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Preservation of Fungi in Liquid Nitrogen Using Polypropylene Straws
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ABSTRACT: Liquid nitrogen storage is the most effective way to preserve many fungi including what cannot be
lyophilized. The use of polypropylene straws instead of cryotubes has many advantages in economy, safety, con-
venience, and space-saving. We, Korean Agricultural Culture Collection (KACC), established the fungal preser-
vation methods in liquid nitrogen using polypropylene drinking straws and introduced the methods in detail.
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=%o] Ae] AlFEFSH(systematics)T L A
(biological diversity) A& $laliA= AAS MYt B
& el Adglo] FeARd, ol A A2 A&
A Fejsk, Aed aPa 443 548 AT H
A& = lojof &17] wjEolth(Nakasone et al., 2004).

wqo] A48 71EHQ RBE Wl Avul] Y(serial
transfer), 71%(drying), 54 (freezing)o] UTh. Ahu]ok
BERLS F71Ho2 2% sdux)ol] A wjksied
5~20°Ce] ALolM BHES= A0F @] BREA A s}
o 4 Az HEHE IAE PA3e F8oly BE:
of 71 3t Wy o2 A gifie] Fgolst o] Whe
2 BE 7153t

KA A2 (liquid nitrogen)E ©]&-3t] 2A 2ol W&
HEE]E AA-L BEE)E AS-, Al (bacteria), YHE]
2] 2. 37 (bacteriophage), HFo| 22 (virus), &5 (algac), 9
A A E(protozoa), T (yeast), F=4| E(animal cell), 4]
EANEZ(plant cell), 23 vjSA(tissue culture) 5 TFEFsH
7Y F7IAES a9Fo® HET $ UU(Smith,
1991). HAHA HEHLE st F3go] 2] HEd
= 3AHRI(Hwang, 1966, 1968; Hwang ef al., 1976;
Butterfield et al., 1974), 53] TAgAo] & 7] Z=
At F(Ascomycota)?} FALET AFEE GAAF
(higher Basidiomycota) 5 ¥47% HEHC| H§o] &
7Fs%t srgo)e] B Agslth(Nakasone ef al., 2004).
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3o E AAEDALE o] &et] HED P
@ 93% o]de]l 22d T AEEE FAF 6k U
(Smith, 1991).

thekgk BE 8717 AAFAALE o] 83 B o] 8H
3otk 270l e dEe] Wol ARSEHAe %
o] 9oz | £23F F(screw cap)®] Y= ZB|ZE
gal Q2] AR FH (cryotube)Z A =27 (Simione
et al., 1977), @A) v|AE Ao QA dL BE 7 B
o] AREEL Ut} o] ol EgdAHE S (polyester
film)o] AFEH7]% &9 v (Tuite, 1968), o= 54 A
F-XA7] 418 @3e) ot

Zoz29Y AF 8L 2ERE 0|43 T3l
A AL HEHo] HiEo] QIth(Challen and Elliott,
1986; Hoffmann, 1989; Staplers ef al., 1987; Henry and
Kirsop, 1989). 258 2EZ & 71H0o] APl FHd
A GA R e A oledx A7) 7EA] o1F g Tt
ity Azo] fofsly] Wi B 455 NHFHoR
#Agfske ol Hejsi, STlz2Ed A5FHS} HaE
) Ha eul o]4e] F7F HoF aE IS 4 Ut g
Hd G2 g o83t 7hst AR ¢ B o] 7bs
317) WjiZol 7 7] QF-5 WAE F vk vAE A
¥ Rl F4%4 ds At 2 A AE Ry
AL AR Aol ol AEET o] asH He
| (Harrison, 1995), 2EZE& o] 831 A= vl 9
3 g 7je] 2ERZNRS Ao] AR 2 F ThA] BE
SR oL H7|FE R ojdg WS w|dd BAE

At

.
Ny
KR



Preservation of Fungi in Liquid Nitrogen Using Polypropylene Straws 55

digdgt=e] CBS(Centraalbureau voor Schimmelcultures),
Huthe]l  UAMH(University of Alberta Microfungus
Collection and Herbarium) 59} 7lA& AdAHANA &
B8 2EZE o|&3t AqAAL HEPS ARSI T
1o o]z E-pstal Folle HAMA o] HE W
ARS8k A7 QIE W, Ses g r ek
IEf(Korean Agricultural Culture Collection, KACC)ll
A o] AHYe] A |HEof o] g 4835t g3t
3 kAT BE S AYIINO LR o]E Avfetaat
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2EZE M8 F7] e @ BRte] hesiar, HA
Azd AdE Ao 274 4mm, 2°] 15 cme] It &
548 Z=EgY AFEY 2EZ(SYAWZATAI|AL
T=hyE AREIATH(Fig. la). 28 AIZHS ©EAIF]7] §
3 1409 2ERE B A B dEE 72§ F
of AE71E o] 83t 5om Zo)R 35% sHirk(Fig. 1b).
SERS % EL Smm FHFY I 7= B
3 7k Hld FZ7)(SK-310/5.0, G g, ez oF
280°ColA 1.5~2% &<t 71gsled B@sIdh(Fig. 1c).
2 "ol 12719] 2EZE o) 121°ColM 2087 29
Z7) Eireh & A7) & Ax3MATHFig. 1d).

Fig. 1. Preparation of polypropylene straw vials. (a) Straws
with 15cm length and cut into 5cm length, (b)
Cutting of 14 straws at once with a paper cutter, (c)
Heat-sealing of one side of straws, (d) one-side sealed
straw vials and those in a glass bottle for single fungal
strain.

Fig. 2. Equipments for handling of straw vials. (a) Support
with angles of 30 and 45 degrees, (b} Adjusting frame
for lining up of straw vials on a straw holder, (c)
Straw holder with a pin for holding 10 straws, (d)
Cork borer with 2.8 mm diameter and straw vials.

Bx 7|79 ME R =]

2ER0 HF 9 BHE L 7] fa 3 7t
2] Bz 7|7ES Uda=e] CBSOIA ARESIAL e 7]
TE59] AA % (Staplers et al., 1987)5 #alste], 2E=R
g 9A 7hh e s s sldsly] Sl 480] gt
Q= 2EZ ZU(Fig. 2009 24 Z# Y (Fig. 2b), =%
atolgly] HE)seE AEZ 45° EE= 309

F 4 e AR (Fig. 2208 WA FF
2 Ha iAo wfeFet Fgo] FAMIE
B o] 24 T 4 J=E WA 2.8mme| ZE=
A BEe) He BEL AEZ Wo] Yo A 5 9
T2 323 58 oM AFFA $3Y F A= A
A &3 th(Fig. 2d). 2EZ E09} Hol AQld &
HEE 121°C004 2087 2 F7] B4 § A=
oA AE Az, YA BEx
A 70%(viv) AL E AFst & ARE-sIIT.

sSHESHe| FH|

ZE2a FAE 10% (viv) ZFElAEMerck 1.04093.2500,
Germany) &4g F7o| e K 10m £53
o 121°CoA 1587 2%k 27 Edg § 4°Col Bs)
At Fgold 7t A FARIAR FHA e
2N E(glycero)® dimethyl sulfoxide(DMSO)= A3
YRz ZTsted A X Yeelr] Ra 28-S itk 7HE
Z 95 AMREEE AL 10% ZFEAE SHo)AvE A

go] e AL 20% %2 T=E WA 7 Ak
3 10% DMSO £ (Hwang ef al., 1976) B 8%
glucose$}t 10% DMSOE A Ab&slof ale 7= Sl
C}(Smith, 1983). &L AE oA BE 28-S et

ot
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W= 7,12&%1 sucrose, lactose, glucose, mannitol, sorbitol,
dextran, polyvinyl-pyrrolidone, hydroxyethyl starch 5]
AME-H7)% $HH(Ohmasa ef al., 1992; Henry and Kirsop,
1989).

AR B 80| = ¥ Al

FHo| A & BES Axd] A Bx V7S
183k 2ERE FX s or, v RE £4) 34
L Bgded LA A Ty Y Yo 2EZ E
12 ¢l I 9o d7d 2ER 10/4E 3l 278 A
Ag o83t BRER 2 9] Eol U] mjds
T2 3 3 dWgd JRow AERE Pus] IZAA
o} o] A& AA ol Fat F U3 E 10 ml FAPIE o]
83t <k 100 o 10% FIHE &9 2EZ 12
o] YA EE FU3INUTHFig. 3a). ©] W 2EZ Hlg)
371 WEo] AR $== vfEEE A Yol g
10708 2ER2E A& Fol, FAP}E 823 A3t 3l
= F2YY 7P F9ldA 223 BeE FARE
Z3ete A EE 46715 FH3 F(Fig. 3b), "oz
AA 2ER AYSATE o) |, Eo] W FIYAE &
Hol HH Uox UEE F=F HHYE 224 wHA
APt E5o] M E &9 Z A== o} g}
(Fig. 3c¢).
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ZERE BT AL F, 2ER U E vigol| 3
A el B e FEAE SAE AANL, F3E
g &7k v HAVIE o83t oF 280°CellA 1.5~2%
FL 7kEste] BAEtATHFig. 3d). ©] Wl 2EE Y
At AEE BEed 10709 2EZE e 285
o2 AT & ok @ BFo] vF-EEHH o8 £
g 58 2EZ9 5 JHE FAS A &
A TS WHoE ALY it 2A2E Mo
2EZ HH #F HES 7YsAY AA-AA ¢
Ae 2A L8 2 £2(15.0 mmX 26.5 mm, & A&},
Brady, USA)®} P8 9127](300X-Plus, Brady, USA)YS
ol &sle] Azt g5 HE 2Pl 2ER EAC 9
F-21313d .

1x 52

FEYHEC] AZ UZ ARY F IEF 308 o1 4
2o & F, &% Ao} 54 7](IceCube 1800D, SY-LAB,
Austria)E ©]g-3l o —1°C/RY 52 45°C7A §
Aot —50°C/AEe] &2 -75°C7K 4. 3%
ole] AAAL BE A HEEL 5E &50 23] A
gL whed), ukzlog B 1°CY $2 &5t 4%
sigh. 23y 52 A thdt wgolv A T2 £=
7} ok 2 F3o)7t 2o B2 (Smith, 1991), A717F FF9)

Fig. 3. Preparation and transfer into straw vials of mycelial agar blocks. For each strain 10 straws are prepared. (a) Half-filling of
straw vials with 10% glycerol solution using a 10 m! syringe, (b) Punching out of blocks from actively growing mycelial
parts of fungal culture on agar plate with a cork borer, (¢) Transfer of mycelial agar blocks into 10% glycerol-filled straw
vials, (d) Heat-sealing and labeling of mycelial agar block-filled straws. Inlet shows two ways for labeling of straws.
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S43h 4TS FA) AHE A 54 S8 W
sHo}

g " azdol vt

4 7] BES Qs A2 rvr A
A A g A7 (MVE 1520 HE-190, USAXE 13}
249 2ERE 3tk ovle] o m pAE dRvE
) AL 9213 emX 13 emX 5 ecm)E& FF
A 2vetaact. wh2o] gt ghel gt #Fgo] 3ol s
10748] 2ERE Po] 7] HES &, AL A7
o, 8 WE 2wk Her 25 50 Ao gt
AEE 71E3k3t).
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Ao HEH Fgo] wF= BE WA F 15
oj, 12l 5d Fol A g AEHAE At A
A& Slste] AAALNM AN ZERE 30-35°CE]
zoA H) 58 Bt s R (Oomycota)E
EFE AR AFT 20°CoM 3EZE FEsv|= gt
(Staplers et al., 1987). 12} 52 A A4 574 &% T&
I Pt =¥ £ FASNUY i S A= A
& 2k IS XA genh 28y A4 54
SRt wE $58 FAN0 E S gk wa
of st I¥A x& Ae AEEo] HadrH(Smith,
1991).

Fig. 4. Viability check of several fungal strains within a week
after liquid nitrogen storage. (a) After thawing at
30°C, several mycelial agar blocks were pumped out
onto appropriate agar plate with mycelial part faced to
medium surface, and then cultured at 25°C in the dark
for 4 days, (b) Trichoderma sp. (KACC 42189), (c)
Fusarium sp. (KACC 42165), (d) Hericium erinaceus
(KACC 42140), (e) Penicillium sp. (KACC 41396).

3 Wad WFNOR A BA BES A 2
ER 9%g /1oE W, 44 31 G wAe) 2
O] -

AEekr, A4 2704 5~1047F weFst & A of et
HefF) o] 55 AAIAY. Fig. 45 Trichoderma
spAKACC 42189), Fusarium sp.(KACC 42165), Hericium
erinaceus(tKACC 42140), Penicillium sp.(KACC 41396)
FFE 2ERE o8F AAWL BE 7Y FO 44 u)
Aol 42 Bt 25°C FaoIA] WS AT 7
22y Ao RN, 77t EayE dasel S4S U

4. 12 B4 da3t 2% Ao T4V & A,
BEo| EA7} gl 7ol dte] 2ERE AEEE Y
220 Yo 3 _g0°C WLl 4r] 7k o)) ol FT.

5.1 545 244 54 A Atele] Azt A9 |
A FAE 2RV =2 FEF 572 78| oY (Freezing
Container, Cat. No. 5100-0001, Nalgene, USA) &= T
2 2 874 g2 JEE g7k gtk

o] Akge 4= 9l Ee|=Z=dgd
A, BaA agla F7F o84 Fol oS 7RI o]
e u| A EAD A E (KACCPIM = =zl &~
EREZ o] &3l Fgo)o AxAL REYPS A

o5 At 27fsslet.
Aol =2

o] A BEAEA vloleTl Ale} AL o
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