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Filamentous morphology: a new frontier for genetic
modification of filamentous fungal cell factories

KONG Weihua'?, YOU Wenjin'?, JIANG Xianzhang"?, HUANG Jianzhong'?, QIN Lina"*

1 College of Life Sciences, Fujian Normal University, Fuzhou 350000, Fujian, China
2 National Joint Engineering Research Center of Industrial Microbiology and Fermentation Technology,
Fuzhou 350000, Fujian, China

Abstract: Filamentous fungi are a group of eukaryotic microorganisms widely found in nature.
Some filamentous fungi have been developed as “cell factories” and extensively used for the
production of recombinant proteins, organic acids, and secondary metabolites due to their strong
protein secretion capabilities or effective synthesis of many natural products. The growth
morphology of filamentous fungi significantly influences the quality and quantity of fermented
products. Previous research conducted by the authors’ group revealed that an increase in hyphal
branches leads to enhanced protein secretion during liquid fermentation. With the development
of morphological engineering of filamentous fungi, an increasing number of studies have
focused on modifying fungal mycelium morphology to improve the yield of target metabolites
during fermentation. While there have been a few reviews on the relationship between fungal
fermentation morphology and productivity, research in this area is rapidly developing and
requires updates. The paper presents a comprehensive review of domestic and international
research reports, along with the authors’ own research findings, to systematically review the
morphological patterns of filamentous fungi, the impact of fungal morphology on industrial
fermentation, as well as methods and strategies for regulating mycelial morphology. The aim of
this review is to enhance the understanding of relevant domestic scholars regarding the
morphological development of filamentous fungi and provide ideas for the rational engineering
of fungal strains suitable for industrial fermentation.

Keywords: filamentous fungi; cell factory; protein secretion; apical branch; lateral branch
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Table 1  Effect of mycelial morphology on the production efficiency of target products in filamentous fungi
Organism Product Method of morphology engineering Beneficial cell References
morphology
Trichoderma reesei Cellulase Avps Hyperbranching [16]
Trichoderma reesei Cellulase Diethyl sulfite mutagenesis Hyperbranching [17]
Aspergillus niger B-glucosidase Inoculum concentration, pH Dispersed mycelium [18]
Aspergillus carbonarius Polygalacturonase Chemical mutants Hyperbranching [19]
Aspergillus oryzae Phytase, Cellulase, =~ Microparticles Smaller pellets [20]
Xylanase, Amylase
Aspergillus niger Fructofuranosidase, =~ Microparticles Smaller pellets [21]
glucoamylase
Aspergillus niger Fructofuranosidase = Osmolality Pellets [22]
Trichoderma viride Cellulase Microparticles Large pellets [23]
Actinomadura Labyrinthopeptin Salt concentration Smaller pellets [24]
namibiensis
Rhizopus oryzae Fumaric acid, Surfactants Smaller pellets [25]
L-malic acid
Rhizopus oryzae Fumaric acid pH, temperature, agitation speed, Smaller pellets [26]
inoculum concentration
Aspergillus niger Fructofuranosidase =~ Microparticles Dispersed mycelium [27]
Rhizpopus chinensis Lipase Inoculum concentration, agitation Aggregated mycelium,  [28]
speed pellets
Aspergillus oryzae Lipase Spore concentration, nitrogen source Pellets [29]
supply, agitation optimization
Chaetomium globosum  B-D-glucuronidase Microparticles Smaller pellets [30]
Sreptomyces flocculus  Lavendamycin methyl Agitation speed Dispersed mycelium [32]
ester
Neurospora crassa Total protein Agul-1 Hyperbranching [33]
Trichoderma reesei Cellulase Agull Hyperbranching [34]
Trichoderma reesei L-malic acid Agull Hyperbranching [35]
Streptomyces albus Pamamycin Macroparticles Smaller pellets [36]
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Figure 2 Different mycelial branching patterns. A: Apical branche. B: Lateral branche.
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Figure 3 Factors associated with mycelial morphology.
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PRAG IR, 0 2 3RE H 240 S0 1A 2 1 st
PR DGR AR R B o BIZGRBEX T ERE AT
PRI G 2O S, AW W] N A YIBTG
J5 IR S
35 BH4EFRNELEKEI

B FiRmARAN, B 2200 KOE S W 228 3R
ARKEVIMEE, WE2EHERERKNFELEEE,
BB IR MW 2 R, AH T
WOSCE SRR A K A E] . ATEES S
OB UIEE E I A (protein kinaseA,
PKA) 175 Mf1 %5 %= #U AR5 42 (target of rapamycin,
TOR)", PKA jE—FEZEMESETHT, 1
FLIA HEE TR A0 A R R B R S AR
TER M, pkaC B 1k ik T R i
TERBER RPN ZIRBAS, IRk i
BT 187 5, RASRIIE P, PKA (AL
WHE Cpk1 4k B 5 22 B @ sk 11, TOR 55
SRR AR TE LA A Y A A K E R G S
R R E AR . FRIEEERES, TOR &
G 1 RS 09N WSO W A S Sch9 B fe
RARIE AR WL AR . WL B AT
B & 5 WA AT, ki s B AR 4

&: 010-64807509

R 22TE A KA MR, ARIFE RE S22 R E
WA A K R T 2, ARITF T,
TS KB, TOR 5 S BEER T2 5 HE W
KBS E T AN EET, Wik, %
I ARAEAF IR AN ST LAFE 3 5 22 %o g Ji vk B 7
(25 P8
3.6 AEkEBRMNEZLFESHIE N

AILER 2 11 (myosin)j& ABPs BY— 48 FK ik,
HAEMAZ SR, BRFAAET 35 2k
B, (HEZRER T, A 3 MR, IF
HERZHE R, HAEEERAE s,
FE 4 5 h 2 FORLRS Dk 8 h oy R B, WLBkEE
43 @+ 1. IV 25, MYO-1 (1 28)J&—F
FE N A Y it i b 5 R A WL Bh B 1 (actin)
IR T, S BRT 22 A Ak A K RN R A
WERELE; MYO-2 (I28)1E ML BE 2
HAZE TR T MYO-5 (V 28 A
RS E5YM AN Y, R . W
HELLRR TS0 AR IR T BB I R R
I EUBRE (A2 09 8 A R AR A A X
H &R stk = mal, fEfy H s,
MYO-2 )8l 2% fff B P& . PR 22 0 B AR 7
MY O-5 [k AH R v A 4, TR 2250 R0
KiAE 27,
37 ERBETFHEALESHEN

SEETRMBNMEEEFRICR, T4
L IE AR KA R G EEAEH . AR
TN T 2 T2 7 A 5 e 1) D PR AT BBV e 2 AN
1o FEE SRR AN N5 515 5 5 H, St
1) 4 J B AT LA 2 A L ) B SRR R, fR R
2R R K, T R B AR Y 4R S Tk
JE T RE S 800 22 B A KR A Rt i
BE(Zn), ki (Fe). BI(K)AIEG(Ca)’™, if4g Lk
SIEE T TR B, SWER S
22 (ARG A RIVE T, Bl #R(Cd).
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By(Pb). KM, A M4 E B T 1
T TR O 40 B 235 40 5 4 Bt TG R ) 7R 22T A
a0, A s T LA o 240 T A L 1 40 i B rp
FHERUCRL, BH LR 22 A A, AT 52 1) 1R 22
FI BRI AR, 4 )8 B T 5 85 5 2 4 2 1Al
WM EAER, LUK T 2.0x107° mol/L #) Fe**
HAS I MgSOy 1T LA Fe X 18 22 A K il e ik
VRSN B 3 A B 5% A 22 48 1% £ (Trichosporon
asahii) P YT R T Mg> nl DL fih % 224k B
W22 AR FEEnRE, BMheEE
T T 22 0 A S R BT B DR TR AR . PR SR
LR E T BE S, HARM TAEU B I 5 2
&
3.8 HEYD WL

ORI B R S 220K LA A I FEARAIE
{EL AN DR 2 X0 TR 22 43R 1) 52 M) L TR S5 A 0 1)
A AR At AR B Y 2R T B B 22 A
MMM 2R Z (RIS T — R EAEA, Y
53 WA AT LK 22 4R TR T 22 53 B B TR L™ A2 15
SAER ., MR HR E B (Arbuscular mycorrhizal
fungh e A BindF EMEOLT , 1 BIR S
K, AR R ARG, IR TR
B BRI, MAFAEK A A F AR R W,
R A A T B E M L, XL Y&
FBA T8 & R 2R, T ok oo O 348 ik &
HE 220 WG R Y H AH BRAR (Lotus
japonicus) i) o3 W AT b 5 K B, 52 kL
A P R MU 4 N B . X FME PR 16 AT
A A 00 43 B A A S A 5 B A o R 58
T B4 P R 1 A 2250 O AL R e L
fth L VR AR B it — 2B o 2 )
39 HzEME(E

FRT 22 fl 75 7E LR PR 22 2 75 ok R R R 3 Ok
SRR, & T LA DEA AR T 22 2 18] S B E SR )
FAMES, R LS E 2 E RS, B

http://journals.im.ac.cn/cjben

AW F I, RS 7 25 1 22 1 9 1T LA
AR R 22 IE OB M AS o X AT RE Y e — Pl
PR T 5000, i fh e 73K, 1A 5 A ek
FILE R BL A BEHT UATE B 1

4 RZ

T 22 3 RO 25 08 5T 22 IR B 45 M A BRI
RERAE AR EVE N R o A SCHEAS T H AR %
22 IV 35 K 0 — 2 He IR 1A T LA K 5 i A
2, SR HATZIT 10 BRI 2 R R KB,
B2 RGEWIIE . LR IUTE T AR A TR AR A
BRI T EL R R A R R R R R Ty, (HH
Bl T 22 JE 2538 S AN T 0 ELAS rT Pl 8 . ie Ay
VFZ IR AR fr ke, A A A A v
PR AR 7 A AL B T A i e R A
27 VISR 2250 B S50 FOE N R R 7 X
W [1a) AP DR 3 7 L T A 2 A AR AR S 22 10
[ R oY e Sl Gl s e N L NE ~ S i
TN RGEMETE . 0 T 2R H W 22k
T AR SRR EALE], AR
SEIN 2 4R 0 T BOMUAE W Z B A, G i
N AR A e A 7= 0 T3 4h, WIS
S R LA R BORPER G, X 07 T R TR AR
A B T 42 98 B 22 B0 S 0 TR R 25 ) 4
ML, HETIE A B 22 1 2580 T B iR 0 SR B
T A
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