModified~colorimetric method. Boxer adapted a

«colorimetric method to the analysis for peniciliin G in
broth and crystalline samples which had been previously
applied to total'penicillin determinations,lz This method,
however, did not become very widely used. - A number of inter-
fering factors frequently presented themselves.,

“All of the herein described chemical methods have been
quite useful in indusﬁfm but have all had the same limi-~
tations in that only crystalline samples could be’assayed
by these techniques. The industry was still in dire need
for an absolute, accurate, and precise assay for the determi-
nation of penicillin G in broth samples and in other samples

containing: large amounts of impurities.
III. ISOTOPE TRACER METHODS

-+ 018 150tope dilution method for penicillin G. Craig

and coworkers presented.a new technique for the assay of

penicillin G based on the principle of isotope dilution

‘usingUthe‘stable“isotope, 013, as a tracer.l® Thig method

21:670-3; June, 1949,

;;Tracer,ﬂ Analytical:Ghemistry;J25:SBEAS;‘Fébruary, 1951,

: ,lZG;vE.%Boxer'and‘EatriCia M. Everett, "Colorimetric
Determination of Benzylpenicillin," Anaglytical Chemistry,

xaax‘lﬁJohnuT;«GraigffJOhnaBg Tindall, and Murry Senkus,
Determination of Penicillin G Using 013 Igotope as a

4
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:of the thesis°

employed the same basic principle as the method herein
described. However, because of the fact that a stable
lsotope was used, the isolation of a pure penicillin G
sample and the determiﬁation of the isotope ratio was
entirely different. In the Cl3 method, the isolated

sample had to be hydrolyzed to phecylacetic acid which
contained both labeled and unlabeled carbon at the carboxyl
group. The acid was then decarboxylated with quinoline and
copper chromite, thereby releasing carbon dicxide containing
both the lsbeled and unlabeled csrbon. The resulting'carbon
dioxide was entrained into a gas bulb, then passed into the
mass spectfometer to determine the isotope ratio. Although
very reproducable and accurate results Were obtained by this
method, 1t was somewhat cumbersome, time consuming, and
involved the use of a very expensive instrument for detet—
mininé the isotope ratios. ,

‘The ¢1% method proved to be an invaluable tool.beceause
1t was the only chemical method developed up to that time for
agsaying penicillin G in broth samples, penicillin extracts:
and penicillin crystals.

It was the success of this method that led to the
development of a very closely related technique, although
quite different, the radioactive 014 isotoee dilution |

5analysis for penicillin G herein described in the main text
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555 isotope dilution analysis of mixtures of sulfide,

sulfoxide, and sulfone compounds. The lsotope dilution

analysis has been a valusble tool in the field of ana-
lytical chemigtry, Iniormation has been obtained by this
type of tracer application which no other analytical
procedure has been able to supply.*

Rittenberg and Foster, both ploneers in the field of
isotope dilution, in 1940 worked out an isotope dilution
method with application to the determination of amino acids
and fatty acids using the stable isotope, deuterium.l4

Later, Henriques and Margnetti agsin demonstrated the
practicality and efficacy of this technique and found that
fadioaetive lsotope dilution was a powerful tool applicable
to analytical problems that could not be solved readily by
any other means,l5 They showed that mixtures of dibenzyl
sulfide, sulfoxide, and sulfone could be analyzed using
8595 gS»a”tracér, An average error of less than one per cent

and a meximum error of two per cent was achieved.

lip, Rittenberg and G. L. Foster, "A New Procedure for
Quantitative Analysis by Isotope Dilution, with Application
to.the Determination of Amino Acids and Fatty Acids,"
Journal of Biological Chemistry, 155 737, May, 19409

15F @, Henriques, Jr, and Charles Margnetti, "Radio—
aotive Studies," Industrial gnd Engineering Chemistry,
Anglytical Ghemistry, 181476~ 8,‘August 1946.




Ansglysis of benzene hexachloride for gsmma isomer

uéing~deuterium_g§ 8 trgcer. Trenner developed an isotope

dilﬁtion method for the analysis of the gamma isomer
content in benzene hexeohloride usiﬁg deuﬁerium-labeled
gamma lsomer gs the tracer which was quite successful. 16
The chief objection to this application was the necessity
of uslng the mass spectrometer to determine the isotope

ratios.

Analysis of benzene hexaohloride for gamma i somer

using 0136 as & traoer, Very recently, COraig and GOWOrkers
also developed an lsotope dilution method for the analysis
of the gemma 1somer content in benzene hexachloride using
the radioaotive isotope, 0156, as a tracer,;v Again, very
high preoision and accuracy of plus or minus less than one

per cent wgs gchieved.

Meohanism.gg igotope dilution. The mechanism of the
18

prihoiple of isotope dilution was described by Yankwich.

»16N. R, Trenner, “Determination of Gamma Isomer of
Benzene Hexachloride," Anslytical Chemistry, 21:285-90,
February, 1949.

1750nn T. Graig, Philip F. Tryon, and Weldon G. Brown,
"Determination of the Gamma Isomer of Benzene Hexachloride
Using C156 as a Tracer," (in publication in Analytical
Chemistry; will probably appear in 1953).

18peter Yankwich, "Redioactive Isotopes as Tracers,"
Analytical Chemistry, 21:318-21, March, 1949,




!
!

He pointed out that'the‘only requirements to be met were

R

that an amount_of pure compound sufficient for radio-
activity measurement be lsolated and that the labeled atom
be located in an unreactive position. He also stgted

that when o small amount of labeled compound wasg gdded to -

lan'unlabeled mixture followed by isolation and purification

of a sample and determination of the decrease in isotope
concentration, contamination by small amounts of impurities
of high specific activity was sbsent. ~
There were a number of other applications of isotope
dilution in the literature with practically all resulting ‘
in a precision of plus or minus one to two per cent. This
basic principle, however, has not been applied to the
analysis of penicillin G except for the work of Craig, gt.
Qif{ previously described, wherein the stable isotope, 015,

was used.




o féfﬁénﬁa%ioﬁ;'fﬁé~penidiilin G5pféourédf‘breaké down to

CHAPTER III
 PREPARATION OF THE Cl4_LABELED PENICILLIN G

The first step 1nran lsotope dilution analysis consists
of preparing a chemically\pure labeled compound identiecal
in chemlical structure to the.compqun& to be determined in
the unknown mixture. The compound which had to be prepared
for the method desoribed herein was C1%_labeled penicillin G.
This‘cgmpound;was prepared by first conducting a micro- ~
biologioal fermentation designed to produce penicillin G,
~Bad;oaotive éarbon instead of ordinary carbon was introduced
into the penicillin G molecule through the addition of Cl4.
labeled sodium phenylacetate to the fermentation medium.
Uplabeled sodiam phenylacetate has been widely used as &z
precursor for the microbiological production of penicilliﬁ G,

I. MICROBIOLOGICAL FERMENTATION TO
~ PRODUCE PENICILLIN G

o Description of the fermentation apparatus. The -

ferméhfafion was conducted in thirty—six 500 milliliter
Efleﬁméyér flasks mounted on 2 rotary shaker in a
ferﬁéﬁfafidn‘fdam maintained st a tempefature of tWehty—

five degrees centigrade. During the progress of the




x;some degree and carbon dioxide is evolved as a decomposition

““7?iiproduot. Since a radioactive precursor was used to prepare

TQVthe»labeledapenicillin, it Was necessary to provide & means

f;ffor eliminating 8. radiation hazard., This was accomplished

L‘by sealing each flask in a tin can containing gn inlet and
iloutlet port in the 1id. Figure 1 shows a view of the can
;i‘and cover., A foam glass collar was placed around the neck
1eof the flask in order to reduce the possibility of flask
{{”1jgtbreakage While sheking. A square of asbestos was placed
‘hE%Jin ‘the bottom of each can to act as a cushion for the fermen-

‘eyitation flask Each can was bolted to the shaker head to

"ffprevent shifting during the shaking, The flasks were then
- inooulated»and Ainserted into the cans after gddition of
f;_the fermentation meaium. The 1lids Were placed on the cans;

‘;leach can was oonneoted in series by meane of. short lengths

“”30f rubber tubing so that a stream of air could be pulled
‘ he entlre syetem to provide aeration for the

u'erjfermentation. The air stream carried radioactive carbon

i“”f}f[dioxide into a barium hydroxide trap placed between the

‘ask and the vacuum outlet & The radioaotive oarbon




FIGURE 1 FERMENTATION FLASK, CAN, AND COVER
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Microbiological fermentation to produce Cl4_1abeled

benicillin‘g.‘ The lebeled precursor used in the fermen-
tatioﬁ wes sodium phenylacetate labeled with C14 at the
carboxyl group, prepsred by a Grignard synthesis at the
University of Ghicago,Aunder the direction of Dr. Weldon G.
Brown. The position of the labeled~oarb6n in the precursof
and in the resulting penicillin G produced is shown below.
o , s, CHg

— 06H CHzc -NEH-C— CH “G-CH

[ | I
0 C—N—CH

% 2
C.H-CH G
675""2 ONa

|
COOK

The fermentation medium favorable for the production
of peniéillin G was prepared. Approximately one millicurie
of‘the labeled precursor was added to egch fermentation. -
Preliminary experiments showed that the best conversion of
precursor to penicillin occurred when a total of two- .
hundrédths per cent precursor (based on the weight ofnthe
medium) wes used. This was determined by oonducting a -
low—level tracer fermentation (i. €., & fermentation
oontalning a small amount of tracer material) It was
found that the addition of larger amounts of preeursor
would produce mucn higher titres of penicillin 1n the |

broth. However, when using more than two—hundredths




24
i ~ per cent precursor, mogt of the precursor was wasted., The
| primery goal in planning the high-level fermentation was
not to obtain high titres but to obtaln low titres of very
high 0+4 concentration in the penicillin produced.

Two fermentations were run to produce the desired
gquantity. The following calculatiens were made to

gl4 precursor in solution needed

determine the volume of
in each fermentation fo introduce one millicurie.of CL+4

at a precursor concentration of'two—hundredths per cent:

; Concentration of precursor solution 53 mg/ml,

{ Specific activity of precursor (solid) 1 mc/g.
Fermentation capacity (150 ml per flask x 36) 5400 ml,
Wt. of solid precursor for 0.02% conc, 1.08 g.

Volume of preoursor solution contgining 1.08 grams 20.4 ml.

Since there were thirty-six flasks used in the

fefmentation, the volume of precursor solution was &iluted’
fe“thirtyesix milliliters so that one milliliter could be
placed in each flask, The flaske were autoclaved, cooled,
and placed in the cans on»the shaker head after the addition

of the preoursor, The cans were sealed in the manner

desoribed previously.‘ ,

sl o The fermentation ‘was allowed to proceed for sixty-
eight hours._ The apparatus Was disassembled after the
completion of the fermentetion cycle and the penicillin
broth harvested,‘ Thehfinelkbroth;assey was 305 units per

milliliter,% | PR |




1‘agitation.

+:A second fermentation was conducted in the same
manner as the first. The final assay of this broth was
5562 units per milliliter.
II, ISOLATION OF CRUDE CRYSTALLINE
0l4-LABELED PENICILLIN
The broth from each flask”from the first fermen-
tation was compoeitedmand filtered to remove the myoeliao
The filtered broth was then divided into two neafly equal
portions. Eech portion was extracted separately sccording
to the‘follOWing procednre” The total volume of filtered
Bfoth and myoelia oake‘weeh in each helf wag 2800
rnillilitersn From previous trigl runs it was found that
nnen‘filtered penicillin broth was extracted with an
organic solvent at g low pH, gn emulsion immediately
formed which made it difficult to separate the spent broth
layer from the solvent layer after the two had been agitated
together. It was also found in preliminary work that ‘the
addition of diatomaceous clay to the filtered broth at
a pH of five, followed by filtration, eliminated the
formation of an emulsion to the extent that the two layers
eould be separated easily by centrifuging. Two per cent
diatomaceous clay wes added to the filtered broth in

preparation for the extraction.“ The pH of the broth

"containing the clay W&S edjusted to five during vigorous

The slurry was then filtered immediately to




- remove the clay and some proteinaceous materisl which
precipitated at the lowered pH. The treated broth was
extrgected with 600 milliliters of butyl acetate by
adjusting the mixture:to a pH of two with phosphoric

acid with vigorous agitation. The mixture was transferred
to a separatory funnel immediatelymafter the proper pH

was reached. The mixture remained in the funnel about ten
minutes to allow the lower water layer to separate., The
upper, slightly emulsified acetate layer containing the
bulk of the penicillin was then centrifuged to separate
the remaining water which became trapped in the emulsion.
A total volume of 540 milliliters of clear acetate extract
was obtained. -

The butyl acetate extract was next extracted with one~
elghth of its volume of potassium phosphate buffer solution
by agitating for fifteen minutes. The two layers were
separated in a separatory funnel., A sharp, rapidvseparation
resulted.

The lower buffer extract now containing the peni-
cillin wasg extracted with one-fourth of its volume of
n-butanoi‘by agitétihg fbr fifteen‘minutes. The layers
were separated 1n a separatory funnel as before,’ Thia

- D= butanol extract Was held until the second half of the
‘iibroth from the first fermentation Was processed to this

;.same stage in the recovery process,




- The second half of the filtered broth from the first
fermentation was processed as previously described to the
n-butanol extrsct.

The two n-butanol extracts obtained above were

composited. Penicillin crystals were isolated by merely
concentrating the extract at a reduced pressure of twenty

millimeters of mercury and a temperature of thirty degrees

centigrade. A weter-butanol azeotropic mixture was
3 distilled during the concentration until all but about one
per cent water remained. Penicillin crystsls, which are

insoluble in nearly dry n-butanol, began to appear. The

concentration was continued for ten minutes after the first
appearahce of crystals to allow enough time for maximum

crystallization to take place. The resulting potassium

.y péﬁiciliin was filtered, washed with dry n-butenol, and

h aif dried@ A yield of 0.5092 gram was obtained.

§ - fhe brqth from the second fermentation was processed
e according tbythé foregoing procedﬁre° A yield df 0.8678
éﬁéﬁ‘of crudé potaséium pehioillin was isolated.

III. DILUTION AND PURIFICATION oF ¢l4
CRUDE PENICILLIN

Preliminary dilution and initial purification, Both

f? lots of crude penicillin from the first and second fermen-

N tations were composited. The crude labeled penicillin




underwent an initial dilution by dissolving with eighteen
grams of highly purified unlabeled potassium penicillin G
in water at o concehtration of four grams per liter. The
miiﬁufé was agltated for fifteen minuﬁes°

. An initial purification step was accomplished by
extracting this water solution of labeled and unlabeled
penicillin by following the same procedure as that used
to isolate the labeled peniclllin from the broth. A
tdﬁalkyield of sixteen and five-tenths grams of partiall&
diluted and partially purified cl4 potassium penicillin

Was obtainedo

Further purification of the diluted C*% penicillin.
The penicillin obtained above was further purified by
ggg;h_dissolving‘in water and extracting., This procedure
wag repeated twice until constant specific activity of
the crystals was reached. ’

Table II was included to show the yleld and
ébe&ific‘activity of each crop of crystals isolated from

each of the three purification runs.




TABLE II

 SPECIFIC ACTIVITY AND YIELD OF CLl4 PENIGILLIN
AFTER EACH PURIFICATION STEP

—

Purification Crystal yield Specific activity*®
‘run number (grams) (counts/minute)
1 16.5 - 30, 240 ”
2 13,5 28,620
3 | 12.3 28,350

*Counting procedure for determining the specific
activity of the penicillin will be described in Chapter IV,
page thirty-seven. '

The data shown in Table II indicated that essentially

‘all high specific activity impurities had been removed as
demonstrated by the attainment of nearly constant specific

activity after the second purification.

Fingl dilution of the ¢4 1abeled penicillin. The

potassium penicillin which wes used to make the final

‘d1lution of the lsbeled penicillin was highly purified

'éccording‘to the following genéralbprocedure° One hundred-

ninety grams of commercial recrystallized potassium

:pehiéilliﬁ‘G was first recrystallized from acetone three
‘times by dissolving in seventy-five per cent acetone-

. water at a concentration of two snd seven-tenths grams per




. acetone with thorough agitation, followed by dilution with

milliliter. The solution was agitated until all the peniQ
cillin dissolved. The solution was filtered through a
slntered glass funnel, The funnel was wgshed with three
milliliters per granm of ninety per cent acetone-wgter
mixture. The filtrate and wash were diluted with nine
times its volume of dry acetone‘wiﬁh agltation at which
time penlieillin crystals immedigtely began to form as the
per cent water became decreased by the addition of ary
acetone. The crystal slurry was cooled to five degrees
centigrade for two hours in order to induce maximum
crystallization. The crystals were removed by filtration.
One hundred—sixty grams obtained above were dissolved

in water at & concentration of four grams per liter., vThe
dissolved penicillin was extracted according fo the same
procedure described on page twenty-five for isolating ‘
crystele from filtered broth.

~ The resulting crystaels, 130 grams, were agein

recrystallized from acetone as described above. A finsl

yield of 105 grams of highly purified potassium penicillin el

was obtained ‘
Twelve and threeatenths grams of labeled penicillin,
shown in Table II, were diluted with the above 105 grams

of unlabeled penicillin by dissolving the mixture in agueous

30
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dry acetone, as described on page thirty. Crystals appeafed
upon the addition of the dry acetone.

The redrystaiiization was fepeated twice more which
finished the final dilﬁfion and purification of the labeled
potassium penicillin G.

Table III was included to'shéw the yield and specific
activity of each crop of crystals isolated from each of the

three final recrystaliizations described above.

TABLE III

SPECIFIC ACTIVITY AND YIELD OF cl4 PENIGILLIN
AFTER EACH FINAL PURIFICATION STEP

Purification Crystal yield ~ Specific asctivity®
run number - (grams) (counts/minute)
1 107 2013
2 01 2691
3 83 2743

T *Gounting procedure for determining the specific
activity of the penicillin will be described in Chapter IV,
page -thirty-seven, ;

The final purlfication described above, concluded

the preparation of the labeled penicillin standard




GHAPTER IV
ANALYSIS OF PENIGILLIN SAMPLES

~ Having completed the lsolation, purification, and
standardization of the Gl%-labeled penicillin G, it was
then possible to begin the analysie of penicillin gamples.

The primary concern in designing an analytical

procedure involving the use of the isotope dilution
technique is to isolate a pure sample from the mixture of
the labeled and unlabeled compound in large enough Quantity
for radioactive measurement. The desirable size of counting
cup for solid counting wgs found to be two centimeters in
diemeter and three millimeters in depth.> It was also found
that in order to fill a cup having these dimensions,
approximately 150 to 175 milligrams were needed. Knowiog
the ﬁinimum quantity of crystals needed to fill this
cup, 1t was then,possiblefto&Galculate the amount of unknown
sgmple required, after an average yield had been established,
from whioh 150 milligrams of pure compound oould be
isolated | »
. A laboratory procedure for the isolation of peni-
‘cillin from the fermentation broth had been developed
previous to the outset of this research projeot It was
u,known that a yield of orude penicillin of about sixty—

, five per cent could be obtained Without difficulty. It




- suction filter flask which was connected to the vacuum line.

was also known from previous experiments that two
recrystallizations were necessary to obtain a counting
sample of the proper purity. A yileld of about seventy
per cent could be expécted across the two recrystallization
steps. The expected overall yield from broth to final
purified crystals was estimated_tombe about forty per cent.
It was decided from an economic standpoint that 100
milligrams of labeled penicillin G could be used in each

analysis so that the cost per analysis would not be

~prohibitive. The specific gctivity of the labeled penlcillin

G standard was sufficiently high to permit a dilution of

at least a factor of three. From these facts and obser-
vations it was decided that & broth sample of 300 milliliters
containing a microbiological aétivity ranging from 1500
units‘per'millilitef‘to 4000 units per milliliter would be
the ideal sample size from which could be obtained a final
isolaﬁedAcéunfing sample of 150 to 200 milligranms. |

I. ADDITION OF LABELED PENICILLIN G TO BROTH
AND ISOLATION OF PENICILLIN G SAMPLE

‘Addition of labeled penicillin G to broth sample.

The first step in the analysis of a penicillin broth sample
was to obtain 500 milliliters of ‘whole broth containing

the mycelia. The mycelia was filtered through filter

1'p@mar using é porcelain Buchner funnel inserted into a -




Exactly 300 milliliters of the filtered broth was
measured in a graduated cylinder and transferred to & 500
milliliter beaker., One hundred milligrams of the labeled
penicillin G (weighed accurately to the nearest one-tenth
milligram on an analyticel bslance) was weighed into a
tared five milliliter besgker. |
- The accurately weighed lsbeled penicillin G was then
transferred to the filtered broth mample while agitating;
This was accomplished by dumping the material into the
broth thenxrinsing the begker a number of times by dipping
it into the broth sample to remove all traces of the labeled
penicillin from the beaker,

The G'*_enriched broth was allowed to agitate fifteen

minutes so that a hdmogeneous solution was obtained.

Isolation of crude penicillin crystals from the

mixtﬁréa The second gtep in the ah&lysis Was to isolate

from the broth sample crude penicillin erystals containing
o mixture of labeled penicillin and ordinsry penicillin

from the sample. The broth was first extracted with butyl

acetate at a low pH. Previous experience had shown that

during this extraction an emulsion formed because of the

ﬁféciﬁifﬁtioﬁ of proteinaceous msterisls which occurred




~at an acid pH. Two per cent by weight of diatomsceous

earth was added to the broth with agitation for demulsi-
fication purposes. The pPH was adjusted to about five
 then the broth was filtered,

| 8ixty milliliters of butyl acetate was then added
to the treated broth. The pH of the mlxture was adjusted
lmmediately with agiftation to two, followed by continued
agitation for one minute.

; The mixture was transferred to a separatory funnelﬂ
K and allowed to stand five minutes. Two layers were formed
which iucluded & top cloudy butyl acetate extract layer
and a clear spent broth bottom layer. The bottom layer
was drawn off, discarded, and the top layer containing the‘

bulk of the penicillin was centrifuged to separate the

resgidusl water. A clear butyl acetate extract remained

1he butyl ecetate extract was transferred to a 150

milliliter beaker, eight milliliters of potaSSium phosphate

buffer solution was added and this mixture was agitated for

in a separatory funnel A eléanrseparation occurred in
five minutes° | |

| The bottom buffer extraot containing the penicillin
Was drawn off into a thirty milliliter separatory funnel

‘Jcontaining two milliliters of n- butanol This mixture

' Was shaken for ten minutes then allowed to separate.

ten minutes. The tWo layers were agaln allowedvto separate

i ?v;»
.
|
|
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The upper n-butanol extract was transferred to
a five milliliter pear-shsgped distilling flask connected
to a Water.condénser. ‘A vacuum teke-off receiver was
connected to the otheroend of the condenser. The extract
contained a small amount of water which became dissgolved
in the n—butanolo The presence of the water caused the
penicillin in the extract to remsin in solution,

The extract was then distilled thereby removing the
water as an azeotropic mixture with the n-butanol. As
the last trace of water became removed, penicillin
orystals‘appeared because of its insolubility in\relatively
dry n—buténol,

The crystals were'removed by filtrétion and washed

with acetone then siphoned dry.

Purification of the crude peniclllin crystals. The

crude crystals were purified by recrystallizing from.
acetone, The recrystalllzation was performed Dby first
dissolving the crystals in. two and1seven tenths milliliters-
per gram of a three to one mixture of acetone and water. A

15 bd 50 mlllimeter shell vial was used for this first step.

‘ Two per oent Daroo Was added to remove the bulk of the gcolor

and to aid in the purification. After about one minute of

stirring, the Daroo was removed by filtration. The filter

‘was Washed With three mllliliters per gram (original

?orystal Weight) of a nine to one mixture of acetone and water.




The combined filtrate Qnd Wééh Wa;*§iluted with ten y
times 1its volume of anhydrous acetone, phereby‘réduoing:the,
per cent water content. White crYstals:fesultéd°immédiétely;

The crystal slurfy was placed in the refrigerator for
a short time to complete the crystalliiation.  Thé‘erysta1s,
‘after cooling, were removed by f1lt}ation;.washéd with
acetone and siphoned dry,‘ |

The above recrystallization was repeated‘onpe,more;
omitting the Darco treatment. The final crystalsiwére )
dried in & fifty-five degree vacuum oven fof two hoﬁfs’after
which'tiﬁe they were ready for radioactivity measurement;

II. DETERMINATION OF THE SPECIFIC ACTIVITY

: - OF TH* CRYSTALS

The second phase of the analysis was relatively simple.
This step consisted of the determination of the specific
“aotivity of the isolated, purified,‘and dried penicillin G
éoﬁﬁting“sample. Figure 4 WaS~inclﬁded to aid in'the"

" description of the counting apperatus,

Description of the counting apperatus. ”It.has been

'fpreviously stated that radiosctivity measurement was

kn }"aocomplished by eounting the material 1n the 8011d form.

lThe counting shiel& into which was inserted the oounting

  ;cup containing the sample Was shown at ‘he 1eft 1n Figure 4

;[,The ircn shield weighed about 200 pounds and Was pu ,hased
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from Radiation Counter Laboratory,

.,circumferenoe as the outer circumference of the oounting

¥

The sample holding rack
was fabricated from Leucite and was arranged with five

shelves equally spaced. A Tracerlab Geiger tube, Model

3L

bl

TGG-2, having a mica window thickness of one and five tenths

milligrams per sguare centimeter thickness and a dismeter
of one inch wgs mounted in a stationary position one eighth
ineh from the surface of the sample cup mounted on the top

shelf.

The counting cup and counting cup holder were machined

out of gluminum.
wide, eighty-three millimeters long, and six millimeters
deep. A circular hole forty millimeters in diameter was
drilled'foﬁr millimeters deep in the exaét center of the
saﬁple holdep, Thie hole lacked two millimeters going
through'fheAholder, This inget was used as a seat for the
counfing cup. Shoﬁlders were machined into each edge of
the holder to fit the groove in the rack,

Tne oircular counting cup was fabricated by first
maehining a eircular aluminum disc to fit exactly the
inset in the sample holder. An inset was then drilled into
the center of the disc which was twenty millimeters in
diameter and one and one- half millimeters deep,‘ This inset
was the area into which was placed the counting se.mpleo

A stainless steel ring was maohined to the exact

The cup holder was sixty-three millimeterg




¥

cup. - The inner hole was of the exact size asg the inset of
the counting cup. This ring was used to screen out any
particles of penicillin which may have been spilled on the
edge of the countihg éup during the filling operation.
Counting ét constant diasmeter was accomplished when the
ring was pleaced on the oounting;cuﬁ_

The scaler-wasg shown at the right‘in Figure 4., This
instrument was burchééed from Nuclear Instruments and
Chemical Corporation and had a code number of Moder 163.

A liodel Tl automatic time clock was also purchased from

the same company.

.Préparatibn of the sample for counting. The sample
we.s prepared for Qoﬁnting by merely filling the cuplwith
a spatula. Small portions were placed in the cup and
packed down. 7After the cup beéame completely filled, the

surface was smoothed by sliding the spatula over the

surface with pressure until an even appearance was obtalined.

- The sample was placed in the holder then slid into
théioounting rack on the top shelf. The shield door was
.closed and the sample was allowed to count for a total of
15,000 counts. ‘

__In a like manner the original labeled penicillin G
standafé]Was counted. Finally, ordihary penicillin was

 counted to determine background count. This background




count had to be subtracted from the sample and standard

counts.

III. CALCULATION OF RESULTS

Isotope dilution formula. The conventional isotope
dilution formule was used for calculating the results.l®
The formula and explanation of the symbols are shown

below,

\

X=A(§—1)

where:

Wt. of penicillin @ in sample (milligrams).
Wt. of labeled penicillin G added to sample
(milligrams). : :

. Bpecific activity of labeled penicillin G
added to sample (counts per minute),
Speclfic activity of isolated penicillin G

mixture (counts per minute).

Q w
T i

Example of a typical calculation. For purposes

of -illustration, the following sample calculation was

included. A 300 milliliter sample of filtered penicillin -

broth‘was analyzed. One hundred milligrams of.labeled
penicillin G wes added. The lsbeled penicillin G

sﬁandard counted 4,192 counts per minute, net count., The

191p1a., p. 319.
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isolated mixture counted 744 counts per minute net count.

These experimental values were substituted into the isotope

dilution formula as follows:

4,192
744

X

100 (

460 milligrams penicillin G,

|

To convert milligrams to units of penicillin the
following calculations were made: |
| One milligram of potassium penicillin G containg
1595 units. Therefore, 460 x 1595 = 733,700 units in the
sample, v

To calculate the penicillin G content in the sample
in terms of units of penicillin G per milliliter of broth,
the leiowing calculations were made:

733,700 units
SOO milliliters

= 2446 units per milliliter.

All of the experimental values reported in Ghapter v

were calculated according to the above formula,




CHAPTER V
EXPERIMENTAL RESULTS

The experimental results discussed in this chapter
were divided into three sections., The first gsection
concerned the results obtained wﬂen the labeled standard
was assayed for penicillin G content by the reverse isotope
dilution technique to determine whether or not the labeled
penicillin G contained any impurities., |

The second section included the results obtained when
penicillin broth was inactivated with sodium hydroxide to
destroy all of the penicillin contained therein, then
neutralized, followed by the addition of a known weight of
purevpenicillin G, then assayed. This series of experiments
was conducted in order to determine both the precision'and
the'acouracy of the isotope dilution method. It was felt
that if correct results could be obtained by assaying these
saﬁples containing more impurities than ordinary penicillin
broth, because of the presence of excess decomposition
products, then the method would be well grounded and the
accurecy and precision well established.

| The third section of the experimental results oonsisted
of a series of analyses of broth samples.k These samples
were taken at different time intervals during the course of

the microbliological fermentation cycle°




The analyses served a dual purpose: (1) to study
the progressive production of penicillin G during the
fermentation cycle, and (2) to use the Cl% analysis as o
standard method for éValuating the accuracy of the
lodometric chemical gssay and the microbiologlcal assay
methods for the determination of«total penicillins.,

I. ANALYSIS OF THE LABELED STANDARD FOR
PER CENT PENICILLIN G

Object. The first step in any lgotope dilution
analysis is to try to determine whether or not the labeled
standard contains any radioactive or other impurities., This
was accomplished by performing what was called reverse

isotone dilution.

‘Progedure. The analysis was made Dby dissolving é
knoWn weilght of the labeled standard in 300 .milliliters
0of water then adding a known weight of highly purified
unlabéled penicillin G. Crystals were isolated by the same
procedure used to isolate crystals from broth,‘previouslyil
described in the preceding chapter. The resulting crystals
were purified, dried, and the specific activity determinede‘

Results. - Besults of five of these determinations

are shown in Table IV, It should be pointed out that the




lsotope dilution formula described in Chapter IV, page

forty-one, had to be rearranged slightly to arrive at g

formula for the reverse 1lsotope dilution procedure.

ANALYSES TO DETERMINE PURITY OF THE
Cl4-LABELED PENICILLIN G

TABLE IV

Weight‘, Weight Specific Specific Weight Per cent
labeled unlagbeled activity activity peni-. peni-
peni- peni- : of of cillin cillin
cillin cillin labeled  isolated G G
assayed G peni- sample found found
(grams) added cillin  (c.p.m.)* (grams) (%)
- (grams) (c.p.m. )%

0.2000 0.2000 1632 765 0,2000 100.0
0.1000 0.2000 1680 555 - 0.1005 100.5
0.1000 0.2000 1664 560 0,1010 101.0
0.1000 0.2000 2721 906 0.1000 100.0
0.1000 0.3000 4097 1027 0.1005

100.56

¥c.p.m. 1lg the abbreviation for counts per minute.




The formuls used for calculating the penicillin G
content in the Gl4~labeled penicillin is shown below:

A: X

B
(g - 1)
where:

Weight of penieillin G in the labeled penicillin.
Weight of unlabeled penicillin G added.
Specific activity of the labeled penicillin. -

Specific activity of the isolated penieillin G
sample. ‘

QWHp
TTRINI

It should be pointed out that the varistion in the
specific activity of the labeled penicillin G shown in
column three of Table IV was the result of using Geiger
counter tubes of varying window thickness. ‘The distance
between the sample and tube window was also varied. Iﬁ
each analysis, however, the 1solated gample was counted with
the same tube and in the game position as that used for

cduntingvtheklabeled penicillin G,

Conclusion. It was concluded from the experiment that

the labeled penicillin G was free from impurities. In all
cases a purity of 100 per cent, plus or minus one per cent,

wag obtained. -




II. DETERMINATION OF THE ACCURACY
OF THE ISOTOPE DILUTION ANALYSIS

Object. The purpose of the next series of experiments
was to establish the accuracy of the gl4 method for the
determination of penicillin &,

Digcussion. The originél thought was that the

gecuracy of the method could be determined by analyzing
water solutlons of pure penicillin &, This plén was not
followed for the reason that the information obtained would
not demonstrate the true efficgey of the method, since
impurities would be absent from the sample to be analyzed.
It was decided that samples charagcteristic of peni-
cillin broth could be prepared by inactivating regular
broth samples then adding to the ilnactivated broth a known
weight of pure potassium penicillin G. By this technique a
large quantity of impurities were introduced upon decom-
posing the penicillin in the sample. These impurlties were
in greater guantity than in regﬁlar broth, The penicillin G
oontent in the 1nactivated broth was known since a weighed
amount was addedo |
o It we.s postulated that if acecurate analyses of these
synthetic broths could be achieved, then, certzinly analyses

of regular broth sampleS Would be likewise acourate,

SR
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Procedure. Four experiments were conducted to
test the accuracy of the method according to the following
procedure.

Samples of regular filtered penicillin broth were
inactivated by adding two per cent, by weight, of sodium
hydroxide and agitating for twent& minutes. Preliminary
assays had shown that all penicillin activity was destroyed
during this period,
| The inactivated broth was then neutralized. A kn&wn
amount of pure potassium penicillin G and a known amount
of Cl4-1abeled penicillin G were added.

i Crystais were then isolated, purified, dried, and the
rgdioactivity content defermined aocording to the procedure

described in Chapter IV,

Results. Table V shows the results obtained on the

four experiments. The formula for calculating the results

was given in Chapter IV.

Conclusions., The results obtained in these experiments

revealed that although three of the four determinétions were
slightly high, all of the values were within plus or minus
two per cent of the theoretical values. These results were
considered to bé guite good siﬁce there was present in the

broth sample such a high concentration of decomposition
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impurities. Any impurities carried through to the finsl

counting sample would depress the count slightly, resulting
in a correspondingly high finsl value.

TABLE V

ASSAY OF KNOWN BOLUTIONS OF PENICILLIN G
IN INACTIVATED BROTH

Weight Weight Specific Specific Weight  Per cent

unlabeled labeled activity activity peni- of -
peni- peni- of " of cillin theory
¢cillin cillin labeled lsolated G found
G G peni- sample  found (%)
added added cillin (c.p.m.)* (grams)

(grams) (grams) (c.p.m.)%

0.2000 0.1000 1680 555 10.2020 101.0
0.3500 0.1200 1508 388 0. 3470 99.0
0., 3500 0.1200 1605 402 0.3580 102.0

0.3500 0.1200 1475 374 0.35640 101.0




The data in both Table IV gnd Table V supplied
sufficient evidence that the 0+%4 nethod was accurate agnd
precise to at least plus or minus two per cent. This high

degree of gccuracy and precision hgs never been obtained by

any other analytical method for the analysis of penicillin G

in broth samples.
III. ANALYSIS OF PENICILLIN BROTH SAMPLES

Object. Having established the purity of the
labeled standard and the accuracy of the method, analysis
of broth samples was begun. The purpose of this series of
analyses was to study the progressive production of peni-
cillin G . during the fermentation cycle'and to determine the

accuracy of two assay methods for total penicillins.

Digcussion., During the production of penicillin by
fermentation, several types of penicillin are produced.
These different types were discussed in Chapter I. The
normal fermentation usually runs for about 115 hours before

the broth is harvested | It was of intereet to know tne

amount of penicillin G produced at different time intervals:

of the fermentation as compared to total peniciilins
prcduced during the same time interval
| | The penicillin G content therefore, Was determined

on 2 number of broth samples taken at. sixty- six hours,
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ninety hours, and 114 hours fermentation time.

Total peni-
cillins were assayed by & chemical method called the
lodometric assay, a routine method ﬁsed in the industry,
and a microbiologicai method called the bioassay. |

The per cent penicillin G in the broth samples Was'v
caloulated by dividing the units ﬁer milliliter of peni-
cillin G, determined by the ¢l4 method, by units per
milliliter of total penicillins obtained by either the
iodometric or biosssay methods multiplied by one hundreén

A paper chromatographic assay for the determination
of per cent penicillin &, described in Ghaptér 1I, was

conducted simultaneously with the other assay. This assay
method was independent of any of the other methods.and the
results were expressed in relative per cent with respect
to the other penicillins, | ‘

It should be emphasized that the paper chromatographic
method did not give the amount of penicillin G in unite per
miililiter but as a ratio of penicillin G to other peni-
Qiilins, These ratios were calculated on the basis of the
rélgtive digmeter of the zones of inhibition made by the
véfious penicillins present. | -

The accuracy of the iodometgig and bioassay methods
could then be determined by comparing the paper chromato-

graphic per cent "G" with the per cent "G" as calculated

by:




units per milliliter of total penicillins
units per milliliter of penicillin G by gl x 100

If the calculated per cent "G" were low in comparison
to the paper chromatographic assey, then the asgay for
total penicillin would be high. Conversely, a high

calculated per cent "G" value would indicate g low assay for

total penicillins,

Procedure. To assay the broth sample for peniciliin G
content, 100 milligrams of the 614—labeled penicillin were
added to 300 milliliters of filtered broth sample. As
deseribed in Chapter IV, a pure penicillin G sample was
isolaﬁed,kdried, and the radioactivity content determined
and compared with the original in the labeled penioillin Z
added, | |

.‘ Results. The results of these assays were shown in
Tables‘VI,'VII, and VIII, The assays of the sixty-six
~ hour broth were tabulated in Table VI; assays of the
ninety hour broth in Table VII, and assays of the 114
hour broths in Table VIIIa,




| TABLE VI |
ASSAYs,oF SIXTY-SIX HOUR PENICILLIN BEOTH S
V*Férmentor'fPenicillia-G ~  Total Per cent -+ Total Per cent Per ecent
‘number - . - assay by 03¢ penicillins penicillin penicillins penicillin penicillin
ol fomethed 0 by ' G by  61& R« R
(units/ml) iodometric gl4 bioassay 0= by
DAL {units/ml) iodometric (units/ml) bioassay paper
: : S SR chroma-
tography
185 922 1031 a9 1092 84
186 835 1060 79 883 94
187 783 * 983 77 830 - 92
189 840 881 95 906 93
190 811 875 92 879 03 96
192 880 268 91 1038 85 97
193 896 - 987 91 886 101 98
MEAN - 850 | 969 - 88 930 23 97

_QQ‘




TABLE VII
_ ASSAYS OF NINETY-HOUR PENICILLIN BROTH

Fermentor Penicillin G Total Per cent  Total Per cent Per cent
numbex assay by gld penicilling penicillin penicillins penicillin penicillin
o :

method by L by G G
.. {units/ml) iocdometric gl4 bioassay gl4 by
(units/ml) iodometric (units/ml) bioassay paper
’ chroma-
tography




TABLE VIII

ASSAYS OF ONE HUNDRED-FOURTEEN HOUR PENICILLIN BROTH

Fermentor Peniclllin G Total Per cent Total Per cent = Per cent
- pumber assay by €14 penicillins penicillin penicillins penicillin penicillin
o me thod by , - by G by

{(units/ml) iodometric gl¢ biocassay gld paper
(units/ml) Iodometric (units/ml) bioassay chroma=
tography

1805 97" 1870 94
2642 89

2310 87 2327

2204 87 3053

2357 92 2100

2680 92 2657

2370 86 3245

3010 08 2055

3168 81 1688

2153 95 2113

2260 90 2113
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¥

Conclusion. The results based on the ¢t method of

analysis for penicillin G and the iodometric snd bloassay
methods for total penicillins revesled that the rate of
production of penicillih G, in respect to the other peni-
cillins, increased slightly between sixty-six hours and

~€‘ ninety hours. After ninety hours the rate leveled off and
;ﬁ the per cent penicillin G remained more or less constant,

j?' When the calculated per cent "G' values, based on the

cl4 method, were compared with paper chromatogrephic reéults,

the data indicated that iodometric values were running about
o seven per cent high while the bioassays were within about

three per cent of the paper chromatographic values.

An investigation was immédiately begun, by the personnel

conducting the iodometric assay, to determine the reason for

slightly high velues. The cause was determined and the

method was revised so that more accurate results could be

obtgined.
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CHAPTER VI
SUMMARY AND GONCLUSIONS
I. SUMMARY

It was the purpose of the research project herein
described (1) to develop a precise and asccurate assay
method for the analys;s of penicillin G in broth samples;

(2) to use the method so developed as a tool in establishing
the accuracy of routine assay ﬁethods for the determingtion
of total penicillins; and (3) to apply the method to the
study of the progressive production of penicillin G during
the microblological fermentation.

The assay method developed was based on the principle
of isotope dilution, using ol4. labeled penicillin G as
traoorn

To reach the above objectives, the research was divided
into fouf phases: preparation of 014 1abeled peniciliin G by
miorobiologioal fermentation; establishment of the purity of
the‘014~labeled penicillin G by appl&ing the reverge isotope
dilution teohnique, establishment of the accursacy of the
method oy assaying known solutions of penicillin G in
inactivated penicillin broth, and epplication of the method

to the assay of broth samplese




II. CONCLUBIONS

A new isotope dilution method was developed for the
assay of penicillin G 1h broth using Cl%-labeled peniciliin
G as a tracer.

The precision and accuragy of the method was found to
be’at least plus or minus two per cent, with one series of
experiments showing plus or minus one per cent.

Such precision and accuracy has never before been‘
achieved by any other method for the analysis of peniciliin &
in broth samples.

This method could be applied not only to the assay of

broth samples, but also the assay of extracts, liquors, and

crystals throughout the pénicillin recovery process with the
same degree of preéision and accuracy as that found in the
assay of broth samples.

The sccurascy of the iodometric and microbioldgical

aséay methods for total penicilline in broth was determined,

using a combination of the 014 1sotope dilution method and

the paper chromatographic method for per cent penicillin &

assay. It was found that the lodometric method gave average

values which were about seven per cent high, while the
f‘f average microbiblogical agsay was within three per cent of
the correct value, ©Steps were taken by the group preparing

the iodometric assays to determine the cguse of the high

values. The cause was found and the difficulty was eliminated.
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The method herein described wWe,s also.applied to the
study of the production of penicillin G during the micro-

biological fermentation. It wgs found that between sixty-

gix and ninety hours; the rate of production of penicillin G

increased slightly in respect to the other penicillins,

while between ninety and one hundfed—fourteen hours, both

rates were esgentially the same.
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