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hanson, H, and Tannert, S, - Investigations on sulfur-metaboliam, 1, Reciprocal
Action of Bacteria coli aod Cystin, and a Discussion of Ensymatic Adaptation

As end-products of S-metaboiism of sS-containing amin& acids in anlmale and
rar appear chiefly sulfate in the form of (a) free aulfates, (b) ester-sulfates,
and (c) known sulfo acids (taurine), and in certain zicroorganisms HyS alisv
appears, It is now of interest that lately the evolution of H2S has been
established in isolated animal organs (liver-sections, liver-aslurry, and liver-
extract, and from kidneys) under anaerobic conditions (1, 2, 3), Under aeroblo
conditions, however, practically no HpyS appears from the same organs, Bither
the EyS formed in vivo is rapidly oxidized, or else - and this would bring the
situation into harmo.y with the "economic laws" of the metabolic in:ermedieries.-
no HyS 1is evolved but rather an oridation of the S has already occurred in the
organic combination, A series of studies favors the lstter possibility, Grace (4)
Medes establishes that, in carbonate-buf:er, liver-section and also kidney, heart-
muscle and other organs are able to form inorganic sulfats rapidly from cysteinq"*“*
cystipe, sulfoxide snd cystein-sulfinic acid (COOH..CH (NHy) CHy.SOOH), Diverueih,"
engymcs were hold ressonsible for these activitias. A similar mineralization
of the S5 in feeding with oysteine-sulfinic acid with pronounced rise of the'
rhiosulfate liberation in the urine was observed jn ratbites by Fromazsot, et gl
{(5). Rabtit-liver slurry csn form no thiosulfate from cysteine-sulfinic acid,
but very probably can form sulfite, According to the findings of Barrenscheen
(6) an oxidation at the 5 to methionine-sulfoxide is necesasary to permit the
GH3-donor-function of the methionine,

The above mentioned discoveries of the H,S-formation from oysteine by liver-

1lurry and liver-aections, and the assumption of a liver-ensyme shich transforms




; O the cysteine to pyroracemic acid, NHs, snd HyS, do not jive with these idess
| that a mineralization of the S occurs only sfter a resulting oxidation in the
organic molecule, Smythe takes tne stand that the HyS from the liver under

] serobic conditions partly oxidizes to sulfste, partly becomes polythionats,

b and partly enters into the formatlion of organic molecules, for example, alanine,

in cysteine-forrwtion, (C, V, Smythe) (7)

whereas no doubt waisia that the LS ias & metabolic product in micro-
organisme, accordingly, concerning the HyS-formation in the animal organism
1t can only be atated that H,3 has been obtained up to now cnly from isolated,
excieced, and therefora more or less damaged organs, and thus perhaps is only
the product of accessory metabolic pathways, which do not normally operate,

Purely formularily, in the case of the H;S-generation from cysteine, in

e the assumption of reaction-events which biologically constantly occur (Hydrolysis
I, Reductlon II, Oxidation III), products are ziven whose occurrence in the
intermediasry metabclic processes are in part demonstrated (serine, alanine),

and in part can only be inferred (aminoaldehyde carboxylic acid), and which in

il

the ocourse of metabolism can undergo further ohanges (deamination, etc,).

I, CH,-CH-COOH CH,-CH-COOR
L R
SH NHp + H0 yields OH NHy + hyS

',zf ' 4|l'1
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B II, clﬂz-c'a-cow cxg-clu-cooa
‘5_ SH NHp + Hp yields ' NH2 + H2S
III, Ghy-CH-COOH N
- | . G-CH-COOH+HS
= SH NH, +0 ylelds H NEHZ
Z 2




<:> When Smithe, for example, eatablishes that a liver enzyme permits the

evolution of H,3 from cysteine, in addition to pyroracemic acid and ammonia,
thus is shown no more the connection with elsnine as the amiration-product of
the pyroracemic acid, Fromageot, et al (1), in the liver desulfurase activity,
find no NHy-formation; they establish variously, in the cys“.eine-breskdown,
cystine, in addition to H5S, and they maintein that an intermediate formation
of slanine rather than scrine is probable, According to Desnuelles and Fromageot
(8) a oysteinase in Bact, coli breaks down cysteins and oystine, with the form-
ation of H,S, NHj, forric acld, and scetic acid,

It is now of interest that in the investigation which Medes and Floyd (4)
pursued concerning the btreak down of S-conteining amino acids by the liver, H,S
did aot appear; nor was it mentioned as an intermediate, The discovery by Smythe
(7) that under anssrobic conditions the liver-section can form H,S from cystine,
] led Medes and Floyd to the break down of intermediate thiosulfuric ecid and
1,505, without their actually having experimentsi evidence for this assumption,
Their experimenta, using the Warburg-method with rat-liver under aseroblc conditions,
lewd thom to the view that the SH-groupe of the cystelne then wculd he osidized,
with water-deposition ard concomitant dehydration, to cysteinesulfinic acid (250ii),
with the aid of a cysteine-oxidase which transforms itself to sulfinic acid (RSOOH)
and cysteine (2 RSOH ylelds RSOOH + RSH), Cysteine sulfinic acid would then te
; split enzymatically {sulfinic-oxidase) into an organic residue and an inorganic
sulfate (formed through further oxidation), Another pathway of cysteine-oxidotion
would be through the formation of cysteine-acid (cysteine-oxidase b), In in-vivo
and ln-vitro teats cystine forms sulfate slower than it does cystesine; alac the
formation of cysteine-acid occcurs slower than that of cydsine, The idea smerges

<:> that in contrast to previous assumptions the cystine is not turned reductively
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<:> into cysteine but hydrolytically to oysteine and cystinesulfinic acid (IV),

{1 IV, CH,~CK-COCH CH,=CH-COOH
i
‘ S NH SH WK,
li
+C yields
Q § Wk, H . SOH iH, . NH,
[ CHy-C1hi-COCH CHp-CH-COOH  ylelds  Hy3 + GC-CH , COOH

H

The authors assume a non-enzymatic hydrolysis, That must at first ssenm
doubtful,.if one coaslders the disregarded tests of A, bchoberl (10), k, Bloch
and H, T, C larke (11), and J, Routh (12) concerning the in-vitro hydrolysis of
! oystine and the changes of oysteine in aquevus solution, Cysteine shows itself

to be more stable than oystine in heating in alkaline solution, However, under

i {:’ conditions (géveral-ho. heating in strong alkali} the cystine would hydrolyze,

at pH wkich would be far higher than any ancountered in the organism, Then

cystine-hydrolysis in-vivo, whether enzyratic or not, must remain as undemon-

strated, Since, in the in-v;itro bydrolysis of cystine, over the rapidly wider

disproportioning of the auccumbing sulfinic ecid, H,5 i3 formed in additlon to

the aldehydic and keto-compounding, detection of in-vivo hydrolysis of oystine

i ia perhaps more likely if the conditions of the HyS-formatioa from cysteine-

cystine in-vivo and the charscter of the compounds reialning after st-splitting

were more accurately sought to be grasped, The assumption of st-formation fiom
; cysteine or cystine does not necessarily entail a spacial HyS-splitting enzyme,
but can be explained by the assumption that in-vivo or under serobic conditions
in the fully intact organ the sulfinic acid is further oxidized at the S to 50,,

but that in the use for exaxzple of lliver-slurry the enzymstic break down to the
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<:> sulfinic-acid-gtuff is ths final step, In this case the sulfinic acid is

dispropertionate under st-rormation witrout special ferments, The otherwise
very difflicult-to-uncerstand situation can be explained thus, whoreupon the

liver oxidizes cysteine at the sulfur, however, even still shall possess an

el Nt 08 W)

enzymne to split st from cysteine,

R

The provicusly published resesrches on living material do not nermit
ceriain ccnclusion regarding the role of sulfinic-acid or other reaction forms i
of S-cont.i:nuing amino acids, We are not certain about the first point of attack
in the biological S-oxidation, nor do we know in which way t... amino group or
other éertain intersediate product of cysteine, for example those with aldehyde-
or keto-groups, passes in reaction with still S-containing intermediate produc£s,
and we do not know whether or to what extent the amino group in the oysteine or
cystine is necessary for reaction at the S,

<:> Before we go into our researches concerning the role of the liver in S-

intermediary netalolism, we have to deal with the conditions of st-formation

from cysteine or cystine by bact, coli, On the basis of data in the "Handbuch

(22)), and the "Handbuch der Pathogenen kikroorganismen" (by Kolle, Kraus, and
Uhlenhuth (23)) we could assume that this microorganism has no or quite l‘uiiwd
capacity for HpS production, But as we have shown with certahty, Bect, coll
produces hyS in considerable amounts from the cysteine and oystine, Here it 1a
more propjer to sssume a specific HpS-aplitting enzyme, than it was according to
the inveatigationé of the liver, ¥e presently report observations, which mako.it
imperative that we go rather thoroughly into the question of the dependency of the
enzyme~formation add onzyme-go,centrution of the substrate, The present first

' <:> part, in addition to methodicel data, concerns these investigations, We must

:%mwwwhhmm ot e




likewise bring out (what evary bacteriologist knows) that the Baot, coll show
a variabiizty in thelr netabolic properties wnich sometimes make necessary
time consuming investigations and teating us t0 whether the bacterla being uased
are "bonafide" Baot, coli,
METHOD
General Discussion
1, Obtaining and handling of the Bact, coli,

Coli-b;cteria were used which were freshly isolated from human feces
andlwhioh wore tested for the characteristic coll blochemical rropertiss, For
the maintenance of the oonstance of their strain properties they were transferred

' to sohrag-agsr (slanted agar) from time to time, From this ground-strain were
innoculated the incubation-flasks, which mostly contained 100 co bouillon with
1% glucose, or 3% glucose, or sugar=-free; they were incubated at 37° for 48 hours,
So far as the nutrient-bouillon contained sugar, the ph of the solution fell to
about 4,3, messured with Lyphan-paper, The growth in the Liebig-btouillon without
sugar showsd no pH drop, 4 variously observed lnactivation of the coll with
regard to the cystine-bresldown we traced to an injury due to too long exposure
to the low pH, By regulating the pH during incubation by buffering with NailOs
we stopped the loss of this activity, The first good growth must be conveyed to
agar plates from want of materlal, After incubation the bouillon is centrifuged
well, the liquid poured off in euch test, where by more thorough weshing is not
remarked, in suspended in reducsd Relchenbach-sol'n (5 g lactose, 5 g NaCl, 2,5 g
NapHPC,, water tc 1000, no peptone, no asparagin end no szolithmin), later only
still in m/30 phosphate-buffer, Eventually thorough washing with m/30 buffer took

place, The suspending of the bacteris occurred in such a way that the micro-

e o e A i prevme




rganisms, which had developed in 120 cc nutrisnt, were susended after ventri-
furing in 15-20 cc phosphate-buffer, For similar coli-concentration in the
sinzle starts a test series would tlereby provide, thnt the contents of the
sirgle incubation flasks (100 cc) be centrifuged, the liquid pourad off, and
that the coli bacterim-zontaining sediment of the centrifuge tubde be susverded
in some phosphate buffer, The entlre coll amount was then nlaced in a iiss-
c¢ylinder with the amount of phosphate-bufier directed by the above directions,
2. Test set-up with bact, coll,
The ooli-suspenglon prepared a3 directed above wes tested as to its
capebility (snd the conditions necessary) to treak down (liverate) Ny, HS,
and variously CO, from various substretes, s. that theses and certain other break-
down products of the suhstrates would be detectitle in the media, To this end
the bacterial suspension was pipetted into a pyriform 50 cc volumetric flask
with ground stopner in which was added ths substrate to be tested in substance
or in phogphate buffer, At the same time as control tests set up (plus oysteine
mirus bacteria or plug bacteris minus cysteine) were set up by filling up with
wwaephete buffer sol'n similar volumas of the single test starts, The further
test set-ups are shown in Figure 1,
For COz-~deternination, a third absorption flask with Ba(OH), was inserted
after thw WF,, which then to be surc was losded with acidified CuSO -sol'n fer

4

the abscrption of H,S and the better transmission of COZ'

The apparatus was set up so that N, was bubbled through the {lasis at the®
rate of 45-50 bubbles per minute, At this rate by the end of the 16 hour test

tine all the gaseous metalolic products had been liberated, without residue, and

absorved, We convinced ourselves of this Yty interchange of wash-flasks and by

4 ,y;ll'h!x" r
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interchange of 2 wash-flasks with the same absorption material,

teat time in which the rate of bubbling was not suffiocient to leave any resldue,
N2 was passed through much faster at the end of the test time, Where the pH of
the reaction flask was not favorable to the liberation of the gaseous metabulic
products (i.e,, pH too high in H,S- and CO,-tests), or when the matabolic pro-
cess was to be cut off, the reaction flask was acidified with 5 co 20% t:richloro-
acetic moid and N; or air was bubbled through rapidly for 30 minutes, Also here
we have convinced ourselves that one absorption flask is sufficient to take out
the gaseous metabolic products, In model taests we found in the second absorptian

flask no more than s trace, for axample of cedmium sulfide, which was pot even

measurable titrimetrically,

T X ’ - "» ' - - <
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Bxplanation -

P: is alkali pyrogallol-sol'n (for 0,- and COz-abaorpbion).
S: is sulfuric acid (far -absorption),
TH: is thermostat to maintalh 37°,

Rs is reaction flask,

T: is funnel tube for adding substances (trichloroacetic acid, scda),
WF,: contains n/20 sulfuric acid (fur NHj-determination).
WF 53 contalne cedmium-scetate (for H,S aésorption).

3, NH3-dotermination,

For the deteruination of the liberated NH3, the NH3 was distilled

N 75

In the shorter
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(:> (after alkalizati n of the test flask with 10 cc 15% soda 'scl'n, NaOY being

. avolded to avoid secondary Nig-formation) in an abeorption bulb with n/20

sulfuric acid at a temperature of 40° at the hichest, and in this bulb was

determined step-photometrically by the Nessler-process using a Filter S-43,

The most favorable conditions for the quantitative Nl3-measurement were

established in trials,

It was found that under the conditions stated the NHB

was to be determined quantitatively only in vacuum-distillation, This was

accomplished using the methods of G, W, Pucher, i, P, Vickerey, and.C. S,

Leavenworth (13), (See Table I)

Table I

Trial Tests for NHB-determination

est, NHy~ NH3-determinat,
Test-so0l'n conten in"ng, % of Remarks
O in mg. input .
Empty distillation - 0,02 - -
value (UTC) - ~
HHCL 0.5 cc 0,333 0,330 99 -
NH,C1 1,0 ce 0,666 0,634 95 -
NH,C1 1,5 cc 0.999 0,946 95 -
NH,Cl 2,0 cc 1,333 1,336 101 -
3 cc ferment-sol'n - 0,218 - Emp, dist-value not det,
3 cc ferment-sol'n 0,884 0,816 - 92,3 From found NH3-content
plus 1 cc NH,C1 of ferment sol'n plus
0,666 mg, NH3
5 co ferment-sol'n - 0,330 - Emp, dist-value not det,
5 cc ferment-sol'n 0,99 0,912 92 From found NHy-content
plus 1 cc NH,C1 of ferment sol'n plus
0,666 mg, NH:
10 cec ferment-sol'n - 0,609 - Emp, dist-value not det,
10 cec ferment-sol'n 1,275 1,266 99 From found NH,-content
plus 1 cc NH491 of ferment sol'n plus
0,666 mg, NH,
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Ey the single "emoty-distillation~value" given in the Table 1s mecant the
value of the Nessler-reazent mixture alone, which was mixed un fresh for this
test, It nust agein be polnted out that in the cese of several measurements of

the ilj evelution "empty~distillat.on-values already had occurred which in their

dependence on the use of soda solution, gave values equal Y5 distilled water or

even a little less, It was thus cowron, above all when we used new sods sclution

and new phosohate buffer solution (or water which on the basis orf the quelitative

N-test was not entirely pure), to carry out iH3-determinstions using only the used _

sclutions without adding Pact, coli or substratea under conditions sirilar to

trose of the orimary test, That no NH3 was literated from cystine uniler the ) :

chosen conditions (24 hour. at 37° in dz or alr at various nd, then alkalization

with soda solution at 40° bath temperature and vacuus of 12-15 mm Hg,) is obvious

from the data in Tatle II, which givea similar values of the different empty-

distribution values, and which demonstrates thut when the reagent solutions are

made up fresh the empty values should be redetermine. and should be teken into '
on

consideration in computing the Ni ~liberation frcm cystine,

Table II
] 2., ng Cystife-empty-distilliation-values
txperimental {10 ce| 10 oo cystine in without correcting for the

Ingredients |waier |phosphate |10 cc phos- Ho0- and £O -empty values
| bufer  |phate-buffer | 19.X%)23.X.|6.XI1, pH 3.8|pH 6,0IpH 2,0
%'JH 6.7% | ol 6 7% il R 2

ity foud 10,039 | 0,003 0,001 0.02 0,031{0,037 | 0.03 |0,023 [0.03, B
in“mg cel- l ‘ -

|
culzted on '
1004 wiig= '
liveration
from 2.4 i
mg evstine Y

|
* Corrected for water wvalues
*% Corrected for Fhosphate and water values
*»* Uging fresh soda solution

10
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<:> lessler-test: conients of the W& (10 ce n/20 sulfuric acid) transferréd
to 50 ¢c volumetric flasks, almost neutralized with carbon;tGJfree n/20 soda-
lye, and filled to the wark with water, An aliquot was lessler-tested, Then
(derendinz on AHB-content) 5 or 10 cc of this waa transferred to a 25 cc volu-
retric flask, to which was added 2,5 cc of a mixture of the Nessler-reacent
(1 part solution-A (poteasium mercuric iodide) and 5 parts sclutien-b (2,73 n
carbonate-free soda-lye)), filled up with water, and then with Filter S-43,
using ?he 1 ¢m Cuvette in the step-photometer, a measurement of NHB-content
obtained, Although no screecn-colleid was used in the Nesslerizution tc¢c maintain
the clarity of the solution, the determinations were only rarely messed up by
tur Hdity, If the qualitative preliminary test showed relatively high NH3-
content, the sclution was Jiluted with waeter so that a regding could bte obtained
in the photometer, snd correstion was made for the dilutien, The dilution of the
measuring solution was such that the extinctions, using the 1 cm Cuvette, lay
between 2,1 and 0,5,

L. HZS-determination,

As in NH3-determ£nation, N, was bubblea through the apparatus for the
determination of H,S, (See Figure i) The NH;-absorption flask was situated
after the second absorption flask (with 10 cc 0,./-0.8% cadmium acetate solution)
which We adjusted to pH 7-7.5 with a drop of soda-lye, In the tests wifh pH-
values of 7-8,5 in the reection flask, toward the end of the test the reaction
flask was acidified with 5 cc 5-n L1l or 5 cec 20% trichloroacetic acid, and a

razid bubbling of Ny or air for 30 minutes resulted in a complete recovery of

the 5,5, The Cds-suspension of the absorption flask was transferred into

- accurately measured n/100 iodine solution (5-10 cc), which was acidified with

11
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2 co 2-n K1, and was titrated with n/200 Na23203. In trials with Nazs
solution we ascertained the limits of variation, which we used in computing
the values (Table I1II), wWhen the _teat was continued 8 hours or more we
observed deviations from the theoretical values, which induced us to assume
curtain divergences in the compared values only in the case of differences of
more than 205, The Cd-acetate preparation showed a slight iodine loss when it

wgs left standing, and this was taken into account,

Table III
; S-content HyS precipitated by acidification
i after C4 S~
Solution| S-content | precipitation 2 hras, Ny | 4 bhre, Ny | 8 hra, Ny |21 hrs, Ny
used | hadd
1 ce oc oc ce s oc
in/100 mg S| n/100 |mg S| n/100 |ng S|n/100 {mg ${n/100 |mg S{n/100 |mg S
lodine * iodine| ** | iodine iodine lodine! _iicdine:

1
134 020 1.6 10.23] 1,53 [0.24] 144 [0.23] 1.9 [0.29] 1.58 [0.25
20 | 258 0. 2.65 0.2 2.42(0.39 2,57 |0.41] 2,58 0.40|2.35 {0.37

4 ce i 5,17 0,83 . 5.09 |0,8] 4.98 |0.80| 4.85 [0.72] 4,75 [0.76 | 4,74 |0,75

* By direct titration of the sulfide-solution without separztion of the Ccds,

#* The Gd-acetate-emply~value was determined for example, using 10 oc Cd-acetate
0,24 cc n/100 icdine,

#4# Separatior. of the i,5 by sdditon of 5 oc 5 n Hl, 30 minutes ventilaticn,
Collection of H,S in Cd-acetate solution,
5. Example of the production of an st-liberacing solution from Bact, coli,
1000 cc bouillon, vrriously thinned with 1000 oc water, and eventually

wish addition of ¥ dextrose) innoculated with Bact, coll from agar culture, and
incubated 48 hours at 37°, Coli bacteria centrifuged 20 miAutea at 3500 rmm, the
liquid poured off, then the coli bact, (the residue) suspended in 250 cc m/3C
PO, -buffer pl 6.7. 4Allowed to work on oystine (4 mg) at 37° with H,-bubbling

for 24 hours, In most cases great HyS-bulld-up, wp to 99% of the S of the cystine
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being -~eccovered as st. For example, when centrifuged two hours, 10 c¢c of
the supernatant liquid put with 2,4 mg cystine anmd N, bubbled tvhrough for

24 hours at 370, 0.351 mg of sulfur was recovered as HyS (55% of the 5 in the
eystine), Under the same conditions 10 cc of the supernatant without the
addition of cystine produced no st whatever,

It should be vrought out that at times there were failures in the pro-
duction of the "ferment solutions", We thought that at times the coll bact,
form n> H,S, But then, through pH control, it was established that the in-
cubation flask was too acld (pH less than 4,2), that also the coli, by lying
too long in the acid solution, had apparently lost their HpS-liberating function,
Or, at legat, if they had indeed produced st, at l2asi we were not able to
detect it in the supernatant, We have not been able to explain thia phenomenon,

Results

a, Direct effect of Bact, coll on cystine or cysteine,

In the described method, the coll bact, were at first suspended ia
Reichenbach's medium (but with gg addition of a nitrogen source), Later we
used exclusively m/15-m/30 phosphate-buffer {(pH 6,7), since it bacame apparent
thet in la-tose- or glucose-containing mecis (through the ability of the bact.)
occurred a ph-drop which also stopped the break down of the cystine (which we
had investigated), although, as shown especially by culture experiments, the
growth-gbility of the coll bact, was not impaired, This discovery ( ohenomenon)
compares favorably with the brief observations of Thiele and Deckart (21),
according to whom the very low pH impaired not only metabollsm but also indole-

formation, sc that (to be sure) the authors speak elso of & diminustion of the

Tl
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<:> growth and reproduction abilities of the microorganisms, The solution of
cysteine or cystinc 1n the substance or in nhosphate buf ar, and the adcdition

of media, leads almost regularly to H 8- and NH,-buildup. An example ls shown

in Table IV, The Higb-buildup occurs faster when oysteine is used, but definite
significant distinctions could not te estadbiished with respect to the maximal
HZS-formation, In most of the tests cystine was used, proceedin: on the assump-
tion that whon H,S is liberated from cystine, the liberation must be much the
same if cysteine is substituted for cystine, It remains still to be tested
whethes in the somewhat rare cases in which the coli bact. produce no HyS from
cystine, they could produce it from cysteine, or whether conditions can be

found out under which coli bact, liberate H23 only froz cysteine, not from
oystineg, By the uae of smaller amounts of cystine (inatead of 24 mg only 2.4 mg)
it may be that the liberated NH3 can only partly come from the cystine, that s
smaller proportion must come from other N-containing substances of the coli bact,,
but from these were then first liberated, when bact, coll can react with cystine,
The st comes always from the added cystine, Table V demonstrates that {measured
as the N-content of their protoplasm) the cnli bacteria in 7 times greater con-
centration liberated the same amount of HpS as the bact, coli at lower concentra-
tion, but that the NHj-lormation rose as the coli concentration rose, The first
cystine eddition (supplement.) appears as the initiator of the NHB-liberation from
no eystine-i-substances, because the coli auapena;ons without cystine form only

insignificant amounts of 5§3 (see Table V),

b




