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SUMMARY 

Microbiologists who lack gas-chromatographic equipment cannot easily study the microbial conversion of sorbitol to sorbose, because there is no other 
proven method for quantitatively measuring sorbitoI in complex growth media. The purpose of this study was to determine if the polyol assay suggested 
by M~ikinen in 1980 could be used to measure sorbitol depletion in chemically complex bacteriological-culture media containing sorbose. After we pretreated 
the culture medium to remove interfering phosphate complexes and slightly modified M~ikinen's assay, we were able to detect 0.1 mg/ml differences in 
sorbitol oancentrations that varied between 0.9 and 1.5 mg of sorbitol/ml. The presence of sorbose in the complex medium did not affect the assay. Growing 
cultures of Glueonobacter oxydans were used to test this assay, because these bacteria reportedly oxidize sorbitol to sorbose and quantitatively release the 
sorbose into the growth medium. When samples of the culture medium removed during growth were centrifuged to remove cells and precipitated to remove 
interfering substances then tested with the modified Makinen assay, these cultures showed a sorbitol depletion rate of 4.9 ( + 0.1) mg/ml h ~. The Fehling's 
assay on the same cultures showed a sorbose accumulation rate of5.12 ( + 0.01) mg/ml h- ~. We concluded that the modified M~ikinen phosphate-interference 
assay cant be satisfactorily used to quantitatively screen cultures for their ability to oxidize sorbitol. 

I N T R O D U C T I O N  

While growing in a chemically complex medium, the 
bacterium Gluconobacter oxydans rapidly oxidizes mono-, 

di-, and polyhydroxy compounds by removing one pair of 
hydrogens from the oxidizable substrate. Typically, more 
than 90~o of the substrate is converted to the cor- 
responding oxidation product which is released into the 
growth medium [6]. For example, both the oxidation of 
sorbitol by G. oxydans and the recovery of sorbose from 
the growth medium are so efficient that this process is 
used as part of the commercial synthesis of vitamin C [6]. 
We wished to examine gluconobacter cultures for their 
ability to oxidize sorbitol to sorbose. It was possible to 
follow both sorbitol depletion and sorbose accumulation 
with a gas chromatograph [10]; however, our laboratory 
did not have ready access to this equipment. One could 
also follow sorbose production using a modified Fehling's 
test for reducing sugars, but we could find no suitable, 
published, nonchromatographic method for assaying sor- 
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bitol disappearance in chemically complex culture media 
containing sorbose. 

The periodate-oxidation method quantitatively detects 
sorbitol [1,12], but this method cannot be used when 
reducing sugars such as sorbose and fructose are present 
[4]. In  1980, M~tkinen suggested a colorimetric assay for 
polyhydroxy compounds (polyols) based upon how they 
interfere with the Lowry-Lopez phosphate assay [9]. 
Mfikinen demonstrated that polyols containing four or 
more hydroxyl groups interfere by binding to molybdenum 
[3,7], and this prevents formation of the blue phospho- 
molybdenum complex that is typical of the Lowry-Lopez 
colorimetric orthophosphate assay [8]. M~ikinen de- 
monstrated that polyol interference is directly pro- 
portional to the concentration present in solutions, but his 
reaction mixtures contained only polyols in distilled water, 
and sorbitol was not used in his study [9]. Other investiga- 
tors also demonstrated that sorbitol interferes with the 
Lowry-Lopez orthophosphate interference assay and that 
reducing sugars, such as glucose and fructose, exert no 
effect on this assay [5,7]. On the other hand, we found no 
study that tested the effect of sorbose on this assay, and 
our preliminary studies showed that common components 
of chemically complex culture media interfered with this 
assay. Therefore, the purpose of this study was to deter- 
mine if MS_kinin's orthophosphate-interference assay 
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could be modified so that it would detect changes in 
sorbitol concentrations in cultures of bacteria producing 
sorbose. 

MATERIALS AND METHODS 

Reagents. Peptone and yeast extract were obtained 
from Difco (Detroit, MI); KHaPO4 was obtained from 
J.T. Baker (Phillipsburg, NJ), and sodium acetate was 
purchased from Mallinckrodt Chemical Works 
(St. Louis, MO). All other reagents were purchased from 
Sigma Chemical Company (St. Louis, MO). All reagents 
were dissolved in water that was passed sequentially 
through the following systems: (i)Milli-RO-120 reverse 
osmosis apparatus (Millipore Corporation, Bedford, 
MA), (ii) 3508 organic removal cartridge LD-5 (Corning 
Glass Works, Coming, NY), (iii) 3508 mixed-bed 
(anion/cation) ultra-high removal cartridge (Corning), 
and (iv)six-liter automatic mega-pure glass distillation 
apparatus (Corning). Water treated in this way is hereafter 
referred to as ultrapure water (uH20). The sorbose solution 
contained 50 mg of sorbose per ml ofuH20 (5 To w/v). The 
yeast extract and peptone solution contained 10 mg of 
each per ml of uHzO (1~o w/v). 

Culture and growth conditions. The type species for the 
genus Gluconobacter was used in this study. Gluconobacter 
oxydans (ATCC strain 19357) was obtained from the 
American Type Culture Collection (Rockville, MD), 
maintained in sorbitol stock cultures at - 15 ~ as pre- 
viously described [13], and grown on the chemically 
complex culture medium which contained the following 
components (given in percent w/v): 1 ~o yeast extract, 1 ~o 
peptone, 5~o sorbitol, and 2~o 2-(N-morpholino)-propa- 
nesulfonic acid (MOPS buffer) dissolved in uH20. Dry- 
cell weight measurements were made as described by 
White and Claus [13]. 

To determine the rates of sorbitol oxidation during 
growth, cells were grown in 2-1 Bellco Nephelometer 
flasks containing 200 ml of complex medium and in- 
cubated with shaking at 28 ~ as previously described 
[13]. Samples were taken from these cultures at half-hour 
intervals, and cells were removed by centrifugation at 
4000 x g for 10 min at room temperature. The super- 
natant fluid was quantitatively assayed for both sorbose 
and sorbitol. 

Precipitation of interfering materials. Bailey's 
BaOH/ZnSO4-precipitation method [1] was modified by 
changing the reagent volumes and deleting the phenol-red 
acid/base indicator once the correct proportion of 
reagents was determined. The following procedure was 
used. One ml of a uniform suspension of BaOH (4.7~o 
w/v) was thoroughly mixed with 1 ml of the solution to be 
tested. This was followed by the stepwise addition of 

0.5 ml of 5 ~/o (w/v)ZnSO 4 and 0.5 ml of 4~o (w/v)MgSO 4 
solutions with thorough mixing after each addition. This 
mixture was then diluted with uH20 to bring the sorbitol 
concentration within the linear portion of the standard 
curve. The precipitate which formed was removed by 
centrifugation at 1200 x g for 2-3 min. The resulting 
supernatant fluid was called the "pretreated sample" and 
was used for the sorbitol assay. 

The ratio of BaOH to Z n S O  4 may need to be altered 
when other types of culture media are used. According to 
Bailey [1], it is necessary to maintain an excess of Ba + 
and OH - in solution to assure that interfering substances 
will be precipitated. Bailey used phenol red as an acid- 
base indicator to determine when BaOH was in excess. 
However, we found that phenol red caused an inconsistent 
delay in the formation of the phosphomolybdenum com- 
plex in assay mixtures containing only phosphate and 
uH20. We supposed that this was due to a reaction 
between phenol red and molybdenum [12]. Therefore, we 
recommend the following procedure when the precipita- 
tion method is applied to other chemically complex media. 
First, set up a series of reaction mixtures containing 
phenol red, a constant amount of the culture medium, and 
varying concentrations of BaOH. This will establish the 
proper ratio of BaOH to ZnSO4,  so that the final pH 
values range from 7 to 8 (excess BaOH). From then on, 
as long as the medium is the same and the BaOH/ZnSO4 
ratio is kept constant, phenol red should not be used. 

We also recommend that the precipitated medium be 
tested for complete removal of interfering materials by 
adding the same amount of sorbitol to both the pre- 
cipitated medium and uH2 O, then assaying for sorbitol 
using the KH2PO4 concentration given in Table 1. If inter- 
fering materials are not completely removed from the 
medium, their presence will be detected by an artificially 
high value for sorbitol in the medium compared to the 
values obtained in uH20 for the same sorbitol concen- 
tration. 

Other materials, such as complex buffers and organic 
acids, may also interfere somewhat with this assay [3]. 
These materials are not easily removed from chemically 
complex growth media. This problem can be overcome 
(i) by running all sorbitol standard curves in samples of 
pretreated growth medium and (ii)by using a constant 
dilution, following the MgSO4 addition, so that each tube, 
with known or unknown sorbitol concentrations, contains 
the same amount of pretreated growth medium. 

Quantitative determination ofsorbitol. One ml of super- 
natant fluid was diluted with 3 ml of uH20 and subjected 
to the colorimetric sorbitol assay suggested by M/ikinen 
[9], except that we used twice the phosphate concentra- 
tion to raise the detectable concentration of sorbitol. 
Solution A contained 1 ~o (weight/volume) of L-ascorbic 
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acid and 1.47mM K H 2 P O  4. Solution B contained 
0.028 M sodium acetate, 2.7 mM (NH4)6Mo7024 �9 4H20, 
and 0.0002 N HzSO 4. Solution B was adjusted to pH 4.0 
with concentrated HC1 acid before use. One ml of freshly 
prepared solution A was added to 4 ml of the pretreated 
or nonpretreated sample and thoroughly mixed. The 
reaction was started by adding 2 ml of freshly prepared 
solution B. After thorough mixing, the reaction mixtures 
were allowed to stand for 60 min at room temperature, 
after which the absorbance of the blue phosphomolybde- 
num complex was measured at 700 nm (12.7 mm path 
length) with a Bausch and Lomb Spectronic-20 spectro- 
photometer. 

Quantitative determination of sorbose. Samples of the 
culture medium were removed at intervals and tested for 
sorbose concentration using Fehling's solution [4] mad an 
endpoint titration analysis. Cells were removed from the 
medium by centrifugation at 4400 x g for 15 rain, then 
varying amounts of Fehling's solution were added to 1-ml 
volume,; of spent medium. These reaction mixtures were 
boiled fi3r 10 min to develop the color then centrifuged at 
low spe, ed to remove the precipitate. The volumes of 
Fehling's solution used in these titrations were adjusted 
so that increasing volumes (placed in separate tubes) gave 
first a yellow, then a light yellow (the endpoint), and, 
finally, a pale blue color. Spent media having unknown 
sorbose concentrations were compared ' to  a standard 
curve prepared with known concentrations. 

RESULTS AND DISCUSSION 

Removal of interfering substances 
Like Makinen, we also found a linear relationship 

between the concentration of sorbitol dissolved in uH20 
and the extent of interference with the Lowry-Lopez phos- 
phate assay (data not shown). However, we found that 
this relationship was not linear when sorbitol was dis- 
solved :in chemically complex culture media (data not 
shown). Table 1 shows that solutions containing 1 ~o yeast 
extract and 1 ~ peptone doubled the absorbance found in 
the absence of these compounds. This increase in 
absorbance was eliminated when these solutions were 
pretreated with Bailey's precipitation method (Table 1). 
This pretreatment did not adversely affect the Lowry- 
Lopez phosphate assay used to quantitatively determine 
sorbitol. 

Bailey's precipitation method for protein removal [1] 
uses ZnSO4 and excess BaOH. According to Cardini and 
Leloir [2], an excess of Ba + at pH 8 combines with 
inorganic phosphates and phosphate-containing organic 
compounds to form insoluble barium-phosphate salts. In 
addition, the excess O H -  allows for ZnOH formation 
which precipitates proteins at pH 7 to 8 [11]. Therefore, 

TABLE 1 

Effect of sorbose, sorbitol, medium components, and pretreat- 
ment on colorimetric phosphate assay using a constant amount 
of phosphate a 

Sample Precipitation Absorbance 
additions u pretreatment c (700 nm) a 

None No 0.64 + 0.05 
1% YE + 1% PE No 1.20 + 0.28 
1% YE + 1 ~ PE Yes 0.63 • 0.06 
None Yes 0.59 + 0.01 
5% Sorbose No 0.60 + 0.01 
5% Sorbitol No 0.00 

a The Lowry-Lopez colorimetric phosphate assay was performed 
on samples containing ultrapure water (uH20) either with or 
without additions and with or without a precipitation pretreat- 
ment as described in MATERIALS AND METHODS. The phos- 
phate concentration in solution A was 0.735 mM KH2PO4, so 
that any enhancement of the color reaction by medium compo- 
nents could be easily detected. 
b Unless shown as an addition, samples used for quantitative 
sorbitol determinations contained only uH20. Additions were: 
yeast extract and peptone (YE + PE), 10 mg/ml of each; sorbose, 
50 mg/ml; or sorbitol, 50 mg/ml. 
c Precipitation pretreatment (BaOH/ZnSO4) method is de- 
scribed in MATERIALS AND METHODS. 
d Reported values are averages of at least two separate experi- 
ments. Absorbance values for samples containing no additions 
reflect the quantity of phosphomotybdenum complex formed by 
the experimentally added phosphate (in solution A) and the 
absence of phosphate or the presence of interfering substances 
in the sample additions. 

we presumed that the increased absorbance at 700 nm 
provided by yeast extract and peptone (Table 1) wa~ 
caused by inorganic- and/or protein-bound phosphates 
contained in these common medium components. 

Effect of sorbose on sorbitol assay 
Although reducing sugars such as glucose and fructose 

reportedly have no depressive effect upon the Lowry- 
Lopez phosphate assay [5,7], we know of no previous 
study that included sorbose. Since cultures of  G. oxydans 
reportedly oxidize sorbitol quantitatively to sorbose, we 
needed to determine if sorbose formation in culture media 
had a depressive effect on the Lowry-Lopez assay. 
Table 1 shows that the presence of so rbose  did not 
significantly affect the sorbitol assay. Therefore, we con- 
eluded that sorbose formation during growth would not 
significantly interfere with the quantitative assay of sor- 
bitol remaining in the culture medium. 
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Quantitation of sorbitol in solutions containing yeast extract 
and peptone 

Test media were prepared by adding various quantities 
of sorbitol to tubes containing a freshly prepared yeast 
extract and peptone solution. Each tube of test medium 
was then precipitated to remove interfering phosphate 
compounds. These pretreated samples were then quanti- 
tat!vely assayed for sorbitol. Fig. 1 shows that the quantity 
of sorbitol interfered with the Lowry-Lopez phosphate 
assay in a linear manner at concentrations ranging from 
0.9 to 1.5 mg of sorbitol per ml of pretreated sample. In 
similar experiments, where varying concentrations of sor- 
bitol were placed in uH20 instead of the yeast-extract/ 
peptone solution and subjected to the precipitation tech- 
nique, each concentration of sorbitol showed essentially 
identical adsorption values as those shown in Fig. 1. 
These data show that changes in sorbitol Concentration as 
small as 0.1 mg/ml of complex medium were detected by 
this assay method. 

M~kinen [9] showed that distilled-water solutions of 
perseitol, galactitol, D-mannit01, L-arabitol, ribitol, xylitol, 
and i-erythritol, in addition to D-sorbitol, all provided 
various levels of interference with the Lowry-Lopez phos- 
phate assay. Therefore, it is conceivable that polyols, 
other than sorbitol, can.be quantitatively detected in com- 
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Fig. 2. Rates of sorbitol disappearance and sorbose accumula- 
tion in one representative, exponentially growing culture of 
G. oxydans. Sorbose (SE) and sorbitol (SL) concentrations in 
samples of spent medium, pretreated to remove phosphorous 
compounds, and dry cell weights (DCW) were determined as 

described in M A T E R I A L S  A N D  M E T H O D S .  

plex culture media supporting bacterial growth. However, 
our results suggest that these media should first be pre- 
treated, using Bailey's BaOH/ZnSO4-precipitation me- 
thod, to remove inorganic and organic phosphates present 
in the culture medium. 

Quantitation of sorbitol and sorbose in inoculated cultures 
Since medium used to grow G. oxydans contained 

M O P S  buffer (in addition to sorbitol, yeast extract, and 
peptone), wefirst  determined that MOPS buffer did not 
interfere with the sorbit0t assay (data not shown). Then 
we sampled exponentially growing cultures of G. oxydans, 
removed the cells with centrifugation, and pretreated the 
resulting media to remove organically bound phosphates. 
The resulting samples were then separately assayed for 
sorbitol and sorbose concentrations, so as to determine 
the rate ofsorbitol utilization and sorbose production. An 
analysis of one representative culture is  shown in Fig. 2. 
Sorbitol concentration decreased at a rate of 4.9 ( + 0.1) 
mg/ml h - l ,  and sorbose concentration increased at a /a te  
of 5.12 (+&01) mg/m.l h -  1. , 

These nearly identical rates ofsubstrate utilization and 
product accumulation agree with the oxidative characte- 
ristics of this bacterium. These results also confirm that 
sorbitol concentrations in chemically complex microbio- 

-logical culture media can be determined using the Lowry- 
Lopez phosphate-interference assay if samples of  growth 
media are firSt ipretreated to remove traces of organically 
bound phosphate. 
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