





Figufe 16. Oxygen uptake with various substrates by C. equi.
Data from Table 8.
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Figure 17. Oxygen uptake with various substrates by C. hoagii.
Data from Table 8. '
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Figure 18. Oxygen uptake with glucose by a cellular extract of
C. equi,

6—o endogenous, Warburg flasks contained 0.5 ml
cell-free extract (30 mg protein), 0.5 ml 0,1M

phosphate buffer pH 7 and 0.1 ml 20% KOH in
the center well., o
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modilfication of the cell or its components is the continued presence of
glucose necessary? In the hope of gaining some information co.ncerning
these qu}estions , cultures were grown with and without glucose for 36
hours, washed, and each kind resuspepded and divided so one part was
placed in glucose medium and the other into tryptone medium free of
glucose., Optical density measurements were made at 12 hour intervals
" for 5 days from the time of initial inoculation. The results are presented
in Figure 19. The glucosé-grown cells removed to tryptone prom'ptly‘re-
verted to a growth rate typical of a sugar-free medium. Cells rerhoved
from tryptone broth to glucose medium assumed the growth rate charac-
teristic of cells grown in glucose, Obviously, no alteration of glucose-
grown cells had occurred which enabled them to utilize other substratés

in the medium better than cells grown in tryptone medium. The continued

presence of glucose was necessary for good growth of the cultare,

The effect of variou; substances on growth and pigmentation of C., equi

When various vitamins and other ~substan;:es were tested as nutri-
ents it was found that maximum growth and pigmentation occurred only in
the synthetic mediufn containing thiamine (Table 9). C._equi also grew in
;his r‘n'edium when solutions containin—g certain combinations of various
én;ino acids were added, however, chromogenesis did not occur.

Thiazole and benzothiazole did not enhance the growt'h and chromogenesis

when added to the synthetic medium.



Figure 19. The effect of medium on growth of C._equi.
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Table 9. The effect of various vitamins and other compounds on the growth
and pigmentation of C. equi.

Optical density after

Addition to ___incubation

B~H medium ~ ug/ml. 36 hr. 48 hr. 72 hr. Chromogenesis*
None ' 0 0.02 0.02 0.05 -
Nicotinic acid 5 0.04 0.05 - 0,07 -
Riboflavin 5 0.05 0.09 0.11 -
Ca pantothenate 5 0.09 0.15 0.21 -
Biotin 5 0.03 0.04 0.07 -
Folic acid S 0.02 0.05 0.09 -
Pyridoxin HCl 5 0.04 0.05 0.09 -
PABA 5 0.03 0.05 0.07 -
Ascorbic acid 5 0.04 0.08 0.11 -
Thiamine HCl 5 1.25 . 1.3 1.3 +
B2 5 0.25 0.30 0.35 -
Guanine HCI 50 0.08 0.11 0.11 -

Adenine SOy4 50 0.02 0.05 0.06 -
Thymine 50 0.03 0.04 0.06 . -
Cytosine: 50 0.05 0.06 0.08 . -
Uracil 50 0.04 0.05 0.06 -
Thiazole 1 0.03 0.03 0.07 -
Thiazole 10 0.03 0.03 0.07 -
Benzothiazole 1 0.02 0.02 0.04 -
Benzothiazole 10 0,03 0.04 0.06 -
Amino acid mixture(1) - 0.2 0.26 0.34 - -
Amino acid ) '

supplement(1) - 0 0 0 -

B-H medium: Braun and Hofmeier (1927)
* Cells were centrifuged and color of the cell mass recorded.
+ =orange yellow; - = colorless.

(1) Friedman and Roessler(1961); equal amounts of double strength
solutions were used.
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In synthetic medium without thiaﬁline, growth of C._equi occurred
through seven serial transfers. The densities of the cells reached the
same levels in 43 hours in each transfer, The addition of thiamine
resulted in more luxuriant growth and'c;hromogenesis.

| It was observed that the synthetic medium turned bluish in 24 hours
and yellow in 36 to 48 hours. When various concentrations of thiamine
were employed 5 ng/ml of thiamir;e was found to give maximum growth
and pigmentation (Figures 20 and 21). The estimation of total pigments
aé presented in Figure 21 showed that varying concentratioﬁs of thiamine
" correlate with quantity of total pigment. Such correlation also exists with
growth ‘(Figure 20).

Thg pH of synthetic medium without thiamine reached 8.5 and with
thiamine 9.5 in 3 days.

The effect of different components of the synthetic medium on the
growth and pigmentation of C. equi is shown in Table 10. Growth and
pigmentation occurred onl}; in thé cultures which contained thiamine.
Aspartate and cystine could be replaced by (NH4)SO4 but growth was
somewhat reduced, however, when acetate was replaced by glucose no
growth oécurred. The yellow coloration of cell-free medium was seen only
in the Braun and Hofmeier medium containing either aspartaté or cystine.
When (NH4),804 was substituted for NagSOy4 the yellow color was not

seen even in the presence of aspartate or cystine.



Figure 20. The effect df thiamine on the growth of C. equi
in synthetic.medium.
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Figure 21. The effect of thiamine on pigment production by
C.. equi in synthetic medium.
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Table 10. The effect of components of the synthetic medium on growth and chromogenesis of C. equi.

O.D. after 48 hr

at 30 C Chromogenesis*
Thiamine No Thiamine 1 ng/ml No thiamine
Medium 1 ug/ml _thiamine Cells Supernatant Cells  Supernatant
1. Complete synthetic¥** 1.4 0.02 ' orange yellow none none
2. Less aspartate 0.3 0.03 orange yellow none none
3. Less cystine - 0.67 . 0.03 orange ‘yellow none none
4., Less acetate C - - - - - -
5. Less acetate and cystine - - - - - -
6. Less acetate and aspartate - - - - - -
7. Less NaZSO4 . aspartate, 1.0 0.08 orange none none none
and plus (NH4)9504 ,
8. As 7 less cystine b .. 0.75 0.03 orange none none none -
9. As 8 less acetate, plus - - - - - -
glucose . ,
10. As 8 plus aspartate 1.2 0.06 orange none none none

11. As 7 less acetate - - - - - _

12. As 7 with aspartate and - - - - - -
less acetate

*Cultures were centrifuged and the color of the cell mass and supernatant was recorded.
**NaZSO4, 0.5 g; MgS04, 0.005¢g; KH9POy4, 0.05 g; KzHPO4, 0.15 g; sodium aspartate, 0.5 g;
~cystine, 0.0125 g; sodium acetate, 0.5 g; water to 100 ml and pH adjusted to 7.
(Braun and Hofmeier, 1927)
- = no growth.

19
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In the synthetic medium, NazSO4, aspartate, and cystine were
replaceable by (NHy4)2S804 as sources of nitrogen and sulfur. It is evident

that C. equi can grow well on inorganic nitrogen and sulfur sources.

Induction of chromogenesis by thiamine

Various levels of chloramphenicol were added in the Braun and
Hofmeier medium. The densities of the cells were recorded at 600 mu.
The results are shown in Table 11/. About 20 ,ug/ml of chloramphenicol
inhibited growth of C. equi completely during the observation pe;"iod of
60 hours.

When colorless cells were suspended in the synthetic medium (10%

transmittance at 600 mu), the addition of chloramphenicol after 2 hours

did not stop the chromogenesis (Table 12).

Oxygen uptake by resting cells of C. equi in the presence of acetate

Colorless cells were obtained from tryptone medium (0.2%) and
resting cell suspensions were prepared as described previously. One
portion of resting cells was suspended in synthetic medium containing
thiamine and incubated on shaker for additional 3 hours and washed.
These cells were designéted "thiamine exposed cells." Oxyéen uptake
wa.s determined with both suspensions (Table 13 and Figure 22). The
results 1ndicaj:ed that colorless resting cells utilized oxygen at a lower

rate than thiamine exposed cells in the presence of acetate.
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Table 11. The sensitivity of C._equi to chloramphenicol.

Chloramphenicol O.D. at 600 mu, hr of incubation
qg/ml 36 60
0 1.2 1.3
1 1.2 SR -1
2 : 0.19 1.3
5 | 0.03 0.23
10 0.02 , 0.03
20 o 0
30 { 0 0
contro;:* : 0.02 0.03

*Control tubes have no thiamine and no chloramphenicol.

Table 12. The inducation 6f chromdgenesis by thiamine.

Incubation prior to the addition
of chloramphenicol
Flask No. ' (19.2 ng/ml) Chromogenesis

1 0.0 hr -
| 0.5 -
1.0 -
1.5 -
2.0

2.5
3.0

3.5

X N O bW N

+ + + +
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!

Table 13, Oxygen uptake by colorless c’ells of C._equi with acetate.

;ul. Oxygen uptake

Time Colorless cells Thiamine exposed cells
(min) endogenous acetate thiamine endogenous acetate
10 | 8.2 33.4  30.6 7.6 35.6
20 18.5 89.8 108.1 15.2 121.9
30 25.3 139.0 172.6 27.9 218.4
40 28.6 195.4  237.1 30.5 312.4
50 35.4 255.2 324.3 40.6 431.8
60 38,7 329.1  392.0 . 50.8 530.9

Warburg flasks contained 0.5 ml of 0.2M phosphate buffer pH 7.2, 0.5 ml
of standardized cell suspension, 25 micromoles of acetate and 6 ug/ml of
thiamine where indicated in the table and 0.1 ml of 20% KOH was placed in
the center well,



Figure 22. Oxygen uptake by colorless cells of C._equi with acetaté.
"Data from. Table 13.
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Pigments of C. equi

The total (combined) pigments were reddish orange in colpr and
gave a deep blue color on the addition of concentrated H2504 but no
color with HCl. The partition test between 90% methanol and petroleum
ethér (30-60 C) by total pigments indidated both epiphasic and hypho-
phasic characters. Developed chromatograms when exposed to Ip
atmosphere, demonstrated that all the pigment‘s turned black which
indicated absorption of iodine. When kept at room ‘atmosphere, the
black spdts disappeared. This indicated the unsaturéi:ed nature of the
pigments and binding of iodiné physically.

The spectra of the total pigments in ethanol are shown in Figure 23.
Pigments extracted from the cells grown in complex medium and in syn-
thetic medium with added thiamine showed similar spectra in that absorp-
tion peaks were observed at 440 myu, 464 mup and 495 mu. When ethanolic
solutions of pigments were chromatographed, six different bands were
evident from cells grown on trytose medium while only three wéfe 6btained :
with cells grown on synthetic medium (Table 14).

These spectra indicated that C._equi possesses the same kind of
pigments whether grown in complex medium or synthetic medium with
thiamine. The results of thin lay;-:*r chromatography of .pigments from
trybtose grown cells may be due to breaking down of main pigments into

several components or represented intermediate stages of synthesis.

Number 1, 2, and 3 (Table 14) seem to be identical pigments belonging
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Table 14, Pigments found in C. _equi grown on tryptose agar and
‘synthetic medium. : '

Absorption maxima in ethanol (mu)

Pigments Celis grown on tryptose : Cells grown on synthetic

(Ascending Rf values) . _agar (1) : medium (2)

1., 430%* 460 495*% -. - -

2, 430% 462  500% - - -

3. 430% 465 500% 43 0% 465 500%

4, 480 480

5. : 455 -

6. 440 ' 140

(1) Difco #B64, dehydrated
(2) Braun and Hofmeier, 1927

* These maxima were seen as shoulders rather than clear peaks.
- = No pigment.



Figure 23. The spectra of the pigments found in G. égui, grown
on tryptose agar (solid line) and synthetic medium
(broken line).

'
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to the same class. Apparently four distinct pigments were obtained
from the cells grown on tryptone medium and three from cells grown on

the synthetic medium.
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DISCUSSION

-

’:é‘;; The enhancement of growth of C. g&i by gluqose, an observation
}nade long ago in peptone media, was found not to occur in a synthetic
medium containing (NH4)ZSO4 as nitrogen source. When acetate was
substituted for glucose as carbon and energy source, good growth occurred

|
in the synthetic medium. The additibn of glucose to media containing
0.5% acetate did not enhance growth of the culture.

The mechanism by which glucose s;imulates growth in a peptone
medium is not clear. That glucose is métabolized very slowly by C. equi_
is indicated by the almost negligible oxygen uptake seen in Warburg
studies, and by the minute amounts consumed in growth' studies as re-
vealed by isotopic studies and quantitative determinations of glucose.
Tﬁe rapid ‘consumption of oxygen with acetate as substrate and the abun-
dant growth obtained with acetate suggest that gluc_ose may be slowly
metabolized to acetate. The evidence suggests that glucose is not
readily transported into the cell, for cells removed ffom a glucose
medium immediately revert to the growth rate characteristic of a sugar-
free medium. Also, it seems that-the cells are deficient in enzymes
capable of degrading glucose, as shown by the inactivity of clellular
extracts .

The pigments of C. equi have chemical properties very similar to

carotenoid pigments. The spectrum of the total pigments corresponds
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closely to lycoxanthin which was characterized by Starr and Saperstein
(1953) . Three of the individual pigments (Pigments 1, 2, and 3 of
Table 14) have spectra very similar to rgbixanthin as reported by Karrer
and Jucker (1950), but pigments 4, 5, and 6 appear to be different from
aﬁy of the described carotenoid pigments and remain unidentified.

 Of the six pigments px;esent"in cells grown on artificial medium
which could be separated by thin layer chromatography, only three could
be found in the cells grown on a synthetic medium. This may indicate
that in cells grown on a complex medium, intermediates of pigment bio-
synthesis éccumulate to detectable concentrations. It is always possible,
however, that the synthetic meditl.lm does not support the biosynthesis of
all the pigments. Braun (1949), Starr and Saperstein (1953), and

Schuster et al. (1959) studied the effect of thiamine on pigmentation

in species of Corynebacterium, but these workers employed media con-

taining casein hydrolysate, In the studies with C. equi a simple syn-
thetic medium was employed which allowed for demonstrating the effect
of each component of the medium oh pigmentation.

In the synthetic medium the amount of pigments produced was pro-
portional to the thiamine concentration to a level of 5 ng/ml. Higher
concentrations of thiamine did not promote further pigment synthesis.

A similar correlation between growth ’and thiamine concentration existed
but even less thiamine was required to provide a maximum effect on

growth. AThiamine appears to be an absolute requirement for pigment
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| biosynthesis, but other substances were found to replace thiamine for
growth in that calcium pantothenate, Bjg or combinations ‘of aminé acids
would support gr;awth but not pigmentation. It seems that growth and
pigment synthesis are separate cellular functions which ca.n’ be con-
trolled by the external environments. Schuster et al. (1959) made a
similar observation. From our results a bioaséay for small quantities

of thiamine should be feasible by correlating pigment formation with
thiamine concentration.

Thiamine evidently induces colorless cells to form enzYmes which
are involved in pigment biosynthesis. That such may be the case was
indicated in the experiments performed with colorless cells exposed to
thiamine and chloramphenicol. Which enzymes are.induced by thyamine
is not clear, but certain possibilities exist. The induced enzyme(s)
involved may be either those directly involved in pigment synthesis or:
the kinase which forms thiamine pyrophosphate from thiamine and
adenosine triphosphate.

The results indicate that acetate is a requirement for pigment
synthesis. It seems that colorless cells wheh exposed to thiamine for
2 to 3 hours, develop potentialities of oxygen uptake in acetate in mano-
metric stﬁdies . It indicated that there is a difference -in the resting cells
of C. equi when harvested from different nutritional conditions. Carbon

of acetate has been shown by Lotspeich et al. (1963) to be incorporated

‘into the ring system of carotenoid and Schopfer and Grob (1956) showed
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that precursors of acetate were required, but not thiamine, for carotenoid

biosynthesis in Phycomyces.

Thg pigments and the thiamine requirement for pigment production

‘indicate a close taxonomic relationship between C._equi and the plant

pathogens: C. michiganense, C. poinsettiae, and C. flaccumfaciens.
However, the plant pathogens'do not grow in the syntlhetic medium of
Braun and Hofmeier hence nutritional similarities and differences exist.

The strain of C. hoagii available for this study (ATCC 7005) was
practically identical with the four strains of C. equi. All are highly
oxidative and accumulate acids in such small amounts that none is indi-
cated in the customary tests with Durham fermentation tubes. Only slight
acidity-is observed near the~ surface in OF media. The slight accumulaL
tion of acids is believed to be the explanation for some disagreement in
the literature as to the sugars attacked by these species.

It is unnecessary anéi unwise to consider as different species
organisms which are as similar as the strains used in this study. It

is recommended that all these organisms be considered as strains of

the first named species, C._hoagii.



SUMMARY

Corvnebacterium equi and C. hoaqii are esentially identical in
mofphological, cultural and physiological characteristics and it is recom-
mended that C. equi be considered a homonym of C. hoagii since this
species was the first named.

In this study it has been confirmed that glucose is stimulatory,
and quantitative data have been obtained to Ehow that only minute
amounts of the sugar are utilized. The same observations were true for
C. hoadgii. In ;';1 medium containing 100 ug/ml of glucose only 80 ug were
utilized in 5 days. Acetate was more stimulatory to both species than
glucose, and glucose was without effect in the presence of acetate.
Experiments with glucose-1-C 14 revealed that most of the radioactivity
was evolved COjp.

In a synthetic medium calcium pantothenate, Bj, and some combi-
nations of_ {imino acids permitted consistent low levels of growth without
pigmentatio’n. For optimum growth of these organisms thiamine was

| necessary. The maximum effect bf thiamines on growth in the synthetic
meciium was obtained with a concentration of only 3.0 ng/ml. Without
thiamine there was no chromogenesis, and ihe méximu’m chromogenesis
was obtained with 5 ng/ml. At suboptirﬁal: levels of thiamine growth and
chromoger;_esis were proportional to the thiamine concentration. These
organisms appear to provide an exceedingly senéitive method for detecting
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and quantitating thiamine. Thiamine seems to be an absolute requirement
for pigment biosynthesis in these organisms. |

Colorless cells (grown without thiamine) were induced to form
pigment by the addition of thiamine; chloramphenicol prevented this
induction. Thiamine in minute amounts seems to mediate chromogenesis
by inducing the formation of the enzyme system required for the bio-

synthésis of the pigments. The pigments were found to be carotenoids

with absorption maxima in ethanol at about 440, 464, and 495 mu.
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