
BRIEF REPORT:

Effect of Incubation Time on the

L#{149}Casei Bioassay of Folic Acid in Serum

By A. M. STREETER AND B. J. O’NEii�L

EPORTED NORMAL VALUES for serum folic acid levels using the Lac-

tobacillu,s� casei bioassay show considerable variation ( Table 1 ) . The effect

of ascorbic acid concentration,’ light2 and drugs3 have been investigated but

do not explain the magnitude of the discrepancies actually observed.

Although chemically pure pteroylglutamic acid ( PGA) is used as the

standard of comparison in this assay, folic acid in serum is not present in

this form. Methyltetrahydro-pteroylglutamic acid is probably the major com-

ponent of serum folate4 but polyglutamates and other chemical forms may

also be present.5 In any event it is apparent that the test organism is

confronted by dissimilar nutritional conditions in the standard cultures (folate

requirement met by PGA) compared to the test cultures (folate requirement

met by serum). It therefore seemed reasonable to investigate the growth

response of L. casei in these two situations. This paper reports these in-

vestigations and their significance in terms of the reproducibility of results

using the L. casei bioassay.

Table 1.-Serum Folic Acid Levels of Normal Subjects

Author Normal Range

Temperley and Homer1 2.1-9.5
Herbert6 7-15.9
Reizenstein9 2.5-7.4
Spray’4 2.1-28

Lindenbaum and Klipstemn’5 7-18

Baker et al.’#{176} 7.5-40
Willoughby and Jewell’6 2.8-8

Waters and Mollin8 5.9-21

MATERIALS AND METhODS

Test Organirm: Lactobacillus casei ATCC7469.
Assay Media: BBL Folic Acid Assay PCA Medium (Code 01-652).
Inoculum: The test organism was stored at 4 C. as a stab culture in Bacto Lactobacilli

Agar ( Code 0900-15). At 5 p.m. on the day prior to setting up the assay this stab
culture was subcultured into 10 ml. Bacto Lactobacilli broth ( Code 0901-15) and in-

cubated at 37 C. After 16 hours incubation 0.5 ml. of this suspension was transferred

to a further 10 ml. of broth. After 16 hours incubation this supension was washed and
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Fig. 1.-Comparison of growth in serum enriched and pteroylglutamic acid (PGA)
enriced cultures of L.casei � 0.06 ng.PGA/ml. culture; o-o 0.12 ng.PGA/
ml. culture; o-o 0.25 ng.PGA/ml. culture. Broken lines indicate growth in each
of three different serum enriched cultures.

reconstituted in 8 ml. of assay media. 0.05 ml. of this washed suspension was diluted

in 8 ml. of assay media and a pasteur pipette was used to deliver one drop ( about
0.025 ml. ) to each culture.

Assay Technic: The assay technic differed only slightly from that described by
Herbert.#{176}Culture media contained 4.7 Gm. of the assay media dissolved in 25 ml.

pH 6.1 phosphate buffer and 75 ml. distilled water. Ascorbic acid was added to a
final concentration of 112.5 mg. per cent. The media was sterilized by autoclaving for

10 minutes at 10 lb. per sq. in pressure. The source of folic acid ( either sterile sera

or known amounts of PGA ) was added and the cultures inoculated. Incubation was

at 37 C.
To determine the effect of varying the incubation time 100 ml. cultures of serum and

PGA were set up. Aliquots were taken at intervals and their OD measured with a yellow-
green filter ( 510-590 mu ). This procedure simulated a number of assays identical in
every respect except incubation time.

RESULTS

Serum-enriched cultures of L. casei show a different pattern of growth from

PGA-enriched cultures. Figure 1 shows the OD of six cultures during growth.

These cultures were prepared and inoculated together; three contain different

concentrations of PGA, and three contain serum. Comparison of cultures

which attain the same final OD after growth has ceased, shows that the

serum cultures develop a measurable optical density before the corresponding

PGA cultures. When the OD is changing in a linear manner with time, how-

ever, the PGA cultures grow faster than corresponding serum cultures. Thus,

although a serum and PGA culture may give the same final yield of cells,

their ODs may not be identical until growth has ceased. Since the serum

folic acid level is calculated by comparing the OD of the serum culture with

the ODs of the PGA cultures it is clear that the result obtained is dependant
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Fig. 2.-The calculated serum folic acid value of a typical serum expressed as a
function of incubation time. The shape of this curve is due to the different growth

response of L. casei to serum and PGA shown in Figure 1.

on the stage of growth reached. Figure 2 shows the effect this difference in

growth pattern causes on the apparent serum folic acid value for a typical

serum. Only in the stationary phase is the serum folic acid value unaffected

by relatively small changes in the length of incubation. Duplicate assays

were prepared to further demonstrate the dependence of serum folic acid

values on the incubation time used. The first assay was terminated after 20

hours and the second after 46 hours incubation. The marked effect of the

change in incubation time on the serum folic acid level is shown in Table 2.

In our hands the usual aseptic addition method6 of assaying serum folic

acid gave a mean percentage change between duplicate assays of 20 per cent.

By increasing the incubation time to 46 hours so that growth is complete

this figure has been reduced to 8 per cent. Thirty-five normal sera from

fasting controls gave a range from 4.5 ng./ml. to 12.4 ng./ml. with a mean

of 7.1 ng./ml. Another operator using this modified technic has found it

satisfactory and has obtained a very similar normal range.7
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Table 2.

Serum No. Serum Folic Acid Serum Folic Acid
after 20 hrs. after 46 hrs.

incubation incubation

1. >20.0 13.0
2. 20.0 13.2

3. 4.4 3.6

4. 8.2 6.4

5. 25.2 12.4

6. 11.6 8.4
7. 7.4 5.6

8. 12.4 7.8
9. >20.0 11.2

10. 13.5 7.5

By using viable count methods we have shown that the standard technic

for preparing the inoculum results in a variable number of viable cells being

added to the cultures from one assay to the next. Even if the incubation time

and temperature are rigorously controlled this variation in the initial number

of viable bacteria will result in the cultures reaching a different stage of

development from one assay to the next. By incubating until exhaustion of

the folate causes growth to stop, this initial variation no longer causes a

change in the observed serum folate. We have varied the number of viable

cells in the inoculum between 10,000 and 160,000 and found no signfficant

change in observed serum folic acid levels when using an incubation time

of 46 hours.

DIscussIoN

The growth curves of L. casei shown in Figure 1 indicate that reproducible

results cannot be expected from the serum folic acid bioassay unless growth

of the organism is complete. The time taken for the organism to exhaust the

supply of folic acid will depend principally on the physiologic condition of

the inoculum cells, the number of viable cells in the inoculum, the type

of media used and the conditions of incubation. Published methods indicate

a 16-20 hour incubation period is most commonly employed2’3’#{176}’8’#{176}although

at least one laboratory uses a 44 hour incubation period.’ Some authors have

used young cultures6”#{176} ( 6-S hours growth) as the inoculum while others have

used older cultures” ( 20-24 hours growth ) . The standard technics6’81#{176} do

not result in a constant number of viable cells in the inoculum from one

assay to the next and, indeed, it is difficult to see how this could be accom-

plished in the time available without recourse to methods not practicable in

the hospital laboratory.

Because of these sources of variation, any laboratory contemplating grow-

ing L. casei cultures to exhaustion would be wise to determine the necessary

time experimentally. An excessive incubation period after growth of the or-

ganism has stopped is undesirable since it might allow an insignificant num-

ber of mutants and/or contaminants to grow to significant proportions. How-

ever, in almost 100 assays we have not had any particular difficulty in this

regard.
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The differing growth curves of L. casei obtained in serum and PGA en-

riched cultures indicates a difference between the two circumstances which

is metabolically significant to the organism. This might be the presence in

serum of nonfolic acid components which affect the organism’s growth or

might be the difference in chemical form between folic acid in serum and

PGA. The former explanation can be considered unlikely since the assay

medium contains an excess of all the organism’s nutritional requirements

except folic acid. The latter explanation is consistent with, and explicable by,

the inductive enzyme theory of bacterial adaption to nutritive environ-

ment.’2”3 Suppose I�. ccsei has genes specifying enzymes required for utilizing

various forms of folic acid. One set of enzymes might be required for complex

forms of this vitamin and another (presumably simpler) set for utilizing

PGA. Since the inoculum is prepared in a complex medium the cells can

begin growing immediately they are transferred to another complex medium.

But when the folate source is simple PGA the simple set of enzymes must

be produced and the genes controlling the other enzymes “switched off.” The

lag phase would be expected to be longer in the latter instance. The slower

growth rate of the organism in serum cultures could be explained in terms

of the greater number of steps necessary to transform the various forms of

folic acid into the metabolically active form. This explanation is, of course,

speculative at this time.

SUMMARY

It has been shown that the growth rate of L. ccsei differs in PGA and serum

enriched media. Since the serum folic acid level is derived from a compari-

son of the optical densities in these media it follows that this comparison

will yield changing results until growth has stopped due to exhaustion of

the available folate. If the assay is terminated before this stage is reached,

then nonreproducible results can be easily obtained. Variations in the num-

ber of viable organisms in the inocula from assay to assay ( which are not

easily avoidable ) accentuate the possible error. Both these problems appear

to be controlled if the usual incubation period is extended to the stage at

which growth of the organism has ceased. Our normal range under these

conditions is 4.5 ng./ml. to 12.4 ng./ml. with a mean of 7.1 ng./ml.

SUMMARIO IN INTERLINGUA

Esseva monstrate que le intensitate del crescentia de Lactobacillus casei non es le mesme

inricchite con acido pteroylglutamic e in medios inricchite con sero. Viste que le nivellos de

acido folic in le sero es derivate ab un comparation del densitates optic in iste medios, il
seque que iste comparation debe producer differente resultatos usque le crescentia es arrestate

in consequentia del exhaustion del folato disponibile. Si Ic essayo es terminate ante que iste

stadio es attingite, resultatos nonreproducibile es facilemente obtenite. Variationes in Ic
numeros de organismos viabile in le inoculos ab un essayo al proxime (lo que non es facile

a evitar) accentua iste possibile error. Ambe iste problemas pare esser resolvite si le periodo
usual de incubation es extendite usque al stadio ubi Ic crescentia del organismo ha cessate.

Sub iste conditiones nostre area de valores normal esseva 4,5 ng/ml a 12,4 ng/ml, con un
valor medic de 7,1 ng/ml.
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