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Abstract

Introduction: Folic acid or vitamin B9 is one of the most essential vitamins and plays a key
role in the transport of carbon and many biochemical pathways and its deficiency can lead to
neurological diseases, anemia, and developmental problems in children. The present study
aimed to take a step towards producing this vitamin from native strains by isolating and
sequencing the folic acid production gene from soil isolated bacillus and cloning it in
Escherichia coli.

Materials and methods: In this study, 40 samples were collected from 10-15 cm depth from
different areas around Sirjan city, Kerman province, Iran. Bacillus bacteria were isolated by
molecular and biochemical methods. By the PCR method, bacteria with the FOLA gene were
identified and the amplified gene was cloned into E. coli and sequenced. Gene expression was
then evaluated by the Real-Time PCR method and its phylogenetic relationships were
determined.

Results: As a result of screening 40 soil samples sent to the laboratory, a total of 12 suspected
colonies were isolated from Gram-positive bacilli which were identified based on
morphological, microscopic, and biochemical characteristics and all species were identified as
having FOLA gene. FOLA cloning was performed successfully in one species and its gene
expression was confirmed.

Discussion and conclusion: In the present study, the FOLA gene from Bacillus Halotolerance
isolated from the soils of the surrounding areas of Sirjan was successfully cloned into the
PTGI19-T expression vector and its successful expression showed that it could be expanded by
this method for industrial production of Folate.

Key words: Cloning, Bacillus, Folate

. Corresponding author
Received: December 17, 2019/ Accepted: February 15, 2020



(3 1lin § ) LaodlE )l SCo il oale anlibiad
PV=OV ami o (WYAA L ¥ oyl b g I
WANN/YS 5 i o)L — WA /YP e Slys fu L

doi:10.22108/BJM.2020.120339.1247

28 0T Silwdilund 9 T 51t 98 Wl gl OF SIS (wakmil SBUST (Sl
bl pi S PS5

keyvanhajghnbari@yaho0.Com ol ! (ol s (Ol s omls ¢l 315T o831 (55350 g Sn 03,5 Loyl ks 26 g gl O3 g
nooshinkhandan23@gmail.com ol -1 ol e €Ol s Aol ¢ oDl 313T ol ¢85 5 35 ,Sn 05,5 b3kl :*6154’)'.: OIS i

dr_kumarss_amini@yan00.com ! ! co sl co sl Aol s ¢ Sl 513 o8> casy p e 08Tl (5 gms Ko B ol O p0g

o>

Loy S JULasl 55 cwlul L2 &5 Sl O (65500 Sla bt s e 1 BY el 5 b eSS 5 1o
NS n 5 55505 (e S len S 30 OT 25057 52015 (gl s (6o s 1 (Sols 5 42 ST
el ST (e ol ) el 5 57 a5 05 (5 leldor bl dalllan Coda 13 58 0 OS5 ST 55 A
3ol s ol s I 5 Sl 53 6550 08 Ol b gy (AT Lt 26 2S935 05 ol S 5lelunn 5 OT
Cols oy (Slads g

Ol jowr g Ol bl Calies 3blie ¢S (6 20 SLu VO BV Gas 5l 45 Fr (ol dalllas s i 95 9 Slg0
5 SN Lo bas b s 5l SKim Milk i lases Sl oslizal b o ghosly (slacs sSTL s (515 4 g
05 5 Ldd jas 2a PCR J5 S50 55, ¢SaS 4 FOLA 05 ghyls glaas i s gluls ole sy
Ly, 5wy Real-time PCR igy 4 05 Ol aews s b M5 5 (5lutilunn E. COlI (6 5L 5 0,255
Al aseie OT (S5 oo

05 Sl ol 4 &8 S (ASNY ¢ pemys oBlislefT 4 Jlo)l ST sladipos (6 S UL % dontys 1l
lols ol b Lad g5 T 5 g 58y S laiin s o S 55 olol 5 45 Ls G5luli e
T go ) sbas s & 51 S 45 FOLA (65Lutiluas .15 | FOLA 05 lati S dad di abuie 5 Ll
s 4 Real-time PCR L 0T 05 0L 5 !

Gl lacSTle ol ol s slls o sbsl 7S SIFOLA 05,0l (o) 2 53 15 5 4008 § Som
Olys g0 313 OLES 0 ool g0 Ol 3 A& (6 5lwilocan PTGLO-T Ly 555 5 55 S g b Ol o g 31 bl
sy S B e 5 sl 53 A s ) ST

SV o skl (S lutilnn 1SS (SO SM9

S J stme 3t 5 ¥
Copyright©2020, University of Isfahan. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0/), which permits others to
download this work and share it with others as long as they credit it, but they cannot change it in any way or use it
commercially.


https://bjm.ui.ac.ir/article_24770.html

W4l Vo bt (o JL ‘um;tf,l,;:ﬂ eelii a3 ole asliliab

OA

£5 ot 5 e B Ll T (6ol ezl s
codnally Olims 855 535, g Ol ) Ol
5 B slagolon 4 Ml 5l Sl 5 (5L 5 o) Elas
Slgiasy oiper tCwl old BIE S
S aSa O pan 131 diles ST DU S5 ) goanty
S5 0S Ol (B S 5 Jlazl DY (65l
58 s S e 5 500 sba b el
K

Wilg g Slogmsan, 5 ObLE L STl
Sl olis ool pie 65 (@18 o 5) ST A5 SN B
o 31 ol Sl gen GawsS s (Slacs jow sl O
rmen 5 pda i o S (K A5 5 DS e
S s slresyslp e s Cwle (T
A e dim Nl Dy g go sy Grped tdzen DY 5
loosyslp il gt ©lp Llg e S
V) 52 eslazul (6 s

Golews Dlagrsasy ke Glaadllae >
"SI kS O it sl dlo
P85 Y alS” CVF) Sl Mg jass (1Y)
(V) 7 sl S 5 (V9) 5 sST55Y (10)
330 1y eS8 W 5 ol a8 Wlodds 5 e
FOLK 0 4w w8 3 ol 0550 55 5 o skl
GUS shuds o sT e sul s FOLA
Ly Sy ke 5 YT 8,486
W5 e 53 bl e S LS o S
gl 53 Az DY B T s GlaSle iy
Sl gs T A} =5 FOLA O3
RS YO TN C N UR TS PRURMECP-FESWEE
W5 53 35m s SIS cas 6 S esS 0 0T

.

dodio

L solerl s3lsm eate p 8 slags STl el e shon
53 S WSl 5 Sote VB sl (s5lsm
Slagmge opl S o M5 el o Lala
Kb gn o> ST 5 OT 55 Sy ple S Y pona
sl da s, Mg Ol il Clea oy 00
W5 50 8 ) sba tils Coanl Calitee glags 5T
DY bajlhe 4 g ST davlgay SV pame
eSS 5o 8T W5 mte ool Glag ST ey oo
s (Gos sy Wl) o bedaseab
) T o sled a0 55 LSS g

5d o 4-d BY a5 Ol ye L oS dleSI
B S Sl O ()50 Sty e
Sk 5 @SS ey, 8 Jit sl
il slaaallae ST o Ll glondisy (sla e
My Sleslssm wlp 5 L Y8 B
e Slasl 555 5 Gled s el SIS 5
GlassiS 5 VS 35uS B-F) Lles S Ll
Blann g Sla)5iS 5l pateia Gble 5 ann g b= )
a0 Skl il (See S Gl age dlis
55 OV aEL adls ol e 4 2N Gl gy
Sl 5 30 DNA 0§ 5edlize 5 e 5 (s 5lolilon oS
o RIEIL DY 8 oS Sl olhe (Zhepene
ol 03 35 L5y (S 50 SES 5 5 (laakes 55
g Sy Sl 50 ey IV e
o 2 eae A Gl s e SLoss
ol Sl o Sl Sa e tA 5 V) 35 o
5 e ) sla s doom 3 LIS 5 Uags oy
G SlaEasn 53 s S I SseS

3Ly, sl g OV B 3 Caady e LU



o4 OLSan 5 Jbss Ol g / A Ly 12l 6 5S4 OT (g3lwilaen 5 &S0 3l eSS 33 5 05 lyls okl (ot 8 (g 5Ll

Sl okiags Sad; plas 1l e /Y ldie
TSy 5 Jame o 3 S Lsad o
23 SIS b ladnd 88 ide b g A 4t
VY Oodas i gad s S i3y Lo b plos
31 Sl dm s ¥ gles 5 g5les Ll s cela
LoosSas, 5l lalgss s oS ak S
g el 4 S S sla ST 5 05,S0us,
NN

S Ls 55 81 sba b S e |
<ol (Merck, Germany) skim milk . olzx
VIO (i3S p 50 (o Osky S b p SO
23 BTN 5 S J 5N e ijlas p 8
YV bos jo Sl FA Sty 9 Ld onls S8 o) a
eld e tls (IS Wl 51 T Sl S s
St 555 5 S Syl e sl Sla ST G
oyl ogesT derl oladign bbby, «
wlsl 0 8 (65015, 5 MR-VP oS > VG
el skl 6 ST A e Sl 5 3L
5 s S S S s (S AL b Sy
ol g G gl (plerda 05T
165 15 (PCR) 51,0y slopomis S5STs g
A plowl skl § 8 Slg a1 TDNA

2 Gl S sl i 1 Jege ol
(FOLA) <N suS o, 05 shyls sla bl
S5l eslizal L DNA £l sl . Lids oslinad
Jos s 5mws aa 5L 5 (Cinna Gen, Iran) ole
S 4 kS b Sl el oijle
(Eppendorf,  Clysgb ows L 5 s Sl
L FOLA 0 solas! s ST (Germany)
NCBI b 55 5 ~I,b Gene runner ,ijsle 5

3ge 03531 G b 5 (e slse (G5lu 2 o5 4]

2 5 edS Dby sy Ll gdie
b sl By ezl a5 LI 4 by
23 305 opl 35S Ol ol Sler Cilug Olejle
F e sl 3l S eSaS (Y 514) sl
LoLdy Qulaer 5 2 ) 4 8 Sl b
b bl Bl 5,508 Sl & (B33 03 5 ST
7o PlF s 25k 48 2 Lok Sele
5 OS5 ey (i peedST ol 5 2500 1y S
oyt b e 5 Sy el el el
ST Gloys e o 5 s Olspiel (S 5 Sl
Sl g s Sl ST YY) e
4 ol dallas T o Sl 4B oy S (gl el s
WS gl ol Sl AsleST B A5 05 Sleli
23 05 ol Golwalaar (ulgns 5 0T oLl
0393 gl Gelf G oajls o0 VJL(Q.‘::-J.&/LSJSL
o) 4 OV S S o Sl e

.JJ‘JJ: &‘v\.@ J\}A

by 9y 9 3lg0

Froslas ol hagh 5 Sk Silvlve
Calizes Gblie ¢S (6 20 Sl VO BV Gas 3l 4 ga
SLbl bl 5 (0LS) Ol b Adb-
Jaze oBalejT & ol Blps 53 5 55T
S s Sl S sl e i
Glodises ST BT Sl 05 Sl g5,
WSl kgl CiS A 3 D 4y S
Ca by gy K sl als sk
Sislgp Sl Gl skl Gl @l
A eslatul



W4l Vo bt (o JL ‘um;tf,l,;:ﬂ eelii a3 ole asliliab

Solwdluan !, (Cinna Gen, Iran) TA-Cloning
e gl A o3linal PCR Jgame 5530 5 Sm o
PCR  Jpams  ciloblons &S fos s
\ (T4 Ligase w37 ady S ) L eeTiwse
PTCIIT L 55855 2y Sen ¥ 3l ads S
Jain ST 20 Sen B8 5PCR U pus 5 Koo 110
VY 5 Cole ¢ Gdody s 5 ki bglies b 2l
055 s 4 e 05 6 dd esls L5 51 T sSle iy
4 58Sy el A s s fen
5 ediags) Escherichia coli XL-1 blueol ;.
D3k mle LB CtS b s 5 Jime (0,5 oails
ST Sl b s ¥V s Cole ) Sdeay S5 ST
Sol Sy s el fae 6 SL Al el S
(oo sl e S e Vv s LETTLB
(Isopropylthio-3-D- IPTG ke o 8 ko Y
(5- X-Gal ) de e S ke ¥+ 5 galactoside)

bromo-4-chloro-3-indolyl-a-D-galactoside)
A= YV ol jy cele VY Ol 5 ciS
b o5 ilalaan i )l wbws & 51 5 sla
5 (S 55 05 6sb) die sla U s S
S S 05 5 Bl 0L ST sl S
oBaslosT & b Iy @l okiosl JI5 5 406
Bioneer <S4 4 Jlu,l L b dd esliw b 58, Luly

P50 N e g5 85

A Jode 358 aub 6T vl b s cudl
Ol 1, Lol ddlas s eddeslinel (gl S3LT
2 6l (PCR) ey (sloymiy STy das o
PCR Master Mix 2x zJs S Vo Jul 28T
Sl a 5l 23y Se ) (Cinna Gen, Iran)
P e s sSe Vr o chle Lo S5LT
A8 ¥ 5 (0,5 5610 SIDNA 51 2 S
ol om As S Vo o6 e o ke OT
U jo il 15 plnil 5 -3 4 PCR 2S5 g e
Sodady 1,8 sl G 53 A0 (les 53 adgl O gl y 5>
Q3 A0 43 Oy gl Juld a2 ¥O aids O
53 55T Jlasl U e il ¥ Sew 51§ sl
Ao o 5 4l ¥o Sdew oS sl dr s 07 les
5 4a83 ) Sdedy o1, sle G s VY gles s 5SS
G VY Glos s olg 2SS A e cas 2 YO e
33 PCR ¥ pams waids Vo Sewy ol 5 sl
Ao s VO 58T U5 55 e 5 St dalh i
S & I3l b 50T, Sl 5 5085,
Lds gl W Se (ST oK
s, «TACloning g, :0¥e8 03 (S lwailuen
S el 5 gesle Sl ol G B
Lo SL 5 0) Goledluer 8 la )
b 3T Sl eslimel & (5L 5 AS (b Jos deandly
PCR .S (bl dallle 43 3,15 355 15 goome

ol dallle s sddeslizal gla 5T Y Jau

56T b 55T Jis (b i) Wb 530
FOLA-F CTGGCTGGTGTTGGTAGAACAG VEE
FOLA-R AGGCCCCGAGGACAAGTT

16s-F AGAGTTTGATCCTGGCTCAG \De s

16s-R AAGGAGGTGATCCAGCCGCA

F=forward primer, R=reverse primer




7\ OISCan 5 55 Okt ot / ALty 3l (6 ST 3 OT (5lutilnns 5 ST 1Al ST 6 5 05 (Dol nsholy sa6 S (g5l

ol s g 5 dd gt 05 $STL s Blastn

LS s es Clustal W APl L Blast ;|

b oLl MEGAT &b b (S5 5k w54, 32

Fal's

P Sl bty 18 AL Sililaer s
S ¢ gormays 0ileST 4 sdidlo)l S 4 pos
Sl oo 0 8 (sla Joul 4 oSl ST NY
(i, b Shy sl S s
Olse b glesds GOl 5 (5SS
sl ol Al s s plels gkl
Bergey oS s sdillge  esii sl i,
MRVP  (slaipnT & Cote o5 (sla ol
LT 5 Sute LT TSI 5 SYGIS (Ol 2w g
BT e SIS 5 5Tensl cdonl o 25 sl
s ol J S50 s (gl 005 ke

SBG L Jlbd sgtuedy PCR 03l 4o
L FOLA o) ¢l PCR STl idan 03 shole
2>l s b plwil Va5 eisl sl ST
odkildar o glosl 4 e VY plad g o 03 ) S
wllis sbna (v JK8) azals 1) FOLA o
S FOLA 05 el skl i (JiS05
(Y S8 s 03Linwl 16S o gos (sla 3 51ET

M + - 1 2 3 4 5 6 7 8 9 10 11 12
= &= SO0ON -

DY 05 glelid ) 5hea PCR 0 50T dnzi ) IS

WOk SFL 50 FOLA OF Ol Ol comd
Real- iy, 4 FOLA 05 Ol Ol gy 5sbiea
b ol 84l § S 54 S, dime PCR
Cele N0 Glw 5 b0 0L Ly,
oSl eslizal L RNA ol 5z (S ale &
Jos )5t wa 5L 4 (Cinna Gen, Iran)  ooles|
s i) el RNA iS5l 5 o plonil OT
25T 31 eslizal b CDNA 2w (Olys 5l o8aas L
oS 5 (25 plunit clle) Reverse AMV
STy Al ¢l (Roche, Germany) OT solazs|
S eslimal b s S Yo a3 Sliady (glo i
5,5 (Genet bio CAT. NO: Q1469 =5 ,iu o8
Prime  2Jy Sa Ve 5 plnil o) 28 & o
s e & (Qmaster mix (2x) with syber green
s Se N wos, ST 1)y S ) Depc water
A5 S ¥ sRox dye s S w8, ST
oK 5 o glaasks 2S5 .o esliz.! CDNA
Osmwly s b, L (Corbet, Australia) Corbet
33 555 aids ) Sdew o S Sle G 3 40 3 4Jyl
rys 00 b ¥ S oI F sl dejs 40
S Sl drs VY 5 st P e ol S sl
Sl 03 A il a O 3wl P e,
L oslizul 09031 (G5 dals gl STl
sbdly Gb s mb i Siiahd oo 3 s
S 5 Hks w5 Bio Edit 15300 5 L okl ey
iy edalowsas gla g gwys 5l Ol
5 i 845 gl 15 dad s 53 (405D g1y
A5 s DNA Baser Siibe 5 b wsSas
NCBI 5 sascs glaalir U Jol> sls Jiss

A3le s b Bl pbay JIps o cLidd anlis



W8l O led (g I ‘ur,._g@,t,,i_.a eelii a3 ole asliliab Al

S DNA - (gilutluer s aob | shes

4 OV Gl 5505 5 gl puaal oS Sk sla S
PCR 4037 L XL-1 blue Escherichia coli s S\
5 (¢ S8 as b PCR Jgems oL s s
CS A e b s sl PCR Jpame (uleins
Ol Cpmeen ¢(F JS2) 42 BLAST 4 L, Bioneer
Real-time PCR b J:ATCA.:E-B}.G )}bé\; o.,\..i:\i Qj
Ok Oljme 5L 3 DV A asie 5 Sroniw

(0 Jg.&) Sl ol

16S IDNA s e sla ST LPCR 04057 s -Y S
o sy iz (S g0 T g s ) st

Golwailunn I 1OV OF Gilwailuor Zbs
SIS ol Wl s VB 0F el A
Gl ol lutluar  baw g (diw/ 1)

255 5 25 e 0] aeilr (LS sl b S

Jawnd ¢y 20 sy

=
&
=
P
S
=

Ll o3 AL a5 r s A5 LACZ O il o
CiS bows )5 dids la ST 5 S eslizal X-gal I
L (slas 55T i sla S ol s 8035 0 S5
5ol (letilnn (T o S 5 S 55 DNA

337 bp —>

144bp —>

M13 sls $5LT LPCR ¢SS 4 (s ludiluen du b ¥ s
_
555 s s e wd S k3 s

WA L0 RAIU UL UL A Y 3 AL A U ARG AL RNU AL UM NUY A A UYL A RANL U WL MNU U AT R

ACGAAGACAAMICCUCCUG AACAICAUCAICCIGACAARIAAAAACARAGCAGUIAIGCGAGOGA

[ fume it IadeliName: 750 el ERcser 3750 ¢ Bctrophorogram Cota Pags 1 of 3

V505 b Mg B F S



oy OLSan 5 Jbss Ol g / A Ly 12l 6 5S4 OT (g3lwilaen 5 &S0 3l eSS 33 5 05 lyls okl (ot 8 (g 5Ll

Amplification Plot

PR

N W e O O N

c
o
<1

1v
0

2 4 6 &8 10 12 4 1§ 18 A0 R % X 28 W} L W F B’ N
Cycle

Legend

16s-Ecolinoccloned || 16-Ecolicloned | Ecolifols  EcolinorclonedFols [Jf] x7C

Ol sdaasolis 5T 5 (slojs S,y Cal ok w5 8 by aals 16S IDNA 05 0l tCsds 6 ,5SL 55 Y 8 05 0l -0 I
E. Jseddgilualunn Coda 05 Ol sasOlis juw 555 (Lilodd (& jlwtiluar 5 0l jlwtiluan E. Coli S S s ja dals 0

NTC=no template control .ol 3 6 jluilues O3k E. Coli 53 Coda 05 0l suzasolis 3,5 ¢4 5 Coli

S LT eSs 5 gigley g da, SS 0L o ot dlF Slom (Sid oSy

05 shils G SL Lols Olas esls (F JS) Sl pll (NJ) Llsmmen Lsm oy & (Seisks blsl

AH38 il s dls sl ol dafllas 55 Coua ekl sl SB& S Lsls 0L 0T mls 5 42
! 0,8 o ol 3 Ak &K s il e slsl

Bacillus halotolerans strain AH35 (MHO40966.1) sam ple 1
=]
o4 |- Bacillus subtilis (NR 112116.2)

100 Bacillus amyloliguefaciens (MR 041455 1)

— | Bacillus licheniformis strain ATCC 14580 (MR 074923.1)

a4

Pontibacillus sp. strain 2y (MHZ274930.1)

a4

Exiguobacterium strain LAZZ2P17 (MGEE0305.1)

Bresibacillus laterosporus (MR 112212 .1)

Lactobacillus lactis (MR 042728.1)

Streptococcus thermophilus (MR 04277513

0.0100
sSL JQJ; slasplis oo s gl ys Samplel CeMe €165 IDNA 05 I ulal 5 ooy Soskd Ly -F Ji,ﬂ

A sl sl o5 Sl



W4l Vo bt (o JL ‘um;tf,l,;:ﬂ eelii a3 ole asliliab

7¥

V) Gl gl 5V usis) e oS oS hilinl
p 4 splie aallas 53 0, Kas  Gangadharan
b Y SSY s NS W5 o
Cods sliwly s WGT dadllas 5 dastls , "7 50 S
Sl sl DY $ 5 ks 5 ol ey
W Lslae waalllas pl s 3y Shes b
35 s A0 N 58> N adape £ 5L
53 (W) G 55 s 00 dde & S (gluli
YA Jle s 0L, 5 Taghiabadi 8 (glasllae
93 Al 5 A S Ay s
TR NE S PO RS P LG Py
b Slsrgens 0 dprse Lol el
b eS8 Olje 5 (s S50 Y 318 5oy S
35 S S el e s oS o5l DY oS
S Ll SIS 5l S oBans b 4S5 oS
AL > SN Ol s b g Sejlul b
VA 4 o 2 o o 5 ea W10 Mo 55Tt
sl 4 o ARELST Lo 55 b sue oS
2l e boawlis 55 LT o Hled 4 Laadls
SSes 5 Leblanc s 4 05 o Ol Gbls
Sl S5 Y8 wd g Ol js a8 55 o5l (YA)
kel SY ol Y
Ao S5V 3T Sy e sk gt

S g Aas o Ol dwslie ol 6l 0l 3,18

\Of}j &%

oI5 Al ST W 5 sl 53k b b 01l e
THF-  joess 45, 55 FOLA o) &
Gladlas O eS6 Ll (sl ol LS| polyglutamate
Mg digy 5 Jos G0 ple ileailuen £ej o
S5 pl 6l o il TAcCloning 2, 4 Y

Seslimal JUS 53 ol s s s5T 5 Nl

S5 w9 Lom

S Sl 0N Gl Gos e ey (o5 DY
bl eSS glagsley Ssp 4 0T 35S
Bshp e gras p kU0l SlacT 5 Ob
&b 3 Gospe SbSs M5 Gl e wer 5L
2 @l ST lelir (oL S Jalse
5 SBae) S S e 5 s mbe
YO 5 YF) il sy L& ladle b olawiils
b el S g5 55 2.8 W5 deas o Ol b gy 5
Sl e 3l o1E s1se 55 OT (gSle e ¢l ol
2 9mn b 51 Ol 1y ﬁ;T ol (Y9) Cl Ak
A 4l 68 gl Sl b e gl ez
ool OT S 5 gL ST wbie Sl el 0nl O3
05 oleldr LG 5y OT bl dalllas 505 sl s
23 0T Gilwtluar 5 S cla o slul 51 FOLA
sty 53 #E (AT L Dby S
o Sbha e o) adlas b ulp ol Sl e
ol @Lﬁjﬂrlqd\#quéy)}bgﬁwbﬁo‘ﬁ\
A8 b1, O Coda 0

Aide & 5w 1I6SIDNA o5 Mg Cald (¢ e
&g 3l Ol (NCBI) cledbl (glosls a@bﬁ 33
G5 4 ool Cald sl dddlas s edig bl
(MHO40966 v 25 & )a ) il Ji s o sl
@9 \Y 5 FOLA 0] sl Ol G5 swyp w3008
4053 o g el w ghasls

sy (YY) ladles 5 0, Kes 5 Ahire
5 sy e Sl s iSY 55 NS A5
o g DY pasdal s fae O GRie e
LT @bl s S¥S ud akie poes

S oS sS e l S S S8y (S5 ST



50 OLSan 5 Jbss Ol g / A Ly 12l 6 5S4 OT (g3lwilaen 5 &S0 3l eSS 33 5 05 lyls okl (ot 8 (g 5Ll

deficiency. The American Journal of
Clinical Nutrition 2019; 110(3): 554-561.

(3) Ferrer-Polonio E., Fernandez-Navarro J.,
Alonso-Molina JL., Mendoza-Roca JA.,
Bes-Pia A., Amoros I. Towards a cleaner
wastewater treatment: Influence of folic acid
addition on sludge reduction and biomass
characteristics.  Journal of  Cleaner
Production 2019; 232: 858-866.

(4) Ismail WRW., Rahman RA., Rahman
NAA., Atil A., Nawi AM. The protective
effect of maternal folic acid supplementation
on childhood cancer: A systematic review
and meta-analysis of case-control studies.
Journal of Preventive Medicine and Public
Health 2019; 52(4): 205.

(5) Iglesias Véazquez L., Canals J., Arija V.
Review and meta analysis found that
prenatal folic acid was associated with a
58% reduction in autism but had no effect
on mental and motor development. Acta
Paediatrica 2019; 108(4): 600-610.

(6) Wang Y., JinY., Wang Y., Li L., Liao
Y., Zhang Y., et al. The effect of folic acid
in patients with cardiovascular disease: A
systematic review and meta-analysis.
Medicine 2019; 98(37)

(7) Ly L., Chan D., Aarabi M., Landry M.,
Behan NA., MacFarlane AJ., et al.
Intergenerational impact of paternal lifetime
exposures to both folic acid deficiency and
supplementation on reproductive outcomes
and imprinted gene methylation. MHR:
Basic Science of Reproductive Medicine
2017; 23(7): 461-477.

(8) Sun A., Chen HM., Cheng SJ., Wang
YP., Chang JYF., Wu YC., et al. Significant
association of deficiencies of hemoglobin,
iron, vitamin B12, and folic acid and high
homocysteine level with recurrent aphthous
stomatitis. Journal of Oral Pathology and
Medicine 2015; 44(4): 300-305.

(99 Chang JY-F., Wang Y-P.,, Wu Y-C,
Cheng S-J., Chen H-M., Sun A. Hematinic
deficiencies and anemia statuses in oral
mucosal disease patients with folic acid
deficiency. Journal of the Formosan
Medical Association 2015; 114(9): 806-812.

ns g O Bl 333 B > oy St
o 3 Oler Ghlie e s S GBS W 5 L
(Y)Wl (giluld L sllsSY (oo gu
331 S5 03 0l Gl il inllas s
2 (Y058 aiS il Siiglla psbnl sl ST
AT L 3 Sl edz )8 eumte (slaanlllas
SaoSs, Ol @y 0328 s5ba 5 Ol JSia
3 0y ) 4 e 5 b Rass 00 S S
o @ T 53 a8 4 (glealuan gla S, Ll (¥
33 FOLA 05 ol 0l b s ol dallas .ol
ooy cSiwalan TA g, ol Ol 65 L 4/

G
ol dallas 53 0T Ol 5 &Y 0 Gilwailuen
ol addlas glaesls i (=l:>u\ e T g0 gboa
a8 5l eslimal daysgdoe 345l Lsls oL
3 S ) S a5 b DY sS W g
ol W5 Sileamio Gl Glidr e L5 e
Sl ssba OT Slajly Jials 5 Ol s esle

.;ﬁc\.’é;#)_suj)l:

References

(1) LiW.,, Jiang M., Zhao S., Liu H., Zhang
X., Wilson J., et al. Folic acid inhibits
amyloid PB-peptide production through
modulating DNA methyltransferase activity
in N2a-APP cells. International Journal of
Molecular Sciences 2015; 16(10): 25002-
25013.

(2) Berry RJ. Lack of historical evidence to
support folic acid exacerbation of the
neuropathy caused by vitamin B12


https://www.journals.elsevier.com/journal-of-the-formosan-medical-association
https://www.journals.elsevier.com/journal-of-the-formosan-medical-association

W4l Vo bt (o JL ‘uwtf,l,;f eelii a3 ole asliliab

44

(10) Moll R., Davis B. Iron, vitamin B12 and
folate. Medicine 2017; 45(4): 198-203.

(11) Christensen KE., Mikael LG., Leung K-
Y., Lévesque N., Deng L., Wu Q., et al.
High folic acid consumption leads to
pseudo-MTHFR deficiency, altered lipid
metabolism, and liver injury in mice. The
American Journal of Clinical Nutrition
2015; 101(3): 646-658.

(12) Sauer U., Cameron DC., Bailey JE.
Metabolic capacity of Bacillus subtilis for
the production of purine nucleosides,
riboflavin, and folic acid. Biotechnology and
Bioengineering 1998; 59(2): 227-238.

(13) Bond TJ. Production of folinic acid from
folic acid by Lactobacillus casei. Science
(Washington) 1953; 117:563-564.

(14) Blatch S., Meyer KW., Harrison JF.
Effects of dietary folic acid level and
symbiotic folate production on fitness and
development in the fruit fly Drosophila
melanogaster. Fly 2010; 4(4): 312-319.

(15) Pratt R., Johnson E. Production of
thiamine, riboflavin, folic acid, and biotin by
Chlorella  vulgaris and Chlorella
pyrenoidosa. Journal of Pharmaceutical
Sciences 1965; 54(6):871-874.

(16) Ahire JJ., Patil KP., Chaudhari BL.,
Chincholkar SB. A potential probiotic
culture ST2 produces siderophore 2, 3-
dihydroxybenzoylserine under intestinal
conditions. Food Chemistry 2011; 127(2):
387-393.

(17) Gangadharan D., Nampoothiri KM.
Folate production using Lactococcus lactis
ssp cremoris  with implications  for
fortification of skim milk and fruit juices.
LWT-Food Science and Technology 2011;
44(9): 1859-1864.

(18) Taghiabadi Z., Dehkordi MK., Emtiazi
G. Glutamic acid and folic acid production
in aerobic and anaerobic probiotics.
Biological Journal of Microorganism 2018;
7(25): 127-136.

(19) Joseph DB., Chandrashekar AS., Chu
LF., Thomson JA., Vezina CM. A folic acid
enriched diet attenuates prostate involution
in response to androgen deprivation. The
Prostate 2019; 79(2): 183-194.

(20) Kancherla V., Averbach H., Oakley Jr
GP. Nation wide failure of voluntary folic
acid fortification of corn masa flour and
tortillas with folic acid. Birth Defects
Research 2019; 111(11): 672-675.

(21) Pérez-Esteve E, Ruiz-Rico M, Fuentes A,
Marcos MD, Sancenén F, Martinez-Méafiez
R, et al. Enrichment of stirred yogurts with
folic acid encapsulated in pH-responsive
mesoporous silica particles: Bioaccessibility
modulation and physico-chemical
characterization. LWT-Food Science and
Technology 2016; 72: 351-360.

(22) Altic L., McNulty H., Hoey L., McAnena
L., Pentieva K. Validation of folate-enriched
eggs as a functional food for improving
folate intake in consumers. nutrients 2016;
8(12): 777.

(23) Moreno J., Espinoza C., Simpson R.,
Petzold G., Nufiez H., Gianelli M.
Application of ohmic heating/vacuum
impregnation treatments and air drying to
develop an apple snack enriched in folic
acid. Innovative Food Science and
Emerging Technologies 2016; 33: 381-386.

(24) Keil KP., Abler LL., Altmann HM.,
Wang Z., Wang P., Ricke WA, et al. Impact
of a folic acid-enriched diet on urinary tract
function in mice treated with testosterone
and estradiol. American Journal of
Physiology-Renal Physiology 2015;
308(12): 1431-1443.

(25) van Gool JD., Hirche H., Lax H., De
Schaepdrijver L. Folic acid and primary
prevention of neural tube defects: A review.
Reproductive Toxicology 2018; 40: 73-84.

(26) Grosse SD., Berry RJ., Tilford JM.,
Kucik JE., Waitzman NJ. Retrospective
assessment of cost savings from prevention:
folic acid fortification and spina bifida in the
US. American Journal of Preventive
Medicine 2016; 50(5): S74-S80.



sy OLSan 5 Jbss Ol g / A Ly 12l 6 5S4 OT (g3lwilaen 5 &S0 3l eSS 33 5 05 lyls okl (ot 8 (g 5Ll

(27) LeBlanc JG., de Giori GSs .Smid EJ,.
Hugenholtz J., Sesma F. Folate production
by lactic acid bacteria and other food-grade
microorganisms In: Méndez-Vilas. editor.
Communicating Current Research and
Educational Topics and Trends in Applied
Microbiology. Badajoz, Spain: Formatex
Research Center; 2007: 329-339

(28) Rossi M, Amaretti A, Raimondi S. Folate
production by probiotic bacteria. Nutrients.
2011 Jan;3(1):118-34

(29) Jahandar M., Nassiri M., Aslaminejad
A., Tahmoorespour M., Haghparast A.

Cloning of InvG gene from Salmonella
Enterica in the Expression Vector pET32a
and Evaluation of its Expression in hosts
BL21-DE3. Journal of  Agricultural
Biotechnology 2015; 14(3): 75-87.

(30) Yuan Y., Nymoen DA. Dong HP.,

Bjgrang O., Shih I-M., Low PS, et al.
Expression of the folate receptor genes
FOLR1 and FOLRS3 differentiates ovarian
carcinoma from breast carcinoma and
malignant mesothelioma in serous effusions.
Human Pathology 2009; 40(10): 1453-1460.

1- Bacillus subtilis

2. Lactobacillus casei

3- Drosophila melanogaster
4- Chlorella vulgaris

3~ Lactococcus

6- Lactobacillus

7- Escherichia coli

8- Bacillus halotolerans

9- Streptococcus pyogenes

10

13

- Staphylococcus aureus
11_

12_

Salmonella
Lactococcus lactis

- cremoris

- Bifidobacterium

- Lactobacillus plantarum
- Lactobacillus acidophilus





