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The teaching contents of Microbiology must keep pace with
the times: from the knowledge and taxonomic evolution of
actinomycetes
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Abstract: Microbiology is a basic course for all the majors of biological sciences and a
discipline with strong practical and research properties. The development of the theory and the
innovation of biotechnology promote and complement each other. With the advancing of
science and technology and the emerging of research achievements, the teaching contents of
Microbiology must keep pace with the times and present the latest achievements of the frontiers.
Taking the knowledge and taxonomic evolution of actinomycetes as an example, we expound
the content innovation of the chapter of actinomycetes in the course of Microbiology. This
paper aims to facilitate the establishment of a more reasonable teaching system for
Microbiology, so as to improve the teaching and lay a foundation for training a group of
high-quality talents in biological sciences.

Keywords: Microbiology; reform in teaching; Actinomycetes; latin nomenclature; taxonomic

status; systematics

TEQ 1 o A AAS R b 2 o [ 5K
PR ) Wi, “RAE A B2 R
RS KRB DB HERERTED . A=)
SR — T SRR AR AR s A R, kR
JEE WIS TNESARFMLAS B A BB A AT 43
PRI R R P A R DR
HZ—, Wi R i B A s AR, X T2
SFRCRIIRTI A 0 R R 4B A
AW R, B 25 b 25 R 2R 0595 1Y
DAL K feid i B B R, BOR B2 ) TR )
i, L B AT RO RE I A A B R G R I B —
— KB AR I A S S AR RO R o R
FAGEE . FHAAH B o DRI, 20bE P A 020045 I

B, BRSPS, SRR R
RIECHTRUER, R AR & R AT

H AT, Ji £k 5 (Actinomycetes) J2& 4 B
(Bacteria)f KWk R 2 —, A EE IS &T
IE AR g P, SR, B B
PRI T2 (R T A P 2 O 6 T I T AR
SHRAAAE SR ANST L T S A IR AR
R RBA . LTS — RIIEEW N 24
(FRARBNZ2R) . 2805 2R A K A B e )
R RAE U AE R B RUEY , K2 ML
RIRMI R 22 i i — 2R R R kA
K A SR 1 i A M i ) SR S s i
2R DA — A T G R A TR 2 [ ) PR B R
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Y, Je—RFILEW N ZFEFFIRBIZZR) . GC
B (60%-70%) . 280 22 R A K R 2
B L ol A AR R G 2% G PR SR e 5
F5C b, H AR 1 B R o IR ORI
@il J(Actinomycetota)””, %[ T FEREL | A
Jisk . A ATIZ L B R AR 2 R,
Bl B A TR TR SRR el e L, TR R 40 2R &
G E AR, #E 2023 452 H 12 H, H4E
Ji ¥ A W) s E A 44 44 5 [(List of prokaryotic

names with Standing in Nomenclature, LPSN),
http://www.bacterio.net/11C 8, HJE T LA

A B8R 3% B fii 44 W T 5 SR 0k TR LA TR T T
Z(Acidimicrobiia) . it £k B 24X (Actinomycetia) . £1.
% B #X (Coriobacteriia) . M5 i P& f# B N
(Nitriliruptoria) . £I & #FJ¥ & 44 (Rubrobacteria)
FIRE N 14 20 (Thermoleophilia)ix 6 M4, 43
344~ H 75 AFF 461 ANJEFN 4 208 ANFh Bl
B2 S TR MILAE DL S R R
&, BRBEA=IREESN , AR BUS L w12 oA
FEIRK . PR AR A ST P T 55
HP e A R S R A N TR T
28 W (Actinomadura spp.) . 4 & FF
(Mycobacterium spp.) F1 ¥ K & B (Nocardia
spp.), TP AR ANRAR AT 4 (Clavibacter spp.).
1 Bk (Rhodococcus spp.) IG5 55 1 (Sreptomyces
spp.), HEAFA RGN T R AN QT (Leifsonia spp.),
LK 5 M 38 A AR ) i BUEL AT TR (Bifi dobacterium
spp.)FIHT R Z 4k [KF# (Scardovia spp.).

KB BRI 7 S B R, TR AT
A Y, EIE HE RN ARG KRB K
£, TR BRI G o B Tk Rk,
Wesh HAE AR B2 | Tl A= | AR AR Nl 45 4
BRI, DA S G S T A AR S T e I S 1
F= 2 8] B4 F 56 28 DA S B0 A 25 PR B (1) 4R 47
1A PR AR HLA B A B BT

FRRBRIE 0 A 5 AR U HOR B AR 2 AR
et . ARAAR R o DRI, 80P A2 A 2005 AR
i, BRI R, AR R IR R
R BRI R o AR SCRA AT Tl 4R T 18 A 1 R
LR T AL YT A R AR, R A DG A R BF
PRSI, LA A W~ 2O 7 200
o 55 FITDR AR 207 I B 0 A 1 2 i R 1
SHMME Y%

1 REEBRSHIELR

R AT DR JHL T 7% T 1) TR 2 2t v [ D S
SR A MR G SR IE S WA 4 . H AT
Actinomycetes fz ¥] K W5 T 4 i 15 “aktino” Fl
“mykes”, JPAIFORPFTLFEL, WU S8
2R TR A ABE & 2 — 28 T AN B RN 220K BURA =22 (8] 17
ST 20 TR ) 22 AR TR ) o X T 2 TR AR A
S B A B E ST TR AT AN T A2

R TR ) B AR AE R 1875 ARFEEFLF R
Cohn!"™ A TH B JER G55 kb vh 27 VR 43 1 51 24 1
(Sreptothrix), B Harz T 1877 4F M4 it
b H e 43 B 2 0L A o D T —— A AU e TR
(Actinomyces bovis) , Ff & 7 T it £ H B
(Actinomyces)!'®!, 1916 4F Waksman B VK 35
P RN A = N7 A e 4 N T AR Bl G2
T ”(Actinomycetes)!'”! , 1997 4E, Stackebrandt
SEPONE % 16S TRNA JE R BB 434, 4R T
TR T 1) 43 S GO0 032 H < H 4 T 380 0 s 43 2
K g, FF BB a4 T R RN
(Actinobacteria)ix —# i 73 KA FR . LT L
T 2 Fr“Actinobacteria” H % £ “bacteria”, X 1F
2 R R BT % B 2R T AN SR R BR A 7 T 2
M2 MR B, AR B T S I i e 4 i .
S AMARRARE N EAMEEFN) (Bergey's
Manual of Systematics of Archaea and Bacteria)H
W48 Y, 4R I 1] (Actinobacteria)fiz T 44 Hhactis
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-inos”iH) R AR ATk . e B R IE T A I IE
“Bakthplov (bakterion)” ¥ “bacteria”— i) &7 T
iAl“bacterium” (i ZHOE 0, AFRKARE | R
AR, X2 IR D R R A 2 R B S 2 AR
o 2020 4F, AHIBNIE IS 45E 16S rRNA KL AN
KN P 4T R G K B o A iR A T
R, CKRAETT 425 DA IR E
6 T2 46 ASHA 79 4B, ol 16 8T H
10 ASHRE, TR BRI A= Py i 44 B
(International Code of Nomenclature of
Prokaryotes, ICNP) AL 8 FE UL AFF A i 44
2 B 2R T 4R 44 FR - Actinobacteria 15 1T b
Actinomycetial®, i T RFEBF S IRRMES , EBR
KA Y R 4 2 % Bi 4 (International
Committee on Systematics of Prokaryotes, ICSP)
T 2021 4E1E (HE PR RGP A Y7235 )

(International  Journal of Systematic and
Evolutionary Microbiology, IISEM)_I 1E 20 88 28

AT T R w2 A, R T T T hr T A FR R
Actinobacteria B ¥4 Actinomycetota®

FL7E 1983 4E, Goodfellow %525k st £k 1 Y
BEEHE T TR « R R AR UK AR R 22 IR
PHYEANTE, W TER BT M BIE w22, A 17EYE
P AR T R RS AR TR
bR, TR B AR — B A T 25 A
FRARBIZZM . Bk RHZ . WS SER
AR 2RI Bt 25 o il 26 TR VR AR 9T R B, H
Bt X6 HOE A FRAE A7 3 R i TR AR
2006 4F, HRIGEPHS IR T M i s ik,
P2 TR = GC & HH 16S rRNA JE[A
FPAUTE R G R B YA SE R —IETA . 2015 4F
R CIAZR EC R GE R AR 22 T ) H e ik i
I"J(Actinobacteria) it &b fE T A= B A AL AR 1Y
R R A g 2% QY o PH Pl o
PR 0 T AR ) 75 BB L ek IR SR sl IR SRR, T

Nra 0 e €2 | R DS N S B 2 Tl =
FMBERR . R TH DNA ) GC SEEHEZA N
50%-70%, {HILHBRALT S0%AZSHEA R LT
P J& (Hoyosel la) #1575 [ 4 & (Tropheryma), GC %
ML 70% BT 31 22 v QR (Frankia) A
% 41 (Sreptomyces) . JX SEME SRS HY 22 R4
MBS B2 IRBATEANTE AT DNA & GC &8k
i S /N1 17 Nl 0 5 e ey i S U R R 27N
O3 2 YL AT AR TR | 5522 R PR 1 DA AR
GC &H258E, W, %K [KKEE (Nocardia)®!
1L 78 B2 i R} (Geoder matophil aceae) Vi £
WEANZIB GRS, e RE
(Saccharothrix)?®! ENE (VR S I =
(Kibdelosporangium)®! | {& 7% 14 J& (Lentzea) >4
Hii A T 2 Tt B ELAG 45 18 U () 20 R 2SR
#3049 T (Saccharomonospora viridis) P101%
FRE TR Bk 19 (Ferrimicrobium acidiphilum)4: ¥
2 [RBAPE B R IR AT R 1. 2012 48,

Ghai ZECU3 b T I 11 AT 11 SR Y8 G 19 o 3k 7
FEAR B A i Tk B 97 B9 IR 7K 4R TR 1 R (acl
aclV) 1) 7 FE RN 55, B3k S il 28 1 5 R 441
FEfI GC Fit iy, SR T X AR AL 5
TN, [RIEFHLHE BN 1 X 4k TR AR 355 % 2R 1 F
I o U TR AR HLFY T 285 T A Ak 24 R AIE 1 & B
Bl T MG AT R T S R A 1) i A A, i
WA P2 B R0 R o TR TR i 40 B A
P AL LT R S e T2 BRI A T, X R AE S
TR Wb N A5 B B 1 — N B R 47

2 KL RS KA IER

LR R G5 R R R AT 028 . %0E
144 o R R SRt~ R, SR R 58 IR S AT
KA E ISR . NI, 7R
ZOF TP TRk TR Y 23 28 LA R G R TR R I
FEEATHURT , X T IR RIRI S8 70 PR T 4R TR 5%
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BEHARERENIESE L 19 i), T
ARTFEJr bR , AR S8R m A e
PR 22 AR I R AVRRAE TR FLH 28 T 0, ik b
Jo I A R b UH 28 T AR ) R R AR AR R
(Protista)H . Fifi i Iwl s 55 45 R AR U A8 AN T
R, NATT e BT TR 1 240 1 235 B 2% 3 A4 T T
B A A LM 1961 4F Waksman 2552 H R AS¢ ik
LR TR I J R 43 S M 8 KAl Wi i B T A &
GiE I IERIE . 1968 4F Murray 25318 i 5%
He W B (Procaryotae) Fl ELE A= #) B (Eucaryotae),
FF 1978 45 Gibbens PRI LEE 4 TC
R A Bl A A= W) PR 53 1 4 N T128 Tk
PR A FE A% AL ) R 9 JEBE TR 1] (Firmicutes)
1989 A MRy CAA AN IR &R 58 40 i o7 T8 )
(Bergey’s Manual of Systematic Bacteriol ogy)# i
£k 1A H (Actinomycetales) ¥ 2 JEBEE ] T 1) 224k
# 49(Thallobacteria)®”!, 1977 4F Woese 2P
5 16S rRNA B KP4 (1) R G0k T 43 e th 2 4
YA A 3B . BN S(Eubacteria) . i 41
5l (Archaebacteria) 1 ELA% A Y138 (Eucaryota) . Fifl
J5 JLAE Woese Z5P7538 17 rRNA Kz H: RNA A
T EE R FRAERT 51 HL BT Ay =3 R RS
PE—B5E3%, T 1990 AFIEUE B TR AR
YR IRARSE, 430t R (Archaea) | 41T
I3 (Bacteria) Fl ELAZ A= 935 (Eucarya) , 24 B i £k
JiT & i JEERE TR T 1 i T A v

KIALIOK, TR S A AN W AR, EET
TR TR SR R G e — T E A
W ATE 55 o HE T o REOR I R AR,
1997 4 Stackebrandt 2525 33 %F 16S rRNA JE[A
JF 50 53 BT 4 4R T DN < H > 1 43 28 b Ao 46 T 3]
IR, BB TR TR 49 (Actinobacteria)
HNTALHE 5 MWNFRE, 5 XA FiEs 16S
rRINA i PR I8 11 P4 H 5 18 2 S I 4% P-4
Gy R AP, BEE R SRR R, A deon

WAEAWH S, 2001 4EHARAT (IAARIRRSEH
BT ) (5 2 RPN TR T
(Actinobacteria), £ T4IEEIAY 16S rRNA JEH
FPA 2 58 % BRI 23S rRNA S K77 16 55 S M
AR T8 (Indel), LUK AN 2R AL 17
BE(Cox1), = MWEMR LS BE (CTP) £ J e FI A 2 1k
tRNA & HHH(GIURS)IX 3 MR AFF A ES
FES Indel SFFL, SCRF TR IR ST
M1 fEAERY 2012 AR (AR R G40
wETN) (BB 5 Btk TIREY RGZHE
E 112 . 2 | e R U7 &
Wit o 0 B R | A R, DR 247 R T A A
YR Z AR R B E A Y R R G
Al e B R T, AR BASE i A A
ISFEER R SE AT 91, BRI 44 T iR
3 oK K5 3R B 99 (Ca. Geothermincolia . Ca.
Humimicrobiia 1 Ca. Aquicultoria) **!, iZ#f 5% %
W BTSSR A AE R AR ARG AR SR AN, T
=W AR TR IS PE SR i Pk ik S HLE 0
T RGN AT T NG ML SR A3
ARG . difA RS0 2E, BRI T
ZH RIS TR R 3 B 1)
AT T RGeS TR 415 16S rRNA KL
MRGAKERE, SREVIIT . diefbsrEmt
R, WHSRRE RGN iE AR
FHOR BT E AL, TR, KRS
SR B R S EORIEE AW g = 5503, A
I B A3 ATT -5 A S SR R At A Tl s, X
W R HAEB R T B Y7 — R &
JE S . B — P BRI A e AR A s
T A FAMER AR, XEPRIT
BRI R G . B 2 B R 4 A
YU K, BR T RIS, MOk Z
PIRBEFRME DR R I, XAy
BN S BRI AR RN
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Table 1 Main research methods of actinobacterial classification'*’!

IrRITE A e SR

Classification method Category or technology Reference indicators

TR ATEARHIE T SHHE SN2 AR BRI LSRRI AR AR T 795
FaS Morphological The development of substrate mycelium and whether it is broken, whether
Morphological, characteristics there are aerial mycelium, spores, sporangia, etc

physiological and B SRFRAE ARG ER T, Fe FnlEvEE R

biochemical taxonomy

(e B S
Chemical and
molecular taxonomy

Z A

Polyphasic taxonomy

Culture characteristics

Az BAE AL
Physiological and

biochemical characteristics

A
Ecological conditions

M BE A~ 2H 5y

Chemical components of

the cell wall

A4 AR
Whole cell type

KRR
Myecolic acid

PRI
Phosphate lipids
Ji iR

Fatty acid

P

Respiratory quinone

AE A
Whole cell proteins

DNA i 5 2H A

DNA base composition

DNA-DNA 431258
DNA-DNA molecular
hybridization

16S rRNA ZEHZH

16S rRNA oligonucleotides

FIVRFAIE

Phenotypic characteristics

LR TYRFAE

Genotypic characteristics

AERERR

Phylogenetic information

The color of the sporotrichial is the mainstay, supplemented by the substrate
mycelium and soluble pigment

R PAEREE L, AN R (A ) A WA TE I AR T (REFL ) 55
Mainly focuses on enzyme activities, such as gelatin liquefaction (protease),
milk coagulation and peptonization (chymosin)

FRRETASRA. WAESFE RS ER

Aerobic and anaerobic, saprophytic and parasitic, mesophilic and thermophilic
JRCE TR 20 M RE F IR SRAE DU RS 26 3 0 Ok IR, ASRlm A
XML E A LR A2 45 5

The third position on the peptidoglycan tetrapeptide chain on the cell wall of
actinomycetes contains specific amino acids, and it vary from genera to species
AR 4 20 A A TR AE MR 2 AT LAl A-E 5 i

According to the characteristic sugar compositions of the whole cell
hydrolysates, it can be divided into 5 glycotype A—E

MR TR RR A T, d 7 TR R & RN ALl JC R T R 14 )

According to the presence or absence of mycolic acid, Amycolata and
Amycolatopsis were established

A [v) s 08 RO RR AR 2 3 A )

Different genera of bacteria have different phosphate lipid components
TR NRITIR ] 73R 6 R3S, HAMIGE I B AEA [ 3 AN

The fatty acids of actinomycetes can be divided into 6 categories, and their
side chain lengths vary in different bacteria

AT R BRAT 12 BP0 BE 2R, PR ZR I i b 10 S LA R A I S
T FEEAEAS [ 74 Jas AN [

Actinomycetes have ubiquinone and menaquinone, the length and hydrogen
saturation of isoprene groups on the menaquinone side chain vary in
different genera

TE = FEEARHEAL I B TR A5 T, R RI R A B N AR SR T AN 2E . AT-L30
B AT AR

Under highly standardized culture conditions, the nucleosomal proteins, AT-L30
proteins, and amino acid sequences of different species are different

PL G + C &5 5 BE IR 70 B S 25 22 5 ok 4 TR AR A i s 40

Significant differences in G+C content are used to correct erroneous species
classifications

DNA-DNA [ #5044 T DL 755 Fof (5] R A B S35 06 2

DNA-DNA homology can reveal interspecific and intraspecific kinship

REAE R 21 D] ) — Ja8 P9 B8 S [ o

Refinedly distinguish between different species within the same genus
TEA . A AR AR i AL 2= AR

Morphological, physiological, biochemical, and cytochemical characteristics
DNA G 541 i . DNA-DNA [r] i

DNA base composition, DNA-DNA homology

16S IRNA SR R L F T, ZLLsUFFIHTI(MLSA), JERZH AN,
dDDH %

16S rRNA gene phylogenetic analysis, multilocus sequence analysis
(MLSA), genome ANI, dDDH, etc.
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3 NHMAH Z AR ER

Wit o T A ) B 5 R R B S DA R 4
FE SRR AT R TR, B ke 18 2 1 Tk 2 TR 2 T B
Y, R TE T AT m A sl | B
AMARE PR TEfegat, ik
HADECRAE 22, w0 WEENTEZ . A2 %
122 H 1 22 ToRa I . R 2807 i i AR K
SR T A, BRI N R 22, e
Ja X AW 22, HAf 22 FE Lo A
DI D v B8, ik ADRBRCARZS DL XEAS ) 2R
B o SR A S 2 TR S T 1) A 105 S A7 7E — SRR
L. flan, i 67t i (Sporichthya) i i i [t 4
WITERG IR H R T B A TR, AN JE B N T 22 B AT
T AT 18 sl A% A R (polar flagella)™*;
AN, /N3 T4 J (Mi cromonospor a) i 51 3 # A
AR AW 2™, FR e, B2 RE
(Frankia) A 43 5 i 22 70 22 Ji fo 4, X S iy
AR T 22 AR i H I I S v, L TR 5
F14) 24t B R L Lk A A O T R T [ 2R
TR 25 M IE SR AT ) 2 2 b e B R A &V
FRAE 1 1

IR 5 o 1 T30 4 T T o 5 TS A BT B )
[FE, AT B T e S s 20,
AR MR GG SR — RS R R
PEENTR 22, 522 BFSFRAARR, 6
WTE M TTFEZR R CIAZRS R G0 b A i 2 0 )
(https://onlinelibrary.wiley.com/doi/book/10.1002/
9781118960608) H it # M it £k 21
(Actinobacteria)fy 15 1~ H 43 1~F} 203 Mg, U
FEERIE 19 Kz A= 3R 14 J& (Der macoccus) Fl i34 BK &
(Micrococcus) . %2 #F R B9 70 K AT I J®
(Mycobacterium) Pk K 53 %4 ik R sl A 1R 13 22 1
W K K @ J& (Nocardia) il JE [K I
(Oerskovia)!', TR B B VA TE S FRIE AR H £

F, BRASE - W22 2 ML TR (Actinomycetes) ,
AL HEFF R B3 SRR 55 40 TR TR A5 0 ik e 4 A
(Actinobacteria)*”!, A ER IR FROIE S WA
TR 22 57« 2 MUk T Nk 25 141 & (Streptomyces)
PR TE PR THE . ANE | BB | R
i A AT TR A S B PR sl PR I &) e 5 24
ISy AL U WA Nk 73 i - - WAL S
#, Wi ER B )8 (Micrococcus) Al 43 4% 4T 1 &
(Mycobacterium)&5; 75— AL 22 L, Jot
Hi AR o H R BT PR R i, AR AR R QR &
(Pseudonocardia) Flif -~ FG 14 J& (Nocardia) 5 . 14
7% B SRR W] VR S0 20 M6 Tl v T o1 2
ML FEPRZ— o 43 BCF 1A (Mycobacterium sp.)
FI#E IR i (Corynebacterium sp.)%5 J6 # 22 T 745
PR Z T LA R o i e T T, A R oy
TS K EZRIrF RGEFE T, MTERE
NHEAR AL 73 F1 16S IRNA KN F5 R G0 Kk
B FIHE TR R &R
RAVREGAGPIRE . pH, W . EHR%FH
REBHX,

TR R R A S T IR I L — AR B
R E A AL R SR, AL SR Y
SETLAR I P AEIE TUPBEE . R PR A H 55
e i R R PR BT o A v PR 3 R AR B
. PRVERERE . AR | R KA K A
Bl FE Ay AR E R S AN IS A A T A S A PR
B R S ) 2 K R A R AR R
PEAE H — R R A A R ML DA A,
A B G BURTTETE . B7B 4™ P g
AE. JI8b, FRIRAE S 2 RO T DU
PRIk, DTS S AR 2 IR R A
TN A YA Bk A2 ™), HiEk = FLIE A5
G SR I 1 W X SR T R U E iR 2R i
S N AW LL )5 253 NN/ RE - S i K o e 7/
TR 2F A H R TS R &, MR & Bk
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SRR R T B R SR T R kT T
AT FRE YR RE IR IR B IA R

4 REREZE

IO T e 5 A e Ml A (R RS M A (B Y
GRS o FERTIT R, R A B R
A L BT f) B SRR T 25 HAE TG T R0 LY
38 BRI o (EL G RO 2 T R I B A B
HUERE , GG [ B 2 0 0 2k T 1 BBk
REAPRFMEL L, @ w08 TR =R
PRME B | = E K IR S R R o, O LA
SETL LR M RA H — A K R R AR A
W MR FEARB TR T S0 3 HAR G AL
JRCER R B 0 B I A 18 3 20 A 22 FRBA PR A
I8 GC S AR ISAE o Tk P 202 i 7 P 22 o
FEFCWE T ARk B0 AN W K %, T A0D T2k T B 50
IH2ETAEY S sl A AR S Jm R R A
RT3 B SM A m2e I T ARk
P B, BN H R4 B T2«
HIE sy &

JEBE AR E 22 Bk, WA R & i A
L —FE , “BlAEY X — B AR RHBAEJCRL
BHIFA B AR R sp ek & SR Sk . Gl
PSR CR BT H 5, <R b A
TEAL AR F R 2 MR RIR RO AT T, 5 2 AR
BT | A RAE IR CR . 208 TS B
BHO R ERE Y A R R RTI 5
PREHCA MR RS — S0k, B N R
SRR K A28 TREA T 0, Pk
Py R e SR, 7E3R R KRR
IR — A m PR R AR = R A
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