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Dr. Joseph D. Andrade
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University of Utah

Salt Lake City, UT 84112

Dear Dr. Andrade,

Enclosed are two reviews of your manuscript (#93-196) on “Air drying a biolumi
dinoflagellate (Pyrocystis lunula): feasibility study.” s i

The reviewers seem to agree that the paper addresses a relevant question. However, there are
a number of problems that need to be solved before the paper can be published. Both reviewers
note the potential for toxicity upon drying down as the salinity and/or DMSO is concentrated
during evaporation. Reviewer #1 indicated that it would have been more reasonable to start with
lower concentrations of additives. Additional experiments would be helpful; at the very least, this
potential problem needs to be mentioned. Reviewer #2 cited a number of technical problems and
called for more in-depth explanation of methods. I also read the manuscript (my comments are in
blue; red on the cover sheet) and found a number of concerns that must be satisfactorily addressed:

1. Please use Journal of Phycology format throughout; use a recent issue as a guide.

2. There is a range of extremes in how some aspects are handled. Part of this may com
from an unfamiliarity with how algal research is conu%cucnicated At one extreme is the t)i]cscri;ﬁon
of dinoflagellates on page 3. The vast majority of readers know what dinos are. This sort of
description would be appropriate if you were writing something general for student use, but not for
professionals. On the other hand, your description of some of the possible reasons for your
results (e.g. on page 6) is much too detailed for the evidence at hand. Your results are fairly
simple observations; they were not conducted at the molecular/cellular levels. Therefore
speculation about phase transitions, lipid reorganization, and the like are out of place and
Inappropriate without better reasons for making the linkage. Some general statements might be in

grclic‘rédbut without adequate justification and relevance to the actual results, such detail must be
eleted. ;

3. You may have felt obliged to add the detail on mechanisms to fill out th
; > i ad( € paper, because
very little of the text 1s spent in describing your actual results. Virtually nothing Pi)s ggid about
Figure 5, which contains most of the data for the paper. Your description of cell morphologies is
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very elementary and pretty much confined to the figure legends. This is not appropriate; you need
to describe the cells in a sequential order in the text so that the reader can easily make the necessary
comparisons.

4. Again, there are extremes in how methods are presented. You provide two digrammatic
figures showing the normal versus slow air drying processes. Neither of these figures is needed
because your written descriptions in the Materials and Methods are adequate in portraying the steps
of the procedures. On the other hand, you provide no information on other critical pieces of
information, such as length of slow drying, number of times the experiments were repeated, how
viability was actually measured (i.e. how many cells recovered to get a rating of viable), etc.

5. The descriptions of the cell morphologies are inadequate. What are the spine-like
projections at the ends of the cells in Figure 4b? In that figure more than just the cell membrane
appears to be broken. In fact, it is impossible to see a “broken” cell membrane. The cell contents
appear to be disorganized and dispersed in contrast to Figure 1. Furthermore, what do you mean
by cell membrane? Cell membrane can be a general term for all membranes in the cell. Most
botanists would probably use plasma membrane or plasmalemma for the outermost membrane of
the cell. Is that indeed what was broken? How can the reader tell this by looking at the figures?

6. Figures 1, 4, and 6 should be reduced, trimmed and arranged and mounted on a single plate
according to Journal format. A plate of halftones should be no more than 17.2 cm in width (two-
column) or 8.5 cm (one column).

7. A number of additional questions and inconsistencies are marked on the manuscript.

In summary, this paper needs a major rehaul before it can be published. There is no question
that the subject is an important one. The storage and availability of viable cells for teaching and
research would be a significant contribution. But, the premise on which you base viability is only
weakly supported (observation of bioluminescence) if you do not describe how you established the
quantitative criteria for viability. Was bioluminescence in only one cell sufficient to deem the
culture viable? In 50% of cells? In 70% of cells? In addition, the paper needs to be greatly
trimmed; speculation regarding mechanisms needs to be eliminated or greatly reduced so that it
clarifies rather than muddies the water. You do not need filler. The manuscript can be very short
(published in NOTE format) and still be a significant contribution. Your findings as presently
configured do not merit a long document. Figures can be deleted. The reviewers’ comments need
to be addressed.

If you choose to continue here, please return the enclosed blue-marked copy, a revised
original plus one copy, the original figures, and your responses to the reviewers’ comments, point
by point, at your earliest convenience. I will read the revision and determine at that time whether it
is acceptable for publication.

If you would like to submit a color or black and white photo for consideration as a Journal
cover, please see the enclosed form.

You still have much work to do, but the result should be a much stronger contribution to the
literature.

.Sin?:carely. i

a/le (L. f)e/wué’.'
Carole A. Lembi

Editor




JOURNAL oF PHYCOLOGY

OFFICE OF THE EDITOR

Department of Botany and Plant Patholo, gy
Purdue University

West Lafayette, IN 47907

Carole A. Lembi, Editor

317-494-7887

FAX 317-494-0363

TELEX 4974301 INTAGPU

INSTRUCTIONS FOR SUBMITTING A COLOR PRINT
FOR THE JOURNAL COVER

If you are interested in submitting a photograph for consideration for the cover of the Journal
in the issue in which your manuscript will appear, please send a 5 X 7 inch (12.7 X 17.8 cm) or
square color (or black and white if more appropriate) print mounted on stiff white paper or board

(no larger than 8.5 X 11 inches). Include a brief legend of one to three lines on a separate sheet.

The print should not duplicate any figure in your manuscript but should add to or complement
your article. .

If your print is not chosen for the cover of the Journal, please consider the following. The
Board of Trustees of the Endowment Fund for the Society is interested in using prints of
phycological topics for a calendar and other items. All proceeds from the sale of these items will
g0 to the Endowment which, in turn, supports graduate student travel awards, grants, and other
1scholz:jrly activities. Prints so chosen will be appropriately labelled with the authors’ names and the
egend.

Please return this form with your print.

I do not wish to have my print considered for anything but a Journal cover.
Return the print to me: yes no

I'do wish to have my print considered for Endowment activities (if not chosen for
a Journal cover). Please provide the following information:

Signature of corresponding author

Phone number FAX number
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Air Drying a Bioluminescent Dinoflagellate (Min and Andrade)

This is a reasonable paper with a reasonable objective, though
without very positive results. The commentary on mechanistic
considerations is particularly good, but certain basic points seem
to have escaped the authors. They should consider the following
questions, perhaps in their discussion of future directions for any
follow-up work.

I Direct exposure of their cells to high concentrations of
additive may induce unnecessary osmotic injury. For example, it
would be less damaging to expose cells to 1 M DMSO by first
treating them with 0.25 M DMSO and then transferring them into 1 M
DMSO.

2. However, since the objective of their research is to dry the
cells, the logic of using an agent like DMSO at a concentration
like 1 M seems faulty. If the volume of water in the solution is
reduced by evaporation, such that the final liquid volume is
brought to 10% of the initial liquid volume, then the
concentrations of all dissolved solutes will rise by 10-fold,
including solutes such as DMSO. Thus, 1 M DMSO (about 7% by
volume) would become 10 M (about 70% by volume) after drying, a
presumably fatal concentration. Even 1 M DMSO exposed to cells for
3 days under ordinary conditions, let alone under conditions of
stress such as drying, would be expected to be very toxic. Thus,
0.01 M DMSO might have been a better choice.

3. What is meant by "never allowed to become completely dry"?

4. Bioluminescence and morphology may be reasonable things for
students to observe, but may not represent viability. The ability
of the cells to divide would unequivocally represent viability.

5. "Bound water" is a misnomer: there is no such thing!

6. I do not believe Figure 6 shows cells dividing: the figure
looks to me more like cells that have fused together.

s The authors ought to consider the possibility of genetically
modifying their organisms to allow them to elaborate intracellular
solutes that have been shown to protect against dessication in
organisms that are naturally resistant, or permeabilizing the
organisms to make them take up such solutes.
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Review of the manuscript "Air dryving a bioluminiscent dinoflagelate

(Pyrocystis Junula): feasibility study"

(by Min and Andrade, 1994)

This paper deals with a new and simple procedure to preseve viable
microalgae for short periods of time, a very little developed field
in applied phycology. At this regard, the paper may be considered as
a relevant contribution. It also contains a complete set of referen-
ces from which a clear discussion of biological processes occurring
during desication is compiled. There exists however many doubts
respecting to the method used to dry the algae. The main problem that
needs clarification is the following:

Two drying methods are described:

a)-The NORMAL drying, where cultures and solutions are let to dry for
three days.

b)-The SLOW drying, where cultures are filtered through filter papers
and then the solutionn is also filtered.

In case a) the evaporation at room temperature is concentrating both
algae and salts, something that does not happens in b). On rehydra-
tion with new medium in artificial sea water, a very high salinity
may be achieved in a). These salinities must be given in the paper.
In addition , some controls for viability and bioluminiscence should
be also stressed for undryed algae under such salinity conditions.

The specific questions and comments are marked on red on the
manuscript and their corresponding descriptions are listed below.

1) Author’s name has to be given.

2) What happened after three days? How concentrate was the algae
suspension? How was the salinity?

3) As stated above, after rehydration, what salinity was achieved and
how can this affect to viability and bioluminiscence of Pyrocystis
unula?

4) What type of filter paper (cellulose, fiber glass.....)?

5) How long were the algae exposed to the additive solutions. It is
not clearly described whether the additive solutions were also
filtered or not. Anyway, it seems to be difficult to pass through the
filter if they are already blocked by the cells.

6) ;f wet filter papers were tightly covered, how was the degree of
drying? An estimation of it should be made.

7) What does this means? Please quantify the amount of water and
solute concentration.

8) Absence of viability is very likely to have occurred because the
extended exposure to increasing osmolalities (up to an unknown level
but important to know) during the normal drying system. From the
first paragraph of Results and Discussion a misleading conclusion is
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obtained since only initial additive concentrations are considered
and their build up produced by evaporation is not taken into account.

9) stresses destabilizing.

10) How can DMSO improve trehalose penetration. Please explain
briefly.

11) Not neccesary. Repetitive.

12) Which methods? Please refer.

13) This is a very important fact.

14) Why "seemed" to be toxic?

15) After how long exposure?

16) In Fig. 5, the recoveries shown for all additive combinations
tested are not quantified. Thus, this Figure is of poor usefulness
since the relevance of the method is going to r?l§y on significant
recoveries. Many authors state 50% as the minimum recovery to

consider the method suitable. It is essential to know percentage
recovery after rehydration.

How many replicates did exist per treatment in Fig. 5?
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normal and slow aif-ﬂ‘ryfﬁg?processes. We have’used the@a—sEza_tio_n preo® ?
@trehalose. sucrose, polyethylene glycol (PEG), and dimethyl
sulphoxide (DMSO) to attempt to minimize desiccation damage. The

‘lo WD normal air drying process produced highly altered cells with no

v 2 . . .
" . bioluminescence after rehydration.
b cetlo)

Slow air drying produced more
positive results)’ dinoffagettates in 0.1M DMSO, 1% PEG, and 5% PEG

survived upto 3 days after drying as assayed by rehydration and

-

bioluminescence. We believe it is possible to further develop an air

drying process for these organisms.

e
Key words: air drying, bioluminescen;, desiccation, dimethyl
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INTRODUCTION

The preservation of cells, plants, animals, and foods has been
studied for a long time. The two most common storage methods are

drying and freezing. The common drying methods are air drying,
Q-

vacuum drying, and freeze drying. TFhere—is—now grov ...g/ mterest in

bWy

1S
air dryingA ecaje it is cheaper and simpler than the other dry
processes.

Certain plants, like the desert Selaginella lepidophylla

yJ/™" (resurrection plant), are able to dry out completely during summer

droughtsp)a/r1d then come back to life upon rehydration without

apparent damage MOther examples of desiccation tolerance

%05 include pollen, ferns, mosses, yeasts, tardigrades, and algae (2).
ey

(‘t‘D \Such organisms generally contain large amounts of trehalose, /a/of

\
1) N——’_———’_W
,‘:p\[}- {0’ \disaccharide of glucose (2-3). Trehalose synthesis and accumulation
g“v 2 S
q)} apparently%dosuccatlon damage (1, 3, 12, 16, 19, 21, 22, 23).
/ Other protectants against desiccation include sucrose, polyethylene
e glycol (PEG), and dimethyl sulphoxide (DMSO). Those chemicals are

also well known as cryoprotectants {4455, 565 . 15)"

Sucrose is commonly found in seed embryos and is a common
cell osmolyte in many unicellular algae, certain salt-tolerant
plants, and many insects (2, 7). PEG is a good cryoprotectant for

/G/
some protemsO and ( was more Inhlbl'[Ol'y to yeast growth than was |

sucrose at a similar water actwnty (5 6, 9). As aqueous solutions of

PEG are hospitable to vamg cells it is often utilized in tissue

culture media and for organ preservation (27).
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DMSO is used as a penetrating additive because it penetrates
membranes and enters both plant and animal cells (4, 14). Morris
found that using an additive with a high permeability is not as
damaging on an osmotic basis as one with lower permeability (14).

We studied the combination of trehalose and DMSO, hopmg that
Such &n Hehals.
{-he)'normally impermeant penetrating additives/‘wﬂl be taken up

more rapidly in the presence of DMSO (14).

phytoplankton.

producing a

are singte-cell organigms with both

The best additives for air drying depend on the properties of
the organism. We wanted to study the air drying of single-cell
dinoflagellates to hopefully minimize costs involved in the
shipment of such organisms. We have developed dinoflagellate
cultures which provide teachers and students with the experience of
bioluminescence. To accomplish this we have to deliver the
dinoflagellates within 3 days in order to keep the cells alive. Dry
cells which could be easily reconstituted would gre fizmﬁ'ffy,/lf

inUpat
shipping problems. [a s JA« we ol 3%, 10luminescent
dlinoHa layellote Prtasalhy /uwzh affes Foe Mpee f *T
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MATERIALS and METHODS

o

)
@ Tp’n_r{innﬂagclla?o used in these periments—was P}{I’OC}{S“S
. woe u.\mlm 2 4 < /ﬂ?/f 3
lunula F|g.1?/( &b\a&e—, Guillard's F/2 culture media consisted?o It Moo

=N

\ 7\ "' 7705 Fat-vitamin working stock, 1 1D major elengents, énd 1 QU Mfgﬁiﬂ;
~—=" 7 Wace metals in artificial sea water (8). The direfHagelates were ¢ 6‘*‘7./
] R % LD P 4

aintained at 20 °C with a 42H2h—tight/dark cycleA//q jM o'
normal air drying process is—shewr—A—Figure—2—%—

- A cultures were mixed with the additive solutions anc{(@

then air dried in an open petri dish at room temperature for 3 days F’j‘ 2)’

@__bj]fhe dried cells were rehydrated in culture mediu_m]and evaluated for
growth and bioluminescence activity. The solutions used were 0.1M,
0.5M, and 1M trehalose (Sigma Chem. Co.); 0.1M, 0.5M, and 1M sucrose
(Mallinckrodt Specialty Chem. Co.); 1%, 5%, and 10% PEG (average
)O(ol. wt.=3400, Sigma Chem. Co.); and 0.1M, 0.5M, and 1M DMSO

(Mallinckrodt Specialty Chem. Co.). We used culture media as an

aqueous buffer for the solutions.

i T}(he cultures
¥ 3)/

s . F o
were first concentrated on filter pap /\[ The filtration step was

Jerge celd pomcbers.
repeated several times to obtain bgb—am%ﬁ?s—eﬁ..dmoﬂageﬂatesf—

j,, I/he slow air drying process 4

The additive solutions were poured slowly onto the dinoflaggllates A’“
on the filter paper, t?s bringing the dinoflagellates into contact 2uw )f:
with the solutions? er completely(\@i\rﬁ; excess solution, 'fet,'v’c\j
— ) l 2
s

the I wet filter papen with dinoflagellates was dried slowly/in a

‘petri dish covered tightly with plastic wraplfor the desired time at wwj )

room temperature. The same light cycle was maintained throughout +‘"

27N

T e e o T e s T N2 ot Sl

the “drying" process. {The cells were never allowed to becomé{

@_ﬁkoméletelz dr;) After storage, the partially dried dinoflagellates on

the filter paper were rehydrated in culture media. The solutions ?WM

7

wisre
used are the same as for normal air drying.
B The resuspended cells were evaluated by their bioluminescence

/ .. i &
{ activity -and by = morphology under the optical microscope.

/ ‘MWMHMW
“bietumineseence_and by their morphology—\__ e dondart”

\
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RESULTS and DISCUSSION

The normal air drying progess (Fig.2) produced wesr
bﬁf’é‘/—@mﬂ& ot

cells with no bioluminescence , in—any—of—the selutens after
bne_ 4 et additdles Jueam cecl.

rehydratlonA he merpholog

W drying for 2 days in 0.1M trehalose, the cells had
ond oAplen A
shrunk (Fig.4a),_AJ~se—&ﬁ—+h€—case—vf—;zy+ag—$9j72 days in 0.1M

trehalose mixed with 0.1M DMSO, we—can—see—breker cell membranes nf,occwecQ
bcoken imilos resaltd ustre Ohfained
(Fig.4{b r‘/ ith the higher concentrations of trehalose and trehalose

mixed with DMSO, and the solutions of sucrose, PEG and DMSO, we—=—

Water is_a key component in maintainiffg the structure of

membranes, nucleic 11, 12). The three-

macromolecules (1, 11). Me

bonding; the preservation of/me brane interactions and structure is 0{*

! . g : J f1
very important in resgar/ch on desiccation. The preservation of (,frgré ?{
/ -
microorganisms is clgsely related to\maintenance of cell membrane ‘1%“’j )

structures during dehydration and rehy¥ration. Desiccation of many oo

/ ; P as \a/l,.b/
microorganisrT/Ls/ leads to large volume\changes and metabolic D,%'U-J".
/ L ‘J
unbalance/dﬁe to changes in solute concentration, which occur during ?W

drying (2 4).

The cells often tend to fold and 8brink (Fig.4(a)).

Two major stress

@ estabilizedomembrane\properties during
desiccation are fusion and lipi ase transitions (3). ‘When water is

removed, the packing of_,/th/e polar gad groups in the membranes
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tightens, which leads the phase transition

temperature (3, 5, 23). This nsition induces the lipids to
reorganize, which leads to the
geometry. Lipid reorganizati
and rehydration. This le to an increased membrane

y a shift in membrane

hexagonal phasg”at lower water activities (3 \16).

Non-reducing disaccharides, such as sucrose and trehalose, can
maintain membrane structures/a/because these sugar molecules
replace structural surface-bound water and also prevent phase
transitions in the lipid bilayer (3, 5). However, we did not have

successful results when using these disaccharides, for several
possible reasons.

First, trehalose is effective only when the disaccharide can be
taken up by the cells (4, 13). If sugar molecules can not enter the
cell, these molecules can not prevent the changes in membrane
structure due to metabolic unbalance and water loss. We
(DMS0 35 3 possible solulion] to the

/V Unfortunately, there was not much difference with or without DMSO.
@ Plant cells, unlike animal cells, have rigid cell wal@%;\

plant cell is therefore altered by large hydrostatic pressures,

selected

penetration problem.

important for the movement of water and solutes into and out of the

cell. For usual physiological conditions, a positive hydrostatic

pressure exists inside a plant cell. The existence of the internal

hydrostatic pressure leads to stresses in its cell wall. By adjusting

the solute concentration in an external solution, the internal

/—\
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hydrostatic pressure can be reduced. The volume of the membrane-

bounded body changes in response to variations in the osmotic ARG)C’“M ::::u:z;d P posn'lve results (Fig.5). * Slower drying may provide
pressure of the external solution. This is a consequence of the Dinoflageruae:esn::tz.t:i:CD;:;Sff;mzzznande:;e::; i éurVival 2). @ J
properties of membranes, which generally allow water to move R e the'best it o suwgd 3 days ;\fjf;’(i
readily across them, at the same time restricting the passage of g ’ His Azﬁ“
certain solutes, such as trehalose.Jlf the osmotic pressure of the = b0rd “wator i ke . o m'a!menance ¥ i ,ﬂ&,br
external solution were increased even further, a greater amount of y d :; Structural/mtegmy B oS0, st G »
@ water would flow out of the cell (26). l \" - A . o -SOUIons hold more
i, 1S an the other solutions. DMSO, which penetrates the
e

Second, trehalose can be toxic to many plants (7, 11). Tk
\ % ) membrane and enters the cell, may prevent dehydration of the cell

e—vﬁﬁgwaﬁnn and—steric fact

by maintaining tbe)'ﬁnernal water pressure (4). Morris found the

/‘E‘P\

high molecular weight additive polyvinylpyrollidone(PVP, average
)Vél. wt.=40,000) did not induce a significant loss of water from
cells before freezing (14). From his results, we expecf to produce 3‘7‘00’

¥ the same behavior with PEG which has g hi ) i &
. ; : xyls will be unavailable which _causes ; ? - igh mplecular weight, PEG a‘aﬂ;./ 7
T also has an amphiphilic nature, which suggests that it might boc-"’
-\f’b

pa
ilayer—integrity” Because of its - :
yer : Interact with cell membranes. P

e e

Me found that after keeping dinoflagellates in 1M trehalose for

A

‘f‘{ua ww7
2 days, most of the dinofla ellates died. However,ould be due

— W/
to an osmotic pressure effec.

Np—

mbrane interactions are re}fd\"e

tendency to crystallize, sucrose alone may not provide good
(27). The effect of PEG o uhet’

probably involved in membrane

membrane protection for desiccation (7, 11). Thus the_ choice of
¢ depends both on the numbers-gf molecules

und per unit area of cell

- replacement addilv\e/s is a critical factor in air drying e S A
e T e &’—\%——ﬁ/\—/\/\—// : indin energies Charac o ;
hbrect application of the(classical methods¢Which hed been S0 A X g g cteristic of this
g - %: Ll J)Lb.ﬂ + interaction (27)
earried—out with animal cells “and tISSUES was generally a
Hwo(a W:P& The other reason is the same h
unsatisfactory for dinoflagellates. E s, the degree of ‘“‘”‘ b M-W e e Mw”
cloatt ¥ ”{ (¢ _drying. DMSO pmducqs a pronounced incre h
protecti i ieeatiomand the proper additives depend on . S VY g f ase '%t?;ihase transition
— w ¢ VSN ) emperature o phosphohpxd membranes, mda-c—aﬁﬁg
many__parameters; involving drying method and conditions, L,J‘pﬂ“ﬂ 3“&0)&7 an increased

g g stability (24). But h:gh concentranon of DMSO, such as 1M, was not

membraﬂe\mm@mand_ganmmg\ R v w O A S Encw?
o Definn cloAe geed; DMSto b at suc concentrations. H-the—case—of—<—

82 oyt : W
Mw&/‘*’/}?ya" ‘((Anhydrobiotic Jorganisms must dry slowly in order to survive oo et
Y- trehalose and sucrose > were not Geoe 6”\5@
A

““?’ (20). We therefore tried a slow air drying process (Fig.3), which = ALLLD““ :

[jgl Wm‘*il\nu)m 3 Jlaes Heat choice Y 0 additye ball i ?7@(7“
tSince tone vg Ha add Avea unBted ,
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ndicating—the viabillly of these—organisms—after_rehydration. L% P 1

morphology of the cells in 0.1M DMSO was not greatly altered :
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Fig. 1. Typlca! morphology of M yrocystis Iunula; Jedd bar=0.[mm.
v ff-’lg 2 The normal air drying process: \.D@
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Fig. 4. ?he morphologies during normal air drying after 2 days a
0.1M trehalosep cell had shrunk with an altered, *
abnormal morphology. b)
0.1M trehalose m with 0.1M DMSQ; the cell
membrane appears broken.

Fig. 5. The drying time from which Pyrocystis lunula recover
after slow air drying.

Fig. 6. Pyrocystis lunula morphologies after rehydration after

slow air drying for 2 days. Jcals barf: ¢./mm 5ef uf
(2) 0.1M DMSO: apparent cell division. S,/,‘a 74
(b) 0.1M trehalose mixed with 0.1M DMSQ: apparent cell
division with some shrinkage. Z j
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Fig."1. Typical morphology of Dinoflagellate (EymmLLlun_Jl\a‘)i\i\

Bar: 0.1 mm. \>
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Fig. 5. The drying time from which Pyrocystis lunula recover

after slow air drying.
/( S: sucrose; P: PEG; T: trehalose; D: DMSO

(@) (b)

Fig. 4. The morphologies during normal air drying after 2 days.
(a) In 0.1M trehalose: cell had shrunk with an altered,
abnormal morphology.
(b) In 0.1M trehalose mixed with 0.1M DMSO: the cell
membrane appears broken.
Bar: 0.1 mm.




(a) (b)

Fig. 6. Pyrocystis lunula morphologies after rehydration after
slow air drying for 2 days.
(a) 0.1M DMSO: apparent cell division.
(b) 0.1M trehalose mixed with 0.1M DMSO: apparent cell
division with some shrinkage.
Bar: 0.1 mm




