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&
§737M 1 Absorption spectra of folates and folate analogues.*

Compound pH max (nm) E max (mol.) x 10-3
Folic acid 1 246 296 20.4

1 247 296 12.8 19.7

T 282 346 27.6 2

11 25656 282 365 26.5 26.3 9.4

13 256 283 365 24.5 23.4 8.5

13 256 283 365 26.9 25.9 9.4

13 256 284 366 24.6 24,5 8.6
1 0—formylfolic acid 1 252 321 21.8 7.6
7 245 269 348 20.0 20.9 6.7

13 257 366  31.6 6.8

13 256 366 31.8 6.8
Dihydrofolic acid (DHF) 1 256 282 19.9
1 283 15.4

7 224 282 304 32.7 28.4
7. 225 11282 304 244 22.4

7.5 283 306 19.0

11 284 22.6

13 284 306 27.0

13 288 306 18.2

13 241 285 309 20.4

5-methyl-5,6-DHF 7 290 31.2
10-methyl DHF 7 284 305 30.0 30.3
Tetrahydrofolic acid (THF) 0 267 202 6.4  20.6
i 271 292 21.4  19.1
- 3. 215 |:270. 200 ' 40,8 . 264 228

7 220 207 31.4  20.1

7 297 22.0

7 208 28.0

7 298 25.0
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Compound pH max (nm) Emax (mol.) x 10-3

T2 298 28.4

7.5 298 22.0

13 298 26.7

13 290 2 2446
5,10-methylene THF 7.2 294 32.0

7.5 295 25.0
5-formyl THF T 285 37.2‘

13 282 28.2
10-formyl THF 7 258

13 2863 15.3
5-10-diformyl THF 13 266 171
5-formyl-10-methyl THF 1 281 314

13 294 314
5,10-methenylTHF 0 290 348 26.5

0 288 345 13.5 26.0

2 283 352 11.8 25.0

3 263 281 360 25.1
S5-formimino THF 7 285 35.4
5-methylITHF 7 240 31.7
8-dehydro-4a-hydroxy 5-met hylTHF 0 290 17.8

2-Dimethylamino-2-deaminofolic acid 1 245 203

13 278 387
10-methylfolic acid 1 250 307 13.9 25.0

7 282 301 26.0  26.4

13 256 302 368 262 269 9.6
Homofolic acid 13 255 281 365 246 195 7.9
@ -methylfolic acid 13 265 286 365
3"-bromofolic acid 1 296 21. 6

13 266 282 366 26,2 26.0 8.9
3-chlorofolic acid 13 266 278 365

3"-iodofolic acid 13 255 280 365
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Compound pH max (nm) E max (mol.) x 1073
3 ,-6 -dinitrofolic A 13 258 367
3’,~dichlorofolic A 1 280

13 256 3656
3,-chloro-10-methylfolic acid 1 303 1347

13 267 280 362 27.6 18.6 8.4
3’,5 -dichloro-10-methylfolic acid 1 318 127

13 252 363 28,2 9.2
2-hydroxy-2-deaminofolic acid 1 298 17.8

13 280 370 26.2 Tl
4-amino-4-deoxyfolic acid 1 244 299 365 18.6 2180380
(animopterin) 13 260 284 370 28.5 26.4 8.6
4-amino-10-methyl-4-deoxyfolic acid 1. 288 307 17.3 19.7
(amethopterin) 13 257 302 370 28.0 22.0 7.
4-amino-2.-dimethyIamino-2-deamino-4- 1 2568 203 350
deoxyfolic acid 13 275 397
4-amino-3 ~chlorodeoxyfolic acid 13 260 280 369
4-amino-3, 5 -dichloro-4-deoxyfolic acid ! 280 335

13 259 370
4-amino-3 .5 -dichloro- 10-methyl-4- 1 240 330 28 12.1
deoxyfolic acid : 13 258 370 25.6 7.6
4-amino-3’-ch|oro-10-methyl-4-deoxyiolic 1 242 282 336 20.5 14.4 11.0
acid 13 269 280 370 28.3 18.0 7.5
: 4-aminp-3'-bromo- 10-methyl-4-deoxy 1 241 283 336 214 144 10.8
folic acid 413 9260 280 370 928.2 17.8 7.5
4-amino-3 -bromo-5 ,-chloro-10-methyl-4- 1 240 332 26.0 11.9
deoxyfolic acid 13 257 372 287 7.9

-
modified from Blakley, 1969, and Gapski et al, 1971.
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4
@131N 3 Chromatography solvents used in the work of Table 2

Solvent system Composition
L O.IM phosphate buffer, -pH 7.0.
2. n-PropanoI/ammonium hydroxide (s.g. 0.88)/water,
200/1/99 (v-V).
Made immediately before use.
3- n-Butanol/acetic acid/water, 4/1/5.

upper ' phase. Equilibrated for

18 to 24 hour

at room temperature before use.

4, 3% (w/V) aqeous ammonium chloride.

All chromatography solvent systems contained 1% (V/V) 2-mercaptoethanol

as anti-oxidant..unless otherwise specified.

anHa
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Tnosariants A wu a1 Tuun 3 Tusnuds
813090 folate 1210 wor mawsmasn
N334, folate w (Ghitis, 1967) 13
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folate M319zN399m 9 9321 lwisreasa
8979 standard curve W8T NI
909 folate “lﬁér‘a%%ﬁ'li’Tnhn‘%'xﬂﬁfn’uau;
NInaEung s Ll wnnes 18 Tt 10w wats
u'fmmnu”aaz,}:1u1:wi1on17ﬂ1"hﬂ1‘ INTINAT
(Waxman, Schreiber and Herbert, 1971;
Rothenberg, daCosta and Rosenberg, 1972;
Archibald. Mincey and Morrison, 1972

Tajudin and Gardyna: 1973)
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3.2 Microbiological assay tﬂﬁni‘m
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4
®1379N 4 Response of folates on various microbiological assays.

Compound L. casei S. faecalis P. cerevisiae
Pte - + -
5-CHO H4 Pte - - -
10-CHO Hj Pte - + -~
PteGlu » + -
PteGlu; + + -
PteGlu3 % &, =
RPteGluy 3, 5
10-CHO pteGlu. * - &
10-CHO PteGlu3: + - e
H PteGlu + + E
10-CHO H) PteGlu + * 3
5-CH; -5,6-H2 PteGly (&) + : ¢
5-CH3 -5;8-H2 PteGlu - = q
H4 PteGlu . + +
5-CHO Hj4 PteGlu A + +
5-CHO H4 PteGlu? + + B
5-CHO" Hjy PteGlu3 + - +
5-NCHO Hy PteGlu + + *
10-CHO Hj PteGlu + + +
5,10-CH? -H4 PteGlu ] + -2
5-10-CH=H4 PteGlu: # + +
5-CH3 Hji PteGluw 1 - -

4a-OH-5-CH-3 4a, 5,6,7-Ha4 PteGlu e - 1

(£) indicates results are negative. when ascorbic acid was omitted!
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— O. IN phosphate buffer pH 6.1
— Universal containers u?n test tubes
YUIN 16 x 125 WID 16 x 100 WN.
- - - -
nudwauuunsay  ( Tavewsowaranany
NI )
¥ & 1 [
winaudmlvgszly double glass—

distilled water
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— Microorganisms; L. casei, S. faecalis
or P: cerevisiae i.e. m'lﬂ”ﬁnn

National  Collection of Industrial
Bacteria ( NCIB )

Torry Ressarch Station , P.O. Box 31

Aberdeen AB 9 8 DS, SCOTLAND.
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'«’Iﬂuﬁ'lnﬂm microorganisms ﬁn'na
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culture (S) ninumna 2-3 aam uns
o » M
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- v A ' - 8
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NIUITABININIIAN  Culture (a) uAW
single strength assay media UStNM

1 - v A ' A -
1=3 A3 IR 1 N0 20 WWEn
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MAATINEINIATFIM  (Standard
solutions) Stock solution é’mﬁj L. casei
and. S.faecalis ﬁ 10 AN. 993 folic acid
(pteroylglutamic acid) unanatulu 1,000 mi

v ¥ & v

volumetric flask NaeuINaulnely NaoH
o« v P - v om i | 4
wnuey  wetaslunmisazars nnsusinuu

Jsulilh  pH 7.0 maEnIMNBBUAAAN

‘ui,-ix .

ethanol 19111 200 wn.  wezUsuliln

Vol. 9 No. 3

- - ¥ @ v v o .
Usuns 1 ang 11nuulnu'h'lun‘ W 4 7.

(10 g/ mi)

- -~ &
®§IMTU P. cerevisiae T4 20 NN, 183
2+ folinic acid ( X 5-formyltetrahydro-
e v -
pteroylglutamic acid) TI9:N0IN biological
activity 10 ¥n. ua0ea1elu 27 ascorbate
. .-
water 1 807 (10 _rg/ml)  9INUULLY

o & Al
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~ o He vo o * oo
2 09 3 WA, m:r.nuulmnunlug AL
. v @ -
(—20 %)  uszas1lEnwesnyIeeanly

31796 1 990 Working standard

_ Lqﬂﬂe Stock standard 1/100 n"'m
phosphate buffer pH 6.1 (ﬁ'lmuu extraction
method) WUazAI8 27  ascorbate water
( W/v ) §WMIU aseptic addition method

(100 ng/ml)

l'I.'lWJ“u P. cerevisiae 'huﬁmﬁnaﬂa
stock standard 13 100 921110 ARG NIU
100 ng/ml

Standard Curves

YINIT138919 working standard 138
0.1 N phosphate buffer pH 6.1 A MTY
extraction method Wa% 2Z ascorbate

water ﬁ‘mf'u aseptic addition method

paMENIu  Aouanslumsier s
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< WAl .
§13797 5 Standard solutions ®IMTU Standard curves 983 microbiological assay 038

L. casei, S. Faecalis WAY P. cerevisiae.

Standard (ng /ml)

Test organism
0 0.5 1.0 1.6 2,0 3.0 40 50 10.0 15.0 20.0 80.0

L. casei X X X X X X X b
S. faecalis X st X X X X X X
P. cerevisiae i i x X X X X X

A - - - bt
137191 6 NITNTeN Test OIMTU microbiological assay 078 L. casei, S. faecalis

& P. cerevisiae (aseplic addition)

Double strength ' 2/ Ascorbate water Standard | Unknown
Test

assay media (mi) (m1) (mi)
Standard 20 ( 1.9 0.1 -
Unknown 2.0 1.9 = 0.1

= - - o e
§73719N 7 NITNIEN Test HIVMIU microbiological assays f2 T. casei, S. faecalis

- el

WRY P. cerevisiae ®IMIUIS extraction.

e - “ A
AT NN 7 NITNILYN extract FBIHIINIDHILGY standard

Test Standard (ml) Sample (m1)
Standard 0.5 -
0.1 M phosphate buffer pH 6.1 45 4.5
Serum - 0.5

~ - L v o - . -
YOINNNIEANANITI 7 N, uaMIlUnun3e autoclave M 120 F. W38 15 UBun
1 K o . -~ - ~
N0 1 MIVKY LU 5 UM unduenienznoulusnueanluveisin centrifuge Ustnim

o -
1000xg LUULIRT 10 UIN
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ATV 7 U NIRNIEN Test SMIUIF  extraction

Fast Double strength 0.1 N phosphate buffer , extra‘ct standard
assay media (m1) pH 6.1 (m1) (mi1)

Samples 1.0 1.0 ! 1.0 =

Standards 1.0 - - | 1.0

MININIINARDI

n'l'n.ﬁu sample ﬁ'mmﬁu venous
blood 1naAnlY ®in  NAUIINDINTT
MILINm 10 ¥a.  SInuuvsos
Tinenudsnaluvasauna (unaer) Tg
ldamiszim 1/2 09 1 9, Ngowad
w89 aanuuultl centrifuge M 1000xg
YT 1089 15 M usausne)
serum onw a1 lugandurden  wasny
ascorbic acid(2-5 an/a.) newnazialy

nuurude (-20 ) aundissaanamesly

WRINNNIINTUATLNA NI &) Anea
malaiisusesus?  nnanisnaneslaenis
NTENUARINI0E LY triplicate A WMID
2MoM8 WNEMILIS  aseptic addition

L - .

AI39INY blank  HIMTLUAREABE 13NN
NIINAGDY WA VMAININTUABY  microor-
ganisms MWNRBINITINATLNY  (16-20
W) usaminIsmiewna lnen13in
optical density ﬁmmﬁe.ﬁu 590 nm

- -
nie n"wm': titrate WINIAMINATUIIN

n‘l‘SL;ml;ﬂ L.casei A28 0.1 N NaOH
OB IMHBITEILINN MU NNINTSTEN
standard curve WAYDMHABENNILUILIE
ng/ml 720679 standard curve  NIMIL
L. casei, S. faecalis UQY P.cerevisiae

{ v -~
uuunnahluzﬂn 1

VNI

lunInTaeamuininees folate 1w
AINFITHG MU TNGITITNT TIE9 el
14nunLANE microbiological assays WAE
nlanusgrouwivaen lnel¥  L.casei, S.
faecalis WAY P. cerevisiae mﬂimiw
mmu.muuuﬂ:-'[u-nv.manunanmu‘lmm
MmN 4 -mmsw.mn,uuunmmmmmm
wulnlilu culture Wil folate UuUATY
Jamnendousuuge 4 narlinaun
§WID L. casei uultniawm iolate I
eumavunue: S. faecalis l7a329min
OIS ] UNU L. casei WNBNIIU S-me-

v E
thyltetrahydropteroylglutamic acid fidWu
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HRYBININULANAITINININITINAIY L. casei
il S. faecalis IAUUUNTINIIIMN  5-me-
thyltetrahydropteroylglutamic acid (Johns
and Bertino, 1965) qu P. cerevisiae
W4 EAUANAINY S, fascalis  n3oN
3nfw’.mua‘l:immmm?tutﬁuin'lu culture
‘983 folic acid (pteroylglutamic acid )
W8S 10-formylpteroylglutamic acid n”augu
AUANNNTIMIN S, faecalis U
P. cerevisiae ﬂ:;ﬁummﬂﬁm 10-formyl-
pteroylglutamic acid Vi;a pteroylglutamic

-acid

185

- - -
8IMTL  folate Ny P. cerevisiae

activity uuuwui‘l'[ﬂﬂﬂia 1 Wlu  serum
WRS urine 'I:LI.J‘H 1 0-formyltetrahydro—
pteroylglutamic acid (Blair et al 1974;
1974; and

Ratanasthien et al Nixon

e ' M
Bertino, 1972) M71¥25unudn q utan
.~ ' - v &k -
venlABInI 1 9 wu  Amumnes

& ¥ a [ | =
AN NIQ”WH’TIHH‘I:NEIJHHTT ﬂ"]qe 11{1““

A o -y -
99 'Mnawm‘lnTnﬂw bioautography
!’l"JFJ L. casei, S. fascalis W8% P. cerevisiae
d o e gy ~ - -
a1 lf lagagas e 9 nuniniswnam

-
lUW antifolates (Ratanasthien. K. 1976).
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Figure 1 Standard curves ®MIL L, casei, S. faecalis W8S P, cerevisiae (n"'wti'm

709 standard curves 989 culture BIHUITNIM 16-20 T3.)
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n3l875 microbiological assays Y3

B vo &4 = o E, a . - ms
ARJULUWHADINENILNUY J': A9 AMIWIE

4 1
extiaction method WWA MDY folate N
vl o 1) 0 - - | A ]
maam InsuNneEnINI1 AN LU 939 nau
HEINMTERIINII0IAT folate 90
mﬁgnn'nm'nu 1w 202 1 11 017 AnAznau
TUsnunenis autoclave @MTL25 aseptic
L e = A '
addition method WulIBIEE A8 WYINN
- > - . 1 4
sample MU NI NIININTINARBIUU
'hwgﬂu aseptic condition ¢N7IMKANTS
- - vi - ' -
noaasnlll  An mn:‘lnmm}amﬁdnn
o b a4 « o ™ . . -
AJUUIIVUUUNDINT sample blank 81TV
1 “- - [T VRI Y | - -
une: sample  wenszlannugwineany
a1 1 omg »bE - - .
NI mm‘lnuugemu'lﬂmsamq NNIINI
R
n'!:mnmuu‘luaglu aseptic condition
- - - »
GMITUITNITINIIAIU  radioassay UUHANTT
nnonsluuannialUeneesis microbiological
|- v L amld
assays uaslun specificity mumﬁuga
&l < '
Tnvsslosuninlunil  microbiological
- | O - (] -
assays WAt WIUUNRENUNIVOEREIN
- - - -~
11nmmz§amnmammmmua uar 280

(i.e. radioactive folates)

AMTUNINTIAIM INNIUNTT  identifi-
cation 183 folic acid derivatives uyuuan
‘nnmﬂi bioautographic technigue ;dﬂ
specificity Anmaztuns lanan

Rf values W82 biological activity (A171M

nlgluns
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2 ugy 4) n1lEIEN Thin=layer

chromatography (TLe) Tnuasla sample
al -~ -
LUARNINARITIINUNINAUTEY  solvent

develop TLC WeLNINII

microbiological assays 189 eluted samples

< u ] -
[INN1INA TLC Plate Wy 10 nia 20

daun @170 19 unu bioautographic

technique “iﬂ
:imﬁ.lmﬂi column chromatography

L] - - 3
JNUNY ultraviolet spectroscopy Uu

~ | = L 3
wumtselogu lun1mnTamn  folic acid

- & e
derivatives  IAAWEAIT  INBI9INNIT LY

E =
column chromatography UULLUNTITULED

derivatives 114 ¢ 983 folate BONNTY WUAY

v o«
ultraviolet spectroscopy UULLUNITM

» o
M19HU  characteristics 983 folate 43

-

WA extinction coefficient (€) Tugq

Lomam M a v B
270-370 am 0173549900 1N

et L

U310 URY AGATH UAIBUL  variation
NINWOAIITIIINNI  column condition L84
ATMUNUTBINTT pack column,  BHUNIN
% 89970

813117 Maees  solvent

-] A s gqraalig @ «&a
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uwine folate 811 1nlNEAT  microbiolo-
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gical assay MY L. casei WiD 11‘1"3;

radioassay

2. MINTIMMIBRYOYBI folic  acid
14 L
WU 103177 N8N ditferential
microbiological assay N3 L. casei,

S. faecalis 0¥ P. cerevisiae

3. n'l‘m'i’JW"ImE:_J‘MBJ folic acid
B8 IURNBURUN 1F bioautographic
technique Tnanarn L.casei, S. faecalis
W8 P. cerevisiae Wu71lawafnn  unz
higsnaigou

4, m1ly thin-layer chromatography
WUY horizontal line application 1'1Nﬂ~n
microbiological assay (n"w L. casei,

v
S. faecalis WY P. cerevisiae) WUHINITO

H’nmmu bioautographic technique 15

- - ~ W
5. lUMIANWUNENUAIU  folate
1 v = ar
metabolism WU ﬂ’)‘!&l‘i tneInuU chromato-

. L <
graphy uuun1 4 wumdselenizn

Abstract

Principle of various methods for
the detection and identification of
folate in natural products had been
discussed. The discussion lay stressed
on both detection and identification
of folic acid derivatives. Chemical,
Physical and Biological methods had

187

been dealt with in due cause.  Only
physical and microbiological methods
are useful for both criteria. The
combination of both physical and mi-
crobiclogical techniques provided rather
specific techniques for folate detection
and identification.  These techniques
included bioautography, horizontal line
application thin-laver chromatography
plus microbiological assavs with L.
casei, S.faecalis and P.cerevisiae. The
use of column chromatography and
the fractionated eluates uliraviolet
spectroscopy is also one of the best
technique for folate detection and
identification in clinical research. This
paper is written as both introduction
and applications of various techniques
used in the folate field.
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