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8. Sinoe start of project:

Studies on growth requirements of C, tetani,and on factoras concerned
in the production of its toxin have beer going em in our laboratory for 13
years. The originsl choice of the strain was erbitrexy, since no besis was
availabls for a more intelligent selection. Traditionally,. tetanmus cultures for
toxin production had been maint:ined as spu.e suspensions, It was gensrally
balieved that success in obtaining toxin depended upon this procedure. Since
the investigztion of growth requirements demanded an almost daily actively

seed cultzre the apore inooculumwss not adopted, and daily transplants
in glucose oroth wers used., This plan has bem followsd throughout the work.,
It resulted over the years in a culture which is atypical but constant in
morpholory, and doss not readily sporulats. In certain matriticnal environ-

ments 1’ produsces extraordinarily high titers of toxin,

whish was recognized and named during that tims but was not isolated or available

on the borderline of acoeptability under National Institute of Health Standards(2),
Atteupts to improve ylelds by variation of mutritional composition within the
known framework of growth requirements failed, ard eventually were abandonsd, and
an opposite approach was undertsken. The rlan was to select a complex, peptons-
containing medimm upon uhich merz powerful toxin could be obtained and to

attempt to characterise iic essenilal chemical components of this medium,

For this purpose. the medium which was being used for tetamus toxin
production at the Conmought Laboratories in Toronto seemed suitable, It was
prepared from sutolysed nog stomssh. sad thnanch in WSiSsy oi Ure DUAth
Taylor we isarned the details of its preparation o Yielde of toxtn
obtained with it, and with the Comnought strain of the tetaxms baciilus, wers
2 cr 3 times those obtained in our lsboratory with the peptome-free meMwm,
Hewever, whsn our own strain was tried on the hog-stomach medium, toxin of
several tixes this potency resulted, It was at first assumed, - on insufficient
evidenoce, - that the peptic type of digestion ocourring during the autolysis of
hog stomach was an essential feature of the medimm, later, it was learned that
a pancreatic digest of casein could replace the hog-stomach and offered certain
obvious advantages over the latter. Digests prepared im our &um laboratory, as
welli a5 various commercial preparations have been satisfactory, although variabls.
Through the courtesy of the Sheffisld Farws Compeny, we have had adequate amounts
of suitabls lots of their preparation, *N-Z-Ceqse®, for chemical investigation.

The medium is composed of casein digest, beef iicari <inlusion, giucose,
additional vitemins, oystine and tyrosins, and inorgamic salts. It is now
rather generally employed, together with our strain of the tetanus bacillus, by
mfmormmmewmmmmnm”.{z)
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RS fonng

whe Somined <29 added to culture medimm yielded satisfastory titers of texin &
Onission or any of the thres, or substitution of the prcducts of acdd hydiolysis
of any of the thres {5~ the corresponding original fraction resul
of toxin formation,

The basic frection, making up about 208 of the total solids
susned the simplest one with which to sttempt further separation, Free histi
esgining and lysine, as well as peptides of each, were [resent. 8ilver precipite-

1
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;

1ysd .
acids but free histidine did not replace the oorresponding frection from the
digest. The latter, by paper chromatography, revealed the presence of several
des histidine, These vere separated to a considereble degree

on Dowex 50 colmms by ihe method of Hirs, Moore and Stsin, After evaporstion and
um acetate builer by sublimetiom the residrval peptides were

production by adding to, an ctharwise coamplete msdium., It could

;
]




Page b
ABSTRACT OF RRSULTS (sont.) < "Production: of Tetanus Toxoid®

(a) c & of casein wary in effi~agy when used in the medium,
At least some o v on geems dus t« the presence of materials inhibitory
in soms way to toxin formation. These have not been identified, but there is
some evidencs that treces of fatty acids or other lipcidal material is concerned,
Empirically, we huve employed charcoal adsorption to remove these substarces,
in spite of obvious objections to such a procedure. Dwring the year we have
¥replaced this method; with resulting improvement in toxin, by & method devised
at the New York State Laboratories (L) which consists in forming a precipita‘s
of calcium phosphate in a 20% solution of the tryptic digest at 100° and about
pH 9«10, which is then filtered off., The precipitate evidently adsorbs the
inhdbitory material. The method, however, has ile theoretical disadvantage that
bsiling a mixture of amino acids and peptides at pHlO seems pretty drastic, and
the practical disadvantage that pHlO is not readily determined either by
indicator or glass electrode, mso that the procedure is difficult to reproduce
exactly. In recent weeks we hava adopted a third device based on casual ob-
servations over a long period, This consists in forming in the cold a rather
heavy precipitate of BaS®), in the tryptic digest solution, and centriguging it
off. A 103 solution of dfgest is mixed with half its volume of cold saturated
Ba(0H), and immediately neutralized with about 0.5 ¥ o The precipitats,
colloidal at the neutral point, is casused to " by the careful addi-
ﬁmofstmngﬂzsq‘a&vpatatim, and then centrifuged perfectly clear.

All three of these methods would provebly remove fatty acids. The
charcoal nmethod probably removes significant quantities of essential components,
and perhaps fails $.0 remove all inhibitory mterials st "safe" levals, Both the
calcium phosphate and the method perwit ircreasing the concentration of
the rasulting digest in the um from 1,58 (giving optimal results in the
charcoal mathod) to 2,25%, with increased yields of toxin, - (from 80100 Lf
with charcoal treated NZC to 120-130 Lf cnd occasionally even up to 160 If).

2 sccmn MoooVes 282 .3 LW 9. . e s .
(b) ¥a. Mawobae WTwan b B :,-'-‘.-_"-35"-:-.'-‘;. s vy fimsly 48¥iase Siask v

3 mg T 20 ml of medimm gives optimal results. Other bpands of reduced iron
have invariasbly baen infericr. Spestroscopic examinations and many experimerts
with other trace metals have provided no clue to the difference. The addition
of exmotly 3 mg of this powder to each of a series of 20-30 tubes of medium
maling up an experimont poses & technical problem which we have not thus far
solved, The difficuity is increased when we employ S ml of medium instead of
20 ml in order to conserve valuable fracticns of tryptic digest. The required
0,75 mg of Fe simply cammot be weighed and transfsrred with precision. Soluble
iron sells ars not satisfasiory. A good dedl of tims, during the year, has
been devoted to attempts to prepare Fe-containing tablets, Colleagues at the
Massachusetts College of Pharmacy have been most helpful, As *fillers" we have
tried lactose, glucose, gelatine, mlite and aluminum silicate in verious com-
binations, YNons of these have been as effeotive as the pure iron powder. Of
ocourss this technical difficulty does not exist in large-scale work where
considerably larger amomnts of Fe may be weighed and trensferred with negligible
o e .
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(¢) Concentrations and g_:_:ggrtim of various ents of meddum, The
increase of concen tryptic digest made po%ﬁe by the Ca or the
Ba treatment made it necessary to re-examine the concentration of all other
components to make certain that none became limiting. Slight incrsases in
glucose, K and Mg seemed indicated and some decrease was made in NaCl and
NagH FO), in order to keep the osmotic pressure cf the mecium within reason.
A curious relationship between cystine and uracil emerged for which we have no
explanation, nor even as yet a perfectly clear understanding. Omission of
urasil results in poor growth and little toxin, Addition of increasing quanti-
ties in a series of tubes vesults in toxin titers rising aiong a reasonably
regular curve and then falling somewhat a8 more uracil is added. The amount
g!.ving the best result seems to vary with the concentration of cystine., However,
if really excessive quantities of uracil are added the effect of cystine is
negligible and it may ever bte omitted entirely, but toxin titers, though good,
have never reached levels ohtained with smaller amounts of uracil aad careful
e4justment of cystine, This type of quantitative relationship may exist between
other somponents of the medivm although many experiments designed to bring it
to light have failed to do so.

(d) The strain of C. tetand is unstable and our methods of carrying it are
not optimal. -onsiderable effort has gonme into attempts to improve this
routine, thus far with no notable progress. \e maintain a stock of dry-ice

strain. It would be uselees to detail the various expedients we have tried, but
we simply point out that the matter has received and will continue to receive
experimental avtention.

(e) Technical errors ia setting up these complicated experiments seem imposszible
to avold, The basic medium is jrepared from about 15 stock rolutions, We attempt

~amaa et ad Ve & e B2 . _ A
te make =2ch of thess gorrseily Lo ths first placs and in quamviiies adequats for

a considerable period of tima, and to replace each with & new sclutior which is
checked agalnst the old one before it iz entirely exhausted, Every experiment
(usually one a day) consisting of 10 to 30 tubes of madimm, each vervine ficm

ths others in concentration of one or more ingredients, implies an hour or some-
vhat more of extremely careful pipetiing. A few interruptions during this time
oan thoroughly wreck the experiment. If we become aware of an error, of course,
1t 1s rectified even if ii{ means throwing out the whole business and starting
over, If we do not dotect .d'., tha experiment is completed, eventually inoculated,

Qniouslyuubenrydforttoavoidnﬂ.stﬂceainp&.petﬁngmd
e As often as it is practicable we work togetner at this part of the
) As the experiwments become more
ocomplex and of the type to be considered in the next part of tiis report, in
which tryptic digest, insteud of being added as a zimgle solution is replaced
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by & series of amino acids and peptide fructions, the diffioulty increases,
Each experinent is repeated several times and only when a series of entirely
oonsistent results are obtained do we fesl safe in concluding that the point
uder investigation has been established,

2) Further efforts to charecterizs the acid-labile of
Gipect oF Sessty e i1l cmpxents of Spte

For oonvenience, let us assume that the tryptic digest has been

separated by means of reversible resins into an acidic fraction (A), a besic
fraction (B) and a neutrel fraction (C). This has been accomplished betchwrise
by methods devised two or three years ago involving two resins and thres sters,
and by reans of a f£raction-collector and a single resin during the current year.
The latter method is certainly more convemient and probably superior to the
former, Details do not ssem pertinent to this sumary but of course are availabls
to anyone interested,

Fraction B, as stated in ths introdustion, seems to be fully elusidated,
It is adequately Teplaced in the presemce of A and ¥ by srginine, lveine and

glyoyl-histidins, or by ssveral other psptides of histidine, Woctﬁrutmdn—
ook to compare quantitively the effect of several histidine peptides and
devoted a great doal of time to the preparation of a series of thnommdl,
since they were nowhers avaiiable, Much of this effort was wasted
mumﬂwmwwmmﬁmmwmmucm“
of methods, later, with the generous cooperation of Drs, Max Bovarmick (formerly
of this department] and Ernest Borsk we obtained fair yields of three such
peptides in their laboratories at the Brooklyn Veterans Administration Hospital.
3till later wo prepared a really adequate amount of glyeyl -histidine via
chloroecetyl-histidine and NH,0H, the gensral method used hy Oreenstein (S) for

other glyayl-psptides, though not ussd by him for the Mstidine du'!.n.ﬁu. WQ
vound that the ehlarasnetyl intarmoMota aanld maadlle tor com-tfa At -2

e ,———m OIS “"m"

nmwnmumdmacmmmdlmmodm and
that the-final peptide could be similariy separatsd iroa by-producis a..uu-fh.
BH,(H treatasnt, Ve therefore now haveadsquste smounts of this peptide for mny

wmammmmmmmmumm
amounts should need ariss.

We have decided, however, o defer quantititive comparison of a
mwmmamppﬁd.ommitupudmummnm.
and, 12 possivs , synthwiic malerials for the A and the N Iractions, For the
moment, therefors, 1tappomthatoupmmﬂedgaofﬂn8&nucn
is sufficient for our immediate purposes.

Frection A makes up roughly 205 of the trypiic igest, Itmsita
scidic nature Tor the most part to the fact that it conteins all of the phos-
phorus of the casein (a phosphoprotein). Only a small portion of this '

is inorgamis, the bulk of it being combined in a relatively ocaplex
peptide structure oontaining (at least) serine, glutamic asid and isolewsine,
and probably alsc a mmber of other amino acids, Bymofunioumhm
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resing and the fraction collestor we have convinced ourselves that toxigeni-
oity and bound phosphorus are reasonably parallel and inseparable by that
means, We are fairly certain that the phosphorus itself is not the active
material because certain fractions of a tryptic digest of beef-heart., containming
no phosphorus, carry "A" sctivity. These fractions have not yam studied
further, It is possible that it is the peptide-bound serine in the A fraction
of casein which iz the essential component. We have synthesized glycyl-L
serine by Greensteins method and found that it will not replace the A fracticr.
It remains to try other types of serine peptide and to explore the possibility
of some other type of peptide alone or in combination with s erine, Again, we
plan to defer this work wmtil a better N fraction substitute becomes available.

Frection N represents the largest fraction of the tryptic digest
(about 60%) and the most complex. It contains most of the "neutral" amino
acids in free form and large guantities of peptides of varying degrees of com-
plexity., From early experiments on growth we know that of these amino acids,
valine, leucine, isolsucine, methionine, serins, threonine, phenylalanine and
tryptophane are either esssntial or stimnlstory to growth., Only in the case of
two have we been able to d=monstrate a direct relation to toxin forma-
to determine the optimsl concentrations., For the others this has not
possible, perhaps because each occurs in such a variety of peptides,
in the free form, that they are represented in every sub-fraction
mttar how obtained. We have been able to show that each (amlall) of
added in the form of L gynthetic arino acids with the N frac-
material inhibition of toxin results,
a varisty of ways and to test the frac-
for toxin formation in a besis medium containing all of these amine scids

e not ascidentally deficient in one or more simple known coapounds.

) Parsuing this general plan we have separated N into a series of fractions
Uy applying it to an anion exchange resin oolumn and eluting it by the displace-
mont procsdure of Fertridge (6). Testing such fractions for toxin formatiom
shows activity mors or less throughcut all of them but more pronounced in some
srsas Whan in othisrs. Thls suggests thes sams type of affest Lownd in W B
fraotion vwhere each peptide containing histidine was effective and may mean
activity with several peptides each containing acertain amino acid, It does

not exclude the possibility that concomitant presence of two kinds of peptide

are essential, It also does not excluds the possibility that the essential
mtarials are not paptide in nature at all.

EREEREILE
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Our next step was to select a series of adjoining fractions showing
the greatest effeet on toxin forma‘ion, and tz re-fractionate them through a
cation exchange resin, agair by the displacement procudure, The resulting
fractions again showed a well defined peak of astivity, but paper chromatography
readily dmonstrated the presstics of such a variety of peptides that there was
no possibility of a clue as t0 involvement of any particular amino agid
component., Our next step vas to undertals a better ssperation by means of
the Hirs, Stein and Moore elution method (7) using the resin Dowex 50,
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Somewhat improved separation resulted, but the active materdial remainsd com-
plex on paper=chromatography.

We hove now further separated this agtive fraction by adsorption on
and alution from charcoal columns, separating certain inert materials, but
8ti1l recovering an active fraction showing several componente by paper
chromatography. These various stops have eliminated sufficient inert solid
to make an actual frasticnation of the remaining active material feasible on
fiiter paper sheets, Past experience with this method has not been altogether

» since (1) extracts of the “ilter paper itself seem to inhibit taxin

formation and (2) it dees not always seem pessible to wash the adsorbed material
off the paper. However, by using previoisly weshed and treated pa
extraction with 0,00 N HpSO, which can readily be removed with Ba ?’SZ, we
have had a few sncomraging axperiments, [t appears that the active fraction
moves rapidly on paper, using secondary butanole-formic scid as the solveat. The

ts are now at this podnt, For reasons to which we have alluded abovs,
they will have to be repeated several times. If all goes well, it may then be
possible, Ly paper chromatography, to obtain fairly definite information as to
the composition of the aciive fraction, and o attempt somewhat more intelli-
gmﬂy & substitution of known peptides or other compounds for the mtnraJJy
occurring material,

This aspect has already received a ~easonable amount of empirical
attention. We have tried a variety of peptides -- some begged, others bought,
amd others prepared by us, None have been ¢ffective, but the possibilities have
not been covered. A great deal remains to ‘s done, and if the amalytioc
experiments provids a clue; much effort may be saved,
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Immediate and Long Ranges Work is at present contimuing on the
neutral fraction, and on efforts to further imgmrove ths besic formmla for
toxin produstion. Our ultimete aim is the identification of the remaining
uninown const £ tuents in the tryptic digest and in the heart infusion,
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