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Abstract

Bacteria from the genus Lacrobacillus are important for the production of fermented food
and dairy products, and as symbionts in human and animals. Zactobacillus acidophilus has
widely been used in the production of yogurt, health foods, and even medicines. The
efficacy of L. acidophilus has been proven with regards to the reduction of cholesterol,
prevention and treatment of diarrhea, modulation of the immune system, suppression of
cancer, etc. Using molecular biology tools, ZLactobacillus acidophilus has now been
reclassified into six species: . acidophilus, L. amylovorus, L. crispatus, L gallinarium, L.
gasseri, and L. johnsonii. Thus, since L. acidophilus has now been marked as a newly
defined species, caution is advised when reading future publications regarding this
bacterium. In this article, the results of the reclassification of Z. acidophilus are mentioned
after an analysis of its field inheritance was performed by my research team. Especially,
L. amylovorus KU4 (formerly named as . acidophilus KU4; KCCM 10975P) is a novel
probiotic strain that is isolated from humans; it has the ability to reduce cholesterol. It has
also been reported as a microorganism that effectively inhibits the growth of pathogenic
B coli. However, this Korean patent (No 10-1541280) refers to a strain obtained from
calves; the origin of this strain was incorrectly labeled. Furthermore, after the discovery of
L. acidophilus in 1900, its role in intestinal microbiological research was described and its
utilization as a probiotic was presented.
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ZAHlactic acid)S A= B|REQ] Ak (lactic acid bacteria)2 SAMEO 2T EHX|=H),
FARES DEOA A% ARG Eol= oo SEER A APERI fHA)Z HHLo] RE ZojH.
A, ZH(lactose)olt A o] ZAkto 2 EE{Aof SHANE, AlZOJoRERA 9] AlEEAE
xoolo] e AR BE B2 AF=gold ZhtE fANE 28-S ANSH] hize] &
=eoME At R FUS

FrARE TaAE ol AR E o]gF o] % g, FAkto] §akES Eafislo] 2Aks i
A Airgtogx AFo] HEYE S| 53 FHIE AULS THE0] 7] tizolth. @Afol
© URAREE ofy, orE, 5 Hao= fibkto] 2] ARGEY ABE Atdo] ol
831 g Eo|tH1]. Ak E7SH) Lactobacillales E(Order)oll 431, Lactobacillales®
THA] Acetoanaerobium, Aerococcaceae, Carnobacteriaceae, Enterococcaceae, Lacto-
bacillaceae, Leuconostocaceae, Streptococcaceae2] 7712] IHfamily)2 FEH}. ol S0
Al Lactobacillus, Leuconostoc, Pediococcus, Lactococcus 1Bl Streptococcus <{genus)

ol, ol:
" o
olo _|
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o] A9l Ao R EREY, 1 9=F Aerococcus, Carnobacterium, Enterococcus,
Oenococcus, Sporolactobacillus, Tetragenococcus, Vagococcus D Weissella < 1]/3&0]
FAREY] Ho] &3]

Lactobacillus < A Z2HO] QE A(probiotics)ol] Z3tEl= HAE FollA 7FY B 7
£ ek Sl=t, Azt 2 5 Y A, S 2 AARE, ASARE, AE SOl EeEA, 24kt
£ &3 Z4HE ofe}, AR 237 BT FuE 7] whiEe] UaAlEY il Fa3t RAkt
2(genus)oltt. Lactobacillus & SAMFS Gram YO E IXE FAIHA| Lo, catalases
AEHA| o= mBER tiRE Slitol et AEE AU o2l

Lactobacillus £2 20199 49 FAIA] oF 230F(species)°] YA =d], A& 22 =
HSA 2 Qo] Fspecies)d] FAR= & 7t itk Lactobaciilus & AN @4 71 Eol
ATE vBE &9 sholn, W2 7t AgRAA (whole genome sequence) £4]0] HEE]]
I, AT A% X8 Folth

Lactobacillus 48 B8 A metabolism) &40 ot of23t Zo] 37FA] group =,
obligate homofermentative(group 1), facultative heterofermentative(group 2), 11l
obligate heterofermentative(group 3)2 WFolR=t]|, Wa-8AEN= group 19 &dk=
lactobacilli7} 2 o]-&Hrt.

Lactobacillus & AHFY] genome 1.2 Mb(L. sanfranciscensis 4.9 Mb (megabases; L.
parakefiri) 3719 £EE Hol=t], ol A} 9ok Tl FAR] wAF GA| 1,267-
4,758% speciesO] wEt thdItt. Eot 22 F(species)@AZHE genome A[O)7) U&=, L.
crispatus®] 735 1.83-2.7 Mb¥] genome 7|5 UMt Lacrobacillus < SN 7V ol
A=) = L. acidophilus®; L. plantarum® B39 genome Z7|&= 242+ 1.8 Mbe} 3.4
Mb BE2 [ plantarumP] °F 1.79] %2 genomes 7 Ut L. plantarume o=
Lactobacilluse@t HE2A EYHFE AlE, A%, 9 TRt oA das, gge] ditt 489
o] $=3F EAS At opul: of2fdk B4 thE FHTH iAo R B2 RS 7IAAL Q1Y)
2 Aol

B =82 Probiotics2HY L. acidophilus®l tigt GAFE Sitof| diste] 12SIAL 510,
&35 dF+= AR =82 54kt Probiotics@t A9 ol et 12H113 Lactobacillus
acidophilus®] A+@3% o]& AAH2]oA Fi -83e-Z BT Hiolth E3E, Bull 5o A&t
HIQ} o] [, acidophilus®] g4 84 & AHEFE Al tigt T2 96|24 643l eH 3],
2 AEolA ;I ofe] FAI ESjoflA] Bargk o] AEFH straind} sourceo] thek E714
9] Q75 HEFIA Sl

gl

2=
1. Lactobacillus acidophilus2| At

L. acidophilus®] U7 2ol EAsk= RS AtolA A==, AW Aol tistod
Fzx= AotHo|1 A Q] A1E et B A= TS A TS Theodor Escherich
(1857-1911)°ItH4]. = 7733t folet Aol Sli= fotERE dojdl S o= niES
ZARIGET, A7 fote] BRlol= 23579 I8 A3 Thtol 459 Sl As Asielth
I8y A= vESo] vt Hisole] WAEE AR e B2 9 Hiekrleo] Aeat 22
20| ofolA] o]F PES &% Efoh=t] ofegol Btth L o] Tisser® Moro7t +
u|AEo] Z¥7} Bifidobacteria(Bacillus bifidus)} Lactobacillus acidophilusBacillus acido-
philu) P& BEATsIGIt}. £19] XA = et & ok 22 dfofl 472t =22 THsI3l

www.ksdst.org



I2HI0|QEAZ M| Lactobacillus acidophilus

www.ksdst.org

o}5, 6l.

19A417] TRE 204171 27HA] QIA AUirEES] ks A f27F A&k A odes B
A7t APACHT, 8]. Mac Neal 5+ 491 Erio] £A5H= plAERE 33x10 A2 Bl
SIFEEI9, 10], 2014 1l v YES}Elo)A et A nESQ] 3x10%-4x 1019} H] w3}
H A AWM A7t depht ZEekA o|foiF=A] AR 4= SleH11l

Brnest Moro (1874-1951)= Lactobacillus acidophilusS %= £t Hsixtz 2 A
AKFig. 1). Morox QAEg0o}9] Aol QAR Q@ AEZ0} GrazoA 18994 ojehe THsH
3 B|lvolA TS BT Escherich®t o] 45 351911, 1911 sto|dH| =23 g}
2okt w47t EQUH12) Moros /5 Y AR ZR/E Y= Zo] o] oA o 73t
Lo AUtk A A2 W% s1lth 19009 Moroe foke] £HNA Bacillus
acidophilus’t E4%E A= Barstgiet, o] vES 17 4 SHiFEHY e e
ofo] ulAst B-& Y7 fine radiant), A=) 1 E=F (ramified projections) 211 B|HE F
g2kl silth. T3 o] e S-fRollA ot AMBA8E Bkl shyltHo, 10, 13].

E3E 190149 Cahnd EHf ol ozt ZARRRE He frote] FHOIN®: B, acidophilus
7F EARct L Ba1st9) o, Weisse $-7 AFE Hol & H$- MoroZ} W43t B acidophilus?}
AR e Rkl St B YstATH14]. Bacillus acidophilus®] 832 19204 u]Ay
E Ygrof st 2A1Z 89| o]Z9| Lactobacillus acidophilusZ VATt Moro7} WS

Fig. 1. Ernest Moro with infant, about 1904 [13]. Reprinted from Weirich & Hoffmann with permission
of Springer Nature [13].
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F= 39| L. acidophilus Holland strain® 2 &4 AW} L. acidophilus ATCC4356°2% .
acidophilus®] 3 strain®Z 22| &A HJct.

Moro7t ;Y FF7F L. acidophilus® A2] Z7|7HA] of] $-oi3-do] =], GA| ui=E
510l 7|&& [. casei®t F-Eo] oHY 19479 I. acidophilus Holland strain®} . casei
Holland strain B Z2E FFHEC] Y| A7A= S8EolA ARGEUE ZTH15L AR
T 45 25 Gram YJO= short rod FHE SRt =qt HH GASEARE B EA, 44 &
A, A 24 Fo& AAfolls HA FEH

Moro @ o] %-RH 1970 7HA] A9t HNA W2 LacrobacillusE°] 2 ==, =
L. acidophilusz 8=t} GAlol= AN 8= ] Jd, 139, 2R, 44
5 AEZQl WoR FASI7] WiRo| L. acidophilus’t oFd W2 Lactobacilluse® L.
acidophilusZ F78=I9= AIth. A oI5 F 457t X TE speciesZ AREF/F ST
AEAR1 HpHolgty AR E1 A o =d, fANFY 5 9 57500 SlofA] 71 wol arst
£ 72 Bergey's Manual of Systematic Bacteriology °ll AIAE BrHo|icH16). ofvte a5
o Akt AR} 1 AFAL HE o] Fog fAAS TS Zoltt 20008 SRl
16s rDNA £4]9] H|-go| Wo| AH[AA JA2 02 == APl 50CHLZ °-83t BE|IAER
S7g5ke AHH 16s IDNA 45 52 ol&31A H=t, 16s rDNA #4 W& ot primerS
Argsk=7t) wet OE A3kE Holy| wigo] F9E 7]&ofof gt}

FH o= Al fANFE B0k, 11 B4 w1l fleike A4 E4(whole genome
sequence)©| Ao, W strains0] AFFHA BAL Bolo] HITH o2 FHEIH.
Fig. 2= L acidophilus®] 1008 FAE dAtj7] 0= Ugeh Z0® ngulo|egAg 22|l
= & WA L acidophilus®] 574 5 Aol B2 A o] e & 4 U

2. Lactobacillus acidophilus® 4

I EHo| QElA(probiotics)oll tizE 7ido] A7]7] o] Q1A §-8%F wEEEM L acidophilus
£ A7s HA5Ak= U= Yale thehw v]AYESIO] Rettger I<eoltt. T+ 1921 HaSH
“Lactobacillus acidophilus 1% £83] Z1d vist Au|PEo] Aglo] A3t =FA
treatise on the transformation of the intestinal flora with special reference to the
implantation of Bacillus acidophilus)” w=%Fig. 3)NA L. acidophilus= oA HAE=
ZAo=g Hop A Aol JNsst #FH, FoNA L. acidophiluss Fost A}, AofA L.

/ Shleifer and Ludwig use
polyphasic taxonomy to
Johnsen et al identify six define five Lactobacillus
phylogenstic groups(A1-4, aroup
B1-2) by DNA homology L. acit

L acidophifes ATCC 4356 (previoﬁsly Felis and Delaglio
type strain A1 L. delbruekii group) increase number of
Renamed to . L crispatus ATCC 33197 L. salivarius groups to 12 to
Lactobaciilus Al iselates from human oral, type strain A2 L. reuteri £NCOMPass New species
seidophilus (Moroy | Mtestinal and ;ﬂumd‘ microbicta L. johnsenil ATCC 33200 L. Plantarum (Al Lactobacillus contains
recognized as strains of Type strain B2 \previously {. casei group),/ 109 species
{_ by Holland et al = L seidophilus YP Q Y g P/ pet
2003 2007 2008
Original Description of neotype |, Colins at 2l describe 3 Hammes and Hertel Genomic era allows whole
description of strain Lactobaciilus distinct phylogenetic expand number of genome studies to inform
Bacillus by Moro acidophilus ATCCA356 clusters in the genus | group to seven, adding: taxonomy. Already,
by Hansen and Mocquot | artopaciius using 165 L sakeigroup genomic datasets show
rRNA sequence analysis and restoring incongruence with
L. delbrusckii grou| L. caseigroup established taxonom
group y

L. casei group (Claesson et al)

\ lewconostoc group

Fig. 2. History of Lactobacillus acidophilus. Adapted from Bull et al. with permission of Oxford
University Press [3].
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acidophilus7t $4=0] AT FSIATH10]. E3Y Rettgers= L. acidophilus®l HHet &3}
QUA| AgollA] o FAktS QAR AR, HHISAS A37E Bs0] =, AR
SolA AFOR [ acidophilusg oA 7WAEthe A+23E YRS 10).
Lactobacillus acidophilus®] TZH|QEIARNO EXJL Fig 40] QoFst uie} Zow 227t
A, izt B A AAt olFoiF. 1 At FFEUAHES AA(17, 18], HAF o
2 2=[19], TRV WS A3}, 71 2 S44L3H20], DA 3499 93H21), Az
A[22] 5o B3t oo g SRl

3. Lactobacillus acidophilus®| M=5
Lactobacillus acidophiluse 1990 °|A7HA] 2] groupl&E WrolA US=H], 19929
Fujisawa 59| £4 L. acidophilus groupe L gallinarum, L. johnsonii, L. amylovorus & &

©) (D)

Fig. 3. The title pages of “A treatise on the transformation of the intestinal flora with special
reference to the implantation of Bacillus acidophilus™. (A), book cover; (B), title page; (C), list of
contents; (D), surface growths of L. acidophilus at 37C for 48 h [10].
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Generally

- [ Adheresto || Regarded " Produces
Metabolizes | _ human As Safe antimicrobial
_ lactose Bile tolerant || enterocytes || (GRAS) | | compounds
S [ 1) ~ oy oy R
EGIOIIAGIIUS aCIaoPIIIIE
CRISPR No Transporter Obligate homo- Production of
region complete systems fermentation of lactic acid
prephages carbohydrates

Fig. 4. Major genomic, biosynthetic, and probiotic characteristics of Lactobacillus acidophilus.
Adapted from Bull et al. with permission of Oxford University Press [3].

Hohar BuskReH23]. 11 390, Lactobacillus acidophiluse L. acidophilus, L. amylovorus,
L. crispatus, L. gallinarum, L. gasseri, L. johnsonii® 67§2] DNA homology group2=& 3
Ho] rhs =xo] YHH o]Fo] 6Fo= AEFEUCH24L.

AFD 1990 7IRIRE StEjEks, Lactobacillus $(genus)lle 2F 60%(species) F=TF L&A U
A3, 20199 @Ael= oF 2305 2= oF 4 ol 11 47t F71sIST ol MER 52 2|
2ol S7KE HE IARE 7129 £ $2 AFRAAIR 22 HRE HgoR fEL Fo
& FHEsto] RS A9k ol US7] diizolth AR o]FollA A7t ofE(subspecies) 2
2 MRS ==, Fole 7120 BAEQE straingo] 2L FolU ofFoE AEFERE
o] A&H o7 TS Holk

E =80 AFEE L. acidophilus group W= L. acidophilus family~= L. acidophilus, L.
amylovorus, L. crispatus, L gallinarum, L. gasseri, L. johnsonife A% E3lol= oJu|& ARE
Sk

Table 1& & AEo|A 7|20 B3t 1. acidophilus & AEFE A3 O AR5 45
T 45 AEFE AL ot AARE Aol

Table 1. Examples of reclassified Lactobacillus acidophilus strains

First taxonomical identification Final taxonomical identification

Name Source Name Source
L. acidophilus 30SC Calf L. amylovorus 30SC Calf
L acidophilus KU4 Human feces L. amylovorus KU4 Human feces
L. acidophilus La1 Human L. johnsonii NCC533 Human
L. acidophilus IFO3532 Vegetable L. casei subsp. rhamnosus IFO3532  Vegetable
L. acidophilus RC-14 Human vagina L. reuteri RC-14 Human vagina
L. acidophilus PFO01 Piglet feces L. johnsonii PFO01 Piglet feces

www.ksdst.org
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19924 Kim2 A 52 205, FHZ] OEH 28%, SoMA ff 2252 2ol oA 6%, AXF
ol 105, AR 789 FAktE EElolo] F 935208 AGE XS o= YHI
[25]. BA] HBES] 52 L—rﬂg H"ﬁ—’“ AEH} o2 sl on, 390 DNA-DNA
homology, GC ¥, 16s rDNA 407 zj&elstrt.
L. acidophilus 30SC #52] 7%, 19924 A& AFH ==olA+= o] #59 origin®] A=
Elo] 490k, 20009 Oh 52 +=EollAl= humanolA Eefst A0 =2 A% 7|&= o] 9loH(20],
TR AAAA BAE 1 acidophilus?t OV L. amylovorus® BHE] 1. amylovorus
30SCE Agrgstrt.
L. acidophilus KU4= 1992 =804 AF3t 606 straine AHEHI A0 2 20009 £3] &Y
Al ES|YAMOME Lactobacillus sp. KUARE 7|AE 319t E3]ol Z(species) TS 7|45t
A kTt 11 ol BAIE Al £l HFALL Sl Aol 7] WEeldl, e gerdkE
Wa A 712} 16S rDNA 84 A3, [ acidophilusz UERY E36] ERo= [ acidophilus KU4
2 1716k 27]. 13 X2 KU4 o500l thisto] 2 R84 B84, L amylovorus® ¥&
A L. amylovorus KU4Z THA] grgsttt, I81 E6] BRoll= Lacrobacillus sp. KU47} pig
origin¥]o] =], 19924 E=5of|A human origin® 2 FA|E0] = F o7 Hol EFZA 114
oA A4R UAH Ao & SRIFUTH25, 271 L. amylovorus KUd= [. acidophilus
NSI #2219} BE0] ESEAAHE A 283 vlvit RS EH0E AAA7= A
0= IRIEo] FF 7|54 LEHP|EAR |t} E= doth
o= 71991 YEdolM St L. acidophilus Lal- L. johnsonii NCC533°.2 AYrg=]io
(28], FAKE, o2, SJoRE, ot EAlE B 2R o|27|7H] tfelA| ARSEl= ZEH}o
QEAOIY}. [ acidophilus IFO3532+= AAolA E2|E =T, L. casei subsp. rhamnosus
Hansen [FO3532& AE&FE I o] 4+ &2 AFRYoME At Ad4o] loiA stress B
714 @tol wol AREEUTH29].
AAIZQ1 Z#3AF Chr. Hansen(Horsholm, Denmark)ollAl AAH= L. reuteri RC-14% L
acidophilus RC-14% & BE=U A= oH, A4 o/ g8 7HAEe= L r]zanmosus
GR-1 ¢} H3to & ARG AlFe & whifj=|ar QIeH30). AR=ellA &2I3t L. acidophilus PFO1
L QAN BAAT) . johnsonii® YERY L. johnsonii PFO1Z A= CH[31], o] 45
£ HAY Aol 2ol L4510 Alm 7R ARgo] 7hedt ZEHo|QEAR Y FT
Table 2= YA O R o|8E|= [ acidophilus d55S QAT ALE FSH3AL FAIE B4
SAL A7AE AFARRIAL SollA A 0= Adste] Aol skl Sl 2]l ZEHlo]| QE
2olt), o] #FES FEAIEY AIARCE BEH 850 WA Qo] FFolk ol&7HA7t

Table 2. Commercially used Lactobacillus acidophilus strains

Strain Supplier
L. acidophilus LA5 Chr. Hansen
L. acidophilus DDS-1 Nebraska Culture
L. acidophilus NCFM® Danisco
L. acidophilus LA-14
L. acidophilus LAFTI® L10 DSM Food Specialties
L. acidophilus LB Lacteol Laboratory
L. acidophilus R0052 Institute Rosell
L. acidophilus L-92 Calpis
L. acidophilus SBT-20621 Snow Brand Milk
L. acidophilus HY2177 Korea Yakult
L. acidophilus MK-07 Meail Dairy
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o & Folrh

IO ZHIO|QEIAS| Xo| 2 Origin0fl CHS O5H

T ZHlo] QEIAER= thol= 1954 Anti- und Probiotika®] Al=-0 & W3} Vergio] &=R2ojlA]
A AREIUTHB2]. 19654 Scienced] & 7HA|19] s X7 €29 7Id o= Lillyet
Stillwell> ZEHP| QEAS HOJ5ITH33]. 715 Al=e] YAIE 7tolo] W F2kgo] g
1970dtholli= 48A thAIEA] A7t Eol AP= =T, 1974 Parker7t “7F50l doiA &
WrEe] #30 Evg = e 2472 SHolA ZRHo|Q"AR HOISIGITH34].
19894 Fuller= ZE2HPO|QEAL] o5 thaat Zo| AHsIH=HI35], “FHvYE 452
FTANFOEN = 520 FAT BHE F= Aol PR AR J7H'E Z2H[o]| QEIA9)
NdZE gelsiA Aofslqitt. o|fj7ix] F& ZzHlo] QA= Almof| H7tEl= 7MY 3 F
FE KEY, fUelie BeAR "R o] AR 7IEAE ] S-&EL Slth
1999 Salmine 5 AolQl= HIABEE ofdz}, HAES] Al /3 8E7HAE 11 HE it
OE ARMSIF=HI36], ‘452 A7l fst 2 A vAdE A E= uiE AZGE o
2 HoJslo] ARtAle] digt Zgulo] QElA 852 T

T84, 20019 FAO/WHOoIA] 273t Z2Hlo| 0 BlA AolE HH([34], “F-ast $5& Foloty
S0 £529] ASAL 7ML= AolQles vBER sto] Aol SRAF o, A0S aikE
U=

Uetls #8% 52 x5t Alm 2 AES dof Aok A7 1 HYE g
ol24 IAE v & Aok 1S 2 YEY] 913 faS =S Hely
SfAE H2 Aol 87| wizel 209 7i7te] At oA 7kA] AbdAelA= FAO/WHO 85
HA HolEo]A] a1 9lou, EUE 23R W2 w7104 health claim®] gt Al=4] Fu]7} A=
o7k Qlo] 29T probioticsol] Tt AJ2of] st =32 Algld Aolt, Fig. 5+ probioticsO]l
gt FAO/WHO HilAl 2709 ZXQIH|, €& 20019 of23ME|UolA] glolg 7|5t
probiotics?] et 717 F71 ZHgo] tiste] 7|&tt Hakold, @222 2002 ZiuTiolA
N2 3I9= probiotics?] FAA B B5H7I0l tht 7toEeiRlE AARE Hark FAJoltH37,
38]. AHAIRE Y82 oI5 HAE arsHd Higith
UL o s mEHo|QEIA APYo] SHEHA, fAtE A4t ek Aol 1A A2
(human origin)2} 41& Ff(plant origin)oll t3gt originol tigt FZE sl U= HA7F Yt
Ego] AR FARFS] A, A4 fiktolgks &ol7A] WEEoiA] ARgSheT, A f4kt
9] Aoli= Fololw, o' HojlA QoA B 2710 gk W82 A5 §lal, ©<es] A4 R4
ol ot Baret sk Qi
AEEF AN A B o1l 5E% ofd n¥Eo] sigEch ol2fet A& Ba1e dx=
origin®ll T} &52] Ao|7} IS Aolek= Bt 7[hE FolA An|ARe] Meof] STk 7REA|
7130 I, AM Tk 2AE= A9 gich
RlollA IE3t v} o], ZEHo| QEIAS] HoE AWEH QA E= £ 7HA|A 71¥sfoF g
= T2 Qiot QI7kAl Gt 28-S Sl T g2Hlo]| QEJATL 9170 2 HE| QafjE]ojof Stk
TGSHA] Fa itk TR, ZE2HP]QE AL QIA|(&F)oNA AFEA FAsE AT Ffof Fhtal
BASkL Sl
71 o]R= origin®t} T F23F Ao| QIAlof Fgt ZHE:
7] ot webA ZEHPo|QEAE AT off SAA]] g4
o|A9] {At ATAELE human origin®] et Y-8 Qich
x| T2Hlo]| QEIAS Meisl=t] AR 347} = A2 SF(QIA) thgh ZRgolA] nBE

& 4

(]

[¢]

| =7t Bhe 715 Sulo] a5
A7) 289 Zolt. B2

)
e}

rr
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Fig. 5. Title pages of the reports of FAO/WHO for probiotics [37, 38].
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