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Bacterial Reverse Mutation Test Evaluation of Hydrolyzed GMP Powder
Containing Highly Concentrated Sialic Acid (23%) produced by Enzyme
Separation and Solvent Enrichment Method
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Abstract

The goal of this study was to develop hydrolyzed whey protein powder (23%-GNANA) manufactured with high content
of sialic acid, a marker compound that is usually present at 7% concentration in GMP obtained from the milk protein. It
is a safe food, used worldwide in infant and baby foods, etc. The test substance was prepared using (7% sialic acid
containing) GMP as a raw material. Alcalase, an enzyme approved as a food additive, was used after separating sialic acid,
with 100% efficiency, and 23%-GNANA (composed of 23% sialic acid and protein; product name: HELICOBACTROL-23),
provided by MEDINUTROL Inc. (Korea), manufactured to have high (23%) content through ethanol soaking and enrichment.
Bacterial reverse mutation (Ames) test was conducted in accordance with the GLP Guideline using the test substance specified
above. To detect its mutagenicity potential in microorganisms, histidine auxotrophic strains of Salmonella typhimurium,
TA9S8, TA100, TA1535, and TA1537, and tryptophan auxotrophic Escherichia coli strain, WP2uvrA, were used. The bacterial
reverse mutation (Ames) test was performed using five concentrations of the test substances (0, 61.7, 185, 556, 1,670, 5,000
ug/plate). The evaluation did not reveal repetitive increase of colony generating values and positive criteria for reverse
mutagenicity for any tested concentration in the five strains regardless of the presence of metabolic activation system, and
no dose-dependency. In conclusion, the safety of 23%-GNANA test substance was verified by the bacterial reverse mutation
test conducted before registration of 23%-GNANA as a food additive.
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Fig. 1. Sialic acid production from GMP by Alcalase 2.4FL (Neuraminidase Type Enzyme)
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Fig. 2. Manufacturing process diagram for 23%-GNANA, a test
substance containing 23% sialic acid, through the enzyme
(Alcalase 2.4 FL) separation mechanism of sialic acid,
the marker compound having the Glycomacropeptide (GMP)
as a substrate, and the ethanol refining process
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Table 1. HPLC operation conditions for analysis of sialic acid

HPLC system

(Agilent 1260) 2. Analysis conditions

- Wavelength: 205 nm

+ Column: Aminex” HPX-87H
Ion Exclusion Column
(300x7.8 mm, 9 um, Bio-Rad Co.)

+ Mobile phase: 10 mM H,SO,4

+ Running time: 20 min

- Flow rate: 0.5 mL/min

- Injection volume: 10 pL

+ Temperature: 40C

- Standard sol.(w/w): Silaic acid
0.1 ppm, 1 ppm, 10 ppm

+ Pump: G1311C

- Auto sampler: G1329B
- Column: GI316A

- UV detector: G1314F

Table 2. Name and applied concentration of positivity compa-
rison substance used in the evaluation of Bacterial
Reverse Mutation for 23%-GNANA holding the sialic
acid as a marker compound

. SOMix(+) SOMix( —)
Division
.. Concen- . Concen-
Positive . Positive .
Bacteria name control tration control tration
(ug/plate) (ug/plate)

Sal. typhimurium TA98  4-NQO 0.5 2-AA 0.5
Sal. typhimurium TA100  NaNj 1.5 2-AA 1.0
Sal. typhimurium TA1535 NaN; 1.5 2-AA 2.0
Sal. typhimurium TA1537 9-AA 80 2-AA 2.0
E. coli WP2uvrA 4-NQO 0.5 2-AA 10

sulfoxide(Sigma-Aldricd Co., USA)S A&}t thALEAIA)
m A 2](S9mix-) A FINEEL L 2-AAE FAIAE
of wal 0.5~10 pgplate WA & A& th=2A st
o AT Al A 2)(SOMix+) ZZANA Sal. typhimurium TA9S
9} E. coli WP2uvrA &5 4-NQOZE 0.5 pg/plate 12 2 Sal.
typhimurium TA1003} TA1535+ NaN;E 1.5 ug/plate, Sal.
typhimurium TA1537 4 9-AAE 80 ng/plate 2= A4 T)
ZEAS AYsks 2A2Z AA3A tHTable 2).
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Table 3. S9 Mixture spectrum table for evaluation of standard
susceptibility with the treatment of 23%-GNANA by
each concentration level, a test substance, effecting on
bacterial reverse mutation

S-9 1 3

S-9(mL) 2.1 2 6.3 5.5
20 mM HEPES (mL) 6 15
50 mM MgCl, (mL) 3 7.5
330 mM KCI (mL) 3 18 7.5 49.5
50 mM G-6-P (mL) 3 7.5
40 mM NADP - Na (mL) 3 7.5
Diatilled water(mL) 3 7.5

SUM(mL) 20 55
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Table 4. The result of concentration range setting test conducted to evaluate the effect on increase & decrease of reverse mutation colonies
by the addition of 23%-GNANA, a test substance, under the presence and absence conditions of metabolic activation system

Number of colony (cfu/plate)

With and without  Test materials conc.

Base substitution types

Frameshift types

metabolic activation (ng/plate) - - - - -
TA100 TA1535 WP2uvrA TA98 TA1537
0* 102.3+8.08" 31.7£2.08" 32.7+4.62" 46.7+4.73" 13.3+1.53"
312 108.36.81 33.740.58 36.7+1.15 50.7+3.06 14.0+1.00
SoMix() 625 109.0+£9.54 37.3+2.08 34.7+4.16 51.7+4.73 14.342.08
1,250 115.0+3.00 35.7+4.16 36.0+0.00 51.7+2.31 11.743.06
2,500 112.343.51 32.3+1.53 36.0+4.36 50.3+3.06 11.3+2.08
5,000 124.3+18.88 32.343.06 35.3+3.06 49.0+1.00 12.343.51
0 144.743.79 33.742.52 35.3+3.06 5274321 13.3+0.58
312 147.3+12.66 37.0+2.65 3274231 48.043.61 13.0+2.00
SOMix(t) 625 147.0£9.17 33.3+4.04 34.0£5.29 49.0+4.36 11.7+0.58
1,250 139.7+8.33 31.742.52 32.0+4.00 51.0+3.00 15.7+1.53
2,500 144.0+5.00 33.743.21 32.0+2.00 50.3+3.06 12.742.08
5,000 150.0+6.56 32343221 31.34.16 49.343.79 15.3+2.08
. Materials NaNj3; NaNj; 4-NQO 4-NQO 9-AA
5911/[)"‘ Cone. (ug/plate) 15 15 0.5 0.5 80
Positive ( cfu/plate 357.749.61 159.3+8.62 260.0+24.98 252.7+4.93 136.07.00
control _ Materials 2-AA 2-AA 2-AA 2-AA 2-AA
59(%" Cone. (ug/plate) 1.0 20 10 0.5 2.0
cfu/plate 372.7+13.01 160.0+22.72 283.3+20.03 259.3+22.48 204.7+15.31

*: TA98 (Sal. typhimurium TA98), TA100 (Sal. typhimurium TA100), TA1535 (Sal. typhimurium TA1535), TA1537 (Sal. typhimurium TA1537),
WP2uvrA (E. coli WP2uvrA), *: Represents a significant difference at p<0.01 level compared with the vehicle control
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Fig. 3. Result of evaluation for separation and content of sialic
acid in hydrolyzed whey protein (23%-GNANA), a test
substance, vs. the standard sialic acid applying the HPLC
analysis method. A: Non-enzymatically Modified GMP,
B: Standard sialic acid (25 ppm), C: Result of sialic acid
detection in 23%-GNANA. 23%-GNANA was prepared
through the ethanol enriching process and final hot air
drying process after treating the 0.2% (v/v) Alclase for
1 hour (407C) versus GMP.
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Fig. 4. The result of evaluation conducted to evaluate the effect
on increase & decrease of reverse mutation colonies by
the addition of 23%-GNANA, a test substance, under the
presence and absence conditions of metabolic activation
system versus the solvent control group. TA98 (Sal.
typhimurium TA98), TA100 (Sal. typhimurium TA100),
TA1535 (Sal. typhimurium TA1535), TA1537 (Sal. typhi-
murium TA1537), WP2uvrA (E. coli WP2uvrA)., S9 Mix
(—): without metabolic activation, S9 Mix(+): with meta-
bolic activation
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Table 5. The result of evaluation (main study) conducted to evaluate the effect on increase & decrease of reverse mutation colonies by
the addition of 23%-GNANA, a test substance, under the presence and absence conditions of metabolic activation system

Number of revertant colony (cfu/plate)

With and without Test material conc.

metabolic activation

Base substitution types

Frameshif types

(ug/plate)

TA100" TAI1535" WP2uvrA* TA98" TA1537
0 125.7+ 6.03" 37.0+£1.00" 31.0+1.00" 46.0+4.00" 16.7+2.52*
312 131.3+ 5.03 36.3+2.08 36.7+0.58 42.0+10.39 16.7+1.53
SOMix( ) 625 119.0+13.53 36.3+3.06 35.742.52 46.7+1.15 17.3£1.53
1,250 135.7+11.85 33.7+4.16 3274231 4934231 14.343.51
2,500 135.0+ 7.00 32.0+4.58 31.7+0.58 52.743.51 17.0£1.73
5,000 142.3+10.02 31.3+3.51 3474321 52.744.93 16.0+£2.00
0 114.3+ 9.29 34.3+3.21 32.0+4.00 52.3+4.04 13.0£1.73
312 112.0+ 9.54 32.7+3.06 34.0+4.00 52.3+5.86 13.342.89
625 119.7+ 2.08 34.7+1.15 31.742.52 51.0+4.58 14.742.31
SOMix(+)
1,250 131.0+ 7.21 32.7+6.03 3334231 49.0+7.00 14.7+4.04
2,500 129.7+11.85 33.31.15 34.0+2.00 51.349.29 18.0+1.73
5,000 122.7+ 5.51 33.3+1.53 30.7+1.15 53.0+4.36 14.344.04
. Materialds NaN; NaN; 4-NQO 4-NQO 9-AA
8(9114)"‘ Conc. (ug/plate) 15 15 0.5 0.5 80
Positive cfu/plate 393.3+19.73 240.034.70 24802623 355.033.60 143.3425.32
control ~ Materialds 2-AA 2-AA 2-AA 2-AA 2-AA
59(11;”‘ Conc. (ug/plate) 1.0 20 10 0.5 20
cfu/plate 381.3+44.60 185.3+5.03 292.0:£23.07 256.0:£32.00 267.3424.95

*: TA98 (Sal. typhimurium TA98), TA100 (Sal. typhimurium TA100), TA1535 (Sal. typhimurium TA1535), TA1537 (Sal. typhimurium TA1537),
WP2uvrA (E. coli WP2uvrA), *: Represents a significant difference at p<0.01 level compared with the vehicle control
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